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Introduction

Microparticles

During 1940s, human blood and plasma were

shown to contain a subcellular clotting-promoting

factor.1 More than 25 years later, it was demon-

strated that this fraction consists of small platelet-

derived particles.2 Their clinical relevance became

apparent in 1979, when a case report of a young

woman with an unexplained congenital bleeding

disorder was presented. She suffered from a disease,

later termed Scott syndrome, characterized by

reduced prothrombin consumption because of

impaired release of microparticles (MP) and phos-

pholipid scrambling.3,4

Microparticles are released from cells by ‘shedding’

and, according to most investigators, range in size

between 0.1 and 1 lm. In contrast to MP, exosomes

are secreted from intracellular multi-vesicular bodies

(MVB) and range in size from 30 to 90 nm (Fig. 1).

MP are widely distributed and commonly occur in

cell cultures in vitro and in body fluids in vivo. For

instance, human blood contains MP as well as exo-

somes originating from various types of cells.5 Many

studies on MP showed that their numbers, cellular

origin, composition, and function(s) are disease

(state) dependent, but whether or not these changes

are related to disease development or are a conse-

quence of the disease process itself is still debated.

Proteomes of MP, isolated from human platelets,

endothelial cells, malignant cells, lymphocytes, and
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Eukaryotic cells release vesicles into their environment by membrane

shedding (ectosomes or microparticles) and secretion (exosomes). Micro-

particles and exosomes occur commonly in vitro and in vivo. The occur-

rence, composition and function(s) of these vesicles change during

disease (progression). During the last decade, the scientific and clinical

interest increased tremendously. Evidence is accumulating that micro-

particles and exosomes may be of pathophysiological relevance in auto-

immune, cardiovascular and thromboembolic diseases, as well as

inflammatory and infectious disorders. In this review, we will summa-

rize the discovery, biology, structure and function of microparticles and

exosomes, and discuss their (patho-) physiological role during normal

and complicated pregnancy.
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plasma, have been published.6–9 These studies identi-

fied a myriad of proteins, including structural pro-

teins, metabolic enzymes, integrins, and membrane

fusion proteins.

Exosomes

Exosomes were described in the early 1980s as

5¢-nucleotidase activity-containing vesicles.10 Subse-

quently, exosomes were shown to be involved in

the removal of the transferrin receptor from matur-

ing reticulocytes. This surface receptor internalizes

by ‘inward’ blebbing. These blebs (endosomes) pinch

off very small (30–90 nm) ‘intraluminal’ vesicles.

Endosomes containing ‘intraluminal vesicles’ are

called MVB. Finally, once ‘intraluminal’ vesicles

become secreted, i.e. after membrane fusion of MVB

and the surrounding plasma membrane, they are

called exosomes.11–13

Similar to MP, exosomes are also widely distrib-

uted and commonly occur in cell cultures in vitro

and in body fluids in vivo.5 Exosomes are smaller

than (most) MP and their proteomes differ.14 Exo-

somes contain cytosolic proteins or proteins from the

endocytic compartment or plasma membrane,

whereas proteins of nuclear, mitochondrial, endo-

plasmic-reticulum or Golgi-apparatus origin are

absent.15 About 80% of exosomal proteins are con-

served among species, and characteristic (but not

distinctive) protein families include tetraspannins,

heat shock proteins and major histocompatibility

complex (MHC) class I and II molecules.15 Also pro-

teomes of exosomes from various human body fluids

have been determined.16,17

It should be mentioned, that isolation procedures

of MP and exosomes often differ between investiga-

tors.18 To exclude contamination of small cells

(e.g. platelets), loss of vesicles and functional

changes, isolation procedures of MP and exosomes

need to be taken into account when data from

different research groups are compared. For instance,

the in vitro methods to isolate syncytiotrophoblast-

derived MP (STBM) strongly affect their effects on

T lymphocytes.19 Also the use of different CD

markers for identification,18,20–22 age23 and food

consumption24,25 may affect circulating numbers of

MP and, possibly, also exosomes.

Fig. 2 illustrates the increasing scientific and clini-

cal interest in MP and exosomes. This increase may

be explained by the long and ever increasing list of

biologically relevant functions that have been attrib-

uted to these vesicles, and their association with dis-

ease (progression).

Functions of microparticles and exosomes

Microparticles are best known for their coagulant

properties, especially platelet-derived MP (PMP),

which expose (per surface area, compared to plate-

lets) high numbers of binding sites for (activated)

coagulation factors, thereby enabling formation of

tenase- and prothrombinase complexes. According to

most investigators, PMP are by far the most common

MP occurring in human blood. MP of various cellu-

lar origin, including PMP, may expose tissue factor

(TF), the initiator of coagulation in vivo,26–29 and this

TF may be transferred to other cells.30,31 Alterna-

tively, by binding to cells, MP also trigger expression

Microparticles
MVB

Exosomes

Endosome

Intraluminal vesicle

Fig. 1 Microparticles and exosomes. This

figure shows the formation of an endosome

by invagination. By inward blebbing of the

endosomal membrane, intraluminal vesicles

are formed. Endosomes containing intralumi-

nal vesicles are called multivesicular body

(MVB). Cells release the contents of their MVB

when the membrane of the MVB fuses with

the plasma membrane. In contrast to

exosomes, microparticles are formed by

major structural rearrangements of the

cytoskeleton and are ‘budded’ off from the

outer cell membrane.

TOTH ET AL.

American Journal of Reproductive Immunology 58 (2007) 389–402 ª 2007 The Authors

390 Journal compilation ª 2007 Blackwell Munksgaard

 16000897, 2007, 5, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/j.1600-0897.2007.00532.x by U

va U
niversiteitsbibliotheek, W

iley O
nline L

ibrary on [17/10/2023]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



and production of TF. At least in vitro, PMP facilitate

inactivation of coagulation factors Va and VIIIa by

activated protein C. Thus, (P)MP may also possess

anti-coagulant properties.32 MP support coagulation

in vitro as well as in vivo, and increased numbers of

MP from various cell types have been reported to

occur in diseases associated with a procoagulant state

(summarized in Table I).

The list of MP functions is growing rapidly and

includes not only coagulation but also inflamma-

tion,33 leukocyte adhesion and aggregation,34

angiogenesis,35 vasoconstriction,36 immune modula-

tion,37–39 and endothelial dysfunction.36,40 As most

functions were established only in vitro by using

isolated vesicle preparations in model systems, we

(still) do not know to which extent MP also

exhibit such functions in vivo. With regard to coagu-

lation, however, there is direct evidence that

MP promote coagulation and thrombus formation

in vivo.26,41

Initially, exosomes were considered to be ‘dust-

bins’ used by cells to remove redundant molecules,

e.g. the transferrin receptors. Recent findings that

caspase 3, heat-shock proteins and cytostatic drugs

may accumulate in exosomes (and MP), are in line
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Fig. 2 Scientific interest in microparticles and exosomes (1965–2005).

This overview shows the growing scientific interest in extracellular ves-

icles. (a) Scientific publications on microparticles from platelets, ery-

throcytes, leukocytes, endothelial cells, tumor cells, and other cells.

(b) Exosomes. This figure was produced from PubMed, using as search

string in All indexed fields [microparticle\*] OR [vesicle\*] OR [bleb\*]

OR [particle\*] AND All indexed fields [erythrocyte\*] OR [platelet\*] OR

[thrombocyte\*] OR [granulocyte\*] OR [monocyte\*] OR [endothelial\*].

For tumor-derived vesicles, a different search string was used: Title

[particle\*] OR [vesicle\*] OR [bleb\*] OR [microparticle\*] OR [microvesi-

cle\*] OR [shed\*] AND Title [tumour\*] OR [tumor\*] OR [cancer\*]. For

exosomes, the search string All fields [Exosome\*] was used. This

figure was prepared by R. J. Berckmans, PhD (AMC, the Netherlands).

