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Circulating blood cells, trophoblast cells and endothelial cells release microparticles (MP)
into the maternal blood by membrane shedding. This process occurs upon activation or
apoptosis of these cells. Evidence is accumulating that MP play a role in the development
of thrombotic diseases. In recent years, the importance of changes in circulating MP num-
bers and in composition in preeclampsia has been recognized and research is now directed
to discover the functional consequences of these changes. In this review we will discuss the
structure and function of MP, with special emphasis on the changes in MP numbers, com-

position and function in pregnancy and preeclampsia.
© 2010 International Society for the Study of Hypertension in Pregnancy. Published by

Elsevier B.V. All rights reserved.

1. Introduction
1.1. Microparticles

Microparticles (MP) are vesicles released from the cell
surface by blebbing of the plasma membrane. They range
in size between 0.1 and 1 pm and were originally described
as platelet dust in 1967 [1], when it was discovered that
platelet-free plasma contains a procoagulant subcellular
factor.

In the past decades it has become clear that many differ-
ent cell types, such as endothelial cells, platelets, leukocytes,
erythrocytes and vascular smooth muscle cells, release MP
upon activation or apoptosis in vitro. Furthermore, their
presence in body fluids such as plasma has been demon-
strated in numerous studies. A schematic representation of
the formation of MP is presented in Fig. 1. The majority of
MP in human blood is derived from platelets [2].

The composition of MP depends on their cellular origin
but may differ from the parental cell. Like cells, MP have a
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phospholipid bilayer. The distribution of the various types
of phospholipids in the membranes of MP differs from the
plasma membrane of the cell, because during formation of
MP the phospholipids, including phosphatidylserine, be-
come redistributed and appear in the outer phospholipid
leaflet of the membrane. Furthermore, MP may expose
antigens and adhesion molecules similar to their parental
cells, although the relative concentrations of these mole-
cules may differ [3].

MP are isolated from plasma with high speed centrifu-
gation. Because laboratories use different isolation- and
detection protocols, various definitions of MP, and differ-
ent cluster of differentiation (CD) markers for MP identifi-
cation, there is not yet a consensus between investigators
with regard to the cellular origin and numbers of MP. Fur-
thermore, patient selection may contribute to differences
in reported MP number because their numbers depend
on age [4] and food consumption [5,6]. Also many pre-
analytical variables, such as the time between collection
and handling of the blood, markedly affect the measured
concentrations of MP. Finally, it is often assumed that MP
are continuously shed into the circulation. This is not nec-
essarily true, since for example placenta-derived MP were
shown to be episodically released into the circulation, e.g.
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after placental incidents like ischemia [7]. Whether or not
this also applies to the release of other subpopulations of
MP, however, is unknown.

In contrast to MP, exosomes are secreted from intracel-
lular multi-vesicular bodies (MVB) and range in size from
30 to 90 nm. Similar to MP, exosomes are also widely dis-
tributed and commonly occur in conditioned culture med-
ia from cell cultures in vitro and in body fluids in vivo.
Exosomes contain cytosolic proteins or proteins from the
endocytic compartment or plasma membrane. Evidence
is accumulating that exosomes modulate the immune re-
sponse [8]. They facilitate antigen presentation, but may
also suppress the immune response by exposing FasL
[9,10]. Exosomes may be involved in suppressing T lym-
phocyte activation during pregnancy, thereby contributing
to an immune privilege for the developing fetus, which is
necessary to achieve a term pregnancy [11]. This review
will only deal with MP since the role of exosomes in pre-
eclampsia has not been thoroughly investigated yet.

1.2. Preeclampsia

Preeclampsia is a heterogenic multisystem gestational
disorder characterized by hypertension and proteinuria
and develops in the second half of pregnancy. It is a placen-
tal disease. The placenta is one of the sources for MP, be-
cause trophoblast cells shed MP in vitro and in vivo [12].
Therefore, MP are considered to be one of (probably sev-
eral) the placental factors contributing to the development
of preeclampsia. On the other hand, MP from circulating
blood cells and endothelial cells may modulate or reflect
several of the key-processes in preeclampsia, including
inflammation, coagulation, platelet activation and endo-
thelial dysfunction. The first scientific papers reporting
on the occurrence of MP in preeclampsia focused on
changes in the total numbers of MP in preeclampsia com-
pared to normotensive pregnant and non-pregnant wo-
men. Research is now directed to discovering the
functional consequences of such changes.

