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Abstract
Platelets occupy a central role at the interface between thrombosis and inflammation. At sites of
vascular damage, adherent platelets physically and functionally interact with circulating
leukocytes. Activated platelets release soluble factors into circulation that may have local and
systemic effects on blood and vascular cells. Platelets can also interact with a wide variety of
microbial pathogens. Emerging evidence from animal models suggests that platelets may
participate in a wide variety of processes involving tissue injury, immune responses and repair that
underlie diverse diseases such as atherosclerosis, autoimmune disorders, inflammatory lung and
bowel disorders, host-defense responses and sepsis. In this review, we summarize the general
mechanisms by which platelets may contribute to immune function, and then discuss evidence for
their role in host defense responses and sepsis from preclinical and clinical studies.

Platelet–platelet interactions and platelet thrombus formation seal damaged blood vessels to
prevent blood loss. Clinical studies of anti-platelet therapy in humans have unequivocally
established the central role of platelets in pathologic arterial thrombosis, such as occurs in
myocardial infarction and stroke1. Emerging evidence from animal models suggests that
platelets may also be a critical component of the immune system 2. In this capacity, platelets
may participate in a wide variety of processes involving tissue injury, immune responses and
repair that underlie diverse diseases such as atherosclerosis, autoimmune disorders,
inflammatory lung and bowel disorders, host-defense responses and sepsis (see Figure 1). In
this review, we summarize some of the general mechanisms by which platelets may
contribute to immune function, and then discuss recent advances in our understanding of
their role in host defense responses and sepsis.

Involvement of platelets in inflammation
Following exposure to certain stimuli, cargo that platelets hold inside their granules is
released into the surrounding environment and/or becomes incorporated in their plasma
membrane. Platelets contain three types of granules: protein-containing α-granules, dense
granules rich in ADP and serotonin, and lysosomes. Proteomics studies indicate that platelet
releasate contains at least 300 proteins, some of which regulate inflammation and tissue
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repair processes3. Many more small molecules that can affect immune function, such as
RANTES, interleukin (IL)1-β, monocyte chemoattactant factor (MCP-1), platelet factor 4
(PF4), and platelet activating factor (PAF), are released or produced by activated platelets.
Exocytosis also results in surface expression of P-selectin, which is important for the initial
tethering of leukocytes to activated platelets. With platelet activation, CD40L appears on the
platelet surface where it can be shed into the circulation. Platelet-derived CD40L, through
interactions with CD40 on immune cells, can influence antibody class switching, dendritic
cell maturation, and may promote platelet–immune cell adhesion 4, 5.

Platelet–leukocyte interactions have been proposed to be a crucial link between the
inflammatory and thrombotic systems 6. The interaction of leukocytes with platelet thrombi
was first described in 1882 by the Italian scientist, Bizzozero 7. Indeed, leukocytes
incorporate into platelet thrombi and can form a layer along the surface of thrombi. In
addition, platelets that adhere to damaged endothelium and/or the subendothelial matrix can
recruit leukocytes to sites of injury or inflammation. In animal models, leukocytes associate
with adherent or aggregated platelets within hours of vascular injury. The physical and
functional interactions between platelets and leukocytes can have important consequences
for leukocyte function. Leukocytes activated by interactions with platelets release granular
contents such as myeloperoxidase. Circulating polymorphonuclear leukocytes (PMNs) with
attached platelets display a more adhesive phenotype and have an enhanced propensity for
phagocytosis. Coincubation of platelets and leukocytes generates tissue factor activity,
partly through P-selectin–PSGL-1 interactions. Platelet–leukocyte aggregates may affect the
generation of tissue factor and fibrin formation8, and may contribute to downstream
microcirculatory damage. For example, the microcirculatory endothelium may be damaged
by platelet-leukocyte aggregates, by leukocytes activated systemically by activated platelets,
and perhaps, by microparticles derived from activated platelets and/or leukocytes.
Transcellular metabolism and the generation of novel lipid byproducts occur as a
consequence of platelet–leukocyte interactions. Arachidonic acid released by platelets can
be metabolized by leukocytes to generate leukotrienes and lipoxins that promote
inflammation or its resolution, respectively.

Immunomodulatory effects of anti-platelet therapy
Anti-platelet therapy, by attenuating platelet activation and their vascular accumulation, may
reduce release of inflammation and immunomodulatory mediators and decrease leukocyte
recruitment to sites of injury. Use of clopidogrel, which targets the P2Y12 receptor involved
in ADP-activation of platelets, has been associated with reductions in CRP levels and
decreased expression of CD40L and P-selectin in a variety of disease states, including
cardiovascular disease, cerebrovascular disease, diabetes, and renal transplantation9. In
animal models, clopidogrel pre-treatment can decrease platelet-leukocyte interactions and
reduce neutrophil production of reactive oxygen species10. It is important to note that not all
studies have demonstrated an effect of platelet therapy on inflammatory markers. Recent
studies have found that clopidogrel may in fact increase expression of chemokines by
monocytes11. In some studies, dual anti-platelet therapy with clopidogrel and aspirin has had
additional benefit on inflammatory markers.