Table I Cellular Origin of Circulating Microparticles in

Prothrombotic Diseases

Disease

Cellular origin

of MP Reference(s)

Anti-phospholipid

syndrome

Monocytes 104

Endothelial cells 105

Atherosclerosis Leukocytes 106

Coronary artery

disease

Platelets 107

Endothelial cells 108

Monocytes 109

Cancer Platelets 110

Diabetes mellitus Platelets 111

Granulocytes 112

Monocytes 113

Heparine-induced

thrombocytopenia

Platelets 114

Hypertension Platelets 115

Monocytes 116

Idiopathic

thrombocytopenia

Platelets 117

Paroxysmal nocturnal

hemoglobinuria

Platelets 118

Sepsis Platelets,

granulocytes

28

Leukocytes 119

Systemic lupus

erythematosus

Platelet 120

Thrombotic

thrombocytopenic

purpura

Endothelium 121

Uraemia Platelets 122

Vasculitis Endotheliual cells 22

Neutrophils, platelets 123

Sickle cell disease Erythrocytes 124

Endothelial cells,

monocytes

125

Overview on the so far published data on the cellular origin

of circulating microparticles in prothrombotic diseases.
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with this function.42–46 Exosomes may also contrib-

ute to a change in haemostatic balance towards

a procoagulant state. In vitro-prepared exosomes

from mast cells support thrombin generation and

induce endothelial expression of plasminogen activa-

tor inhibitor-1.47 In general, cell-derived vesicles

may transmit infectious agents or receptors that

facilitate the uptake of infectious agents into (target)

cells. Exosomes facilitate spreading of prion pro-

teins,48 and MP may transfer various receptors that

facilitate cellular uptake of human immunodefi-

ciency virus-1.49,50 Gould and coworkers proposed

the ‘Trojan exosome’ hypothesis, in which they pos-

tulated that retroviruses may use exosomes as vehi-

cles for extracellular traffic and infection.

The most important function of cell-derived vesi-

cles, however, seems to be intercellular communica-

tion. By exposing cell-type specific adhesion

receptors or ligands, vesicles can bind to particular

cells and deliver their ‘message’ (e.g. bioactive lipids,

cytokines, and growth factors).51 It has become

firmly established that exosomes modulate the

immune response.15 On one hand they can facilitate

antigen presentation, and on the other hand sup-

press the immune response e.g. by exposing

FasL.52,53 Exosomes from antigen-presenting (den-

dritic) cells, ‘dexosomes’, expose MHC class I and II

molecules.15 Dexosomes have been tested in clinical

trials as adjuvant anti-cancer therapy; they suppress

graft-versus-host disease in various animal models

and protect against Toxoplasma gondii infection.54–57

Although the functions of MP and exosomes are

many, their true (patho) physiological functions

in vivo are still unknown.

Microparticles and exosomes in normal pregnancy

The success of human pregnancy depends on various

physiologic processes. First, pregnancy is an immu-

nological phenomenon as the semiallogeneic fetus is

not rejected and second, the maternal haemostatic

balance shifts towards a procoagulatory state. There-

fore, immunologic disorders and coagulation abnor-

malities can lead to adverse pregnancy outcomes.58

Paternal genes are expressed preferentially in the

syncytiotrophoblasts (ST) and immune tolerance

towards the fetus requires specific suppression of the

maternal immune system.59 How fetal trophoblast

cells escape the maternal immune response remains

unknown, but clonal deletion of immune cells rec-

ognizing paternal antigens in the placenta is thought

to play a role.59–64 T lymphocytes that recognize

fetal antigens decrease during pregnancy and remain

low post-partum to protect the fetus against the

maternal immune system. Placental FasL triggers

local depletion of activated maternal (Fas-exposing)

T lymphocytes that recognize placental paternal anti-

gens,65–68and FasL-exposing trophoblasts induce Fas-

dependent apoptosis of activated T lympho-

cytes.66,68,69

Exosomes, often supposed to originate at least in

part from the placenta, have been implicated in the

establishment of an immune privilege for the devel-

oping fetus.39,60,70–73 Compared to non-pregnant

women, increased levels of exosomes occur in preg-

nant women. Incubation of T lymphocytes (Jurkat

cells) with such exosomes resulted in down-regula-

tion of the expression of both CD3-n and Janus

kinase 3 (JAK 3), as well as in caspase 3 activation.

These responses correlated to exposed FasL of the

exosomal fractions.39,71,73 CD3-n affects the clonal

selection of T lymphocytes, which leads to decreased

T-lymphocyte-mediated responses and an increased

rate of antibody production protective in human

pregnancy (elevated Th2 ⁄ Th1 immune response).

Expression and activation of JAK3 is a key regula-

tory link between CD3-n expression and apoptosis,

thus contributing to establishment of immune privi-

lege at the feto-maternal interface.73

Although exosomes from human first trimester

trophoblast cells do not expose (membrane-associ-

ated) FasL, they contain a biologically active

(37 kDa) form of ‘encapsulated’ (intravesicular) FasL

that triggers (Fas-mediated) T-cell apoptosis follow-

ing disruption of exosomes (Figs 3 and 4).60,70 Min-

cheva-Nilsson et al. investigated the effect of soluble

MHC class I chain-related proteins A and B (MIC)

on the expression of natural killer cell receptors

(NKG2D) in peripheral blood mononuclear cells

(PBMC).72 They showed that MIC expression in pla-

centa was restricted to apical and basal cell mem-

branes of ST and to ‘cytoplasmic vacuoles as MIC-

loaded microvesicles ⁄ exosomes’ of these cells.72 As

soluble MIC molecules were present at elevated lev-

els in maternal blood throughout normal pregnancy

and were released by placental explants in vitro,

MIC-containing exosomes may be released from pla-

cental villi into the maternal blood. The human

placenta also expresses several matrix metallopro-

teases, however, it cannot be ruled out that soluble

MIC is a cleavage product in the circulation of preg-

nant women (Fig. 4).70,72 Evidently, by transporting
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bio-molecules that modulate the immune response,

like FasL or MIC, placental-derived vesicles may be

considered as a ‘new physiological mechanism of

silencing the maternal immune system’, thereby

promoting ‘fetal allograft immune escape’. As many

adverse pregnancy outcomes can result from the fail-

ure to suppress adequately T-lymphocyte activation

pathways, defining the mechanism through which

circulating placenta-derived vesicles modulate activa-

tion components, such as CD3-n, JAK3, and

MIC ⁄ NKG2D, may possibly provide new therapeutic

targets.

MP and exosomes in complicated pregnancy

Early pregnancy loss

Between 25 and 50% of reproductive-aged women

experience one or more miscarriages, often due to

fetal chromosomal abnormalities, especially with

increasing maternal age.58,74 The WHO classification

defines the occurrence of three or more consecutive

spontaneous miscarriages regardless of previous live

births as recurrent fetal abortion (RSA).75 RSA

affects about 1–3% of women during child-bearing

years.76 Known risk factors are genetic abnormali-

ties, uterine pathologies, endocrine dysfunctions,

autoimmune diseases, acquired and inherited

thrombophilic disorders, and environmental fac-

tors.77 In nearly 50% of affected women, the cause

of RSA remains unknown.78

Trophoblast invasion into the uterine spiral arter-

ies and development and maintenance of adequate

utero-placental circulation are pre-requisites for suc-

cessful pregnancy.79 This invasion may be promoted

by (trophoblast-released) soluble FasL-induced apop-

tosis of smooth muscle cells in the spiral arteries,

thus contributing to utero-placental circulation.80

During normal pregnancy, the haemostatic balance

shifts towards a procoagulatory state with an increase

in clotting factors and fibrinogen as well as a decrease

in anticoagulant factors and fibrinolytic activity.58,81

In RSA, fibrin deposits are present in the intervillous

space of the placenta, raising the question whether

RSA may be secondary to an exaggerated haemostatic

response during pregnancy.79,82,83 This ‘hyperco-

agulability’ may involve other procoagulant factors,

including MP and exosomes.47,84 In 2001, Laude et al.

used a prothrombinase assay to study the coagula-

tion-promoting capacity of circulating MP in 74

non-pregnant women with idiopathic RSA and 50

non-pregnant controls. RSA patients were divided

into two groups: 49 women with more than three

RSA and less than 10 weeks gestational age, and 25

women with more than one late pregnancy loss

Fig. 4 Syncytiotrophoblast-derived microvesicles. According to the

studies of Fränsmyr and Abrahams60 as well as Mincheva-Nilsson72,

FasL (1)- and MIC-loaded (2) microvesicles are synthesized in the RER

and Golgi-apparatus of syncytiotrophoblasts, transported to cytoplas-

mic granules and stored or secreted via exocytosis. Nc, nucleus; CG,

cytoplasmic granules.

