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Neutrophils
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polymorphonuclear leukocyte (PMN)

Most abundant granulocyte

enriched cytoplasm with granules & secretory vesicles 

typically the first leukocyte recruited to inflammatory site 

capable of eliminating pathogens by multiple mechanisms
Adapted from Kaplan et al. Immunity. J. Immunol. 189, 2689–2695 (2012)

Vorführender
Präsentationsnotizen
Neutrophils are relatively short-lived polymorphonuclear leukocytes.�They are the most abundant type of leukocytes and granulocytes. -> in Humans 50-70% of circulating leukocytes are neutrophils.�The cytoplasm is enriched with granules and secretory vesicles, including primary granules = azurophilic granules containing MPO, specific secondary granules containing lactoferrin and gelatinase tertiary granules containing MMP9. Kolaczkowska, E. & Kubes, P. Neutrophil recruitment and function in health and inflammation. Nature Reviews Immunology 13, 159–175 (2013).Adapted from Kaplan et al. Immunity. J. Immunol. 189, 2689–2695 (2012)



Neutrophil Extracellular Traps (NETs)
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Adapted from Kaplan et al. Immunity. J. Immunol. 189, 2689–2695 (2012)

Stimuli:
• Microbes & microbial products
• Immune complexes
• Autoantibodies
• A wide range of cytokines (e.g. IL-8, TNF, type 1 

& 2 IFN)
• … 
Binding via:
• FC receptors
• Complement receptors
• GPCRs

• Formyl-peptide receptors
• Chemoattractant receptors

• Adhesion receptors
• selectins/selectin ligands
• integrins

• Cytokine receptors
• Type 1 & Type 2
• IL1R family
• TNFR family

• Innate immune receptors
• TLRs (all except TLR3)
• C-type lectins
• NOD-like receptors
• RIG-like receptors

Vorführender
Präsentationsnotizen
Microbes and their products but also immune complexes, autoantibodies and a range of cytokines, including IL-8, TNF, type 1 and type 2 IFNs, and many more stimuli can induce NETosis – the process of NET formation. Binding of certain stimuli via TLRs, Fc receptors or complement receptors are the first step in induction of NETs. 



NETs
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Adapted from Kaplan et al. Immunity. J. Immunol. 189, 2689–2695 (2012)

Vorführender
Präsentationsnotizen
Upon surface receptor stimulation via e.g. microbes, Ca storage release from the ER is triggered as well as opening of membrane channels. This leads to elevated cytoplasmic calcium levels which in turn stimulates protein kinase c (PKC) activity and phosphorylation of Gp91phox. Subsequently, functional NADPH oxidase is assembled, leading to ROS and NO production. As a consequence, morphological changes can be observed including breakdown of nuclear and granule membranes which allows mixing of nuclear, granular and cytoplasmic contents. Deimination and proteolytic cleavage of histones may initiate before nuclear breakdown and further contributes to chromatin decondensation. Finally, a rupture of the plasma membrane allows the release of extracellular chromatin traps. 



NETs
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Adapted from Kaplan et al. Immunity. J. Immunol. 189, 2689–2695 (2012)
Thålin et al. 2019, Arteriosclerosis, Thrombosis, and Vascular Biology, 39(9), 1724–1738. 

Vorführender
Präsentationsnotizen
Visualization of NETs. Yellow = neutrophilBlue = Heliobacter pyloriGreen = extracellular trap (not further specified by author which exact content; probably neutrophil elastase or MPO?)



Neutrophils & NETs

• Platelet triggered NETosis

 may become dysregulated

 NET mediated tissue damage, 
hypercoagulability, 
chronic inflammatory disease
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Materials & Methods

Study design 
• 33 COVID-19 patients

+ 17 age- & sex-matched healthy
adults

• Patients admitted to hospital with
respiratory symptoms and SARS-
CoV2+ PCR test

• Investigation of pathogensis COVID-
19-related sepsis, ARDS, thrombosis
 incl. NET formation & platelet-
neutrophil interactions

Study Patients
• Enrolement criteria

• >18 years
• Respiratory symptoms (cough, 

shortness of breath) or fever
• Hospital admission
• SARS-CoV2+ PCR test
• Informed consent

