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Microparticles are vesicles that bud off cells in response to extracellular stimulation or apoptosis. They play an important
role in the regulation of physiological and pathological pathways such as clot formation and the progression of thrombotic
disease by influencing the expression of critical proteins and cofactors. The following critical review evaluates research
findings on the potential significance of microparticles as indicators of thrombotic risk.

From “platelet dust” to “trigger[s] of vascular repair,” the de-
scription of microparticles (MPs) has evolved over the past
four decades."” These submicron (0.1-1 pm diameter) vesicles
shed off cellular plasma membrane in response to cell activation,
stress, or apoptosis (Figure 1). MPs have been observed to bind
and fuse with endothelial and blood cells, enabling the delivery of
protein and RNA contained within them.? In platelets and mono-
cytes, this fusion promotes haemostasis, suggesting the procoagu-
lant nature of certain MPs. This homeostatic role of MPs seems
to depend on the quantity and type of MPs. As demonstrated in
many studies, MPs that bear elevated levels of tissue factor (TF), a
potent initiator of platelet activation, play a role in the pathogen-
esis of thrombotic and hypertensive conditions.* This review will
discuss the potential of MPs as biomarkers of thrombosis and the
clinical implications of current MP research.

MICROPARTICLE PHYSIOLOGY

A. Procoagulant Properties of Microparticles

MPs are a key component of haemostasis because they directly
activate protein factors and enzymes responsible for initiating
the coagulation cascade. The membranes of platelet-derived MPs

are known to contain receptor sites for procoagulant factors Ila,
Va, V11, and IXa. In addition, certain MPs also express the phos-
pholipid phosphatidylserine (PS) on their cell membrane, which
catalyzes clotting by providing a surface for the reaction to occur.’
Interestingly, the surface provided by PS on MPs was found to
have up to 100 times greater procoagulant activity than an equal
area on an activated platelet.’

The significance of microparticle formation in directing haemo-
stasis is highlighted in Scott syndrome, a condition characterized
by a deficiency in platelet coagulant activity. This deficiency is
directly linked to a defective scramblase, an enzyme in the plasma
membrane responsible for the externalization of PS. As a result,
PS expression on MP membranes is reduced, inhibiting the bind-
ing and enzymatic activity of procoagulant factors.”

B. Microparticles are Mediators of Apoptosis

Both inhibition of MP clearance and excessive MP in circulation
have been linked to a number of immunosuppressive and throm-
botic diseases. Normally, the presence of PS on MPs is an im-
mune-system recognition marker as it is externalized on apoptotic
cells to trigger macrophage-mediated removal of cellular de-
bris. However, elevated levels of MPs can stimulate unnecessary

Cell Activation OR
Apoptic stimulus

!

Membrane phospholipid redistribution A \> MP formation & release

Microparticles

PS
exposure

Loss of
membrane
asymmetry

T

Cell contraction
Cytoskeleton reorganization
Blebbs formation

—

ticles with external PS exposure.

FIGURE 1: Basic mechanism of MP formation and release.* Microparticle formation is initiated in response to extracellular activation of apoptotic stimulus. A
series of membrane phospholipid reorganization events follow, destabilizing the physiological asymmetry of the membrane. This step in the budding of micropar-
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FIGURE 2: Electron micrograph of MPs shedding from parent
monocyte. Taken by Hilary Christensen, Department of Pathology, University
of Toronto.

apoptosis, an outcome that demonstrates the pathological role of
MPs in immunosuppressive and thrombotic diseases.®

MICROPARTICLES AND THROMBOTIC DISEASE

A. Thrombosis

Many disorders associated with elevated levels of MPs involve ab-
normal thrombosis.* Thrombosis refers to the process of forming
a clot inside a blood vessel, thereby restricting blood flow (occlu-
sion). In addition to PS expression, the presence of tissue factor
(TF) on MPs promotes thrombosis. TF is a protein cofactor re-
quired to initiate coagulation. Under normal conditions, circulat-
ing blood contains very low levels (10° M) of active TF as it is
expressed mainly in tissues outside the vascular system. During in-
flammation and elevated immune response, however, monocytes
and endothelial cells express TF and release it into circulation
via microparticles.” Some TF-bearing MPs also contain adhesion
molecules, such as PSGL-1, that allow them to bind to platelets
and further stimulate the clotting cascade.’

