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Abstract. Acute lung injury (ALI) is an acute hypoxic respira‑
tory insufficiency or failure caused by various factors inside and 
outside the lungs. ALI is associated with high morbidity and 
a poor prognosis in hospitalized patients. The lungs serve as a 
reservoir for platelet precursor megakaryocytes and are closely 
associated with platelets. Platelets not only play a central role 
in hemostasis, coagulation and wound healing, but can also act 
as inflammatory cells capable of stimulating non‑hemostatic 
immune functions under inflammatory conditions, participating 
in the progression of various inflammatory diseases, and can 
result in tissue damage. Therefore, it was speculated that plate‑
lets may play an important role in the pathogenesis of ALI. In 
this review, the latest research progress on secretion of bioactive 
mediators from platelets, platelet activation‑related signaling 
pathways, and the direct contact reactions between platelets and 
neutrophils with endothelial cells that result in ALI are described, 
providing evidence to support the importance of the consideration 
of platelets in the search for ALI interventional targets.
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1. Introduction

Acute lung injury (ALI) is an injury to the pulmonary capil‑
lary endothelial cells and pulmonary epithelial cells following 
severe infection, shock, trauma or major surgery, resulting 
in diffuse interstitial lung infiltration and noncardiogenic 
pulmonary edema. This can ultimately result in acute hypoxic 
respiratory insufficiency or failure (1), which can be a serious 
threat to a patient's health. The global incidence of ALI 
ranges from 7.2/100,000  to 78.9/100,000, with a mortality 
rate of ~40% and persistent pulmonary dysfunction occurs in 
~50% of survivors, which in‑turn results in significant social 
implications and financial burdens (2). Despite the notable 
growth in the understanding of ALI over the past few decades, 
several aspects remain unknown; there are no reliable diag‑
nostic measures to accurately identify individuals at risk of 
ALI, and there are no effective interventional measures or 
treatments that have been shown to prevent its occurrence. 
Researching the pathogenesis of ALI could help to provide 
novel interventional and treatment strategies for management 
of ALI, which may result in reduced mortality rates and an 
improved quality of life for patients, whilst also reducing the 
economic burden. In recent years, in addition to the widely 
recognized role of platelets in thrombosis and hemostasis, 
several researchers have focused on their involvement in the 
inflammatory process as immune cells (3‑6). The following 
is a review of the relevance of platelet involvement in the 
development of ALI based on the possible factors involved in 
the progression of inflammation after platelet activation, with 
the aim of identifying therapeutic directions for targeting ALI 
through the inhibition of platelet pathways.

2. Advances in the pathogenesis of acute lung injury and 
interventional treatment

ALI has several causative factors, including those that can 
directly affect the development of infection in the lungs, such 
as accidental aspiration of gastric contents, pulmonary contu‑
sion, inhalation of toxic gases, drowning and oxygen toxicity. 
Moreover, other factors can indirectly lead to pulmonary 
infection, such as severe non‑thoracic trauma, acute severe 
pancreatitis, massive blood transfusion, extracorporeal circu‑
lation and diffuse intravascular coagulation (7). The pathology 
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of ALI can be divided into two components, impaired gas 
exchange and inflammatory damage. In the acute phase of ALI, 
the alveolar‑capillary barrier, consisting of the vascular endo‑
thelium, mesenchyme and alveolar epithelium, is damaged, 
resulting in increased vascular and alveolar epithelial perme‑
ability and the flow of protein‑rich fluid into the interstitium 
and alveoli, leading to impaired gas exchange (8). Following 
the occurrence of ALI, numerous inflammatory cells are 
activated and induce the production of several cytokines and 
inflammatory mediators, such as IL‑6, IL‑8 and TNF‑α (9), 
which cause further damage to the body. The development of 
ALI involves complex regulatory mechanisms, and several 
experiments have demonstrated the central role of inflamma‑
tion in the progression of ALI (10,11). The majority of studies 
have focused on the recruitment and activation of neutrophil 
adhesion. For example, Bhatia et al (12) reported that inflam‑
mation initiates chemokine‑driven neutrophil activation, 
followed by neutrophil‑derived production of reactive oxygen 
species and proteases, among other molecules, which cause 
damage to tissue cells; Saffarzadeh et al (13) demonstrated 
that neutrophils directly induce epithelial and endothelial cell 
death through activation of the p38 MAP kinase pathway and 
the Raf‑MEK‑ERK kinase pathway, resulting in lung injury; 
Jeyaseelan et al (14) suggested that hyaluronic acid produced 
by damaged tissues binds to Toll‑like receptor (TLR)4 to 
initiate the inflammatory response in acute respiratory distress 
syndrome (ARDS) and that the TLR pathway activates lung 
macrophages, which release pro‑inflammatory mediators and 
trigger an inflammatory cascade that activates and leads to 
the chemotaxis of neutrophils and other inflammatory cells to 
the airways. In addition, certain signaling pathways also act 
directly on neutrophils to regulate their role in the development 
of ALI, as suggested by the study by Huang et al (15), who 
demonstrated that hypoxia‑inducible factor 1α may regulate 
the activation of NOD‑like receptor protein 3 inflammatory 
vesicle activation and thus regulate ALI.

