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Abstract

Platelets are increasingly recognized for their multifaceted roles in inflammation beyond their traditional involvement in haernostas}
This review consolidates knowledge on platelets as critical players in inflammatory responses. This study did an extensive search
of electronic databases and identified studies on platelets in inflammation, focusing on molecular mechanisms, cell interactions,
and clinical implications, emphasizing recent publications. Platelets contribute to inflammation via surface receptors, release
of mediators, and participation in neutrophil extracellular trap formation. They are implicated in diseases like atherosclerosis,
rheumatoid arthritis, and sepsis, highlighting their interaction with immune cells as pivotal in the onset and resolution of inflammation.
Platelets are central to regulating inflammation, offering new therapeutic targets for inflammatory diseases. Future research should
explore specific molecular pathways of platelets in inflammation for therapeutic intervention.

Abbreviations: AP = Adaptor protein, AP1 = Adaptor protein 1, AP2 = Adaptor protein 2, BBB = blood-brain barrier, GPllb-llla
= CD9-integrin alphallbbeta3, GPVI = glycoprotein receptors, LMWPTP = low molecular weight protein tyrosine phosphatase,
NETs = neutrophil extracellular traps, NSF = Neurexin/N-Ethylmaleimide-sensitive Factor, PARs = protease-activated receptors,
PECAM-1 = platelet endothelial cell adhesion molecule 1, PF4 = platelet factor 4, PlEMP1 = plasmodium falciparum erythrocyte
membrane protein 1, RANTES = Regulated upon activation of normal T cell expressed and secreted factor, sSCD40L = Soluble

CD40-ligand, TLRs = Toll-like receptors, VMF = von Willebrand factor.
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1. Introduction

Inflammation is an immune response of the body to various
stimuli and protects and repairs damaged tissues.!'! The molec-
ular mechanism of platelets in inflammatory responses mainly
includes platelet activation, aggregation, and secretion of pre-
existing pro-inflammatory mediators. The activation of plate-
lets mainly occurs through the interaction of the extracellular
matrix, glycoprotein receptors (GPVI), and GPIb-IX-V on the
platelet surface with von Willebrand factor (VMF) released by
vascular endothelial cells, causing platelets to attach to collagen
to form activated platelets. Subsequently, through the mediation
of integrin allbf3, fibrinogen binds to different allbB3 at both
ends through a “bridging” method (Fig. 1), ultimately leading to
platelet aggregation.?!

Numerous studies have revealed the association between
inflammation and haemostasis.?! Platelet function is a source
of granules in platelets. These granules are released by
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platelets, ultimately causing thrombus formation. Bactericidal
protein in platelet granules released by platelets could be
blind to bacteria, causing the elimination of these bacteria.!
Past studies have mainly focused on the role of platelets in
thrombosis, while relatively few studies have been conducted
on their functions and regulatory mechanisms in the inflam-
matory center.

Although they showed that the primary function of plate-
lets is haemostasis, the number and morphology of platelets
are altered in sterile inflammation, especially autoinflam-
matory diseases.’! It is unclear that platelets played a core
role in different types of inflammation. This article aims to
explore the role of platelets in the inflammatory center and
its potential application value through a review of relevant
literature. The study based on platelet granules described
infectious and sterile inflammation separately, which indi-
cated platelets had central regulation in different types of
inflammation.
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Figure 1.

(P4) NET dependency mechanism of thrombosis in vivo (in OA_Figure 1).

2. Material and methods

2.1. Research background and significance of platelets

Platelets are a type of cellular fragments in blood, and they play
an essential role in the physiological and pathological processes
of the human body. In recent years, more and more studies have
found that platelets play a vital role in inflammatory responses
and can promote the occurrence and development of inflamma-
tion. This review aims to explore the role of platelets in the cen-
ter of inflammation and provide us with new research directions
and treatment strategies.

2.2. Research methods

This article mainly conducts an in-depth study on the mech-
anism of platelets in inflammatory response through a litera-
ture review. By collecting and analyzing many relevant studies,
we have revealed the mechanism of platelets’ role in inflam-
matory responses and how their interactions with various cell
types contribute to the pathogenesis of vascular inflamma-
tion. Meanwhile, the study examined the current clinical anti-
inflammatory treatment strategies to provide new ideas for
clinical treatment.

3. Results

3.1. Platelets granules

There are bluish-purple platelet granules in the central plate-
let, termed granulomere. A light blue heterogeneous zone in the
surrounding platelet is called a hyalomere. There are 3 granule
classes in granulomere: a-granules, 3-granules, and lysosomes.[®!