• 5 convalescing COVID-19 patients
• 3 not from enrolled cohort
• 2 from cohort
• Blood collection 4-6 weeks post positive 

PCR test
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Materials & Methods
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Materials & Methods
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Materials & Methods

• MPO-DNA ELISA 
• Plasma and tracheal aspirate
• Capture: Anti-human MPO primary antibody
• Detection: anti-DANN primary antibody

• PMN isolation
• EasySep Direct Human Neutrophil Isolation Kit (STEMCELL)

• Neutrophil granularity quantification (n=4)
• Flow Cytometry
• Anti-human CD66b-V450 and SSC
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Materials & Methods

• Immunofluorescence staining for NETs and platelets
• Paraffin-embedded autopsy lung specimens from 3 COVID-19 cases
• Commercially available healthy tissue as control
• Mouse-anti-human MPO 
• Rabbit-anti-human citH3
• Mouse-anti-human PF4

• Plasma coagulation factor assays
• ELISA: sPF4, RANTES, von Willebrand Factor (VWF) antigen, D-dimers
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Materials & Methods

• Platelet-neutrophil aggregates
• FACs
• Platelets: CD41-APC 
• PMNs: CD66b-V450

• Cytokine array
• Multiplex bead array for IL-8 & IL-6

• nNIF peptide synthesis
• neonatal NET-inhibitory factor in umbilical cord blood
• inhibits key terminal events in NET formation, including (PAD4) activity, 

nuclear histone citrullination, & nuclear decondensation

Klas Katharina 13



Increased plasma NETs 
correlate with increased
COVID-19 severity
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normal lung COVID-19 Case #1 COVID-19 Case #2 COVID-19 Case #3

Myeloperoxidase CitH3 DAPI

• Robust PMN infiltration in 
lung based on MPO staining

• Numerous citH3+ MPO+ 
PMNs

• Rare latticees of
extracellular DNA
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B
• Sign. Increase in plasma NET levels in

• Non-intubated
• (endotracheally) intubated

• Upon recovery: plasma NET levels
decreased to similar levels as healthy
donors

C
• Plasma NET levels sign. higher in 

non-survivors compared
D
• PaO2/FiO2 varies inversely with

plasma NETs
E
• Plasma NETs correlate directly with

SOFA score 
F
• Sign. Increased NET levels in tracheal 

aspirates



COVID-19 PMNs demonstrate
increased activation and NETs 
at baseline
COVID-19 PMNs additionally fail to respond to NET-inducing stimuli
with increased NET formation
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A
• Sign. Decrease in PMN granularity in COVID-19 PMNs

B & C
• PMA failed to further increase NET formation



NETs associate with
microthrombi formation & 
platelet deposition
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A
• NETs localized in structures consistent

with blood vessels
• Co-localization of citH3+ neutrophils

with PF4+ platelets
B
• Sign. Higher levels of circulating

platelet-neutrophil aggregates in 
COVID-19 patients

C & D
• Soluble markers of thrombosis

(D-dimer and VWF) sing. Elevated
E & F
• Sign. Elevated levels of soluble platelet-

derived factors (triggering NETosis); 
PF4, RANTES (CCL5)



COVID-19 plasma induces
NET formation in healthy
PMNs
nNIF blocks NETs induced by soluble factors in plasma from COVID-
19 patients
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• NET formation of healthy PMNs upon incubation with COVID-19 
plasma

• nNIF inhibits COVID-19 plasma-induced NET formation



Discussion
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Discussion

• Highest levels of circulating NETs in COVID-19 patients with endotracheal
intubation

• Infiltration of platelet colocalization with citH3+ neutrophils
in pulmonary microthrombi (patients died from COVID-19)

• 50-fold increase in NET release in COVID-19 PMNs 
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Discussion

• Robust NET induction in healthy PMNs by COVID-19 plasma

• NET levels may return to normal in convalescent patients

• Elevated levels of PF4 & platelet-neutrophil aggregates in COVID-19 patients

• High levels of thrombosis associated markers
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supplementary
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