Placenta Endothelial cells
Blood cells

STBM
Exosomes

Microparticles
Exosomes

Circulating vesicles

Coagulation
Endothelial dysfunction

Immune modulation 
Inflammation

Normal & complicated pregnancy

Fig. 3 Microparticles and exosomes in pregnancy. A flow-chart show-

ing the different populations of circulating vesicles from placenta

(STBM, exosomes) and from other cells (endothelial cells, platelets,

leukocytes, erythrocytes) and the processes thought to be affected by

these vesicles related to normal or complicated pregnancies.
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(gestational age > 10 weeks).85 Isolated MP fractions

from RSA women (55%) showed an increased

coagulation-promoting capacity, 29 (59%) in the

early and 12 (48%) in the late pregnancy loss group.

Carp et al. evaluated the numbers of CD51+ ⁄ CD31+

MP, i.e. MP presumably of endothelial cell origin, in

non-pregnant women with RSA (n = 96; ‡3 RSA)

versus non-pregnant women without a history of mis-

carriage (n = 90).86 They reported increased numbers

of endothelial MP in 12 patients (12.5%) and in two

controls (2%; P < 0.008). Furthermore, injection of

artificially prepared procoagulant phospholipid vesi-

cles, i.e. vesicles containing phosphatidylserine, into

pregnant mice induced thrombosis in the placental

bed and led to reduced birth weight.87 Taken together,

the presence of circulating (procoagulant) MP in

women with RSA seems to be an acquired thrombo-

philia, becoming clinically manifest during preg-

nancy.79,83,85,86 The mechanisms underlying the

presence and contribution of these MP to the patho-

physiology of miscarriage, however, remain unclear

and additional studies are essential to specify their

precise role in the development of RSA.

Premature labour

Preterm labour is a major obstetric problem occur-

ring in 5–7% of pregnant women. The premature

fetus can develop neurological, gastrointestinal,

infectious, and other disorders. One of the most

important causes for preterm labour is (subclinical)

infection. Recently, a role for exosomes in immune

suppression during premature labour has been sug-

gested. Levels of exosomes in sera from pregnant

women were shown to be almost twofold higher in

those delivering at term compared to women deliv-

ering preterm. Concurrently, exosomes of women

delivering at term contained higher levels of FasL

and HLA-DR and elicited greater suppression of

CD3-n and JAK3.39Although the underlying patho-

physiology remains unknown, these data implicate

that exosomes may be involved in suppressing

T-lymphocyte activation during pregnancy, thereby

contributing to an immune privilege for the develop-

ing fetus, necessary to achieve a term pregnancy.

Preeclampsia

Preeclampsia is a heterogenic multisystem disorder

characterized by hypertension and proteinuria and

develops in the second-half of pregnancy. The inci-

dence is 2–5%, and preeclampsia is a major cause of

maternal and fetal morbidity and mortality.

Although the exact etiology remains unknown,

a generally accepted hypothesis is following the two-

stage model. Insufficient trophoblast invasion into

spiral arteries of the uterus early in pregnancy

results in abnormal placentation with subsequent

placental hypoperfusion. In the second stage, placen-

tal factors are released into the maternal circulation,

leading to a systemic inflammatory response and

endothelial dysfunction.88

Microparticles may modulate or reflect several of

the key-processes in preeclampsia, including inflam-

mation, coagulation, platelet activation, and endo-

thelial dysfunction. The first scientific papers

reporting on the occurrence of MP in preeclampsia,

focused on total numbers of MP in preeclampsia

compared with normotensive pregnant and non-

pregnant women. A summary of these articles can

be found in Table II. Obviously, circulating MP origi-

nate from various types of cells and their composi-

tion depends on the status of the parental cells. Data

from different studies on circulating MP in

preeclampsia are inconsistent. Several studies

reported a decrease in circulating numbers of PMP

and an increase in endothelial cell-derived MP

(EMP). Decreased numbers of PMP may be related

to decreased platelet numbers in the maternal circu-

lation, and ⁄ or (increased) attachment of MP to the

endothelium or other cells in the maternal circula-

tion. Despite the overall decrease of PMP, however,

subpopulations of PMP exposing a well-established

platelet activation marker (P-selectin) were found to

be increased (15.4%) compared to normotensive

pregnant and non-pregnant controls (10.9% and

8.0%, respectively).89 The observed increase of EMP

in preeclampsia may reflect endothelial-cell activa-

tion,90 and increases in (numbers of) leukocyte-

derived MP may reflect inflammation.91,92

Complement activation may be part of the sys-

temic inflammatory response in preeclampsia. MP

activate complement via the classical pathway in vitro.

Isolated MP from preeclamptic patients, however,

exposed no increased levels of bound C1q, C3, and

C4. Interestingly, increased numbers of MP were

present exposing C-reactive protein (CRP), a well-

known complement activator molecule, suggesting

that circulating MP may be involved in complement

activation.93

Circulating MP are known to affect endothelial

function. Incubation of myometrial arteries with MP
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from preeclamptic patients impaired bradykinin-

mediated relaxation.40,94

Microparticles from preeclamptic women also

induced vascular hyporeactivity to serotonin in

human omental arteries and aortas from pregnant

and non-pregnant mice, and these effects were asso-

ciated with increased nitric oxide production.91

Microparticles may contribute to preeclampsia by

enhancing coagulation activation that already occurs

during normal pregnancy. As the capacity of MP

from preeclamptic patients to promote coagulation

(thrombin generation assay) was not increased, it

seemed unlikely that circulating MP were directly

involved in coagulation activation.95 In addition, MP

from preeclamptic patients also failed to affect RNA

expression of inflammation-related genes and genes

encoding adhesion receptors in endothelial cells.96

Thus, MP seem to modulate some but not all

(patho)physiological processes, at least in vitro, that

may play a role in (the development of) preeclampsia.

As mice infused with in vitro prepared (artificial)