3.2. a. Granules

o granules included plasma protein, adhesion molecules,
complement and complement activation regulators, comple-
ment binding proteins, hemostatic factors, angiogenic factors,
anti-angiogenesis factors, growth factors, protease, necrosis
factor, cell factors, cationic protein sterilization, etc. Plasma

protein included coat protein such as clathrin, adaptor protein 1
(AP1), adaptor protein 2 (AP2), and protein required for vesic-
ular transport such as the Neurexin/N-Ethylmaleimide-sensitive
Factor (NSF), attachment protein receptor regulator, Secl1/
Munc18 protein, and GTPase such as Rabs,! and IgG etc.”
Adhesion molecules such as P-selectin, platelet endothelial cell
adhesion molecule 1 (PECAM-1), and CD9-integrin alphallb-
beta3 (GPIIb-IIla) could mediate innate immunity.

Cationic  bactericidal protein-mediated host immunity
defence, including platelet factor 4 (CXCL4), thymosin-p4,
CXCL7 derivatives, CCLS, thrombospondins 1, thrombos-
pondins 2-Regulators of complement activation, complement,
and complement binding protein could enhance immune cell
function, including C3, C3b and Cl-inhibitors."®! The cytokine
modulated platelets-leukocytes interaction, including CXCL1
(GRO-a), CXCL4, CXCLS (ENA-78), CXCL7 (PBP, B-TG,
CTAP-III, NAP-2), CXCL8 (IL-8), CXCL12 (SDF-1a), CCL2
(MCP-1), CCL3 (MIP-10), and CCL5 (RANTES). !

Others need help with the classification of substances. For
instance, hemostatic, angiogenesis, anti-angiogenesis, growth,
proteases, and Necrosis factors included V, von Willebrand
factor (vWF), and fibrinogen. Angiogenesis factors included
angiogenin and VEGE Anti-angiogenesis factors included vas-
cular statin PF4. Growth factors included PDGF, bFGF, SDF1a.
Protease included MMP2 and MMP9. Necrosis factors included
TNFa, TNEp.

3.3. Dense granules

Dense granules included non-protein molecules such as ADP,
5-TH,P! serotonin, polyphosphate,!’! pyrophosphate, calcium
ions, melanosomes, granule fusion,'” CD63 (LAMP 3) and
LAMP 2, magnesium ions,”! which played an essential role in
expanding platelets.

3.4. Lysosomal

lysosomal included glycosidase and protein steriliza-
tion."!! Peroxisomes included 1 to 3 lysosomes, such as beta
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aminocaproic glycosidase.l’! There are lysosomal platelets
with cathepsin D, acid hydrolase, E100, and other lysosomal
proteins.!”)

3.5. The role of platelets and leukocytes

3.5.1. The formation of immune thrombosis: neutrophils
and platelets. The interaction of platelets and neutrophils,
besides neutrophil death, promoted the formation of immune
thrombosis via neutrophil cell death, which could promote
innate immune responses.'?! Neutrophil extracellular traps
(NETs), DNA, histone, and particulate components are favorable
factors promoting the formation of immune thrombosis, which
is considered overlapping mechanisms between the immune
system signals and the coagulation signals.!'*'") The risk of
thrombosis increases when the innate immune induced by
immune-inflammatory thrombosis can hardly take control of
severe infection.”

Stuart Wallis showed that efb68-87 could blind directly
to P-selectin and inhibit interactions of platelets with leuko-
cytes that could lead to PLA and NET formation.!"*! Huilian
Chen showed that fruit flow could inhibit platelet function
by suppressing Akt/GSK3f, Syk/PLCy2 and p38 MAPK phos-
phorylation in collagen-stimulated platelets.'” Min Li rean-
alyzed the GSE45111 dataset of a spectrum of asthma, and
they showed that platelet activation could enhance the Th2
immune response and induce lung inflammation through 8,
a, A granule released by platelets.!'®! Maximilian Mauler used
two murine models of acute inflammation, and they showed
that LPS challenge in Tphl-/- mice prevented leukocyte
recruitment and reduced platelet neutrophil complex forma-
tion.”? David M. Chesko and Wilgus found through 10 years
of a retrospective study that platelet depletion enhanced the
recruitment of T cells and macrophages. In the absence of
platelets, mediators produced by other cells could overcome
the lack of platelet-derived mediators in thrombocytopenic
mice.["! Dimitra Gialamprinou thought that prostaglandin
E1 synthesis modulated by platelets affected hypersensitive
response.?!