3. Platelets and inflammatory diseases

Platelets are small pieces of cytoplasm shed from mature 
megakaryocytes in the bone marrow, and contain glycogen, 
mitochondria and at least three types of granules (dense 
granules, lysosomes and α  granules), which reside in the 
circulating blood, and can themselves secrete granule 
contents when activated. The most abundant particles are 
α granules, which contain a large number of immunomodu‑
latory cytokines and chemokines, including platelet factor 4 
(PF‑4), β‑thromboglobulin (β‑TG), P‑selectin, macrophage 
inflammatory protein 1α and chemokine CCL5, which 
have pro‑inflammatory functions (16). Dense granules store 
ADP, ATP and calcium ions, among other components (17). 
Lysosomes contain acid hydrolases that play a role in phago‑
cytic cellular components (18). It has been shown that P‑selectin 
expression is upregulated in inflammatory diseases, such as 
hypertension and atherosclerosis  (19), and platelet‑derived 
P‑selectin plays a major role in the inflammatory and endothe‑
lial proliferative response after arterial injury (20,21). Platelets 
can also be involved in the progression of rheumatoid arthritis 
by promoting platelet particle release through the activation of 
type VI collagen binding to CD41 on the platelet surface (22).

Immune system receptors, including TLRs 1‑7 and 9, are 
present on the platelet surface. TLRs are a family of pattern 
recognition receptors expressed by phagocytes, such as neutro‑
phils, macrophages and dendritic cells (23), which recognize 
the Fc receptor of immunoglobulins, and thus participate in 
allergic inflammation (24), and promote atherosclerosis and 
inflammation by inhibiting T‑reg cell recruitment through 
the activation of CD40 (25). Platelets also express thrombin 
(PAR1, 3  and  4), ADP (P2Y1 and P2Y12), and the throm‑
boxane A2 (TXA2) receptors thromboxane receptor (TP)‑α 
and TP‑β, which when bound to their respective ligands, can 
lead to platelet aggregation and the secretion of bioactive 
mediators, which are involved in the progression of inflamma‑
tory diseases (26).

Platelets can also be activated by direct contact, such as 
platelets interacting with neutrophils via CD62P and with 
B cells via pattern recognition receptors. They also interact 
with T cells via the CD40/CD40L complex, and with endo‑
thelial cells and erythrocytes via the integrin receptor (27). 
An in vitro study by Danese et al (28) showed that platelets 
rapidly adhere to human intestinal microvascular endothelial 
cells when co‑incubated with IL‑1β, stimulating the expression 
of vascular cell adhesion molecule 1 and intercellular adhesion 
molecule‑1 (ICAM‑1; two major leukocyte receptors) on the 
surface of endothelial cells, and the secretion of the neutrophil 
chemokine IL‑8, which plays an important role in inflamma‑
tory bowel disease.