phosphatidylserine ⁄ phosphatidylcholine vesicles

developed symptoms characteristic of preeclampsia, a

role for MP in the pathophysiological development

of preeclampsia seems likely.97

Despite the fact that STBM constitute only a small

fraction of the total number of circulating MP in the

maternal blood, significantly elevated numbers of

STBM have been reported in preeclamptic women

compared to normal pregnancy.98 In contrast, STBM

were not increased in late onset preeclampsia or

IUGR.99 Perfusion of subcutaneous fat arteries with

in vitro prepared STBM altered the relaxation

response to acetylcholine,100 but in vivo concentra-

tions of STBM did not have such an effect. STBM

inhibited endothelial cell proliferation,101 activated

neutrophils and influenced proliferation and activa-

tion of T lymphocytes19,102 Similar to the before

mentioned MP from preeclamptic patients, STBM

hardly affected endothelial gene expression: the

Table II Numbers of Circulating Microparticles in Normal and Disturbed Pregnancy

Cellular origin Marker Control PR PE IUGR PIH Units References

Total Annexin V 122 429 260 182 MP ⁄ lL 126

Platelets CD41 39 193 37.5* 90

Endothelial cells CD51 7 13 9 12

Endothelial cells CD62e 712 1930* 822 Counts ⁄ lL 127

Endothelial cells CD31 6119 10 497* 6768 Counts ⁄ lL 90

Endothelial cells CD31+ ⁄ CD41) 8 14*

Platelets CD31+ ⁄ CD42+ 7.9 10 751

Platelets CD61 49 33 39 109 ⁄ L 128

Platelets CD61 6.6% 3.7%* % of platelets 129

Total Annexin V 7.5 11.68* Nmol ⁄ L Eq PS 91

Platelets CD31 4.2 5.83*

Lymphocytes CD11a 2.9 5.85*

Total Annexin V 2357 1960 2256 106 ⁄ L 92

Platelets CD61 2014 1618 1818

T cells CD4 13 ND 29*

T cells CD8 12 ND 15*

Granulocytes CD66 7 8 79*

B cells CD20 3 10 5

Monocytes D14 ND ND ND

Erythrocytes CD234 150 122 234

Endothelial cells CD62e 11 ND 23

Total Annexin V 6.7 5.1 2.6* 109 ⁄ L 89

Platelets CD61 6.6 4.9 2.2*

Overview of studies measuring circulating numbers of MP in normal and complicated pregnancy.

Eq PS, equivalents of phosphatidylserine; control, not pregnant; PR, pregnant; PE, preeclampsia; IUGR, intra-uterine growth retardation;

PIH, pregnancy-induced hypertension; Ref, references, ND, not detectable.

*Significantly different from pregnant controls.
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expression of 28 genes changed twofold or more out

of 10 000 genes examined by microarray. The

observed changes were related to inhibition of endo-

thelial cell proliferation.103 Taken together, the exact

contribution of STBM to the etiology of preeclampsia

needs further investigation.

The role of exosomes in preeclampsia has not been

investigated yet. As immunologic factors certainly

contribute to the development of preeclampsia and

immunologic maladaptation may be one of the

underlying phenomena in preeclampsia, this would

be very interesting.

Conclusions

Cell-derived vesicles like MP and exosomes have

been investigated in many different diseases. So far,

their pathophysiologic relevance in cardiovascular,

thromboembolic as well as inflammatory and immu-

nologic disorders has been proven mainly in vitro. To

which extent MP and exosomes contribute, affect

and ⁄ or reflect disease development, however, is to

be determined. Because of lack of standardized pro-

tocols to isolate MP and exosomes from human body

fluids such as blood, additional studies are required

to determine precisely the role of these different

types of vesicles in normal and complicated preg-

nancy.

In normal pregnancy, placenta-derived exosomes

expressing or containing FasL (and possibly MIC)

may promote a state of immune privilege for the

semiallogeneic fetus by silencing the maternal

immune response. As complicated pregnancies can

result from an inadequate suppression of maternal

T-lymphocyte activation, this mechanism may consti-

tute a new therapeutic target. Circulating MP with

increased procoagulant potential in women with RSA

may be a chronic phenomenon, comparable to

acquired thrombophilia, possibly becoming clinically

manifested during pregnancy. Whether these MP are

secondary to RSA or were already existent before

pregnancy, however, is still unknown. Recent data

indicate that women with premature labour have

decreased numbers of circulating placenta-derived

exosomes and possibly indicate inappropriate down-

regulation of the maternal immune system. Although

data are lacking on the presence of exosomes in pre-

eclampsia, there is growing evidence that MP are

somehow associated with the pathophysiology

underlying disease acquisition and progression.

Nevertheless, there is no clear correlation between

circulating numbers of MP and the disease state in

different women suffering from preeclampsia.

Taken together, ongoing research is essential to

elucidate further the impact of circulating MP and

exosomes in normal and complicated pregnancy.

References

1 Chargaff E, West R: The biological significance of the

thromboplastic protein of blood. J Biol Chem 1946;

166:189–197.

2 Wolf P: The nature and significance of platelet

products in human placenta. Br J Haematol 1967;

13:269–288.

3 Sims PJ, Wiedmer T, Esmon CT, Weiss HJ, Shattil SJ:

Assembly of the platelet prothrombinase complex is

linked to vesiculation of the platelet plasma

membrane. Studies in Scott syndrome: an isolated

defect in platelet procoagulant activity. J Biol Chem

1989; 264:17049–17057.

4 Weiss HJ, Vicic WJ, Lages BA, Rogers J: Isolated

deficiency of platelet procoagulant activity. Am J Med

1979; 67:206–213.

5 Caby MP, Lankar D, Vincendeau-Scherrer C, Raposo

G, Bonnerot C: Exosomal-like vesicles are present in

human blood plasma. Int Immunol 2005; 17:879–887.

6 Garcia BA, Smalley DM, Cho H, Shabanowitz J, Ley

K, Hunt DF: The platelet microparticle proteome.

J Proteome Res 2005; 4:1516–1521.

7 Jin M, Drwal G, Bourgeois T, Saltz J, Wu HM:

Distinct proteome features of plasma microparticles.

Proteomics 2005; 5:1940–1952.

8 Miguet L, Pacaud K, Felden C, Hugel B, Martinez

MC, Freyssinet JM, Herbrecht R, Potier N, van DA,

Mauvieux L: Proteomic analysis of malignant

lymphocyte membrane microparticles using double

ionization coverage optimization. Proteomics 2006;

6:153–171.

9 Wubbolts R, Leckie RS, Veenhuizen PT,

Schwarzmann G, Mobius W, Hoernschemeyer J, Slot

JW, Geuze HJ, Stoorvogel W: Proteomic and

biochemical analyses of human B cell-derived

exosomes. Potential implications for their function

and multivesicular body formation. J Biol Chem 2003;

278:10963–10972.

10 Trams EG, Lauter CJ, Salem N Jr, Heine U: Exfoliation

of membrane ecto-enzymes in the form of micro-

vesicles. Biochim Biophys Acta 1981; 645:63–70.

11 Harding C, Heuser J, Stahl P: Receptor-mediated

endocytosis of transferrin and recycling of the

transferrin receptor in rat reticulocytes. J Cell Biol

1983; 97:329–339.

TOTH ET AL.

American Journal of Reproductive Immunology 58 (2007) 389–402 ª 2007 The Authors

396 Journal compilation ª 2007 Blackwell Munksgaard

 16000897, 2007, 5, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/j.1600-0897.2007.00532.x by U

va U
niversiteitsbibliotheek, W

iley O
nline L

ibrary on [17/10/2023]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



12 Johnstone RM: Revisiting the road to the discovery

of exosomes. Blood Cells Mol Dis 2005; 34:214–219.

13 Pan BT, teng K, Wu C, Adam M, Johnstone RM:

Electron microscopic evidence for externalization of

the transferrin receptor in vesicular form in sheep

reticulocytes. J Cell Biol 1985; 101:942–948.

14 Thery C, Boussac M, Veron P, Ricciardi-Castagnoli P,

Raposo G, Garin J, Amigorena S: Proteomic analysis

of dendritic cell-derived exosomes: a secreted

subcellular compartment distinct from apoptotic

vesicles. J Immunol 2001; 166:7309–7318.

15 Thery C, Zitvogel L, Amigorena S: Exosomes:

composition, biogenesis and function. Nat Rev

Immunol 2002; 2:569–579.

16 Bard MP, Hegmans JP, Hemmes A, Luider TM,

Willemsen R, Severijnen LA, van Meerbeeck JP,

Burgers SA, Hoogsteden HC, Lambrecht BN:

Proteomic analysis of exosomes isolated from human

malignant pleural effusions. Am J Respir Cell Mol Biol

2004; 31:114–121.

17 Pisitkun T, Shen RF, Knepper MA: Identification and

proteomic profiling of exosomes in human urine.

Proc Natl Acad Sci U S A 2004; 101:13368–13373.