2. Microparticles in healthy pregnancy

Circulating MP originate from platelets, erythrocytes,
leukocytes and endothelial cells. In pregnancy, an additional
source for MP is present because MP can also originate from
trophoblast cells. The fraction of placenta-derived MP of the
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Figure 2. Concentration of microparticles during the course of normoten-
sive pregnancies. Box-plots showing the number of MP during the course of
anormotensive pregnancy. The thick black line is the median number of MP
measured with flow cytometry. The median number of MP was found to be
significantly decreased at 12 weeks gestation compared to postpartum.
Then the MP number gradually normalized to the postpartum values. The
maximum number of MP was found at a gestational age of 28 weeks.

total MP population is 1.5-3%. The majority of MP are
derived from platelets (97-99%) [13]. A minor fraction
(0.6-2.7%) of the MP originates from erythrocytes. The num-
bers of circulating leukocyte-derived MP are low, and 0.4-
1.0% of the MP originate from endothelial cells.

The total numbers of circulating MP have been deter-
mined throughout pregnancy in plasma samples from nor-
motensive pregnant women (Fig. 2). The number of MP
was decreased at 12 weeks gestation compared to postpar-
tum, and thereafter the MP number gradually normalized
to the postpartum values. The maximum number of MP
was found at a gestational age of 28 weeks. A significant
increase of the absolute number of placenta-derived MP
was found during pregnancy with the highest level at
36 weeks gestational age which may be explained by the
increasing placental volume [13].

The decrease in MP concentration in the first trimester
and the subsequent return to the normal level is confirmed
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Figure 1. Formation of microparticles. This figure shows a schematic representation of the formation of MP and their putative functions. During pregnancy,
MP in plasma originate from circulating blood cells, endothelial cells and trophoblast cells. MP expose a variety of molecules, which depend on their cellular

origin and activation or apoptosis “status” of the parental cell.
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by Desprez et al. In this study, MP were measured with a
prothrombinase assay at four different intervals during
pregnancy and compared to non-pregnant controls [14].
The initial decrease of the MP concentration may be ex-
plained by the increase in circulating volume starting early
in pregnancy and by the presence of smaller numbers of
activated maternal blood cells compared to a further gesta-
tional ages. Also, clearance of MP from the blood could be
involved, although knowledge on this subject is still
limited.

3. Microparticles in preeclampsia
3.1. Microparticle concentrations in preeclampsia

At present, there is no consensus in the literature with
regard to the concentration of MP or subpopulations there-
of in preeclampsia [15]. These differences are due to varia-
tions in patient selection, methodological differences and
intra-individual variations. Furthermore, preeclampsia is
a heterogeneous disease and clinical symptoms may vary
from asymptomatic women to critically ill patients. An
influence of disease severity has been demonstrated for
placenta-derived MP [16]. Therefore, differences in patient
selection may complicate comparison of data between
investigators. Another complicating factor in interpreting
MP concentrations in pregnancy and preeclampsia is the
hemodynamic changes that occur. In contrast to the hae-
modilution in a physiological pregnancy, in preeclampsia
haemoconcentration occurs due to fluid leakage to the
extravascular space. Moreover, platelets are activated and
decreased, leukocytes are activated and lysis of erythro-
cytes occurs, all these contributing to altered concentra-
tions of MP and subpopulations thereof.

With regard to pregnancy and preeclampsia, most stud-
ies on the occurrence of MP focused on the total concentra-
tion of circulating MP compared to control populations
[14,17,18]. It should be mentioned that by determination
of the concentration of MP in cell-free plasma samples,
only those MP will be obtained that are present within
the maternal plasma. In other words, MP isolated from
plasma samples do not reflect the in vivo situation since
particular subpopulations of MP may have already been re-
moved from the circulation by clearance or by adherence
to the (damaged) endothelium or blood cells. Although
such subpopulations may be important for development
or aggravation of preeclampsia, they are not easily accessi-
ble for clinical research.

