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Platelets

A thrombocyte said to his mate:
Come on, let’'s start to aggregate.
Clinicians always call us a clot.
But we know better: we are not!
Not to be understood Is our fate ...

I. PLATELET AGGREGATION IN PHYSIOLOGICAL SYSTEMS

G.V.R. Born

Department of Pharmacology
Royal College of Surgeons of England
. London, England Acta Medica Sand, 1971




Platelets can be the prey, but also the
predator when it comes to immunity

Platelets

Immune Response




Immunity against platelets (prey)

a Immune thrombocytopenia b Transfusion refractoriness

Presence of autoreactive Development of transfusion-
antibodies and CTLs leads to induced MHC-specific alloanti-
peripheral platelet destruction bodies and subsequent

and megakaryocyte inhibition transfusion refractoriness

¢ Fetal and neonatal alloimmune d Post-transfusion purpura

thrombocytopenia

HPA-

Development of transfusion-
Development of HPA-specific induced alloantibodies and
alloantibodies and subsequent fetal subsequent recipient

and neonatal thrombocytopenia thrombocytopenia Semple JW et al. Nat Rev Immunol, 2011



Platelets are Immune Cells (predators)
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Activated platelets are more Immunoregulatory

than resting platelets
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Evolutionary links of platelet immunity

Hemocytes Platelets
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Evolutionary links of platelet immunity

Hemocytes Thrombocytes Platelets

*Phagocytes (Mac.-like).
*Anti-bacterial peptides.
*Express TLR/innate receptors.
«Can aggregate and clot
hemolymph at sites of injury.
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Evolutionary links of platelet iImmunity

Hemocytes Thrombocytes Platelets
*Phagocytes (Mac.-like). *Aggregate and gel/clot plasma.
*Anti-bacterial peptides. *Phagocytic.
*Express TLR/innate receptors.  <Express TLR/innate receptors.
«Can aggregate and clot *Anti-bacterial peptides.

hemolymph at sites of injury.
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Evolutionary links of platelet immunity

Hemocytes Thrombocytes Platelets
® e S5
‘Phagocytes (Mac.-like). *Aggregate and gel/clot plasma. ~ *Aggregate and clot plasma.
*Anti-bacterial peptides. *Phagocytic. *Phagocytic. _
*Express TLR/innate receptors.  +Express TLR/innate receptors. ~ *Express TLR/innate receptors.
«Can aggregate and clot «Anti-bacterial peptides. *Anti-bacterial peptides.

hemolymph at sites of injury.
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Platelets Interact with
Bacteria



Platelet-TLR expression Is responsible for sepsis-induced
thrombocytopenia
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Platelet-TLR expression Is responsible for sepsis-induced
thrombocytopenia
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OPEN (3 ACCESS Freely available online PLOS

Novel Anti-bacterial Activities of p-defensin 1 in Human
Platelets: Suppression of Pathogen Growth and
Signaling of Neutrophil Extracellular Trap Formation

Bjoern F. Kraemer''*”, Robert A. Campbell'®, Hansjorg Schwertz'?, Mark J. Cody', Zechariah Franks',
Neal D. Tolley', Walter H. A. Kahr?, Stephan Lindemann?, Peter Seizer?, Christian C. Yost''®, Guy A.
Zimmerman’, Andrew S. Weyrich”*? November 2011 | Volume 7 | Issue 11 | e1002355
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Figure 6. p-defensin 1, but not other p-defensin family

Figure 1. Platelets sequester S. aureus. Cultured S. aureus were members, induce PMNs to form NETs. PMNs were left untreated



Platelets Readily
Take up Viruses



Platelet Viral Receptors rantavius,

Adenovirus

Rotavirus }

\ CMV  EMCV, Influenza,
$ Corona

HCV Corona Virus

GPla/lla

aecz  Platelet  cre

CCL1,2,4

IgG/Virus , o
Complexes ° Dengge, HIV.
Coxsackie, -25S& Zika, Ebola
Adenovirus

Adapted from Maouia A Transfusion Med Rev 34 (2020) 209-220



Platelets readily Uptake HIV Particles

Zucker-Franklin D et al. Blood. 1990;75:1920-1923.



In their first year after diagnosis, patients with ITP

are 3-5 times more susceptible to infections
It’s not just bleeding.

Figure 1 - Cumulative incidence (95% CI) for all infections Figure 2 - Adjusted hazard ratios for infection subtypes
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CD154 (CD40L)
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Platelet CD154 (CD40L) has a wide
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Platelet CD40L (CD154) expression and function in ITP
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Platelets and
Antigen Presentation



Platelets contain a functional proteasome for cross presentation to
CD8+ T cells
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Platelets cross-present Antigen to CD8+ T cells

CD8* T cell

Activated platelet
+ MHC | expression

MHC Class| TCR

Peptide

Target lysis

(platelets and MK)

Chapman LM et al. J Immunol 2012;189,916-923



Platelet EV cross-present antigen to T cells.
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Marcoux et al. Blood (2021)



Platelet EV cross-present antigen to T cells.
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MK also process and present antigens.

TLR 3

Mature murine megakaryocytes present antigen-MHC class I molecules to

T cells and transfer them to platelets
Blood Adv. 1(20):1773-1785, 2017.

Anne Zufferey,' Edwin R. Speck," Kellie R. Machlus,>® Rukhsana Aslam,' Li Guo," Mark J. McVey,"* Michael Kim," Rick Kapur,'®
FCVRI (mice) Eric Boilard,® Joseph E. ltaliano Jr,>*7 and John W. Semple'58°

FcRyllA and FceRI (human)

TLRs 1-2-4-5-6

Lung megakaryocytes are immune modulatory cells

Daphne N. Pariser,"? Zachary T. Hilt,' Sara K. Ture,” Sara K. Blick-Nitko," Mark R. Looney,? Simon |. Cleary,?
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Platelet — Treg Relationships in ITP:

Pro-inflammatory sl Anti-inflammatory
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Now, MDSCs have a similar relationship as Tregs
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@ Increased desialysation
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with aberrant cargo

Courtesy of Rick Kapur

Platelets in ITP: Victims in charge of their own fate?
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Conclusions

Platelets are immunogenic and can be the target of potent humoral and cellular
Immune responses.

Platelets have a multitude of immune receptors and molecules that rightfully
places them in the innate immune system. They can readily bind and internalize
bacteria and virues.

Resting platelets tend to be immunosuppressive for immunity whereas
activated platelets have the ability to turn on innate and adaptive immune
responses.

Megakaryocytes, Platelets and their EVs can present antigens to T cells and the
EVs can mediate immune effector reactions outside of the circulation.

These above properties perhaps link platelets to their immunological fate in ITP.
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