In addition, the pathogenic mechanisms of platelets in 
various lung diseases have been elucidated. Higher expres‑
sion of P‑selectin, PF‑4 and β‑TG in the platelets of asthma 
patients, when compared to that in controls, has been 
revealed by Kasperska et al (29). High expression of TXA2 
and soluble (s)CD40L during platelet hyperfunction was 
found in pulmonary cystic fibrosis disease, as summarized 
by O'Sullivan  and Michelson  (30). In summary, it can be 
concluded that platelets are not only widely recognized as a 
major player in hemostasis and thrombosis, but also as immune 
cells involved in the inflammatory response of the body, and 
can mediate tissue damage.

4. Platelet activation is involved in the pathogenic 
mechanism of ALI

Megakaryocytes are essential precursor cells for platelet 
production, and the lungs are a reservoir of these cells (31,32); 
therefore, platelets are present in large numbers in pulmonary 
circulation. Despite the significant protective role of platelets 
in hemostasis and inflammatory defense, a large body of 
experimental and clinical data shows that platelets play a dual 
role in ALI. On the one hand, platelets help to maintain the 
integrity of the alveolar capillary base barrier, which selec‑
tively limits the extravascular transfer of water, proteins and 
red blood cells (33), and contributes to pulmonary vascular 
repair  (34). On the other hand, platelets can also regulate 
ALI/ARDS pathogenic processes through complex mecha‑
nisms, such as neutrophil recruitment, macrophage‑dependent 
inflammation and modulation of alveolar capillary perme‑
ability (35). The pathogenic role of platelets depends on the 
balance of the inflammatory response in the body. When the 
body is in a normal healthy state, platelets can maintain the 
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stability of the vascular endothelium and play an important 
role in maintaining the healthy state of the body. When an 
organism is in a diseased state, platelets are activated in various 
forms, leading to a series of inflammatory reactions that cause 
damage to the organism. Lê et al (36) showed that the mouse 
ALI model relies heavily on platelet activation, and that in a 
mouse model of ALI, several activated platelets were detected 
in the lungs and plasma compared to the levels in the normal 
control mice. Looney et al (37) found that depleted platelets 
protect mice from severe lung injury, and when platelet activa‑
tion was blocked with aspirin, thromboxane production was 
reduced, as was lung injury and mortality. There are several 
causes of ALI, and the pathogenesis is not completely the same 
in different possible stages; that is, the mechanism of platelet 
action in ALI induced by different causes vaires itself. For 
example, Yasui et al (38) showed that the occurrence of lung 
injury may be due to platelet dysfunction in a rat model of 
blunt traumatic brain injury, whereas Clark et al (39) found that 
increased platelet–neutrophil binding leads to the occurrence 
of lung injury in a model of sepsis due to bacterial infection. 
To conclude, platelets are an important component involved 
in the progression of ALI. In this section, the mechanisms 
through which platelet factors are involved in ALI in terms 
of immune regulation of platelet secretion, receptor‑ligand 
signaling related to platelet activation, and direct contact inter‑
actions between platelets and related cells are discussed.