Despite these limitations, especially subpopulations or
characteristics of circulating MP seem to be of equal
relevance as the total concentration of MP. We found that
the total number of MP is decreased in preeclampsia. The
majority of these MP originated from platelets, whereas
increased numbers of erythrocyte-derived MP, leukocyte-
derived MP and placenta-derived MP were present com-
pared to normotensive controls of the same gestational
age [13].

Although the biological or (patho-) physiological role of
changes in circulating concentrations of MP subpopula-
tions is unclear, they most likely reflect changes of their
parental cells. For instance, elevated numbers of circulat-

ing P-selectin-exposing PMP in preeclampsia [19] reflect
platelet activation, which is supported by the current liter-
ature [18,20-22]. Elevated concentrations of circulating
erythrocyte-derived MP in preeclampsia reflect haemolysis
or haemoconcentration, and increased numbers of circulat-
ing leukocyte-derived MP may indicate cellular activation.
Although endothelial cell-derived MP have been associated
with endothelial activation or dysfunction [23-25], the lit-
erature is inconclusive about the level of endothelial-de-
rived MP in plasma samples of preeclamptic patients and
controls [15]. Placenta-derived MP, which constitute a
small fraction of the total number of circulating MP in
the maternal blood, are significantly elevated in pre-
eclamptic women compared to normal pregnancy [7,12].
In contrast, these MP were not increased in late onset pre-
eclampsia or IUGR [16]. A gestational age-dependent in-
crease in the circulating number of placenta-derived MP
reflects most likely an increased placenta volume with
more trophoblast cells shedding MP [12,13]. Alternatively,
hypoxia and subsequent apoptosis may affect the release
of such MP in preeclampsia [26].

3.2. Microparticle functions in preeclampsia

MP may modulate endothelial dysfunction, inflamma-
tion, haemostasis and angiogenesis (Fig. 3), which will be
discussed in the following paragraphs. It should be men-
tioned that most of these effects were established in vitro
using isolated fractions of MP. Whether or not MP also ex-
ert such functions in vivo, however, is only partially known.

3.2.1. Endothelial dysfunction

Previously, we and others showed that isolated frac-
tions of MP from plasma of preeclamptic patients impaired
endothelial-dependent dilatation in isolated resistance
arteries [27,28]. On the other hand, MP from preeclamptic
patients were reported to induce vascular hyporeactivity of
human omental arteries and aortas from mice [29]. The
difference with the study of VanWijk et al. may be attrib-
uted to differences in experimental conditions.

Several lines of evidence suggest that subpopulations
of MP may (differentially) affect endothelial function.
Meziani et al. showed that incubation of human omental
arteries and mouse aortas with PMP resulted in the release
of vasodilative NO metabolites, whereas incubation with
leukocyte-derived MP stimulated not only NO release,
but also production of vasoconstrictive COX-2 metabolites
[29]. Also placenta-derived MP and T-cell-derived MP
affect the endothelial relaxation response in vitro [28,30].
Perfusion of subcutaneous fat arteries with in vitro pre-
pared placenta-derived MP altered the relaxation response
to acetylcholine [30], but in vivo concentrations of pla-
centa-derived MP were ineffective. Placenta-derived MP
inhibited endothelial cell proliferation [31], but they
hardly affected endothelial gene expression. The expres-
sion of 28 genes changed 2-fold or more out of 10,000
genes examined by microarray, and these changes were re-
lated to inhibition of endothelial cell proliferation [32].

Thus, the overall effect of MP isolated from plasma
samples on the endothelium is likely to be a subtle
balance between the various pro- and antagonistic effects
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Figure 3. Possible effects of microparticles. The development of preeclampsia is complex. MP may modulate several of the factors allegedly involved in
preeclampsia, like endothelial dysfunction, inflammation, haemostasis and angiogenesis.

of the many subpopulations of MP being present in
such samples.

