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Editorial on the Research Topic
 Established and Novel Roles of Platelets in Health and Disease



Platelets have been long recognized for their role in maintaining hemostasis, with defects in their number or function leading to bleeding. This has led many to simply think of platelets as “band-aids” of the vascular system (1). Conversely, as appreciated by cardiologists, neurologists, and hematologists alike, platelet hyperactivity is itself a predisposition to thrombosis. Beyond the recognized Yin and Yang dualism of regulating bleeding and thrombosis, platelets are increasingly emerging as key regulators of an array of diverse physiological and pathological processes. Technological advancements have allowed researchers to identify the contribution of platelets to vascular and lymphatic development (2–4), maintenance of vascular integrity and maturation of the circulatory system (5, 6), as well in formation of new blood vessels (7–9). The fact that platelets also participate in inflammation and immunity, in part, via their surface expression of P-selectin, toll-like receptors (10, 11), complement receptors (12), CD40L (13), and programmed death—ligand 1 (14) is now well recognized. Correspondingly, platelets respond to both viral and bacterial infections (15–17), and have even been caught in the act of migration to scavenge bacteria (18). Platelets also contribute to wound healing and bone formation (19). Thus, platelets and their-derived products are also frequently used as therapeutic agents, increasing the healing efficiency in maxillo-facial and plastic surgery (20), as well as in sports medicine (21).

On the other hand, platelets are involved in pathological conditions including but not limited to atherosclerosis and related diseases, cancer (22), and diseases of the central nervous system including Alzheimer's disease, depression and multiple sclerosis (23–25). Moreover, platelets participate in the pathophysiology of auto-immune diseases, such as allergies, skin diseases, rheumatoid arthritis and liver disease (26–28).

This extraordinary capability of platelets to regulate such an extensive array of physiological and pathophysiological processes largely stems from their ability to store and release a wide range of biologically active substances via their granules and microparticles (29, 30). Platelets also express biochemical and functional heterogeneity, with numerous platelet subpopulations having been identified, including the procoaguant platelet type (31, 32). This potential specialization of function is likely to contribute to the diverse roles of platelets. It is therefore unsurprising that platelets are no longer viewed as simply “band-aids” of the vascular system. In an effort to raise awareness of the ever-increasing scope of platelet functions, this Research Topic aims to increase our current understanding of the wider contribution of platelets in physiological and pathological conditions.

Identifying novel genetic determinants of platelet disorders, Almazni et al. summarize advancements in diagnosis of inherited thrombocytopenia, covering the spectrum from phenotypic approaches, high-throughput sequencing, to targeted panels and bioinformatics. The authors conclude that a combination of the genomics approaches with high throughput data handling pipelines is essential in ensuring transformational advancements in patient diagnosis and personalized care.

Rana et al. review our current knowledge of how shear forces impact aggregation and thrombosis. With a major focus on the shear-sensitive protein von Willebrand Factor, the shear-induced activation, conformational changes, interaction with GPIbα and role in platelet arrest is summarized. The authors also discuss platelet aggregation under shear gradients and novel therapeutic strategies that aim to reduce shear-induced platelet activation and thrombus formation.

Kim and Conway review the complement system and describe its interaction with platelets and contribution to early-stage atheroma formation. They describe how complement proteins activate platelets and that, in turn, activated platelets in conjunction with complement proteins may propagate vascular inflammation. Understanding the complex cross-talk between platelet, vascular endothelium, and the complement system in early atheroma formation may allow for development of novel anti-complement therapies to treat atherosclerosis.

In their article Melchinger et al. discuss how a lack of nucleus allows platelets to efficiently travel through small blood vessels and rapidly undergo extreme morphological changes that enable to platelets to efficiently respond to disruptions in hemostasis, infection, and inflammation. Hence, in the absence of a nucleus, the authors describe how mitochondria are key to powering these platelet responses and as well as regulating platelet lifespan.

The ability of platelets to interact with vascular cells and leukocytes at sites of vascular injury and inflammation carves out an important role for platelets as modulators of vascular diseases. In their review, Héloïse Lebas et al. describe how this crosstalk influences vascular diseases in different vascular beds. In their review of the platelet-neutrophil crosstalk, Zucoloto and Jenne explore in more detail how neutrophil extracellular trap (NET)-driven coagulation influences outcomes in the context of infectious diseases, and propose targeting of NETs as a potential therapeutic avenue to uncouple immunity and coagulation. Conversely, this ability of platelets to interact with circulating elements can also be deleterious, an aspect that is discussed by Hante et al. in their review of metal-based nanoparticles developed for medical applications.