3.6. Platelets mediated sterile inflammation

Cellinjury probablyinducedsterileinflammation. Sterile inflam-
mation had similar pathological progress. Atherosclerosis is a
joint sterile inflammation.’! Autoinflammatory Disease also
causes sterile inflammation, such as chronic tophaceous gout.
Cell injury activated Damage-Associated Molecular Patterns
via monocyte/macrophage, leading to the inflammatory
response. Cell injury released some substances such as IL-1a,
S$100 protein, heat shock protein, and dsDNA, which could
activate some signal pathways; for example, MAP Kinase
activation induced the role of NF-xB.?'! Meanwhile, cell
injury through dendritic cell activation released soluble plate-
let factors influencing inflammatory responses.?” However,
active platelets could induce the formation of neutrophil
extracellular traps, thus activating inflammatory response.?!
Eithne Nic and Riogh suggested that an appropriate platelet
function assay could guide future therapy for patients with
inflammatory arthritis.* Serena Bianchi proved that platelets
play a vital role in hemostasis, immune regulation, and repair
mechanisms.?! H. ATLI1 et al found that neutrophil-to-
lymphocyte ratio and platelet-to-lymphocyte ratio are related to
the onset of proliferative diabetic retinopathy, and neutrophil-
to-lymphocyte ratio could predict microvascular inflam-
mation.?® Recep Yilmaz found that neutrophil/lymphocyte
ratio but not platelet/lymphocyte ratio and mean platelet vol-
ume can indicate subclinical inflammation in patients with
Familial Mediterranean Fever.?”! Abderrahim Nemmar found
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via studying platelet activation by the neutrophil-released
proteases cathepsin G and elastase that it potently activated
platelets via an ADP-mediated mechanism, which potently
enhanced a condition accompanied by local and systemic
inflammation.?!!

3.7. Platelets mediated inflammation of the pathogen

Studies have found that platelets are both “inciters” and “partic-
ipants” in inflammatory responses. In the inflammatory reaction,
platelets are activated by invading pathogens or inflamma-
tory factors. The activated platelets are in the bloodstream at
sites infected by microorganisms. Platelet aggregation can be
observed in inflammatory exudates and inflammatory tissues.
They share common antigens, regulating inflammatory damage
and affecting leukocytes’ biological behavior and inflammatory
signaling pathways to varying degrees.”” In addition, platelets
are the earliest and most numerous cells recruited to the suben-
dothelial blood vessels in the inflammatory response.*® They
interact with neutrophils, monocytes, antigens, antigen-related
products, and inflammatory vascular endothelium, leading to
microvascular occlusion and thrombosis, spread of inflamma-
tion and damage to blood vessel walls.3%

3.7.1. The role of platelets with bacteria. The interaction
of platelets with bacteria-activated platelets and formatted
immune thrombosis to prevent a spreading bacterium and,
meanwhile, pro-inflammatory mediator released by platelets
could play a significant role in bacterial infections immunity.13!
For instance, streptococcus purulent is first snared by fibrinogen
and then combined with GPIIb/Illa signals from platelets,
thus activating platelets.! When platelets act, platelet volume
expansion induces the aggregation of platelets, leading to the
capture of bacteria. Next, releasing inflammatory mediators in
platelet granulomere could activate leukocytes to accomplish
bacterial infection immunity. These inflammatory mediators
included regulated upon activation of normal T cell expressed
and secreted factor (RANTES), PF4, soluble CD40-ligand
(sCD40L), soluble P-selectin, PDGF and ADP.?233!

3.7.2. The role of platelets with fungus. Platelets could be
blind to a fungus-associated substance that significantly affects
fungus infection immunity.3*3! For example, protease-activated
receptors (PARs) and toll-like receptors (TLRs) could identify
B-1,3 glucan or B-galactomannan leading signaling cascade.!
Meanwhile, B-glucan and a-glucan could protect the human
body against Aspergillus infection.*”! Bactericidal substances
released by platelets, such as 5-HT, are considered antibacterial
peptides that exert immune function.?®®!