3.2.2. Inflammation

Inflammation may underlie the before mentioned vas-
cular effects of MP [29,33]. Therefore, we investigated
whether MP from preeclamptic patients induced changes
in RNA expression of inflammation-related genes in human
umbilical endothelial cells [34]. This gene expression, how-
ever, was found to be unaffected. It cannot be excluded
from these experiments that incubation of other types of
endothelial cells with MP or by using endothelial cells
cultured under flow conditions would have resulted in a
different outcome. Moreover, we also cannot exclude
that MP most effective in modulating endothelial gene
expression or function were already removed from the
circulation and, therefore, were absent in plasma samples.
Our data are confirmed by Donker et al., who showed
that incubation of human umbilical endothelial cells or
human glomerular microvascular endothelial cells with
MP-containing plasma of preeclamptic patients failed to
trigger cytokine release or changes in gene expression
[35]. MP-containing plasma from preeclamptic patients in-
duced endothelial activation in the presence of monocytes,
and plasma from pregnant and preeclamptic women
increased the exposure of ICAM-1 on monocytes and endo-
thelial cells in co-cultures compared to plasma from non-
pregnant controls [36,37]. Whereas MP-free plasma did
not affect monocytes or endothelial cells in either mono-
cultures or co-cultures, the exposure of ICAM-1 increased
on monocytes and endothelial cells in co-cultures in the
presence of MP from preeclamptic patients (Lok et al.,

unpublished data). Thus, MP from preeclamptic patients
activate endothelial cells in the presence of monocytes.

We found elevated concentrations of monocyte-derived
MP in plasma samples of preeclamptic patients compared
to controls [13,38]. Since the numbers of monocytes were
not increased, this increase may reflect activation of mono-
cytes in preeclampsia, which is in line with the current liter-
ature [18]. Monocyte-derived MP may affect other cells, e.g.
synovial MP trigger cytokine production by fibroblast-like
synoviocytes. A major fraction of synovial MP originates
from monocytes, although also MP from granulocytes and
T-cells are present [39]. Monocyte-derived MP also trigger
the expression and production of tissue factor and von
Willebrand factor by endothelial cells in vitro [40]. Since
both monocytes and monocyte-derived MP constitute rela-
tively minor fractions of the total population of leukocytes
and circulating MP, their direct effects may be masked by
other more prominent (sub)populations of cells and MP.

Compared to non-pregnant women, elevated concen-
trations of granulocyte-derived MP are present in pre-
eclamptic patients and in pregnant women [13,27,38].
This may be due to elevated numbers of granulocytes
[41-43]. Although granulocytes compose about 75% of
the leukocytes in pregnancy, the percentage of granulo-
cyte-derived MP was only 17-25%, suggesting that sub-
populations show different rates of MP release and/or
removal from the circulation.

Also Tsyppressor-cell-derived MP were increased in pre-
eclampsia compared to non-pregnant controls, suggesting
activation of Tsyppressor-Cells. An elevated level of T-cell-
derived MP is in line with the study of VanWijk et al.
[27]. T-cell-derived MP trigger the expression and produc-
tion of interleukin (IL)-18 and IL-1 receptor antagonist
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(RA) by monocytes in vitro [44]. Although it is unknown
whether T-cell-derived MP bind to monocytes in vivo, we
found increased expression of both IL-18 and IL-1RA in
leukocytes from pregnant and preeclamptic patients [34].
Also placenta-derived MP can bind to monocytes, thereby
triggering the expression and production of pro-inflamma-
tory cytokines [12]. Thus, it may be worthwhile to study
the occurrence of complexes of monocytes and MP of var-
ious cellular origins ex vivo.

Complement activation may be a part of the systemic
inflammatory response in preeclampsia. We showed that
isolated fractions of MP from preeclamptic patients
showed no increased signs of complement activation com-
pared to controls, although the concentration of MP expos-
ing C-reactive protein (CRP) was elevated. CRP is a
complement activator molecule, which binds to phosphati-
dylcholine exposed on the MP surface. Surface-exposed
CRP activates the complement system [45]. Furthermore,
CRP triggers the expression and production of cytokines
and tissue factor by monocytes [46,47]. Thus, the biological
role of MP-exposed CRP in preeclampsia remains to be
determined, but such MP are likely to contribute to the
pro-inflammatory phenotype of preeclampsia.

3.2.3. Coagulation

MP may contribute to preeclampsia by enhancing coag-
ulation activation that already occurs during normal preg-
nancy. Since the capacity of MP from preeclamptic patients
to promote coagulation (thrombin generation assay) was
not increased, it seems unlikely that circulating MP are di-
rectly involved in coagulation activation [48].

