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Abstract

Platelets are anucleate cell fragments known for their central role in coagulation and vascular
integrity. However, it is becoming increasingly clear that platelets contribute to diverse
immunological processes extending beyond the traditional view of platelets as fragmentary
mediators of hemostasis and thrombosis. There is recent evidence that platelets participate in: 1)
intervention against microbial threats; 2) recruitment and promotion of innate effector cell
functions; 3) modulating antigen presentation; and 4) enhancement of adaptive immune responses.
In this way, platelets should be viewed as the underappreciated orchestrator of the immune system.
This review will discuss recent and historical evidence regarding how platelets influence both
innate and adaptive immune responses.
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INTRODUCTION

The classical role attributed to platelets has been in the prevention of bleeding and the
initiation of wound healing. However, platelets are now recognized for their activities
independent of thrombosis (reviewed in [1]). Platelets are the second most abundant blood
cell only outnumbered by erythrocytes in the circulation (approximately 1.5-4.0 x 1011
platelets per liter of blood in healthy adult humans). In addition to their extremely high
numbers, they are capable of storing and releasing bioactive mediators and express a wide
range of functional immunoreceptors. Platelets store these bioactive molecules in three types
of intracellular storage granules namely dense (6-) granules, alpha (a—) granules, and
lysosomal (A—) granules that are released into the circulation or translocated to the surface
upon platelet activation [1, 2]. The list of proteins housed in each type of granules is
summarized in table 1. It is suggested that platelets package these various bioactive
molecules discriminately into distinct granule subpopulations and undergo differential
patterns of release in order to respond to different types of tissue damage or threats in a
specific and selective manner [3-6]. These unique properties are suggested to position
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platelets to play an important role in effectively communicating with and modulating the
function of other cells and to perform sentinel tasks in regulating immunity [6].

Although they contribute to diverse immunological processes, the immune functions of
platelets have been underappreciated. The issue of platelet cellularity and the recognition of
platelets as ‘immune cells’ have been controversial. However, platelet immune functions
have become increasingly accepted now that their molecular make-up supports viewing
these “cells” as unique and essential components of innate immunity [7]. Platelets engage
the immune system by interacting with various immune cells [8, 9] and participating in both
innate and adaptive immune responses [6]. In this review, we will discuss the recognized
role for platelets in both innate and adaptive immunity.

Platelets in innate immunity

The capacity of platelets to participate in innate immunity is largely due to their ability to
release a myriad of inflammatory and bioactive molecules stored within granules or
synthesized upon activation. These mediators attract and modulate the effector cells of the
innate immune system. In addition, platelets themselves demonstrate direct effector function
and therefore are regarded as effector cells in innate immunity.

Platelets as effector cells in innate immunity

Platelets are among the first cells to detect endothelial injury and microbial pathogens as
they gain access or invade the bloodstream or tissues [10, 11]. Injured endothelium exposes
collagen and other membrane proteins which allow platelets to adhere. Stable adhesion to
collagen leads to platelet aggregation and promotes the release of such platelet agonists as
ADP, thrombin, and VWF, leading to activation and further platelet recruitment to the sites of
tissue damage and infection [6]. This serves a two-fold purpose: 1) hemostasis where blood
loss is greatest; and 2) frontline host defense against microbial infection. In addition,
platelets express CC and CXC chemokine receptors such as CCR1, CCR3, CCR4 and
CXCR4 [12] which detect signals for all four classes of chemokines (C, CC, CXC and
CX3C) generated at sites of infection, resulting in rapid accumulation of platelets to the site
of infection [2].

Platelets also express pattern recognition receptors (PRRs) such as Toll-like receptors
(TLRs) [13, 14] which detect pathogen associated molecular patterns (PAMPs) [13, 14]. The
detection of PAMPs is an efficient host defense feature of platelets to ensure a rapid
response to that particular threat. It was shown that human platelet TLRs can recognize and
discern various isoforms of bacterial lipopolysaccharide (LPS) via TLRs and respond
differentially to distinct PAMP by releasing different cytokine profiles and effector peptides
[15, 16].

