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Despite extensive characterization of the role of platelet activation and the coagulation cascade in acute ischemic stroke (AIS), few studies have analyzed the immune cell composition of AIS thrombi. Recent articles describing a function of neutrophil-derived extracellular nucleosomes (NETs) in thrombus formation9 highlight the great need for clinical immunohistological analyses in acute vascular disease. In this issue of Neurology, Novotny et al. conduct a study comparing thrombus histology between AIS and acute myocardial infarction (AMI), with a focus on the role of immune cells and NETs.1

The first major conclusion of the study is that AIS thrombi have a similar amount of neutrophils, but a greater number of T-cells, B-cells, monocytes, and eosinophils per thrombus area compared to AMI thrombi.1 Each of these immune subpopulations has a distinct role in the pathophysiology of stroke through immunothrombosis, a process in which immune cells activate pro-coagulant pathways to contain and kill pathogens. Platelets help recruit lymphocytes during thrombosis and assist in their adhesion while cytokines from lymphocytes help activate platelets.2 Monocytes aid in initiating the extrinsic coagulation pathway and forming fibrin during thrombosis by expressing tissue factor (TF).3 Eosinophils similarly serve as a source of TF and furthermore stimulate thrombin formation through procoagulant phospholipids.4 Eosinophils also produce eosinophil peroxidase and major basic protein, two cytotoxic proteins that activate platelets.4 Understanding the precise interactions of immune cells on the ischemic stroke process enables more targeted research into potential biochemical interventions. A thorough grasp of clot composition also helps inform the improvement of neurointerventional clot retrieval devices.

The second major finding of the study is the difference in the frequency of finding NETs in thrombi associated with AIS (100%) and AMI (20.8%). Furthermore, the presence of NETs is associated with worse neurological status in stroke patients and lower ejection fraction (EF) in AMI patients.1 Specifically, greater number of required thrombectomy passes, greater recanalization time, less complete thrombolysis in cerebral infarction (TICI) reperfusion grade, and worse NIH Stroke Scale (NIHSS) and modified rankin scale (mRS) are associated with higher numbers of NETs.1 Neutrophils comprise the greatest proportion of leukocytes in both AIS and AMI thrombi and may promote thrombosis by: 1) exuding platelet activating and pro-coagulatory peptides; 2) inhibiting anticoagulants such as thrombomodulin and TF pathway inhibitor; and 3) releasing platelet-activating and procoagulant scaffolds of decondensated DNA and histones.5,6 In particular, NETs enhance thrombin generation and initiate the contact coagulation pathway through factor XII.7 Some studies hypothesize that NETs help clots form and resist lysis by acting as a scaffold.8

The cellular mechanisms of NET mediated thrombosis still need full elucidation, however we know activated platelets can express P-selectin, binding P-selectin glycoprotein ligand-1 receptor on neutrophils, thus leading to further integrin activation and NET formation.9 These mechanisms along with coagulation factors, mechanosensing, and platelet mediated factors such as PAF can drive thrombosis.9,10 While the authors of this study did not fully explore how these mechanisms are at play in AIS and AMI using in-vivo or in-vitro functional assays, they do highlight the need for further studies on the immunobiology and mechanisms of platelet-leukocyte interaction in pathological thrombus formation. 

The clot-enhancing properties of neutrophils and NETs create difficulties for mechanical thrombectomy.1 With greater clot rigidity and less deformation, it is more difficult to aspirate a clot via catheter, leading to the worsened clinical outcomes found by the authors. By identifying the role of NETs in thrombosis, the authors helped identify a target area for future therapies. Perhaps future thrombectomy devices could elute compounds that induce compliance and deformation in clots with high NET content. 

One major question in the neurovascular field is the origin of cryptogenic strokes. After subgroup analysis, the authors found that both AIS thrombi of atherosclerotic origin and AMI thrombi contained fewer leukocytes compared to thrombi from cardioembolic stroke and cryptogenic stroke.1 Though cardioembolic thrombi had a greater amount of NETs than large artery atherosclerotic thrombi, cardioembolic thrombi had a similar amount of NETs and NETosis-primed neutrophils compared to cryptogenic thrombi.1 These results indicate that the etiology of cryptogenic stroke is likely more similar to a cardioembolic rather than atherosclerotic series of events. These findings deepen our understanding of this unique stroke subset and help shed light on potential prevention and treatment avenues for cryptogenic strokes, which comprise one third of all strokes.   

The authors’ study had a few limitations, first being the retrospective analysis of data that were prospectively collected. They also excluded patients without successful aspiration of the thrombus. Though a logistically imposed limitation for this type of study, this exclusion could have led to some biasing of the cohort sampled. Finally, the antibody used in the study did not distinguish between fibrinogen and its cleavage products. Because a greater proportion of stroke patients received lysis therapy, which may heighten labelling efficacy due to fibrin cleavage, the relative amount of fibrin/fibrinogen stained in the AIS cohort may have appeared artificially heightened. 

The authors rigorously analyzed differences in AIS and AMI clot composition with a particular emphasis on immunohistological components. The quantification of various immune cell entities in the different etiologies of stroke as well as the association between thrombus NET content and poor clinical outcomes highlight a potential target area for future therapeutic advancements that promote greater deformation in NET-abundant clots.



















References

1. Novotny, Julia, Oberdieck, Paul, Titova, Anna, et al. Thrombus NET content is associated with clinical outcome in stroke and myocardial infarction. Neurology 2019; XX:xx-xx

2. Engelmann B, Massberg S. Thrombosis as an intravascular effector of innate immunity. Nat Rev Immunol. 2013;13:34–45.

3. Shantsila E, Lip GYH. The role of monocytes in thrombotic disorders. Insights from tissue factor, monocyte-platelet aggregates and novel mechanisms. Thromb Haemost. 2009;102:916–924.

4. Jiang P, Wang D, Ren Y, Cai J, Chen B. Significance of eosinophil accumulation in the thrombus and decrease in peripheral blood in patients with acute coronary syndrome. Coron Artery Dis. 2015;26:101–106.

5. Horn M, Bertling A, Brodde MF, et al. Human neutrophil alpha-defensins induce formation of fibrinogen and thrombospondin-1 amyloid-like structures and activate platelets via glycoprotein IIb/IIIa. J Thromb Haemost. 2012;10:647–661.

6. Martinod K, Wagner DD. Thrombosis: tangled up in NETs. Blood. 2014;123:2768–2776.

7. Schulz C, Massberg S. Demystifying the prothrombotic role of NETs. Blood. 2017;129:925–926.

8. Fuchs TA, Brill A, Duerschmied D, et al. Extracellular DNA traps promote thrombosis. Proc Natl Acad Sci U S A. 2010;107:15880–15885.

9. Jorch SK, Kubes P. An emerging role for neutrophil extracellular traps in noninfectious disease. Nat Med. 2017;23:279–287.

10. Kulkarni S, Woollard KJ, Thomas S, Oxley D, Jackson SP. Conversion of platelets from a proaggregatory to a proinflammatory adhesive phenotype: role of PAF in spatially regulating neutrophil adhesion and spreading. Blood. 2007;110:1879–1886.