18 Jy W, Horstman LL, Jimenez JJ, Ahn YS, Biro E,

Nieuwland R, Sturk A, gnat-George F, Sabatier F,

Camoin-Jau L, Sampol J, Hugel B, Zobairi F,

Freyssinet JM, Nomura S, Shet AS, Key NS, Hebbel

RP: Measuring circulating cell-derived microparticles.

J Thromb Haemost 2004; 2:1842–1843.

19 Gupta AK, Rusterholz C, Holzgreve W, Hahn S:

Syncytiotrophoblast micro-particles do not induce

apoptosis in peripheral T lymphocytes, but differ in

their activity depending on the mode of preparation.

J Reprod Immunol 2005; 68:15–26.

20 Abid Hussein MN, Meesters EW, Osmanovic N,

Romijn FP, Nieuwland R, Sturk A: Antigenic

characterization of endothelial cell-derived

microparticles and their detection ex vivo. J Thromb

Haemost 2003; 1:2434–2443.

21 Arteaga RB, Chirinos JA, Soriano AO, Jy W,

Horstman L, Jimenez JJ, Mendez A, Ferreira A, de

ME, Ahn YS: Endothelial microparticles and platelet

and leukocyte activation in patients with the

metabolic syndrome. Am J Cardiol 2006; 98:70–74.

22 Brogan PA, Shah V, Brachet C, Harnden A, Mant D,

Klein N, Dillon MJ: Endothelial and platelet

microparticles in vasculitis of the young. Arthritis

Rheum 2004; 50:927–936.

23 van der Zee PM, Biro E, Ko Y, de Winter RJ, Hack

CE, Sturk A, Nieuwland R: P-selectin- and CD63-

exposing platelet microparticles reflect platelet

activation in peripheral arterial disease and

myocardial infarction. Clin Chem 2006; 52:657–664.

24 Ferreira AC, Peter AA, Mendez AJ, Jimenez JJ,

Mauro LM, Chirinos JA, Ghany R, Virani S, Garcia

S, Horstman LL, Purow J, Jy W, Ahn YS, de ME:

Postprandial hypertriglyceridemia increases

circulating levels of endothelial cell microparticles.

Circulation 2004; 110:3599–3603.

25 Tushuizen ME, Nieuwland R, Scheffer PG, Sturk A,

Heine RJ, Diamant M: Two consecutive high-fat

meals affect endothelial-dependent vasodilation,

oxidative stress and cellular microparticles in healthy

men. J Thromb Haemost 2006; 4:1003–1010.

26 Biro E, Sturk-Maquelin KN, Vogel GM, Meuleman

DG, Smit MJ, Hack CE, Sturk A, Nieuwland R:

Human cell-derived microparticles promote

thrombus formation in vivo in a tissue factor-

dependent manner. J Thromb Haemost 2003; 1:

2561–2568.

27 Nieuwland R, Berckmans RJ, Rotteveel-Eijkman RC,

Maquelin KN, Roozendaal KJ, Jansen PG, ten HK,

Eijsman L, Hack CE, Sturk A: Cell-derived

microparticles generated in patients during

cardiopulmonary bypass are highly procoagulant.

Circulation 1997; 96:3534–3541.

28 Nieuwland R, Berckmans RJ, McGregor S, Boing AN,

Romijn FP, Westendorp RG, Hack CE, Sturk A:

Cellular origin and procoagulant properties of

microparticles in meningococcal sepsis. Blood 2000;

95:930–935.

29 Satta N, Toti F, Feugeas O, Bohbot A, Chairy-

Prignent J, Eschwege V, Hedman H, Freyssinet JM:

Monocyte vesiculation is a possible mechanism for

dissemination of membrane-associated procoagulant

activities and adhesion molecules after stimulation

by lipopolysaccharide. J Immunol 1994; 153:3245–

3255.

30 del Conde I, Shrimpton CN, Thiagarajan P, Lopez JA:

Tissue-factor-bearing microvesicles arise from lipid

rafts and fuse with activated platelets to initiate

coagulation. Blood 2005; 106:1604–1611.

31 Falati S, Liu Q, Gross P, Merrill-Skoloff G, Chou J,

Vandendries E, Celi A, Croce K, Furie BC, Furie B:

Accumulation of tissue factor into developing

thrombi in vivo is dependent upon microparticle P-

selectin glycoprotein ligand 1 and platelet P-selectin.

J Exp Med 2003; 197:1585–1598.

32 Tans G, Rosing J, Thomassen MC, Heeb MJ,

Zwaal RF, Griffin JH: Comparison of anticoagulant

and procoagulant activities of stimulated platelets

and platelet-derived microparticles. Blood 1991;

77:2641–2648.

33 Berckmans RJ, Nieuwland R, Kraan MC, Schaap

MC, Pots D, Smeets TJ, Sturk A, Tak PP: Synovial

microparticles from arthritic patients modulate

SMALL PART VESICLES AND HUMAN PREGNANCY

American Journal of Reproductive Immunology 58 (2007) 389–402 ª 2007 The Authors

Journal compilation ª 2007 Blackwell Munksgaard 397

 16000897, 2007, 5, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/j.1600-0897.2007.00532.x by U

va U
niversiteitsbibliotheek, W

iley O
nline L

ibrary on [17/10/2023]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



chemokine and cytokine release by synoviocytes.

Arthritis Res Ther 2005; 7:R536–R544.

34 Forlow SB, McEver RP, Nollert MU: Leukocyte-

leukocyte interactions mediated by platelet

microparticles under flow. Blood 2000; 95:1317–1323.

35 Kim HK, Song KS, Chung JH, Lee KR, Lee SN:

Platelet microparticles induce angiogenesis in vitro.

Br J Haematol 2004; 124:376–384.

36 Boulanger CM, Scoazec A, Ebrahimian T, Henry P,

Mathieu E, Tedgui A, Mallat Z: Circulating

microparticles from patients with myocardial

infarction cause endothelial dysfunction. Circulation

2001; 104:2649–2652.

37 Albanese J, Meterissian S, Kontogiannea M,

Dubreuil C, Hand A, Sorba S, Dainiak N: Biologically

active Fas antigen and its cognate ligand are

expressed on plasma membrane-derived extracellular

vesicles. Blood 1998; 91:3862–3874.

38 Peche H, Heslan M, Usal C, Amigorena S, Cuturi

MC: Presentation of donor major histocompatibility

complex antigens by bone marrow dendritic cell-

derived exosomes modulates allograft rejection.

Transplantation 2003; 76:1503–1510.

39 Taylor DD, Akyol S, Gercel-Taylor C: Pregnancy-

associated exosomes and their modulation of T cell

signaling. J Immunol 2006; 176:1534–1542.

40 Vanwijk MJ, Svedas E, Boer K, Nieuwland R,

Vanbavel E, Kublickiene KR: Isolated microparticles,

but not whole plasma, from women with

preeclampsia impair endothelium-dependent

relaxation in isolated myometrial arteries from

healthy pregnant women. Am J Obstet Gynecol 2002;

187:1686–1693.

41 McGill M, Fugman DA, Vittorio N, Darrow C:

Platelet membrane vesicles reduced microvascular

bleeding times in thrombocytopenic rabbits. J Lab

Clin Med 1987; 109:127–133.

42 Abid Hussein MN, Nieuwland R, Hau CM, Evers LM,

Meesters EW, Sturk A: Cell-derived microparticles

contain caspase 3 in vitro and in vivo. J Thromb

Haemost 2005; 3:888–896.

43 Clayton A, Turkes A, Navabi H, Mason MD, Tabi Z:

Induction of heat shock proteins in B-cell exosomes.

J Cell Sci 2005; 118:3631–3638.

44 de Gassart A, Geminard C, Fevrier B, Raposo G,

Vidal M: Lipid raft-associated protein sorting in

exosomes. Blood 2003; 102:4336–4344.