Antimicrobial host defense

Platelets interact with bacteria, viruses, fungi and protozoa and demonstrate anti-microbial
functions [17, 18]. The mechanism of platelet-bacteria interactions are complex due to the
diversity of platelet receptors involved in the recognition of bacteria. Platelets express a wide
range of bacterial receptors, including complement receptors, FcyRlIla, TLRs, GPIIb-Illa,
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and GPIb, and the interaction of platelets and bacteria is mediated through direct or indirect
binding to these receptors [19]. Upon contact with certain bacteria, platelets can become
activated, aggregate and degranulate. Activated platelets release over 300 known secretory
products including anti-microbial products (collectively known as platelet microbicidal
proteins (PMPs)) [20]. Four families of PMPs have been shown to be released from platelets
which include kinocidins (CXCL4, CXCL7 and CCL5), defensins (human p defensin 2),
thymosin B4, and derivatives of PMPs (thrombocidins and fibrinopeptide A or B) [2].
Recently, a study demonstrated the expression of B defensin 1 in human platelets and its
novel antibacterial activity [21]. It was observed that activated platelets surround
Staphylococcus aureus and force the pathogens into clusters which reduce growth rate.
Platelet-derived p defensin 1 not only impaired the growth of S. aureus, but also triggered
neutrophil extracellular trap (NET) formation. Interestingly, platelets released B defensin 1
after being stimulated with S. aureus a-toxin, but not by agonists that induce granular
secretion.

In addition to the anti-microbial mechanisms as discussed above, platelets can internalize
bacteria and viruses. Specifically, platelets have been shown to engulf S. aureus and human
immunodeficiency virus (HIV) thus promoting pathogen clearance from blood stream and
tissues [22]. In fact, platelets are capable of not only internalizing targets but also the killing
of various internalized bacterial species including Escherichia coliand S. aureus [23, 24].
Whether this entitles platelets a potential phagocytic role needs further investigation.
Furthermore, platelets generate and release hydrogen peroxide and other reactive oxygen
species to mediate other anti-microbial effects in response to stimuli [25, 26].

Platelets have the ability to affect immune responses and kill pathogens; however, pathogens
have also evolved mechanisms to evade platelet immune activities. For example, the gram-
positive S. aureus is well known to manipulate multiple aspects of platelet activation. S.
aureus expresses von Willebrand binding protein (vWhbp) which binds von Willebrand factor
(VWF) and can also activate prothrombin leading to fibrin production resulting in clot
formation [27]. The bacteria can then use the formation of clots and exposure of VWF as an
anchoring for colonization of tissue leading to complications such as infective endocarditis
[28]. S. aureus can also utilize fibrinogen to crosslink platelets and cause their activation via
the GPIIb-1lla integrin making S. aureusiplatelet/fibrin complexes leading to platelet
activation [29-31].

Streptococcal species have also been widely studied in relation to platelet activation.
Similarly to S. aureus, S. pyogenes M1 protein can bind fibrinogen leading to ligation and
crosslinking of the GPIIb-Il1a integrin and subsequent platelet activation and aggregation.
However, S. pyogenes does not create stable aggregates and it has been shown that the
bacteria can then escape from the formed aggregate [32]. S. prneumoniae can activate
platelets through TLR2 signaling [33], and other Streptococcal species can directly bind to
the VWF receptor GP1ba [34]. Platelet interactions with bacteria are not limited to gram
positive species. In a model of K/lebsiella pneumoniae, platelet depletion led to accelerated
mortality in mice; however, in the follow up article the authors revealed that this was not due
to lack of platelet TLR4 signaling (through exclusion of MyD88 signaling) [35, 36].

Curr Trends Immunol. Author manuscript; available in PMC 2016 November 04.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Alietal.

Page 4

In parallel to their interactions with and response to bacterial pathogens, platelets encounter
protozoa, parasites, and viruses. Specific molecular and immune events are induced upon the
encounter and in response to different classes of pathogens [37]. For example, after
protozoal Leishmania infection in vertebrates, within one minute of blood contact, platelets
adhere to Lefshmania promastigotes which rapidly evolved into large Leishmania-platelet
aggregates and this is believed as a key mechanism to enhance their phagocytosis and
clearance from blood [38]. Off course, this is not a general response mechanism common to
all protozoans. Human platelets kill 7oxoplasma gondiivia a mechanism that involves
thromboxane A, synthesis [39], another example of their defensive role in protozoal
infections as well as their unique response to different pathogens.

