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• Platelets are hematopoietic cells whose main function has for a long time been 

considered to be the maintenance of vascular integrity. 

• They also have functional capabilities that go far beyond it. 

➢ Are platelets cells? 

➢ And if yes, are they immune cells?



Platelets contribute to the resolution of inflammation by a multitude of factors

Receive signals Send signals



The key roles of platelets in modulating 

inflammatory processes

7

6

4

5

3

2

(1) Platelets can uptake 

infectious agents (via the 

expression of TLRs) and 

can activate neutrophils 

to, for example, secrete 

NETs. 
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(2) Platelet CD40L 

expression allows 

them to interact with 

different cells of the 

immune system and 

either activate and/or 

suppress them.
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(3) Intact platelet MHC 

class I molecules are 

located intracellularly 

but upon activation are 

expressed and can 

activate Ag (e.g., 

malaria) - specific 

CD8+ T cells. 
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(4) Platelets release 

PMPs under a variety of 

stress conditions, and 

these PMPs can carry 

multiple cargos to other 

cells and sites of 

inflammation. 
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(5) Platelets contain 

many proinflammatory 

and anti-inflammatory 

cytokines and 

chemokines and, upon 

activation, can release 

them to the 

extracellular space. 
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(6) Immune interactions with 

platelets can lead to severe 

thrombocytopenic states, 

such as in the case of 

sepsis.
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7) Platelets contain several species of 

RNA, and these can be exported via 

PMPs or mRNAs can be translated 

into nascent protein synthesis.
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All these events 
makes platelet a great 

immunomodulatory 

cell 
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Major platelet tasks 

in hemostasis and 

immunity.

Platelets circulate in 

blood, surveying the 

vasculature for

(A) hemostatic and

(B) immune stress



Platelet receptors. List of 

receptors in human 

platelets categorized by 

their major functional 

types.



Platelet payloads. List of bioactive mediators released by human platelets categorized by 

their major functional roles.



Source Ligand Function

CD62P 

(P-selectin)

• Endothelial cells

• Platelets

• P-selectin 

glycoprotein 

ligand-1

• Heparan 

sulfate

• Fucoidans

• Initial recruitment of leukocytes

• Recruitment and aggregation

• Helps cancer cells invade into the bloodstream for metastasis

• Contribute to the seeding of tumour microemboli in distant organs

• Inflammatory reaction

PF4 (CXCL4) • Platelets • CXCR3B • Promotes inflammatory fibrosis

• Promotes blood coagulation by moderating the effects of heparin-like 

molecules.

• Play a role in wound repair and inflammation

• strong chemoattractant for neutrophils, monocyte and fibroblasts

RANTES (CCL5) • Platelets 

• T cells

• CCR1

• CCR3

• CCR5

• Chemotactic for T cells, eosinophils, and basophils, and plays an active 

role in recruiting leukocytes into inflammatory sites

• Induces the proliferation and activation of certain natural-killer (NK) 

cells to form CHAK (CC-Chemokine-activated killer) cells

• Natural HIV-suppressive factor

Platelet 

microparticles 

(PMPs)

• Platelets • Transport and delivery system for bioactive molecules

• Participating in :

i. hemostasis and thrombosis 

ii. inflammation

iii. malignancy infection transfer

iv. angiogenesis 

v. immunity
CD154 (sCD40L) • T cells 

• Platelets 

• Mast cells

• Macrophages

• Basophils

• NK cells

• B lymphocytes

• Smooth muscle cells

• Endothelial cells

• Epithelial cells

• CD40

• α5β1 integrin 

• αIIbβ3

• Promotes B cell maturation

• Costimulation and regulation of the immune response

• Activation of endothelial cells by CD40L leads to reactive oxygen 

species production, as well as chemokine and cytokine production, and 

expression of adhesion molecules such as E-selectin, ICAM-1, and 

VCAM-1. 

• Promotes recruitment of leukocytes to lesions and may potentially 

promote atherogenesis

Table 1. Characteristics and physiological roles of platelet-released 

major Biological Response Modifiers (This list is non-exhaustive).



The role of microparticles in 

inflammation

• Despite the fact that PMVs 

derive, which are anucleated, 

from platelets various molecules 

and organelles are present either 

on or inside PMVs. 

• The PMV cargo includes

✓ functional enzymes,

✓ transcription factors, 

✓ receptors, 
✓ cytokines, 

✓ nucleic acid, 

✓ lipid mediators 

✓ and mitochondria. 

➢ Note that different platelet 

activating pathways or 

experimental parameters might 

have an impact on PMV content. 



• Platelets contain RNAs, including small 

noncoding RNAs such as microRNAs, and the 

necessary machinery to perform translation

• Data suggest that microRNAs can influence 

platelet functions, including thrombosis, 

atherosclerosis, and angiogenesis

➢Platelet RNA can also be transferred to other vascular cells



➢ Platelet Microvesicles Transfer 

MicroRNAs to Immune Cells

➢ Platelet Microvesicles Transfer 

MicroRNAs to Endothelial 

Cells

➢ Platelet Microvesicles Transfer 

MicroRNAs to Cancer Cells

Platelets contain fully functional 

miRNA processors in their 

microvesicles 

Microvesicles are able to transport 

their miRNAs to neighboring cells 

and regulate their gene expression.