45 Safaei R, Larson BJ, Cheng TC, Gibson MA,

Otani S, Naerdemann W, Howell SB: Abnormal

lysosomal trafficking and enhanced exosomal

export of cisplatin in drug-resistant human

ovarian carcinoma cells. Mol Cancer Ther 2005;

4:1595–1604.

46 Shedden K, Xie XT, Chandaroy P, Chang YT, Rosania

GR: Expulsion of small molecules in vesicles shed

by cancer cells: association with gene expression

and chemosensitivity profiles. Cancer Res 2003; 63:

4331–4337.

47 Al-Nedawi K, Szemraj J, Cierniewski CS: Mast cell-

derived exosomes activate endothelial cells to secrete

plasminogen activator inhibitor type 1. Arterioscler

Thromb Vasc Biol 2005; 25:1744–1749.

48 Fevrier B, Vilette D, Archer F, Loew D, Faigle W,

Vidal M, Laude H, Raposo G: Cells release prions in

association with exosomes. Proc Natl Acad Sci USA

2004; 101:9683–9688.

49 Mack M, Kleinschmidt A, Bruhl H, Klier C, Nelson

PJ, Cihak J, Plachy J, Stangassinger M, Erfle V,

Schlondorff D: Transfer of the chemokine receptor

CCR5 between cells by membrane-derived

microparticles: a mechanism for cellular human

immunodeficiency virus 1 infection. Nat Med 2000;

6:769–775.

50 Rozmyslowicz T, Majka M, Kijowski J, Murphy SL,

Conover DO, Poncz M, Ratajczak J, Gaulton GN,

Ratajczak MZ: Platelet- and megakaryocyte-derived

microparticles transfer CXCR4 receptor to CXCR4-

null cells and make them susceptible to infection by

X4-HIV. AIDS 2003; 17:33–42.

51 Barry OP, Pratico D, Lawson JA, FitzGerald GA:

Transcellular activation of platelets and endothelial

cells by bioactive lipids in platelet microparticles.

J Clin Invest 1997; 99:2118–2127.

52 Abusamra AJ, Zhong Z, Zheng X, Li M, Ichim TE,

Chin JL, Min WP: Tumor exosomes expressing Fas

ligand mediate CD8+ T-cell apoptosis. Blood Cells Mol

Dis 2005; 35:169–173.

53 Kim SH, Bianco N, Menon R, Lechman ER, Shufesky

WJ, Morelli AE, Robbins PD: Exosomes derived from

genetically modified DC expressing FasL are anti-

inflammatory and immunosuppressive. Mol Ther

2006; 13:289–300.

54 Aline F, Bout D, Amigorena S, Roingeard P, Mier-

Poisson I: Toxoplasma gondii antigen-pulsed-

dendritic cell-derived exosomes induce a protective

immune response against T. gondii infection. Infect

Immun 2004; 72:4127–4137.

55 Chaput N, Flament C, Viaud S, Taieb J, Roux S,

Spatz A, Andre F, LePecq JB, Boussac M,

Garin J, Amigorena S, Thery C, Zitvogel L:

Dendritic cell derived-exosomes: biology and

clinical implementations. J Leukoc Biol 2006;

80:471–478.

56 Peche H, Renaudin K, Beriou G, Merieau E,

Amigorena S, Cuturi MC: Induction of tolerance by

exosomes and short-term immunosuppression in a

TOTH ET AL.

American Journal of Reproductive Immunology 58 (2007) 389–402 ª 2007 The Authors

398 Journal compilation ª 2007 Blackwell Munksgaard

 16000897, 2007, 5, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/j.1600-0897.2007.00532.x by U

va U
niversiteitsbibliotheek, W

iley O
nline L

ibrary on [17/10/2023]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



fully MHC-mismatched rat cardiac allograft model.

Am J Transplant 2006; 6:1541–1550.

57 Taieb J, Chaput N, Zitvogel L: Dendritic cell-derived

exosomes as cell-free peptide-based vaccines. Crit Rev

Immunol 2005; 25:215–223.

58 Rai R, Regan L: Recurrent miscarriage. Lancet 2006;

368:601–611.

59 Tafuri A, Alferink J, Moller P, Hammerling GJ,

Arnold B: T cell awareness of paternal alloantigens

during pregnancy. Science 1995; 270:630–633.

60 Abrahams VM, Straszewski-Chavez SL, Guller S, Mor

G: First trimester trophoblast cells secrete Fas ligand

which induces immune cell apoptosis. Mol Hum

Reprod 2004; 10:55–63.

61 Holmes CH, Simpson KL, Wainwright SD, Tate CG,

Houlihan JM, Sawyer IH, Rogers IP, Spring FA,

Anstee DJ, Tanner MJ: Preferential expression of

the complement regulatory protein decay

accelerating factor at the fetomaternal interface

during human pregnancy. J Immunol 1990;

144:3099–3105.

62 Hsi BL, Hunt JS, Atkinson JP: Differential expression

of complement regulatory proteins on

subpopulations of human trophoblast cells. J Reprod

Immunol 1991; 19:209–223.

63 Loke YW, King A: Immunology of implantation.

Baillieres Best Pract Res Clin Obstet Gynaecol 2000;

14:827–837.

64 Munn DH, Zhou M, Attwood JT, Bondarev I,

Conway SJ, Marshall B, Brown C, Mellor AL:

Prevention of allogeneic fetal rejection by tryptophan

catabolism. Science 1998; 281:1191–1193.

65 Hammer A, Dohr G: Expression of Fas-ligand in first

trimester and term human placental villi. J Reprod

Immunol 2000; 46:83–90.

66 Jiang SP, Vacchio MS: Multiple mechanisms of

peripheral T cell tolerance to the fetal ‘‘allograft’’.

J Immunol 1998; 160:3086–3090.

67 Kauma SW, Huff TF, Hayes N, Nilkaeo A: Placental

Fas ligand expression is a mechanism for maternal

immune tolerance to the fetus. J Clin Endocrinol

Metab 1999; 84:2188–2194.

68 Mor G, Gutierrez LS, Eliza M, Kahyaoglu F, Arici A:

Fas-fas ligand system-induced apoptosis in human

placenta and gestational trophoblastic disease. Am J

Reprod Immunol 1998; 40:89–94.

69 Griffith TS, Ferguson TA: The role of FasL-induced

apoptosis in immune privilege. Immunol Today 1997;

18:240–244.

70 Frangsmyr L, Baranov V, Nagaeva O, Stendahl U,

Kjellberg L, Mincheva-Nilsson L: Cytoplasmic

microvesicular form of Fas ligand in human early

placenta: switching the tissue immune privilege

hypothesis from cellular to vesicular level. Mol Hum

Reprod 2005; 11:35–41.

71 Gercel-Taylor C, O’Connor SM, Lam GK, Taylor DD:

Shed membrane fragment modulation of CD3-zeta

during pregnancy: link with induction of apoptosis.

J Reprod Immunol 2002; 56:29–44.

72 Mincheva-Nilsson L, Nagaeva O, Chen T, Stendahl

U, Antsiferova J, Mogren I, Hernestal J, Baranov V:

Placenta-derived soluble MHC class I chain-related

molecules down-regulate NKG2D receptor on

peripheral blood mononuclear cells during human

pregnancy: a possible novel immune escape

mechanism for fetal survival. J Immunol 2006;

176:3585–3592.

73 Sabapatha A, Gercel-Taylor C, Taylor DD: Specific

isolation of placenta-derived exosomes from the

circulation of pregnant women and their

immunoregulatory consequences. Am J Reprod

Immunol 2006; 56:345–355.

74 Regan L, Rai R: Epidemiology and the medical

causes of miscarriage. Baillieres Best Pract Res Clin

Obstet Gynaecol 2000; 14:839–854.

75 Stephenson MD: Management of recurrent early

pregnancy loss. J Reprod Med 2006; 51:303–310.

76 Carrington B, Sacks G, Regan L: Recurrent

miscarriage: pathophysiology and outcome. Curr Opin

Obstet Gynecol 2005; 17:591–597.