Earlier observations demonstrated that human platelets inhibit the growth of the known
malaria parasite, Plasmodium falciparum, in vitro [40] whereas a later study reported that
human platelets kill Plasmodium in infected human red blood cells and mediate survival to
infection [41]. In either case, the results from both studies suggested a protective function
for platelets only in the early stages of erythrocytic infection. Interestingly, this is distinct
from their role in cerebral malaria (CM) as platelets are known to have an adverse role and
significantly contribute to the pathogenesis of CM. There are several reports demonstrating
different mechanistic roles for platelets in driving the pathology associated with CM [42—
48]. These contradictory adverse versus protective effects of platelets in CM and in the early
stages of malaria indicates the complexity of the implicated role of platelets in CM.
However, a recent study attributed this complex role to the timing of platelet activation
during infection [49]. The results show that platelets are activated very early in experimental
CM (ECM) and induce the acute phase response to blood stage infection which in turn limits
parasite growth early post infection and protect mice from ECM, whereas continued platelet
activation as the disease progress contributes to ECM associated inflammation.

Platelets also contribute to antiviral immunity. They encounter and interact with viruses as
demonstrated by experimental and clinical models of viral infections from HIV [50],
influenza virus [51], dengue virus [52] and hepatitis C virus [53]. Platelets show a direct
interaction with HIV-1 through different mechanisms such as binding, engulfment, and
internalization, all of which play a role in host defense during HIV-1 infection, by limiting
viral spread and probably by inactivating viral particles [50]. It was shown that supernatants
from activated platelets suppressed HIV-1 infection of T cells and that the inhibitory activity
was attributed to platelet-derived CXCL4 suggesting that the granule content might exert
antiviral activity [54]. In a murine model of lymphocytic choriomeningitis virus (LCMV)
infection, platelets prevented lethal hemorrhage by promoting cytotoxic T lymphocyte
(CTL)-dependent clearance of the virus [55]. Animals depleted of platelets had reduced viral
clearance and impaired virus-specific CTL response. The protective immune response of
platelets to LCMV was also demonstrated by preventing splenic necrosis [56]. It is
important to note that not all platelet-viral interactions are beneficial. Some interactions alter
morphology and hemostatic properties of platelets leading to immune-pathological
consequences such as thrombocytopenia as seen in dengue infection [57]. In the instance of
dengue virus (DENV) infection /n vitro, not only do platelets bind to DENV directly, they
also release active virions indicating that they can actively spread the infection [58, 59]. This
illustrates that the encounter of viruses by platelets are complex and that both host defense
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and injury can result. This complexity in platelet-pathogen interactions that result in
pathogen clearance or host damage depend on the biologic context and platelet interactions
with other host immune effector cells [37].

Platelets participate in tissue immunity

Although platelets are mostly located intravascularly, they can greatly affect leukocyte
recruitment to areas of inflammation in many tissues, but we limit our discussion to lung,
skin and kidney as examples with many overlapping mechanisms. Platelet-leukocyte
interactions have been broadly studied in the lung, especially during both sterile and non-
sterile inflammation [35, 60-62]. Importantly, studies overwhelmingly show that platelets
seem to play an important role in regulation of lung injury due to granulocyte infiltration
[63]. For example, in a murine model of ovalbumin (OVA)-stimulated lung inflammation,
depletion of platelets using both the busulfan method and anti-platelet serum significantly
decreased eosinophil and leukocyte recruitment to the lung tissue [62]. Furthermore, this
effect was found to be due to lack of P-selectin on platelets and not on endothelial cells.
Thrombocytopenia abrogated eosinophil recruitment and it was only restored when mice
were transfused with platelets that were treated with thrombin and then fixed with 1%
paraformaldehyde [62]. Not only is the surface receptor P-selectin involved in allergic
inflammation, but the purinergic P2Y1 (not P2Y12) receptor has also recently been
implicated in recruitment of leukocytes in allergic inflammation [64]. Using specific
inhibitors to all purinergic receptors on the platelet surface, inhibition of leukocyte and
granulocyte recruitment was only observed with P2Y1 antagonists, showing specificity and
possible targets for intervention [64]. Importantly, during allergic inflammation in both
rodents and patients, there is an increase in circulating platelet-leukocyte complexes which
could lead to increased infiltration to the lung due to platelets binding the inflamed
endothelium leading to leukocyte binding and extravasation [65, 66]. Not only do platelets
affect granulocytes in allergic inflammation, they induce activation of dendritic cells during
allergic inflammation and possibly contribute to antigen presentation by professional antigen
presenting cells (APCs) [67].