Platelet subpopulations are an important area of research. For instance, the ability of platelets to engage with the coagulation system is explored by Reddy and Rand in their review of procoagulant platelets. Phosphatidylserine (PS) exposure, a key event in the platelet-coagulation interplay, is dissected from the perspective of inherited and acquired bleeding disorders, as well as a possible antithrombotic target. Lesyk and Jurasz further dive into platelet subpopulation diversity focusing on their physical, biochemical, and functional heterogeneity, the dynamic nature of platelet characteristics in health and disease, and how differences between individuals can influence platelet responsiveness to antiplatelet therapy. In their review, Le Blanc and Lordkipanidzé look at how age-related changes in platelet biology could lead to thrombotic disease. In the context of global aging populations, it is important to investigate how platelets from older subjects differ in their function and structure from their younger counterparts. Evidence showing platelets from the elderly to be more prone to activation and less sensitive to inhibition highlight important areas for future work.

Ostrowska et al. discuss the current role and future perspectives of platelet function testing to optimize antiplatelet therapy. With evidence of high on-treatment platelet reactivity being associated with thrombotic outcomes and low on-treatment platelet reactivity being associated with bleeding, the idea of a therapeutic window for optimal platelet inhibition is presented. They further highlight that de-escalation of antiplatelet therapies may help balance the delicate bleeding/thrombotic risk. Targeting circadian rhythms in cardiovascular disease to improve the efficacy of antiplatelet agents is at the heart of the review by Buurma et al. The evidence for chronotherapy, especially with aspirin, is presented and discussed, and the authors call for randomized controlled trials with cardiovascular events and side-effects as endpoints, to help translate pharmacological findings to potential clinical benefits.

Extracorporeal membrane oxygenation (ECMO) presents important hemostatic challenges, in already vulnerable patients. Balle et al. summarize the state of knowledge in the setting of adult ECMO patients, and identify a significant knowledge gap in our understanding of platelet function in this critical clinical setting. Specifically, the authors point out the limitations of methods such as platelet aggregation in the setting of low platelet count, as well as in the lack of studies focusing on association between platelet function and clinical outcomes such as bleeding and thrombosis. This is clearly a field with excellent potential for future research, particularly due to the fact that ECMO is a high complication, high cost setting. In addition, the pediatric population is often under-studied, and the very limited platelet phenotype and function data in the pediatric ECMO population is further explored by Yaw et al. The systematic review highlights multiple research gaps in the setting of pediatric ECMO, highlighting the need for robust, well-designed studies in children.

In a different register, the review by Al-Hamed et al. provides an overview of platelet concentrates (PC) and the ability of platelets to enhance bone and soft tissue healing. Subsequently, the authors summarize the various clinical applications of platelet concentrates in the context of oral and craniofacial regeneration, and discuss some of the reasons for the inconsistencies in observed effects of PC on tissue regeneration.

This Research Topic also contains four original research articles. Using a standardized microfluidics and multi-parameter approach Nagy et al. quantitatively examine the changes in collagen-dependent thrombus formation for 38 different strains of genetically modified mice. Their novel approach can be used to determine the severity of the platelet defect and stage at which the altered thrombus function occurs. Diallo et al. investigate the impact of platelet pathogen reduction technologies on platelet microRNA content demonstrating that they may impact microRNA loading into platelet microparticles. Balle et al. present an original prospective study of platelet function in 33 adult patients undergoing ECMO support utilizing impedance aggregometry and flow cytometry. The authors present a novel approach to data analysis and interpretation by accounting for platelet count when interpreting the aggregometry data, and suggest that platelets might not be as impaired during ECMO support as previously suggested. This study confirms the need for additional studies in this field. Rodriguez and Johnson show platelet parameters that segregate with diabetic status, using platelet function assessment collected in the Framingham Heart Study Offspring cohort and platelet indices available in the UK BioBank cohort. The largest analysis to date, this study argues for the use of mean platelet volume as a biomarker to segment pre-diabetics and diabetics for risk prediction.

We hope that the articles within this Research Topic will spur further research into the diverse roles platelets play in physiological and pathological conditions within and beyond hemostasis and thrombosis.


AUTHOR CONTRIBUTIONS

All authors listed have made a substantial, direct, and intellectual contribution to the work and approved it for publication.