Platelets rapidly adhere to damaged endothelium, be-
come activated and form a platelet plug. Activated platelets
may capture tissue factor (TF)-exposing MP, so called
“blood-borne TF”, from the blood, thereby initiating coagu-
lation [49].

Coagulation requires the presence of (activated) coagu-
lation factors, calcium ions and membranes exposing neg-
atively charged phospholipids, like phosphatidylserine.
Exposure of phosphatidylserine is a prerequisite for coagu-
lation factors to bind to the membrane surface, thereby
enabling the formation of tenase- and prothrombinase-
complexes. When tissue factor (TF) is present on the mem-
brane surface, activation of coagulation is initiated. MP can
expose negatively charged phospholipids and TF [50].
There is convincing evidence that MP contribute to coagu-
lation in vivo. In vivo generated MP generate thrombin
in vitro [51], infusion of artificial phospholipid vesicles in
primates induces diffuse intravascular coagulation [52],
and pericardial MP of cardiac surgery patients are highly
thrombogenic in a venous stasis thrombosis model in rats
[53]. The fact that MP numbers are decreased in severe
bleeding disorders, such as Scott syndrome further empha-
sizes the important role of MP in coagulation [54].

Considering this characteristics, MP have been investi-
gated in numerous pro-thrombotic diseases in which
hypercoagulation is a predominant factor.

3.2.4. Angiogenesis
We showed that plasma from preeclamptic patients
contains substantial numbers of platelet-derived and

placenta-derived MP exposing Flt-1 [55]. Although compos-
ing only a minor fraction of the total concentration of
non-cell bound FIt-1 in plasma, the biological activity of
MP-exposed Flt-1 may differ from truly soluble (non-
membrane associated) Flt-1. A pro-angiogenic effect of
PMP was observed in vitro [56,57]. In contrast, endothelial-
derived impaired angiogenesis [58]. Again, the overall effect
of MP is likely to be a balance between the pro- and anti-
angiogenic effects of the various subpopulations of MP.
One may speculate that Flt-1 exposed by MP may be trans-
ferred to “target” cells in a same mechanism as previously
described for tissue factor [59]. If so, transferred Flt-1 may
function as a transmembrane receptor for vascular endothe-
lial growth factor (VEGF), thereby enabling angiogenesis.

4. Future research in microparticles and preeclampsia

MP may have both biologically or clinically positive
(‘good’) and negative (‘bad’) effects. Until now, most re-
search focused on the question: “What are the effects of
MP?”. However, the question “Why do cells release MP?”
may be equally interesting. First, MP are now known to be
involved in intercellular communication. Proteins, mRNA,
receptors and organelles can be transferred from MP to tar-
get cells[60]. Second, MP may contribute to cellular survival,
because inhibition of MP release triggers apoptosis [61]. In
this model, MP are cellular dustbins, which protect the cells
against intracellular accumulation of harmful enzymes or
other substances. Whereas release of MP may be beneficial
to the releasing cell, uncontrolled release may constitute a
potential “environmental hazard”. For example, MP are gen-
erally considered to be procoagulant and contribute to hae-
mostasis. Therefore, their uncontrolled release may lead to
hypercoagulation with vascular disease as a consequence.
These positive and/or negative effects of MP are also depen-
dent on their composition, which in turn depends on the
“status” of the parental cell. MP from apoptotic T-cells impair
relaxation, whereas MP from activated T-cells expose sonic
hedgehog (SHH) proteins and increase NO release, thus pro-
moting vasodilation [62]. MP exposing SHH proteins can
evenreverse endothelial dysfunction and in the future it will
become clear whether there is a therapeutic role for SHH-
exposing MP.

5. Conclusion

Despite many remaining questions, the role of various
types of cell-derived vesicles in disease development,
including preeclampsia, is slowly becoming apparent. The
importance of changes in MP number and composition in
preeclampsia has been recognized and research is directed
to elucidate the functional consequences of these changes.
Effects on isolated arteries and other circulating cells like
monocytes have been discovered. The possibilities of fur-
ther research on MP and their putative clinical relevance
are exiting and promising.
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