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Immunothrombosis and thromboinflammation
Two sides of the same coin?

= Immunothrombosis

= Host defense mechanism limiting the systemic
spreading of pathogens

= Protects the host against infections and pathogen
invasion into the blood stream upon barrier breaches

= Involves the activation of platelets and the
coagulation system by inflammatory mechanisms

- = Thromboinflammation

= Pathologic process where overshooting and aberrant
activation of immunothrombosis exacerbates tissue
damage through tissue ischemia

= Thrombosis feeds back on inflammation generating a
vicious circle resulting in organ failure
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= Aberrant activation of thromboinflammation is a
therapeutic target for cardiovascular,
inflammatory/infectious diseases, and cancer
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Inflammation and thrombosis KLINIKUM

New therapeutic targets and
diagnostic tools

Pathologic role:

Vascular Thrombotic complications

inflammation

Thrombo-Inflammation

Physiologic role:

Vascular homeostasis
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Immunothrombosis
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Autonomous migration — a new asset of platelets

Gartner et al., Cell 2017
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Platelet migration is haptotactic and contributes to clot
organization

fibrinogen pg/m
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Migrating platelets collect fibrin(ogen)
and with it all types of particles including bacteria LY KLINIKUM




Platelet bacteria bundles boost neutrophil activation P o
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Migrating platelets drive NETosis B micon
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Pyroptosis as regulator of coagulation and platelet activation

Platelet pyroptosis exacerbates

NET formation and inflammation in severe sepsis
Pyroptosis is invovled in tissue factor activation
on the cell membrane rlatelets
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Dysregulated immunothrombosis as driver

of disease severity in COVID-19
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Clinical and pathophysiological staging of COVID-19

Stage 1
Ambulatory patients

Mild Symptoms
No inflammatory thrombi

Stage 2

Hospitalized patients
Need oxygen supply
Evolving inflammatory
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The link between inflammation and Thrombosis K'—'N'KU'V'

in disease progression of COVID-19

Stage 2 Immunothrombotic dysregulation links
Coagulopathy to respiratory failure

Virchow triad

C
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macrothrombi

COVID-19 associated thrombotic
syndrome

Vessel occlusion by pulmonary
microthrombi

Systemic coagulopathy and
endotheliopathy

Increased incidence of venous
thromboembolism, myocardial infarction,
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Dysregulated immunothrombosis in COVID-19

CT scan of COVID-19
pneumonia

Autopsy specimens of
COVID-19 lungs

Nicolai, Leunig,...Pekayvaz, Stark, Circulation 2020
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Immothrombotic vessel occlusions are more frequent in

COVID-19 than in H1N1 influenza
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Neutrophils are activated in COVID-19

and correlate with respiratory failure
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Immunothrombosis links KLINIKUM
respiratory failure and systemic coagulopathy in COVID-19

a Microvascular immunothrombosis
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Anticoagulation in COVID-19 KLINIKUM

Selecting the right time, Drug, and Dose

Critically ill patients (stage 3) Noncritically ill patients (stage 2)

A A
1.04 Cumulative Proportion 1.09 Cumulative Proportion
0.9 — Therapeutic-dose 0.1 = :"':’E‘P"“tli“"i‘:‘“
s 3 nticoagulati
P 0.8+ o Z’;::Zj:atmn 8 E:A ~— Usual-care thrombo-
£ | i 8 L/ hylaxis
0.7 - = prophy
'% thromboprophylaxis g 0.39
a 0.6 . ‘s Proportion
c
: 0.5+ Proportion L 024 M Therapeutic-dose
2 0.4 M Therapeutic-dose §. anticoagulation
§. i anticoagulation ﬂg_ M Usual-care thrombo-
e 0.3 B Usual-care 0.1 prophylaxis
2 024 thromboprophylaxis i
0.1+ D s o ey e e e T oLl
-1 01 2 3 45 6 7 8 910 11 12 13 14 15 16 17 18 19 20 21 22
0.0- (death) i (no
-1 0 1 2 3 4 5 6 7 8 9 1011 12 13 14 15 16 17 18 19 20 21 Organ Support-free Days organ
(death} Organ Support—free Days e T
B
B
\ Therapeutic-Dose
Therapeutic-Dose Anticoagulation
Anticoagulation
S Usual-Care
Usual-Care Thromboprophylaxis
Thromboprophylaxis
T T T T T T T T T T |
.4 ; 0.7 0.8 0.9 1.0
.4 016 0?7 0?8 Ofg 110 Proportion of Patients
Proportion of Patients Organ Support—free Days
| ommswpnieons W, e ———
----- ----- 210 1 2 3 4 5 6 7 8 & 1011 1213 14 15 16 17 18 15 20 21 22
i i R e e | S g gl i e (death) (no
1 01 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 organ
(death) support)

‘ Therapeutic-dose anticoagulation in noncritically ill patients:
Increased rate of survival to hospital discharge and reduced use of of organ support

ATTACC, ACTIV-4a, REMAP-CAP investigator, NEJM 2021 18



Inflammation translates reduced blood flow velocity N LINIKUM
into venous thrombosis
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DVT formation depends on leukocyte recruitment
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Death signals released by platelets

support NETosis
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NETTING NEUTROPHILS ARE ESSENTIAL P o
FOR PROPAGATION OF DVT
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NETTING NEUTROPHILS ARE ESSENTIAL P o
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Redundant pattern recognition receptors
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mediate the effect of HMGB1 in venous thrombosis
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Inflammatory mechanisms of thrombosis KLINIKUM
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Inflammatory mechanisms of thrombosis
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Eosinophils interact with platelets resulting S

in mutual activation

Intravital confocal microscopy after FeCl;
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Eosinophils promote platelet accumulation

in thrombosis
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Platelets induce Eosinophils extracellular
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Platelets induce Eosinophils extracellular

EET) formation
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Functional insights into immunothrombosis

by scRNAseq of human stroke thrombi
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Cancer affects the interplay between thrombosis and inflammation
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