Interactions between platelets and pathogens
Given the interactions between platelets and the immune system, it is not surprising that
studies have suggested a role for platelets in host defense responses. Early studies suggested
that platelet accumulation along damaged endothelium served as a matrix for pathogen
binding and accrual. Platelets bind to a number of different microbes, either through direct
interactions, often mediated by platelet Fc receptors, or indirectly via plasma protein
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bridges. Many of the factors implicated in platelet interactions with different types of
microbes have been discussed in an extensive review12. As occurs with agonist-induced
activation of platelets, the binding of pathogens can trigger granule cargo release13 and
liberation of what have been termed “platelet microbial” proteins and peptides, which
include PF4, RANTES, and fibrinopeptide B. Platelets can also engulf pathogens, such as
Staphylococcus aureus14, and entrapped bacteria may be resistant to immune clearance.
Thus, by serving as a nidus for infection, platelets have been thought to propagate infectious
endocarditis and potentially to contribute to embolic events. Platelets also contain the
machinery necessary for recognition of and response to the glycolipid endotoxin, also
known as lipopolysaccharide (LPS), present in the outer membrane of gram negative
bacteria. LPS signals through a complex involving LPS binding protein, CD14, and Toll-like
receptors (TLR) and their adaptor proteins to modulate immune cell function. Platelets
express TLRs15 and the adaptor proteins MyD8816. Reports of the effects of LPS on platelet
function are inconsistent16–20. The bulk of the data would support a direct effect of LPS on
activating platelet function, and particularly, a potentiation of the the effects of other
agonists16. TLR4 and P-selectin have been proposed as platelet for receptors LPS. LPS
heightens platelet degranulation, increases P-selectin expression, releases CD40L, and
thereby promotes platelet – neutrophil interactions.

Evidence for a protective role of platelets in host responses to infection
Platelets may play an important role in clearance of pathogens. Platelet interactions with
blood and vascular cells may be crucial for protective host defense systems. As described
above, platelet accumulation at sites of vascular injury or inflammation may sustain
leukocyte recruitment and promote white blood cell tissue infiltration necessary for
immunopathologic responses and pathogen clearance. In addition, platelets stimulate the
formation of extracellular DNA nets by neutrophils21, 22. Nets are composed of released
DNA and proteolytic activity that trap and kill gram-negative bacteria. The ability of
platelets to promote DNA net formation by neutrophils is enhanced by LPS via TLR4, and is
observed to occur in LPS models of sepsis. In addition to facilitating neutrophil-mediated
killing of bacteria, platelets also interact with Plasmodium falciparum parasite-infected red
blood cells and augment the killing of malarial parasites in mice, and thrombocytopenia or
aspirin increases susceptibility to malarial infection in mice23. Thus, in several contexts,
platelets may play a protective role in the host responses.

Platelets and sepsis
Thrombocytopenia in the setting of sepsis is common and appears to predict mortality24, 25.
Reports place the incidence of thrombocytopenia in septic patents at 15 – 58%. Multiple
studies have reported a correlation between thrombocytopenia and multi-organ failure and
death in patients in the intensive care unit. Additionally, a decline in platelet count, even in
the absence of frank thrombocytopenia, has recently been associated with worse outcomes in
this patient population26. The reason(s) that critically ill patients with thrombocytopenia
have higher mortality may be multi-factorial. Low platelet counts may reflect disease
severity, underlying disseminated intravascular coagulation, and tissue/organ injury.
Bleeding and transfusion requirements, both of which have been associated with mortality in
other settings, are higher in patients with thrombocytopenia. If thrombocytopenia is a
consequence of systemic platelet activation and clearance, then it is possible that activation-
dependent events, such as platelet secretion of cytokines and other immunomodulatory
molecules, influence outcomes. Disruption of the endothelial barrier occurs with profound
thrombocytopenia (usually <20,000/mm3) and can result in increased vascular
permeability27, which in the lung may exacerbate acute respiratory distress syndrome
(ARDS). The mechanism(s) by which platelets protect the endothelial barrier may include
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constitutive release of barrier stabilizing factors by platelets or direct platelet interactions
with the endothelium. In animal models of sepsis, platelets accumulate in lung, liver and
other tissues28 where they may contribute to organ damage. Platelets have been implicated
in acute lung injury29, by direct recruitment of neutrophils to injured vessels and through
the release of granule contents, microparticles, and PAF. Platelet activation and
sequestration in the pulmonary tissue is a key feature in inflammatory or infectious states,
such as sepsis and ARDS. Thus, at the present time, it is not clear if thrombocytopenia
directly contributes to death in sepsis by disrupting endothelial barrier function and
protective defense systems, whether underlying platelet activation is the true culprit in
sepsis-related death, or whether low platelet count is simply a marker for more extensive
organ involvement. To distinguish among these possibilities, studies in which platelet
number or function is pharmacologically or genetically manipulated in animals or humans
are required. Below is a brief summary of several studies that have examined the
consequences of pharmacologic therapy targeting platelet activation. These studies begin to
provide insight into the role of platelets in immune function and the potential clinical
consequences of anti-platelet therapy.