Platelets secrete active substances. The binding of exogenous 
activators to platelet membrane‑bound proteins induces the 
secretion of platelet granules, such as dense granules, lyso‑
somes and α granules, which contain adhesion molecules, 
factors related to coagulation and fibrinolysis, as well as the 
secretion of calcium and pyrophosphate (16). The expression 
of adhesion molecules, such as P‑selectin, CD31, GP IIb/IIIa, 
fibronectin and thrombin‑reactive proteins, can be upregulated 
to participate in the development of ALI  (40). When ALI 
occurs, platelets are activated in the pulmonary microvas‑
culature, leading to platelet‑microparticle (PMP) secretion. 
Studies have shown that under inflammatory conditions, the 
release of PMPs can activate immune cells, such as neutro‑
phils and non‑immune cells, to synthesize and secrete several 
enzymes that promote the progression of inflammation, such 
as proteases, and active pro‑inflammatory soluble mediators 
including IL‑1, TNF and complement C5a/C5a  receptors, 
which further cause tissue damage (41,42). Meanwhile, PMPs 
contain large amounts of aminophospholipids, substrates of 
phospholipase A2, and are associated with the production of 
lysophosphatidic acid, which in turn affects the inflammatory 
process of platelets and is involved in the pathogenic role of 
platelets in ALI  (43). PMPs also support the transcellular 
transport of arachidonic acid, upregulate the expression of 
endothelial cyclooxygenase 2 and ICAM‑1, and regulate the 
interface between endothelial cells and platelets  (44,45). 
This can lead to impairment of the alveolar‑capillary barrier, 
increased vascular and alveolar epithelial permeability, and 
the influx of protein‑rich fluid into the intercellular stroma 
and alveoli, which is the primary pathological mechanism 
of ALI (46). Furthermore, platelets are stimulated to secrete 
the pro‑inflammatory mediator TXA2, which is an impor‑
tant mediator of platelet‑neutrophil aggregation when ALI 

occurs  (47), and increased platelet‑neutrophil aggregation 
aggravates ALI damage (48). Platelets secrete vascular endo‑
thelial growth factor (VEGF), a powerful angiogenic factor that 
plays a key role in regulating angiogenesis, both by inducing 
vascular endothelial cell proliferation, and by promoting cell 
survival through the induction of the anti‑apoptotic proteins 
Bcl‑2 and A1 (49). VEGF has the ability to increase micro‑
vascular permeability by a factor of  20,000 compared to 
histamine, and therefore induces an increase in endothelial 
permeability (50). Endothelial permeability plays a key role 
in the pathogenesis of ALI; therefore, it is hypothesized that 
platelet activation‑induced VEGF secretion may also play an 
important role in the progression of ALI/ARDS.

CD40L is expressed at a low level in unstimulated plate‑
lets, but can be rapidly upregulated on the platelet surface after 
platelet stimulation. The platelet surface‑expressed CD40L 
is subsequently cleaved within minutes to hours, producing 
a soluble fragment called sCD40L (51). The expression of 
platelet‑associated CD40L on the platelet surface and expo‑
sure to CD40 receptor‑containing vascular cells can initiate 
various inflammatory responses, including the expression of 
inflammatory adhesion receptors (such as E‑selectin, vascular 
cell adhesion molecule‑1 and ICAM‑1), the expression of tissue 
factors, and the release of chemokines (monocyte chemotactic 
protein‑1, IL‑6 and IL‑8) (52), all of which may contribute to 
the development of ALI. sCD40L not only induces monocytes 
to secrete the neutrophil chemotactic agent MIP‑2 but also 
interacts with membrane CD40 to directly activate neutro‑
phils (53); therefore, it is hypothesized that sCD40L can lead 
to the substantial accumulation and activation of neutrophils, 
accelerating the course of ALI. However, the direct role 
of sCD40L in the pathogenesis of ALI remains unclear. In 
summary, platelets as inflammatory cells can be involved in 
the process of ALI through the synthesis and secretion of a 
large number of active substances (Fig. 1).

Platelet receptor ligand signaling pathway. Although platelets 
are widely known for their hemostatic and clotting effects, 
they are also critical for growth and development, host defense, 
inflammation and tissue repair. Several of these processes are 
regulated by the immunoglobulin‑like receptor glycoprotein 
VI (GPVI) and C‑type lectin receptor 2 (CLEC‑2), which act 
based on signaling from the immunoreceptor tyrosine‑based 
activation motif (ITAM) (54). The ITAM receptor signaling 
pathway is required for platelet activation by the extracellular 
matrix and extravascular cells. Platelets express two types 
of ITAM receptors, GPVI receptor for collagen and laminin 
and CLEC‑2 receptor for podoplanin (PDPN) (55) CLEC‑2 
is a type  II membrane protein that is highly expressed on 
megakaryocytes and platelets, and expressed at low levels on 
peripheral blood neutrophils, mediating phagocytosis and the 
release of pro‑inflammatory cytokines, including TNF‑α (56). 
CLEC‑2 interacts with PDPN to activate platelets via the 
tyrosine kinase signaling pathway, and in addition, GPVI 
interacts with ligands (collagen) to activate platelets via the 
Syk pathway (57,58). However, protein hydrolysis in the ITAM 
region causes the activation of downstream protein phosphory‑
lation, release of calcium ions into the cytoplasm, activation of 
ATPase, catabolism of ATP, and supply of energy for platelet 
activation and release (59,60). These reactions may be involved 
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in the progression of ALI, but the exact mechanism underlying 
this process needs to be elucidated by further studies.