3.7.3. The role of platelets with virus. Platelets mediate
virus infection immunity by regulating the Toll-like receptor
pathway.'” Platelets activated Toll-like receptors through
the phagocytosis of the virus. Thrombocytopenia after
severe viral infections manifests antiviral immunity function
decline.B’?! The integrin receptor probably affected the platelet
phagocytosis response significantly.*” Participating in human
immunodeficiency virus research revealed that platelets could
be controlled in a slow decline of viral load, and virus particles
are found in platelets’ cytoplasm, which confirmed platelets’
phagocytosis response.*!! Sokratis A. Apostolidis blocking
the signaling of the FcgRIIa-Syk and C5a-C5aR pathways on
platelets revealed a crucial role in platelet-mediated immune
thrombosis.*?! Li Tianyang showed that platelets could mediate
inflammatory monocyte activation by SARS-CoV-2 spike
protein.*3! Ana Kasirer-Friede showed that platelet SHARPIN
could regulate platelet adhesion and inflammatory responses
through associations with allbf3 and LUBAC and modulate
CD4+ T-cell function in COVID-19 through a PD-L1-dependent
mechanism.**1 To further investigate platelet reactivity in
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COVID-19, Alexey A. Martyanov analyzed 46 COVID-19
patients’ data and showed that coagulation dysfunction of
COVID-19 is associated with intravascular coagulation-induced
refractoriness.**!

3.7.4. The role of platelets with parasite. Participating
in malaria research revealed that platelets via the release of
platelet plasmodial factor, platelet factor 4 (PF4) and the red
cell-expressed Duffy-antigen molecule could mediate parasite
immunology.*748!

First, platelets are blinded with infection erythrocytes and
induce the interaction of plasmodium falciparum erythrocyte
membrane protein 1 (PfEMP1) and scavenger receptor CD36.
Then, this infection protein marker is transferred to the erythro-
cyte surface, leading to identification and elimination.**>%

3.7.5. Platelets and complement. Consumption of little
complement-related substance during the uptake of plasma by
platelets could induce platelets associated with the complement
pathway. The formation of C3b, C3a, and C5b-9 activated the
complement pathway, which is induced by platelet activation
and P-Selectin.’Y Meanwhile, chondroitin sulfate released by
platelets could activate the complement pathway.’? However,
gC1qR expressed by platelets could also activate the classical
complement one."*3 The interaction of platelets with complement
extensively promoted pathogen immune killing by platelets.

3.8. The role of platelets in tumour

Adhesive proteins modulated platelet-tumor interaction. For
example, active platelets are covered on the tumor cell’s sur-
face. This formation of platelets-tumor micro-thrombocytosis
could be conducive to protecting tumor cells against the
mechanical shear of the blood’s circulation.’* Meanwhile, by
dynein, tumor cells uptake platelets CD42a, thus obtaining
all metabolic substances by phagocytosis platelets in plate-
lets’ cytoplasm.*! Podoplanin is a sialylated membrane gly-
coprotein. It could bind to C-type lectin-like receptor two
on platelets, which mediated platelet activation. Podoplanin
expression on cancer cells is involved in metastasis; the low
molecular weight protein tyrosine phosphatase (LMWPTP)
at the cell level affects tumor-platelet interaction.l
Upregulating LMWPTP at the cell level could promote tumor
cell proliferation.

Interestingly, tumor cell proliferation upregulated LMWPTP
at the cell level via positive feedback, which enhanced tumor
invasion and chemotherapy resistance. In addition, protein tyro-
sine kinases could be a potential therapeutic target.’” Xiaowei
Liu showed that platelet protects angiotensin II-driven abdom-
inal aortic aneurysm formation by inhibiting inflammation.®!
Dina Ali Hamad combined blood indexes of systemic inflam-
mation as a mirror to admission to the intensive care unit in
COVID-19 patients. She found that SIRI is associated with
clinical results, which predicted survival rates of breast cancer
and gastric cancer.””! SIRI is defined in the following formula:
SIRI = N x P/L, where N could represent neutrophils, P-platelets,
and L-lymphocytes. Interestingly, this effective parameter fully
reflected the balance between the host’s immune and inflamma-
tory status.!

3.9. Platelets induced epilepsy immune

The presence of the lymphatics in the brain received very little
attention. Because of the tight junction and non-fenestrated
capillaries, the blood-brain barrier (BBB) could prevent the
passage of most substances of the blood, especially immune
cells, which construct an immuno-isolation membrane. Thus,
lymphatics in the brain are essential structures in the brain
region.!® When epilepsy occurs, the local electrical activity of

Medicine

brain cells is abnormal. Dysregulation of brain-electric activity
homeostasis would harm the brain tissue, such as cell mem-
brane damage and cell damage. When brain tissue is damaged,
especially BBB, those substances absent from brain tissue are
released by BBB. At that moment, those substances could acti-
vate platelets to BBB repair, thus via TLR, limiting the implica-
tions to movement, which could abstract innate immune cells
to eliminate those substances. There are usually astrocyte cells,
microglial cells, and mast cells in this remarkable immune
response.