Animal models
In animals, LPS injection rapidly provokes thrombocytopenia due to trapping of platelets in
the microvasculature28, 30, 31. The platelet P2Y12 receptor antagonist clopidogrel has been
studied in several animal models of sepsis. In mice, pretreatment with clopidogrel prior to
administration of LPS prevented thrombocytopenia, reduced by half lung fibrin
accumulation, but had only a modest effect on survival32. Clopidogrel had similar beneficial
effects on platelet count and fibrin deposition and also demonstrated protective effects on
biomarkers of liver injury in a mouse model of polymicrobial peritoneal contamination33. In
endotoxin-treated pigs, clopidogrel did not affect biomarkers of coagulation or inflammation
nor did the drug reduce tissue fibrin(ogen) accumulation34. An inhibitor of the platelet
integrin αIIbβ3, which is the final common pathway for platelet aggregation, improved
endothelial function and integrity in rabbits treated with LPS35. Similarly, F(ab')2 fragments
of the monoclonal antibody 7E3 that targets β3 integrins protected baboons from some
aspects of tissue injury caused by infusion of sublethal doses of Escherichia coli and C4b
binding protein36.

Clinical studies
Based on the literature reviewed above and the complex role that platelets may play in host
defense responses and tissue injury, it is difficult to predict whether anti-platelet therapy
would have a net beneficial or harmful effect on clinical outcomes in patients. Large clinical
trials of aspirin and clopidogrel in patients at “high risk” for cardiovascular disease
established a benefit in all-cause mortality that is largely driven by reduction in death due to
cardiovascular disease. The mortality benefit of anti-platelet therapy in lower risk patients is
less clear or not supported; however, no clear signal for an effect on incidence or outcomes
of infection has been reported.

Several small scale studies have examined the impact of anti-platelet therapy on outcomes in
patients with pneumonia and/or sepsis. An observational study of 224 patients hospitalized
for community acquired pneumonia (CAP) indicated a reduction in ICU care in the patients
receiving anti-platelet agents (aspirin, clopidogrel, or ticlopidine, n=44) for at least six
months compared to unmatched controls, and the association persisted after performing age-
matched analysis32. A second study in 615 patients consecutively admitted to a single ICU
reported that patients who had been on anti-platelet agents (aspirin or clopidogrel) had lower
mortality, despite their increased age37. In this study, premedication with anti-platelet
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therapy was also associated with a modest, but statically significant effect on changes in
platelet count. The initial drop in platelet count in patients treated with anti-platelet agents
was blunted at day 3, and the rebound in platelet count recovery at days 8 – 10 was lower. In
a population based study of individuals admitted to Minnesota medical ICUs with at least
one risk factor for acute lung injury (n = 161), patients that were receiving anti-platelet
therapy at the time of hospital admission (49%) were less likely to develop acute lung injury
or ARDS, despite being older and having more medical co-morbidities38. A retrospective
analysis of the Kentucky Medicaid population examined the impact of clopiodgrel therapy
on incidence of community acquired pneumonia (CAP) and its complications39. The
findings suggest that patients receiving prescriptions for clopidogrel may be more likely to
develop CAP but had a trend towards improved mortality if they required hospitalization.
The risks associated with aspirin and clopidogrel on infection rates in the setting of cardiac
surgery have also been examined40. Higher rates of post-operative infections in individuals
on dual anti-platelet therapy have been reported; whether this is a direct effect on host
defenses or is due to a confounding impact of increased bleeding in this setting is not clear.

In summary, the most consistently identified beneficial effect of anti-platelet therapy
appears to be in the setting of critical illness and may relate to reductions in acute lung
injury. It is important to note that the beneficial effects of anti-platelet therapy in critically ill
patients may arise from protection from cardiovascular events and may not necessarily be
related to infectious or other processes. Whether anti-platelet therapy predisposes, protects,
or has no impact on incidence of infection is not clear. Additional investigation to clarify the
impact of anti-platelet therapies in a variety of infectious processes is warranted to
determine if there are patient populations that are likely to benefit or receive harm from this
widely used class of medications.
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Figure 1.
Schematic representation of some of the molecules involved in promoting platelet-leukocyte
interactions, mediators produced by these interactions, and disorders in which they may play
a pathologic role.
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