In patients with atopic dermatitis, a type of allergic inflammation that leads to formation of
red patches on the skin mediated by IgE, markers of platelet activation (PF4, soluble P-
selectin) are significantly elevated in the blood [68, 69]. Once the skin lesions have cleared,
platelet activity returns to normal levels [70]. Similarly, in patients with psoriasis, a chronic
immune-mediated inflammatory condition of the skin, platelet aggregation in response to
agonist is amplified and elevated plasma P-selectin levels have been reported [71, 72]. Using
murine models of acute and chronic skin inflammation, it is clear that platelets play a role in
recruitment of leukocytes leading to increased severity of these conditions, due to
mechanisms involving P-selectin [60, 73, 74]. In atopic dermatitis platelet depletion showed
a decrease in leukocyte recruitment to the dermis which lead to less severity of the disease
[73, 74]. In models of contact dermatitis, a condition involving an inflammatory response to
a chemical allergen directly on the skin, platelets are also responsible for regulation of
hemorrhage and edema by causing leukocyte infiltration. In both of these allergic skin
models of inflammation platelet P-selectin appears to be the most important factor. The
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findings are similar with cutaneous arthus reaction mediated by immune complexes, which
also showed that platelet P-selectin plays a major role in leukocyte recruitment [74].

Acute kidney injury (AKI) can occur from multiple mechanisms ranging from ischemic
injury to injury from infection. AKI has a high mortality rate, and is characterized by
platelet-dependent neutrophil infiltration leading to damage to the organ [75]. Platelet P-
selectin is again implicated in the recruitment of neutrophils to the inflamed kidney [75, 76].
Interestingly, it was also shown that neutrophils are required for platelet recruitment to
inflamed glomeruli [77]. Activated platelets can release soluble CD40L and are responsible
for approximately 95% of the sCD40L in circulation. CD40L is an essential cytokine that
leads to activation of a broad spectrum of immune cells [78-82]. Importantly, the receptor
for CD40L, CDA40, exhibits increased expression in the injured or inflamed kidney [83, 84].
It has been shown that the interaction of SCD40L and CD40 in the kidney is an important
factor in mediating both acute and chronic kidney injury [85].

Platelets manipulate leukocytes

Platelets are known to influence the innate immune response through regulation of both the
maturation and activation of such innate immune cells as macrophages, neutrophils, and
dendritic cells [79, 86, 87]. First shown /n vitro using co-culture studies, platelets can induce
maturation of monocytes into macrophages [88]. Further studies have elaborated on specific
platelet components that are responsible for differentiation of monocytes to macrophages.
Although platelet cytokines such as RANTES and IL-1p have been shown to activate
monocytes, the chemokine CXCL4 plays a major role in this differentiation process from
monocyte to macrophage (reviewed in [89]). When platelets are activated or undergo
apoptosis they release platelet microparticles (PMPs) which can affect macrophage
differentiation and neutrophil activities [90, 91].

Neutrophils are the first line of defense during a bacterial infection. These cells are lethal to
bacteria due to their ability to trap them using a neutrophil extracellular trap (NET) [92].
These NETSs are composed of the nucleus of the neutrophil and other intracellular contents,
which are then used to ensnare and kill bacteria [93]. NETosis (formation of NETS) is an
essential mechanism of killing for neutrophils, and inhibition of NETosis leads to increased
risk of developing opportunistic infections. Importantly, it has been shown that platelets play
an essential role in the development of NETSs. Platelet activation via TLR4 was shown not
only to induce platelet binding to neutrophils, but subsequent induction of NETSs [94].
Platelets release numerous factors when activated, and it has been found that an important
factor in the induction of NET formation is hBD-1 [95]. It has also been shown that major
cytokines released from platelets contribute to NET formation from neutrophils, which then
can lead to their recruitment in a model of sterile inflammation. Further studies revealed that
not only are components of platelet releasate important, but even engagement of integrins on
the platelet surface can induce NET formation. Platelet a2bB3 integrin interacts with
neutrophil Mac-1 which has been shown to have different effects not just on diapedesis, but
on NET formation [79].