REFERENCES

 1. Leslie M. Beyond clotting: the powers of platelets. Science. (2010) 328:562–4. doi: 10.1126/science.328.5978.562

 2. Lowe KL, Finney BA, Deppermann C, Hägerling R, Gazit SL, Frampton J, et al. Podoplanin and CLEC-2 drive cerebrovascular patterning and integrity during development. Blood. (2015) 125:3769–77. doi: 10.1182/blood-2014-09-603803

 3. Bertozzi CC, Schmaier AA, Mericko P, Hess PR, Zou Z, Chen M, et al. Platelets regulate lymphatic vascular development through CLEC-2–SLP-. Signaling. 73:661–70. doi: 10.1182/blood-2010-02-270876

 4. Carramolino L, Fuentes J, GarcÃ-a-AndrÃ©s C, Azcoitia V, Riethmacher D, Torres M. Platelets play an essential role in separating the blood and lymphatic vasculatures during embryonic angiogenesis. Circul Res. (2017) 106:1197–201. doi: 10.1161/CIRCRESAHA.110.218073

 5. Kisucka J, Butterfield CE, Duda DG, Eichenberger SC, Saffaripour S, Ware J, et al. Platelets and platelet adhesion support angiogenesis while preventing excessive hemorrhage. Proceed Nat Acad Sci USA. (2006) 103:855–60. doi: 10.1073/pnas.0510412103

 6. Echtler K, Stark K, Lorenz M, Kerstan S, Walch A, Jennen L, et al. Platelets contribute to postnatal occlusion of the ductus arteriosus. Nat Med. (2010) 16:75–82. doi: 10.1038/nm.2060

 7. Jurasz P, Alonso D, Castro-Blanco S, Murad F, Radomski MW. Generation and role of angiostatin in human platelets. Blood. (2003) 102:3217–23. doi: 10.1182/blood-2003-02-0378

 8. Brill A, Dashevsky O, Rivo J, Gozal Y, Varon D. Platelet-derived microparticles induce angiogenesis and stimulate post-ischemic revascularization. Cardiovasc Res. (2005) 67:30–8. doi: 10.1016/j.cardiores.2005.04.007

 9. Amano H, Hackett NR, Rafii S, Crystal RG. Thrombopoietin gene transfer-mediated enhancement of angiogenic responses to acute ischemia. Circ Res. (2005) 97:337–45. doi: 10.1161/01.RES.0000179534.17668.f8

 10. Shiraki R, Inoue N, Kawasaki S, Takei A, Kadotani M, Ohnishi Y, et al. Expression of Toll-like receptors on human platelets. Thrombosis Res. (2004) 113:379–85. doi: 10.1016/j.thromres.2004.03.023

 11. Andonegui G, Kerfoot SM, McNagny K, Ebbert KVJ, Patel KD, Kubes P. Platelets express functional Toll-like receptor-4. Blood. (2005) 106:2417–23. doi: 10.1182/blood-2005-03-0916

 12. Peerschke EIB, Yin W, Grigg SE, Ghebrehiwet B. Blood platelets activate the classical pathway of human complement. J Thrombosis Haemost. (2006) 4:2035–42. doi: 10.1111/j.1538-7836.2006.02065.x

 13. Henn V SJ, Gräfe M, Anagnostopoulos I, Förster R, Müller-Berghaus G, Kroczek RA. CD40 ligand on activated platelets triggers an inflammatory reaction of endothelial cells. Nature. (1998) 391:591–4. doi: 10.1038/35393

 14. Rolfes V, Idel C, Pries R, Plötze-Martin K, Habermann J, Gemoll T, et al. PD-L1 is expressed on human platelets and is affected by immune checkpoint therapy. Oncotarget. (2018) 9:27460–70. doi: 10.18632/oncotarget.25446

 15. Clark SR, Ma Ac, Tavener SA, McDonald B, Goodarzi Z, Kelly MM, et al. Platelet TLR4 activates neutrophil extracellular traps to ensnare bacteria in septic blood. Nature Med. (2007) 13:463–9. doi: 10.1038/nm1565

 16. Wang J, Zhang W, Nardi MA, Li Z. HIV-1 Tat-induced platelet activation and release of CD154 contribute to HIV-1-associated autoimmune thrombocytopenia. J Thrombosis Haemostasis: JTH. (2011) 9:562-73. doi: 10.1111/j.1538-7836.2010.04168.x

 17. Onlamoon N, Noisakran S, Hsiao H-M, Duncan A, Villinger F, Ansari AA, et al. Dengue virus–induced hemorrhage in a nonhuman primate model. Blood. (2010) 115:1823–34. doi: 10.1182/blood-2009-09-242990

 18. Gaertner F, Ahmad Z, Rosenberger G, Fan S, Nicolai L, Busch B, et al. Migrating platelets are mechano-scavengers that collect and bundle bacteria. Cell. (2017) 171:1368–82. doi: 10.1016/j.cell.2017.11.001