Platelets express the thromboxane receptor TPα on 
their surface, and both TPα and TPβ on endothelial cells 
activate endothelial cells and G‑protein‑dependent down‑
stream pathways, such as increased expression of the PKC 
pathway‑dependent adhesion molecule ICAM‑1 (61). Meanwhile, 
TXA2 binding to G protein‑coupled TPs can lead to a wide range 
of cellular responses, including integrin activation, platelet aggre‑
gation, smooth muscle cell contraction and increased vascular 
permeability, which can be involved in the development of 
ALI (62). IL‑17A can also promote ADP‑induced platelet activa‑
tion through the extracellular signal‑regulated kinase 2 (ERK2; 

also known as MAPK1) signaling pathway, which induces 
platelet responses involved in inflammatory responses  (63). 
Moreover, the link between platelet‑related signaling pathways 
and ALI needs to be further elucidated (Fig. 2).

Direct contact between platelets and other types of cells. 
Platelets are in a resting state under normal conditions, but can 
be activated indirectly or directly during ALI to exert their 
corresponding biological effects. In a model of LPS‑induced 
lung injury, platelet activation mediates an increase in platelet 
surface CD62P and GPIIb/IIIa expression through the activa‑
tion of TLR4. Additionally, CD62P is a key ligand for platelet 
binding to neutrophils and monocytes (39), which can enhance 

Figure 2. Platelet receptor ligand signaling pathway activation regulates lung injury. ITAM, immunoreceptor tyrosine‑based activation motif; CLEC‑2, C‑type 
lectin‑like receptor 2; MAPK1, mitogen‑activated protein kinase 1; GPCR, G protein‑coupled receptor; ADP, adenosine diphosphate; PKC, protein kinase C; 
Syk, spleen tyrosine kinase.

Figure 1. Secretory reactive substances released from platelets that modulate lung injury. VEGF, vascular endothelial growth factor; PMP, platelet‑micropar‑
ticle; TXA2, thromboxane A2; COX‑2, cyclooxygenase 2; ICAM‑1, intercellular adhesion molecule‑1.
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platelet‑neutrophil interactions during ALI, leading to the 
production of neutrophil extracellular traps (NETs) (64). NETs 
are associated with a type of cell death distinct from apop‑
tosis and necrosis, a process known as NETosis (65), and the 
mechanism of their formation is not fully understood. They 
may provide the conditions for platelet capture and throm‑
bosis in the pulmonary microcirculation through exposure to 
their extracellular histones, neutrophil granule proteins and 
extracellular DNA networks, ultimately leading to pulmonary 
endothelial injury and participating in the progression of 
ALI (66,67). Therefore, targeting NETs could be a potential 
therapeutic modality for the treatment of lung injury.

ALI leads to vascular injury, and various platelet agonists 
and intrinsic factors lead to platelet activation. It has been shown 
that platelet FcγRIIA can bind to endocrine IgG complexes 
and release large amounts of sCD40L and RANTES (68), 
where sCD40L interacts with T cells through direct contact 
with the CD40/CD40L complex, further supporting the 
involvement of platelets in the inflammatory response (69,70). 
Platelets can interact with B cells via PRRs, and through 
PRR‑mediated cell activation, inflammatory signaling trans‑
duction and apoptosis induction occur, which are involved 
in the progression of ALI (25,71). Platelets can also interact 
with P‑selectin‑expressing endothelial cells via the integrin 
receptor GPIb‑IX‑V to mediate the endothelial cell inflamma‑
tory response (72). All of these factors can further enhance the 
inflammatory response to activate platelets, and platelets play 
an important role in ALI (Fig. 3).