• The interaction of 

platelets with 

leukocytes via direct 

cell–cell contact and 

soluble mediators 

affects the immune 

response in multiple 

ways. 

• In the context of 

inflammation, platelets 

were found to promote 

not only pro-

inflammatory but also 

inflammatory 

resolution processes.

Platelet-leukocyte interactions in pro- 

and anti-inflammatory processes. 



Platelet membrane innate 

immunity and toll-like 

receptors involved in the 

immune response and 

pathogenesis

TLRs can recognize :

➢ Microbe-specific pathogen-

associated molecular patterns 

(PAMPs) 

➢ Host-derived damage-

associated molecular patterns 

(DAMPs)

These receptors are crucial for 

orchestrating the inflammatory 

response to both types of danger 

signals.

@ Hind Hamzeh-Cognasse



• All 10 TLRs have been identified on 

and within human platelets. 

• In this figure, platelet-TLRs are 

stratified by the number of studies 

that have measured expression levels.

• Platelet-TLRs 2 and 4 are the most 

well-studied while only a few papers 

investigate expression of platelet-

TLRs 7 and 10. 

• Most platelet-TLRs (TLRs 1, 3, 5, 6 

and 8) are expressed at low levels 

while others (TLRs 2, 4 and 9) are 

expressed more abundantly. 



➢ Platelets orchestrate the immune reaction to inflammation and infection by 

direct interactions with cells of the innate immune system (neutrophils and 

Kupffer cells) or through the secretion of mediators.

➢ Platelets interact with bacteria directly through their surface receptors or 
indirectly through plasma proteins. 

Platelets interact with 

bacteria and cells of the 

innate immune system.



Summary of indirect interactions between bacteria 

and platelets. 

Different species of bacteria bind different plasma 

proteins which bridge to their respective platelet 

receptors, triggering activation.

Summary of direct interactions 

between bacteria and platelets. 

Different species of bacteria contain 

ligand mimetic motifs that act as 

agonists on platelet receptors. 



• Interconnections between s. aureus and platelets: S. aureus can induce platelet 

activation by several ways, e.g., through toxin release or by using membrane protein that 

bind platelet receptors either directly or indirectly and induce the activation of platelet 

fucntion. 

• However, some bacterial factors induce the inhibition of platelet function



Platelet immune mechanisms 

during viral infection: 

•Platelets can take up viral 

agents and stimulate 
neutrophil activation and 

production of antimicrobial 

NETs. 

• Platelets contain numerous pro- and anti-inflammatory cytokines and chemokines that 

are released into the extracellular space upon viral activation. 

• Platelets contain several types of RNA that can be exported by PMPs and can then be 

translated into proteins. 

• CD40L expression by platelets allows them to activate and/or inhibit different cells of 

the immune system and platelet content can contribute to immune cell function and 

modify adaptive immunity



The non-hemostatic function of platelets likely plays an important role in 

responses to SARS-CoV-2, but the mechanisms involved are less understood as 

compared to those operating in host defense response to bacterial infections.



Unanswered questions that remain in the 

field of platelet-TLR biology ?



• Pathogen recognition receptors 

(like TLRs) can induce 

inflammation upon the binding of 

their targets. 

• Certain Siglecs are able to limit 

inflammation even after TLR 

engagement. 

• Siglec-7 is capable of inducing 

platelet apoptosis via intrinsic 

and extra-mitochondrial 

pathways.

These mechanisms help control tissue damage, 

platelet inflammatory responses, and excessive 

inflammatory reactions.



• Platelets physiological 

functions include

➢ The maintenance of 

vascular integrity

➢ The immune response

➢ Inflammation

➢ Biological scavenging

➢ Tissue regeneration

• Platelets are well studied 

for their pathological 

roles in thrombotic 

disorders.

➢ Platelets have also been 

linked to the pathogenesis 

of disease states such as

➢ Infections (sepsis and viral 

infections including COVID-

19)

➢ Malignancies

➢ Inflammatory and 

autoimmune disorders

➢ Liver disease and kidney 

disease. 

This functional diversity in both physiological and 

pathological contexts is unusual for a small, short-

lived cell with no nucleus. 



Potential therapeutic strategies to target platelets in 

immune-mediated inflammatory disease.

Two strategies may be used to target platelets in immune-mediated inflammatory disease:

b) inhibiting the interaction between platelets 

and immune cells. 

• antibody to P-selectin prevents P-selectin 

binding to P-selectin glycoprotein ligand 1 on 

neutrophils and other immune cells

• antibodies targeting CD40 or CD40 ligand 

(CD40L) prevent interaction with B cells. Fab, 

antigen-binding fragment.

a) inhibiting platelet activation 

• by blocking agonist engagement,

• inhibiting platelet cyclooxygenase 

activity using aspirin, 

• inhibiting (TLR7) activation using 

hydroxychloroquine, 

• Etc …



• It is now clear, that in addition to their roles in hemostasis and thrombosis, 

platelets have a large range of other functions (inflammatory process, immune 

responses, regenerative medicine and host defense against pathogens). 

• The challenge for therapeutic intervention in pathological processes will be to 
identify drugs that block specific targets involved in the complex contribution of 

platelets to inflammation/immunity without affecting their hemostatic function

Our future directions for 

research concern the critical 

role of platelets as an 

immune cell in the host 

immune response (non 
infectious versus infection 

situation) 
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