Platelets have also been implicated in the maturation and activation of dendritic cells (DCs),
indicating platelets can help bridge the innate and adaptive immune systems. Platelets have
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already been shown to recruit DCs through JAM-C/Mac-1 interaction leading to DC
activation [96]. Platelets can also induce activation of naive DCs through sCD40L after
stimulation with thrombin [88]. Interestingly, another report described that platelets need not
be in contact with immature DCs to activate them and that SCD40L from platelets was not
causative of activation [34]. Dendritic cells are considered professional phagocytes and are
critical in bridging the innate and adaptive immune systems. Maturation and activation of
dendritic cells lead to presentation of antigen to T cells and induction of the adaptive
immune response.

Platelets in adaptive immunity

The role of platelets in innate immune responses has been recognized for at least four
decades. However, the role of platelets in adaptive immune response is emerging and has not
been clearly elucidated [97]. Growing evidence suggests that platelets and their derived
products influence adaptive immunity and play significant roles in shaping the immune
response. For example, it was shown that platelets express functional CD154 (CD40L) [98],
a molecule critical to the modulation of the adaptive immune response [99, 100].

The role of CD40L in adaptive immunity has been well documented. Ligation of T cell
CDA40L to CD40 on dendritic cells promotes DC activation and increases expression of co-
stimulatory and adhesion molecules which collectively enhance antigen presentation [101].
Effective antigen presentation is central to the development of adaptive immunity to
invading pathogens, and consequently the absence of CD40L affects both humoral and cell-
mediated immune responses. It was shown that primary and memory T cell responses are
impaired in CD40L-deficient mice [102-104]. Additionally, the expression of CD40L on
activated CD4 T cells provides the second signal necessary for T-cell-dependent B
lymphocyte activation, subsequent isotype switching, and B cell differentiation and
proliferation [105-107]. The established importance of CD40L for the adaptive immune
response, combined with the abundance of platelets indicates that platelets are a great source
of such critical molecules and highlights the role platelets can play in adaptive immunity.

Platelets enhance antigen presentation by APCs

Effective antigen presentation is central to the development of adaptive immunity to
invading pathogens. DCs are the most powerful antigen presenting cells. The effect of
platelets on dendritic cell activation/maturation state has been widely reported. Having
discussed above the significance of CD40L and the potential role of platelet-derived CD40L
in adaptive immunity, many reports have demonstrated /n vitro that activated platelets induce
DC maturation in a CD40L-dependent manner [108-111]. The activation and maturation of
DCs were revealed by increased expression of co-stimulatory molecules B7.1 and B7.2
along with other cell surface markers, such as ICAM-1 and enhancement of IL-6 and IL-12
production. In contrast, a different study attributed the induction of DC maturation to soluble
protein factors expressed by activated platelets other than through CD40L [112]. The
discrepancy of these results might be due to different experimental set up such as the ratio of
platelets to DC and the agonist used to activate platelets. However, it may also indicate the
involvement of other mediators expressed or secreted by platelets. Nonetheless, the role of
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platelets in DC activation whether by surface contact or by secreted soluble mediators
promotes and enhances antigen presentation by DC.

Platelets are also capable of delivering antigens to antigen presenting cells. A recent study
showed that platelets shuttle blood-borne bacteria to CD8a™ DC [113]. In this study, L/steria
monocytogenes associated with platelets in the bloodstream in a manner dependent on GPIb
and complement C3, which target the bacterium to splenic CD8a.* DC. This association
with platelets was not a unique feature of L. monocytogenes, but rather a common feature
among gram-positive bacteria. The study concluded that this active shuttling mechanism for
systemic bacteria by platelets diverts bacteria from complete clearance by other phagocytes
and thus effectively serves as a balance between maintaining sterility of the circulation and
induction of the antibacterial adaptive immune responses.