Interestingly, those immune cells could release a lot of
S100b.1" That S100 b also, via the super pathway, activates neu-
roimmune response. For example, TRAAF6 started TLR7/8 or 9
to induce NFxB and MAP kinase, leading to amplified immune
responses.?l A continuous immune response could cause inflam-
matory immune infiltration, which damages brain tissue again,
especially endothelial cells of BBB, and the extent of the dam-
age is variable. Injured BBB reduced the protective effect, which
caused out-brain substances to enter the brain area, leading
to chronic immune injury. Surprisingly, gamma globulin levels
remained high in the blood, which could alleviate this destruction
of BBB.I*!' If BBB is repaired by gamma globulin currently, how is
the immune injury reaction in the brain area? We predicted that
compared with the out-brain immune system, the local immune
response of brain area lymphatics could have a higher domi-
nance rank, which caused the local immune response of brain
area lymphatics to eliminate out-brain substances. Moreover, the
brain area’s immune homeostasis is restored.

4. Discussion

The literature review proves that platelets are critical in orches-
trating inflammatory responses. The ability of platelets to act as
central hubs in inflammation is mediated through their exten-
sive repertoire of surface receptors, which facilitate dynamic
interactions with various immune cells. These interactions are
not merely passive but involve active recruitment and modula-
tion of leukocytes, contributing to amplifying or attenuating the
inflammatory cascade.

Platelets’ release of soluble mediators, such as cytokines and
chemokines, further underscores their active participation in
inflammation. These mediators have diverse effects on the immune
system, influencing cell migration, differentiation, and function.
The involvement of platelets in the formation of NETSs represents
another dimension of their role in inflammation, linking them to
both pathogen clearance and the potential for tissue damage.

4.1. The role of platelets in the center of inflammation

The role of platelets in the inflammatory center is mainly
reflected in the following aspects:

(1) Platelets promote the recruitment and activation of
inflammatory cells (such as monocytes, neutrophils, etc.)
by releasing various biologically active substances, such
as growth factors, chemokines, and prostaglandins.

(2) Platelets interact with vascular endothelial cells, increas-
ing vascular permeability and making it easier for inflam-
matory cells and inflammatory factors to enter tissues,
thus aggravating the inflammatory response.

(3) Platelets regulate the duration and intensity of inflamma-
tory responses by affecting the phenotype and function of
immune cells.

4.2. The potential value of platelets in the treatment of
inflammatory diseases

Clinical implications of platelet involvement in inflammation
are profound, with numerous studies linking dysregulated
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platelet activity to the pathogenesis of inflammatory diseases.
This phenomenon suggests that platelets could be viable tar-
gets for therapeutic intervention. However, the complex platelet
functions in inflammation challenge the development of such
therapies. Inhibition of platelet activity could potentially ame-
liorate inflammatory disease symptoms, but it also risks impair-
ing haemostasis and host defence mechanisms.

4.3. Research prospects

This review reveals a new role of platelets in the center of inflam-
mation and provides a theoretical basis for further research on
the part of platelets in inflammatory diseases. However, the spe-
cific molecular mechanisms and regulatory networks of platelets
in inflammatory responses still require in-depth study. In addi-
tion, the clinical application of platelet-targeted therapy strat-
egies in inflammatory diseases also deserves attention. Future
research should dissect the specific signaling pathways and
molecular interactions that govern platelet function in inflam-
mation. This situation could lead to identifying novel therapeu-
tic targets that modulate platelet activity without compromising
their essential roles in haemostasis and immunity. Additionally,
understanding the temporal dynamics of platelet involvement
in inflammation could provide insights into the transition from
acute to chronic inflammatory states, offering opportunities for
stage-specific therapeutic interventions.

5. Conclusion

Platelets played a core role in developing an immunologic
inflammatory response. Formation of immune thrombosis by
capturing targets activated platelets causes the release of sig-
nals to accomplish immune clearance. On one hand, platelets
could release complement and bactericidal proteins, thus induc-
ing pathogens’ death. On the other hand, they could initiate the
complement pathway.

Moreover, platelets via DAMPS activated immunological
inflammation. Meanwhile, platelets via S100b could induce epi-
lepsy immunity. All in all, platelets are widely attended to in all
kinds of immunological inflammation. Furthermore, platelets
could reflect the exemption. Therefore, platelets could keep a range
of exceptional levels beneficial for stabilizing immunity function.

We look forward to future research to achieve more break-
throughs in this field and bring new hope for treating inflamma-
tory diseases.
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