 19. Li Q, Reed DA, Min L, Gopinathan G, Li S, Dangaria SJ, et al. Lyophilized platelet-rich fibrin (prf) promotes craniofacial bone regeneration through runx2. Int J Mol Sci. (2014) 15:5. doi: 10.3390/ijms15058509

 20. Del Corso M, Vervelle A, Simonpieri A, Jimbo R, Inchingolo F, Sammartino G, et al. Current knowledge and perspectives for the use of platelet-rich plasma (PRP) and platelet-rich fibrin (PRF) in oral and maxillofacial surgery part 1: Periodontal and dentoalveolar surgery. Curr Pharmaceutic Biotechnol. (2012) 13:1207-30. doi: 10.2174/138920112800624391

 21. Randelli PS, Arrigoni P, Cabitza P, Volpi P, Maffulli N. Autologous platelet rich plasma for arthroscopic rotator cuff repair. a pilot study. Disabil Rehabil. (2008) 30:1584–9. doi: 10.1080/09638280801906081

 22. Yan M, Jurasz P. The role of platelets in the tumor microenvironment: from solid tumors to leukemia. Biochimica et Biophysica Acta (BBA). (2016) 1863:392–400. doi: 10.1016/j.bbamcr.2015.07.008

 23. Donner L, Fälker K, Gremer L, Klinker S, Pagani G, Ljungberg LU, et al. Platelets contribute to amyloid-β aggregation in cerebral vessels through integrin αIIbβ3-induced outside-in signaling and clusterin release. Science Signallinh. (2016) 9:1937–9145. doi: 10.1126/scisignal.aaf6240

 24. Sonia D'Souza C, Li Z, Luke Maxwell D, Trusler O, Murphy M, Crewther S, et al. Platelets drive inflammation and target gray matter and the retina in autoimmune-mediated encephalomyelitis. Electronic. 9:1554–6578. doi: 10.1126/electronic.aaf6240

 25. Starossom SC, Veremeyko T, Yung AW, Dukhinova M, Au C, Lau AY, et al. Platelets play differential role during the initiation and progression of autoimmune neuroinflammation. Circ Res. (2015) Electronic. 117:1524–4571. doi: 10.1161/CIRCRESAHA.115.306847

 26. Boilard E, Nigrovic Peter A, Larabee K, Watts Gerald FM, Coblyn Jonathan S, Weinblatt Michael E, et al. Platelets amplify inflammation in arthritis via collagen-dependent microparticle production. Science. (2010) 327:580–3. doi: 10.1126/science.1181928

 27. Boilard E, Blanco P, Nigrovic PA. Platelets: active players in the pathogenesis of arthritis and SLE. Nat Rev Rheumatol. (2012) 8:534–42. doi: 10.1038/nrrheum.2012.118

 28. Chauhan A, Adams DH, Watson SP, Lalor PF. Platelets: no longer bystanders in liver disease. Hepatology. (2016) 64:1774–84. doi: 10.1002/hep.28526

 29. Golebiewska EM, Poole AW. Platelet secretion: from haemostasis to wound healing and beyond. Blood Rev. (2015) 29:153–62. doi: 10.1016/j.blre.2014.10.003

 30. Joshi S, Whiteheart SW. The nuts and bolts of the platelet release reaction. Platelets. (2017) 28:129-37. doi: 10.1080/09537104.2016.1240768

 31. Dachary-Prigent J, Freyssinet JM, Pasquet JM, Carron JC, Nurden AT. Annexin V as a probe of aminophospholipid exposure and platelet membrane vesiculation: a flow cytometry study showing a role for free sulfhydryl groups. Blood. (1993) 81:2554. doi: 10.1182/blood.V81.10.2554.2554

 32. Alberio L, Safa O, Clemetson KJ, Esmon CT, Dale GL. Surface expression and functional characterization of α-granule factor V in human platelets: effects of ionophore A23187, thrombin, collagen, and convulxin. Blood. (2000) 95:1694. doi: 10.1182/blood.V95.5.1694.005k24_1694_1702

Conflict of Interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

Publisher's Note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2022 Jurasz, Ignjatovic and Lordkipanidzé. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.







OPS/images/crossmark.jpg
©

2

i

|





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Editorial: Established and Novel Roles of Platelets in Health and Disease



		Author Contributions



		References

















OPS/images/cover.jpg
’ frontiers
in Cardiovascular Medicine

Editorial: Established and Novel
Roles of Platelets in Health and
Disease





OPS/images/logo.jpg
, frontiers
in Cardiovascular Medicine