In addition to their role in antigen presentation, enhancement of the immune response by
capturing and delivering blood-borne pathogens to splenic DC, by direct interaction via
CDA40L, and activation of DC, platelets themselves can process and present antigens. A
recent study has shown that platelets present antigen in the context of major
histocompatibility complex class | (MHC 1) [114]. This is an interesting finding as platelets
possess the molecular machinery needed for antigen processing and presentation. For
example, platelets express MHC | molecules necessary for antigen presentation and have an
active proteasome, endoplasmic reticulum, Golgi, and associated proteins such as calnexin,
calreticulin, TAP1 and ERp57, involved in processing, production and assembly of MHC |
and the antigenic peptide to be presented [114-119]. Although platelets do not express MHC
class Il molecules under normal conditions, it is important to note that platelets have been
reported to express MHC Il in some disease states [120, 121]. Furthermore, platelets, like
other antigen presenting cells, express T cell co-stimulatory and adhesion molecules
including B7.2, ICOSL, CD40, CD44, ICAM-2, and DC-SIGN [114, 122-125] that are
critical for optimal antigen presentation and T cell activation [106,114-117].

Role of platelets in adaptive T cell response

Platelets not only play a role in antigen presentation, but also influence T cell responses. The
ability of platelets to participate in T cell immunity was investigated upon the discovery that
activated platelets express functional CD40L as discussed above. An early study showed that
platelets via CD40L augmented CD8 T cell responses and enhanced protective secondary
immune responses against viral infection [108]. Similarly, platelets promote cytotoxic T
lymphocyte (CTL) activity [55] and seem to interact with CD8 T cells to facilitate the
targeting of virally infected host cells required for viral reservoir clearance [126]. In the
absence of platelets during viral hepatitis, liver inflammation is reduced but viral titers are
increased due to lack of CD8 cells. In the presence of platelets, liver inflammation is
increased due to CD8 cell infiltration but viral titers are reduced. In this acute viral hepatitis
mouse model, transfusion of normal platelets into platelet-depleted mice restored CTL
accumulation and targeting of virally infected hepatic cells.

Likewise, platelets enable T cell priming and protection against bacterial pathogens [127,
128]. The mechanism how platelet-derived CD40L coordinates the T cell response is
unknown. It is thought that this is due to the maturation signal delivered to DC by platelet
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CDA40L which leads to better antigen presentation and thus better T cell activation. However,
it could also be through direct antigen presentation and direct interaction with T cells as was
demonstrated recently in an experimental cerebral malaria mouse model [114].

In addition to platelet-derived CD40L-dependent modulation of T cell responses, platelets
can also coordinate T cell immunity via cytokine secretion. One report has shown that
platelets regulate the differentiation of CD4 T cells indirectly though secretion of
chemokines and through direct cell-cell contact. In this study, platelets promote polarization
of Thl, Th17, and Treg, but not Th2, and enhance the production of cytokine profiles needed
for the polarization of these subtypes of CD4 T cells [129]. The mechanism by which
platelets regulate the dynamic of CD4 T cell responses was further investigated. The study
concluded that: 1) platelets constantly promote Treg cell responses but exert a biphasic
regulation of Th1/Th17 activation, namely a transient enhancement followed by a secondary
suppression phase, 1) platelets are the primary actor in the secondary suppressive phase
rather than Treg cells, and I11) the distinct regulations are achieved by selective inhibition of
FoxP3(-) T-cell proliferation by platelet-derived cytokine TGF  [130]. These results might
be inconsistent with the idea that platelet-derived RANTES [131] enhances, while platelet-
derived TGF B [132] inhibits, Thl differentiation and function. It also agrees with previous
findings in which platelets seem to modulate the balance between regulatory and non-
regulatory T cells by which PF4, a platelet-specific chemokine, attenuates Thl [133] but
enhances Treg cell responses [134]. Collectively, the data presented indicates that platelets
regulate CD4 T cell responses in a complex manner. This differential regulation of CD4 T
cell subsets suggest that platelets, in response to inflammatory stimuli, promote CD4 T cells
for robust pro and anti-inflammatory responses.