77 Li TC, Makris M, Tomsu M, Tuckerman E, Laird S:

Recurrent miscarriage: aetiology, management and

prognosis. Hum Reprod Update 2002; 8:463–481.

78 Chung PH, Yeko TR: Recurrent miscarriage: causes

and management. Hosp Pract (Minneap) 1996;

31:157–164.

79 Greer IA: Thrombophilia: implications for pregnancy

outcome. Thromb Res 2003; 109:73–81.

80 Harris LK, Keogh RJ, Wareing M, Baker PN,

Cartwright JE, Aplin JD, Whitley GS: Invasive

trophoblasts stimulate vascular smooth muscle cell

apoptosis by a fas ligand-dependent mechanism.

Am J Pathol 2006; 1869:1863–1874.

81 Pechet L, Alexander B: Increased clotting factors in

pregnacy. N Engl J Med 1961; 265:1093–1097.

82 Dolitzky M, Inbal A, Segal Y, Weiss A, Brenner B,

Carp H: A randomized study of thromboprophylaxis

in women with unexplained consecutive recurrent

miscarriages. Fertil Steril 2006; 86:362–366.

83 Rai R, Tuddenham E, Backos M, Jivraj S, El’Gaddal

S, Choy S, Cork B, Regan L: Thromboelastography,

whole-blood haemostasis and recurrent miscarriage.

Hum Reprod 2003; 18:2540–2543.

84 Vanwijk MJ, Vanbavel E, Sturk A, Nieuwland R:

Microparticles in cardiovascular diseases. Cardiovasc

Res 2003; 59:277–287.

SMALL PART VESICLES AND HUMAN PREGNANCY

American Journal of Reproductive Immunology 58 (2007) 389–402 ª 2007 The Authors

Journal compilation ª 2007 Blackwell Munksgaard 399

 16000897, 2007, 5, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/j.1600-0897.2007.00532.x by U

va U
niversiteitsbibliotheek, W

iley O
nline L

ibrary on [17/10/2023]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



85 Laude I, Rongieres-Bertrand C, Boyer-Neumann C,

Wolf M, Mairovitz V, Hugel B, Freyssinet JM,

Frydman R, Meyer D, Eschwege V: Circulating

procoagulant microparticles in women with

unexplained pregnancy loss: a new insight. Thromb

Haemost 2001; 85:18–21.

86 Carp H, Dardik R, Lubetsky A, Salomon O, Eskaraev

R, Rosenthal E, Inbal A: Prevalence of circulating

procoagulant microparticles in women with

recurrent miscarriage: a case-controlled study.

Hum Reprod 2004; 19:191–195.

87 Sugimura M, Kobayashi T, Shu F, Kanayama N,

Terao T: Annexin V inhibits phosphatidylserine-

induced intrauterine growth restriction in mice.

Placenta 1999; 20:555–560.

88 Sargent IL, Borzychowski AM, Redman CW:

Immunoregulation in normal pregnancy and pre-

eclampsia: an overview. Reprod Biomed Online 2006;

13:680–686.

89 Lok CA, Nieuwland R, Sturk A, Hau CM, Boer K,

Vanbavel E, Vanderpost JA: Microparticle-associated

P-selectin reflects platelet activation in preeclampsia.

Platelets 2007; 18:68–72.

90 Gonzalez-Quintero VH, Jimenez JJ, Jy W, Mauro

LM, Hortman L, O’Sullivan MJ, Ahn YS: Elevated

plasma endothelial microparticles in preeclampsia.

Am J Obstet Gynecol 2003; 189:589–593.

91 Meziani F, Tesse A, David E, Martinez MC,

Wangesteen R, Schneider F, Andriantsitohaina R:

Shed membrane particles from preeclamptic women

generate vascular wall inflammation and

blunt vascular contractility. Am J Pathol 2006;

169:1473–1483.

92 Vanwijk MJ, Nieuwland R, Boer K, van der Post JA,

Vanbavel E, Sturk A: Microparticle subpopulations

are increased in preeclampsia: possible involvement

in vascular dysfunction? Am J Obstet Gynecol 2002;

187:450–456.

93 Biro E, Lok CA, Hack CE, van der Post JA, Schaap

MC, Sturk A, Nieuwland R: Cell-derived

microparticles and complement activation in

preeclampsia versus normal pregnancy. Placenta

2007; 28:928–935.

94 Tesse A, Meziani F, David E, Carusio N, Kremer H,

Schneider F, Andriantsitohaina R: Microparticles

from preeclamptic women induce vascular

hyporeactivity in vessels from pregnant mice

through an overproduction of nitric oxide. Am J

Physiol Heart Circ Physiol 2007; 293:H520–H525.

95 Vanwijk MJ, Boer K, Berckmans RJ, Meijers JC,

van der Post JA, Sturk A, Vanbavel E, Nieuwland R:

Enhanced coagulation activation in preeclampsia:

the role of APC resistance, microparticles and

other plasma constituents. Thromb Haemost 2002;

88:415–420.

96 Lok CA, Boing AN, Reitsma PH, van der Post JA,

van BE, Boer K, Sturk A, Nieuwland R: Expression

of inflammation-related genes in endothelial cells is

not directly affected by microparticles from

preeclamptic patients. J Lab Clin Med 2006;

147:310–320.

97 Omatsu K, Kobayashi T, Murakami Y, Suzuki M,

Ohashi R, Sugimura M, Kanayama N:

Phosphatidylserine ⁄ phosphatidylcholine

microvesicles can induce preeclampsia-like changes

in pregnant mice. Semin Thromb Hemost 2005;

31:314–320.

98 Knight M, Redman CW, Linton EA, Sargent IL:

Shedding of syncytiotrophoblast microvilli into the

maternal circulation in pre-eclamptic pregnancies.

Br J Obstet Gynaecol 1998; 105:632–640.

99 Goswami D, Tannetta DS, Magee LA, Fuchisawa A,

Redman CW, Sargent IL, von DP: Excess

syncytiotrophoblast microparticle shedding is a

feature of early-onset pre-eclampsia, but not

normotensive intrauterine growth restriction.

Placenta 2006; 27:56–61.

100 Cockell AP, Learmont JG, Smarason AK, Redman

CW, Sargent IL, Poston L: Human placental

syncytiotrophoblast microvillous membranes impair

maternal vascular endothelial function. Br J Obstet

Gynaecol 1997; 104:235–240.

101 Smarason AK, Sargent IL, Starkey PM, Redman CW:

The effect of placental syncytiotrophoblast

microvillous membranes from normal and pre-

eclamptic women on the growth of endothelial cells

in vitro. Br J Obstet Gynaecol 1993; 100:943–949.

102 Gupta AK, Hasler P, Holzgreve W, Gebhardt S, Hahn

S: Induction of neutrophil extracellular DNA lattices

by placental microparticles and IL-8 and their

presence in preeclampsia. Hum Immunol 2005;

66:1146–1154.

103 Hoegh AM, Tannetta D, Sargent I, Borup R, Nielsen

FC, Redman C, Sorensen S, Hviid TV: Effect of

syncytiotrophoblast microvillous membrane

treatment on gene expression in human umbilical

vein endothelial cells. BJOG 2006; 113:1270–1279.

104 Nagahama M, Nomura S, Kanazawa S, Ozaki Y,

Kagawa H, Fukuhara S: Significance of anti-oxidized

LDL antibody and monocyte-derived microparticles

in anti-phospholipid antibody syndrome.

Autoimmunity 2003; 36:125–131.

105 Dignat-George F, Camoin-Jau L, Sabatier F, Arnoux

D, Anfosso F, Bardin N, Veit V, Combes V, Gentile S,

Moal V, Sanmarco M, Sampol J: Endothelial

microparticles: a potential contribution to the

TOTH ET AL.