TF-bearing MPs bud from lipid raft domains on parent monocyt-
ic cell membranes. Lipid rafts are regions of the plasma membrane
with a proportionally higher concentration of glycolipids (such as
cholesterol) and glycoproteins that associate with PSGL-1 and TE
The role of lipid raft proteins in generating prothrombotic MPs
is best characterized by the effect of statins, a class of drugs com-
monly used to lower blood cholesterol and inhibit artherosclerosis

development. Statins function by inhibiting the enzyme respon-
sible for cholesterol synthesis. This decreases the supply of cho-
lesterol available for lipid-raft formation, and as a result, disrupts
lipid-raft structure and stability.'® In turn, the destabilization of
lipid rafts inhibits appropriate externalization of PS and TE both
of which are necessary to generate viable prothrombotic MPs.!
The essential role of lipid rafts in formation of TF-bearing MPs
may explain the correlation between high cholesterol levels and
incidence of thrombotic diseases.'?

B. Microparticle Tissue Factor Activity

Although elevated levels of TF-bearing MPs in cardiovascular dis-
ease are a consistent finding in many research studies, the specific
characteristics of TF are debated. TF-bearing MPs are found in
healthy individuals, but their measurable activity is generally very
low.” This may be attributed to a latent, inactive form of TF pres-
ent on the MPs. TF-bearing MPs may only be activated upon as-
sembly at the site of vascular damage—a theory that explains why
MPs do not initiate coagulation on their own.” However, MPs
detected in cardiovascular disease may bear an active, pathologic
form of TF that contributes directly to thrombus formation. Add-
ing to the complexity of TF-bearing MPs, recent research sug-
gests certain MPs carrying TF pathway inhibitor are also present
in blood circulation.'”® As the name suggests, these MPs function
to reduce thrombus formation. Although this finding may explain
the specific physiological and pathological functions of MPs, the
interaction between MPs bearing TF pathway inhibitors and ac-
tive/inactive TF-carrying MPs remains to be clarified.

C. Cancer-associated Thrombosis

The role of MPs in cancer-associated thrombosis has been clearly
established. As the second leading cause of death in cancer pa-
tients, thrombosis has been researched for the past 150 years.! In
1865, Armand Trousseau discovered abnormal, migratory throm-
bi in patients to be associated with visceral malignancy—a condi-
tion now fittingly referred to as Trousseau syndrome.” Tumour
microparticle formation has been observed in many animal stud-
ies and more recently in the blood of patients with leukemia.'® Tu-
mour-induced MPs are characterized typically by PS and mucins,
proteins that promote a prothrombotic state. The presence of TF
on these MPs furthers the progression of systemic thrombosis and
enhances tumour angiogenesis (blood vessel growth within the
tumour). Increased levels of TF- or mucin-bearing MPs have been
associated with tumour size and survival.'” A recent clinical study
found that patients with metastatic pancreatic cancer have high
levels of MP-linked TF activity, confirming the link betweeen tu-
mours and thrombosis.'®

FUTURE DIRECTIONS

The measurable impact of MPs has contributed to the develop-
ment of a clearer understanding of the pathogenesis of cardiovas-
cular and haematological disorders. The normal physiologic role
of MPs to promote haemostasis and mediate clearance of apoptot-
ic bodies has been shown to transform into pathologic outcomes
when MP levels rise in circulation. This duality in MP function



remains unresolved but MP structure specificity and origin may
be responsible. For example, a high concentration of active TF-
bearing MPs are a risk factor for thrombotic disease.’?

Despite their association with various thrombotic diseases, the
measurement of MP levels has not yet been used as a diagnostic
tool. In addition to the need for better characterization of MDPs,
standardization of detection and quantification methods is need-
ed to further the clinical potential of MPs. Currently, researchers
tend to use different parameters of MP detection, which can be

problematic when comparing data across studies.*'?

The therapeutic role of MPs in diseases characterized by excessive
bleeding or low MP concentration has been recently investigated.

Prothrombotic MPs promote haemostasis in models of throm-
bocytopenia, a condition characterized by low platelet count. In
a clinical trial, administration of old, frozen platelets displayed
similar haemostatic effects.” Platelet MP shedding is known to
increase during storage, a finding that may explain the results of
the trial and lead to more MP-based therapies.'

Circulating MPs are important for maintaining haemostatic
balance and are biomarkers of cardiovascular disease. This posi-
tions them as promising candidates for use in a diagnostic tool or
treatment of blood disorders. However, further research on MP
physiology, pathology, and quantification techniques is necessary
before the full potential of MPs can be realized. =
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