Role of platelets in adaptive B cell response

Platelets also modulate B cell adaptive responses to microbial pathogens. As discussed
above, it is well established that CD40L on activated CD4 T cells trigger B cell CD40
providing the second signal necessary for T-cell-dependent B lymphocyte activation,
subsequent isotype switching, and B cell differentiation and proliferation [105-107]. This
role of platelets in mobilizing B cell humoral immune responses was clearly observed
through the use of the murine CD40L ™~ mouse model. In this model, transfusion of
activated wild-type platelets, but not CD40L ™~ platelets, was sufficient to induce B cell
isotype switching [108]. This study also demonstrated that depletion of platelets in wild-type
mice compromised their ability to mount an efficient IgG response. A subsequent report also
demonstrated that adaptively transferred wild-type CD4 T cells alone into CD40L ™/~ mice
failed to generate efficient B cell germinal center and antibody responses to adenovirus, but
were able to significantly increase germinal center formation and 1gG production upon
transfusion along with wild-type platelets [135]. These results were observed under limiting
conditions of CD4 T cells or antigen dose which resemble the physiological setting at the
time of an initial antigen encounter. However, platelets did not add to the mounted response
to high dose adenovirus or upon the transfusion of high number of CD4 T cells. Collectively,
these results may suggest that platelets augment T cell-dependent B cell responses through
linking T cell and B cell interaction via CD40-CD40L.
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SUMMARY
Although platelets were discovered by Bizzozero over 100 years ago, they continue to
display activities which should no longer be surprising. For example, platelets have recently
been shown to chemotax in response to specific stimuli [136-138] and produce
microparticles capable of initiating both thrombosis and inflammation (reviewed in [139]).
The vast role of platelets is a world still open to exploration and will provide a continuous
source of amazement into the capabilities of these anucleate cells.
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Table 1

Platelet products, location and immune function.

Storage location Molecule Function
& (dense) granule
« Bioactive amines Histamine Proinflammatory modulator of endothelial cells,
leukocytes and lymphocytes.
Serotonin Modulate proinflammatory responses and activation
of monocytes and T cells.
« Bioactive lons Ca?*, PO5~ Cell adhesion.
* Nucleotides ADP, ATP, GTP Activation of purinergic receptors on immune cells.
a granule
« Adhesion molecules Fibrinogen
VWF Promote adhesion and interactions of leukocytes
. with platelets and endothelial cells.
P-selectin
Promote platelet aggregation and interaction with
GPllb-Illa endothelial cells and leukocytes.

« Chemokines

« Cytokines

« Growth factors

« Microbicidal proteins

CXCL-1 (GROa)
CXCL-4 (PF4)
CXCL-5 (ENA-78)
CXCL-7 (NAP-2)
CXCL-8 (IL-8)
CCL-2 (MCP-1)
CCL-3 (MIP-1- a)

CCL-5 (RANTES)

IL-1B
sCDA40 ligand

PDGF
TGFB

Kinocidins
Thrombocidins
(1and 2)

Defensins
(l1and 2)
thymosin p4

PMN recruitment.

PMN recruitment, monocytes differentiation.

Recruitment and activation of various leukocytes and
lymphocytes.

Recruit and modulate the activity of various
leukocytes, monocytes and lymphocytes.

Enhance antigen presentation by DC, B cell-class
switching.

Regulate growth, promotes wound healing.

Immune modulator, immunosuppression.

Antimicrobial peptides.

Antimicrobial peptides.

Antimicrobial peptides.

Antimicrobial peptides.

A (lysosome) granule
* Proteases

« Glycosidases

Plasma membrane

« Proinflamatory lipids

Thromboxane A2

Procoagulant, promotes inflammation.
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Storage location Molecule Function
PAF Procoagulant, promotes inflammation.
*PRR TLR1-7 Detection of pathogens.
TREML1 ligand Detection of pathogens.
» Co-stimulatory CD40 ligand Enhance antigen presentation by DC, B cell-class
switching.

*
CDA40L can be found in both membrane-bound and soluble forms.
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