5. Conclusion and future prospects

As a disease associated with high morbidity rates, and poor diag‑
nostic and prognostic measures, ALI has no definite strategy for 

prevention and treatment; it can only be improved/prevented by 
treating the primary disease, controlling the systemic inflam‑
matory response, and improving hypoxemia with supportive 
therapy using non‑invasive or invasive ventilators. Owing to the 
poor prognosis of patients under the current treatment strate‑
gies for ALI, and due to the persistent pulmonary dysfunction 
observed in a significant proportion of survivors, patients have 
a poor quality of life. Therefore, it is necessary to explore a 
feasible means of intervention or treatment for ALI to save 
patients' lives and improve their quality of life. Previous studies 
have shown that the pathogenesis of ALI is centered on an 
inflammatory response, and there is now increasing evidence 
that platelets can act as inflammatory cells and participate 
in the progression of various inflammatory diseases through 
various pathways, such as the participation of platelets in the 
progression of rheumatoid arthritis by amplifying inflammation 
through collagen‑dependent particles and mediating cerebral 
malaria through PF‑4 (22,73). Platelets are also involved in the 
development of several types of lung diseases; for example, the 
high expression of P‑selectin, PF‑4 and β‑TG in platelets, as 
discussed in this review, can increase the severity of disease 
in asthma patients (29). Platelet function is hyper‑activated in 
pulmonary cystic fibrosis with high expression of TXA2 and 
sCD40L (30). Furthermore, platelets also serve a considerable 
role in the progression of ALI, and can influence the course of 
ALI through a variety of pathways, such as the immunoregula‑
tion of platelet secretion, receptor‑ligand signaling associated 
with platelet activation, and direct contact reactions between 
platelets and associated cells. Several studies have now found 
that anti‑platelet reagents can reduce the severity of ALI; for 
example Hagiwara et al (74) showed that platelet inhibition with 
clopidogrel reduces LPS‑induced ALI in rats by inhibiting the 
P2Y12 receptor. In another experiment, Asaduzzaman et al (75) 

Figure 3. Through direct contact with cells, Platelets modulate lung injury. NETs, neutrophil extracellular traps; PRR, pattern recognition receptor; RANTES, 
regulated upon activation, normal T cell expressed and secreted factor.
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also found that platelet inhibition reduces lung injury by 
inhibiting neutrophil‑platelet aggregation. Cognasse et al (76) 
illustrated that the use of an anti‑GPIbα antibody, which was 
used as a specific platelet inhibitor in a transfusion‑associated 
ALI model, reduced the extent of lung injury in a model of 
ALI. Moreover, with the recent COVID‑19 pandemic, it has 
been found that during the course of pneumonia, anti‑platelet 
use was associated with a lower risk of severe disease (77). 
Furthermore, at present, the primary genetic changes involved 
in lung diseases are pulmonary fibrosis caused by paraquat and 
various lung cancers (78‑81); however, the genetic alterations 
to platelets in ALI do not seem to be involved, based on current 
studies (82‑86), and these need to be further analyzed by gene 
microarray analysis, which is also the direction that our lab will 
take for future research.

This review is only a summary of the possible involvement 
of platelets in the progression of ALI. The immune mechanisms 
by which platelets promote tissue damage and regulate ALI 
are not yet fully understood, and further studies are needed 
to elucidate the etiological roles of platelets as both mediators 
of ALI and effector cells of ALI. Novel targets to intervene 
and manage ALI may be discovered by exploring the mecha‑
nisms by which platelets regulate or mediate lung injury, and 
intervening in the relevant pathways in advance or inhibiting 
platelet activation, thus blocking the vicious cycle. Moreover, 
future studies should also focus on the mechanisms by which 
platelets act as inflammatory cells during disease progression.
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