American Journal of Reproductive Immunology 58 (2007) 389–402 ª 2007 The Authors

400 Journal compilation ª 2007 Blackwell Munksgaard

 16000897, 2007, 5, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/j.1600-0897.2007.00532.x by U

va U
niversiteitsbibliotheek, W

iley O
nline L

ibrary on [17/10/2023]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



thrombotic complications of the antiphospholipid

syndrome. Thromb Haemost 2004; 91:667–673.

106 Chironi G, Simon A, Hugel B, Del PM, Gariepy J,

Freyssinet JM, Tedgui A: Circulating leukocyte-

derived microparticles predict subclinical

atherosclerosis burden in asymptomatic subjects.

Arterioscler Thromb Vasc Biol 2006; 26:2775–2780.

107 Mallat Z, Benamer H, Hugel B, Benessiano J, Steg

PG, Freyssinet JM, Tedgui A: Elevated levels of shed

membrane microparticles with procoagulant

potential in the peripheral circulating blood of

patients with acute coronary syndromes. Circulation

2000; 101:841–843.

108 Bernal-Mizrachi L, Jy W, Jimenez JJ, Pastor J,

Mauro LM, Horstman LL, de ME, Ahn YS: High

levels of circulating endothelial microparticles in

patients with acute coronary syndromes. Am Heart J

2003; 145:962–970.

109 Matsumoto N, Nomura S, Kamihata H, Kimura Y,

Iwasaka T: Increased level of oxidized LDL-

dependent monocyte-derived microparticles in

acute coronary syndrome. Thromb Haemost 2004;

91:146–154.

110 Kim HK, Song KS, Park YS, Kang YH, Lee YJ, Lee

KR, Kim HK, Ryu KW, Bae JM, Kim S: Elevated

levels of circulating platelet microparticles, VEGF,

IL-6 and RANTES in patients with gastric cancer:

possible role of a metastasis predictor. Eur J Cancer

2003; 39:184–191.

111 Nomura S, Suzuki M, Katsura K, Xie GL, Miyazaki

Y, Miyake T, Kido H, Kagawa H, Fukuhara S:

Platelet-derived microparticles may influence the

development of atherosclerosis in diabetes mellitus.

Atherosclerosis 1995; 116:235–240.

112 Diamant M, Nieuwland R, Pablo RF, Sturk A,

Smit JW, Radder JK: Elevated numbers of

tissue-factor exposing microparticles correlate with

components of the metabolic syndrome in

uncomplicated type 2 diabetes mellitus. Circulation

2002; 106:2442–2447.

113 Omoto S, Nomura S, Shouzu A, Nishikawa M,

Fukuhara S, Iwasaka T: Detection of monocyte-

derived microparticles in patients with type II

diabetes mellitus. Diabetologia 2002; 45:550–555.

114 Warkentin TE, Hayward CP, Boshkov LK, Santos AV,

Sheppard JA, Bode AP, Kelton JG: Sera from

patients with heparin-induced thrombocytopenia

generate platelet-derived microparticles with

procoagulant activity: an explanation for the

thrombotic complications of heparin-induced

thrombocytopenia. Blood 1994; 84:3691–3699.

115 Preston RA, Jy W, Jimenez JJ, Mauro LM, Horstman

LL, Valle M, Aime G, Ahn YS: Effects of severe

hypertension on endothelial and platelet

microparticles. Hypertension 2003; 41:211–217.

116 Nomura S, Kanazawa S, Fukuhara S: Effects of

efonidipine on platelet and monocyte activation

markers in hypertensive patients with and without

type 2 diabetes mellitus. J Hum Hypertens 2002;

16:539–547.

117 Jy W, Horstman LL, Arce M, Ahn YS: Clinical

significance of platelet microparticles in

autoimmune thrombocytopenias. J Lab Clin Med

1992; 119:334–345.

118 Wiedmer T, Hall SE, Ortel TL, Kane WH, Rosse WF,

Sims PJ: Complement-induced vesiculation and

exposure of membrane prothrombinase sites in

platelets of paroxysmal nocturnal hemoglobinuria.

Blood 1993; 82:1192–1196.

119 Fujimi S, Ogura H, Tanaka H, Koh T, Hosotsubo H,

Nakamori Y, Kuwagata Y, Shimazu T, Sugimoto H:

Activated polymorphonuclear leukocytes enhance

production of leukocyte microparticles with

increased adhesion molecules in patients with sepsis.

J Trauma 2002; 52:443–448.

120 Pereira J, Alfaro G, Goycoolea M, Quiroga T,

Ocqueteau M, Massardo L, Perez C, Saez C, Panes O,

Matus V, Mezzano D: Circulating platelet-derived

microparticles in systemic lupus erythematosus.

Association with increased thrombin generation

and procoagulant state. Thromb Haemost 2006;

95:94–99.

121 Jimenez JJ, Jy W, Mauro LM, Horstman LL,

Ahn YS: Elevated endothelial microparticles in

thrombotic thrombocytopenic purpura: findings

from brain and renal microvascular cell culture and

patients with active disease. Br J Haematol 2001;

112:81–90.

122 Nomura S, Shouzu A, Nishikawa M, Kokawa T,

Yasunaga K: Significance of platelet-derived

microparticles in uremia. Nephron 1993; 63:485.

123 Daniel L, Fakhouri F, Joly D, Mouthon L, Nusbaum

P, Grunfeld JP, Schifferli J, Guillevin L, Lesavre P,

Halbwachs-Mecarelli L: Increase of circulating

neutrophil and platelet microparticles during acute

vasculitis and hemodialysis. Kidney Int 2006;

69:1416–1423.

124 Westerman MP, Unger L, Kucuk O, Quinn P, Lis LJ:

Phase changes in membrane lipids in sickle red cell

shed-vesicles and sickle red cells. Am J Hematol 1998;

58:177–182.

125 Shet AS, Aras O, Gupta K, Hass MJ, Rausch DJ, Saba

N, Koopmeiners L, Key NS, Hebbel RP: Sickle blood

contains tissue factor-positive microparticles derived

from endothelial cells and monocytes. Blood 2003;

102:2678–2683.

SMALL PART VESICLES AND HUMAN PREGNANCY

American Journal of Reproductive Immunology 58 (2007) 389–402 ª 2007 The Authors

Journal compilation ª 2007 Blackwell Munksgaard 401

 16000897, 2007, 5, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/j.1600-0897.2007.00532.x by U

va U
niversiteitsbibliotheek, W

iley O
nline L

ibrary on [17/10/2023]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



126 Bretelle F, Sabatier F, Desprez D, Camoin L,

Grunebaum L, Combes V, D’Ercole C, gnat-George F:

Circulating microparticles: a marker of procoagulant

state in normal pregnancy and pregnancy

complicated by preeclampsia or intrauterine growth

restriction. Thromb Haemost 2003; 89:486–492.

127 Gonzalez-Quintero VH, Smarkusky LP, Jimenez JJ,

Mauro LM, Jy W, Hortsman LL, O’Sullivan MJ, Ahn

YS: Elevated plasma endothelial microparticles:

preeclampsia versus gestational hypertension. Am J

Obstet Gynecol 2004; 191:1418–1424.

128 Harlow FH, Brown MA, Brighton TA, Smith SL,

Trickett AE, Kwan YL, Davis GK: Platelet activation

in the hypertensive disorders of pregnancy. Am J

Obstet Gynecol 2002; 187:688–695.

129 Holthe MR, Lyberg T, Staff AC, Berge LN: Leukocyte-

platelet interaction in pregnancies complicated with

preeclampsia. Platelets 2005; 16:91–97.

TOTH ET AL.

American Journal of Reproductive Immunology 58 (2007) 389–402 ª 2007 The Authors

402 Journal compilation ª 2007 Blackwell Munksgaard

 16000897, 2007, 5, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/j.1600-0897.2007.00532.x by U

va U
niversiteitsbibliotheek, W

iley O
nline L

ibrary on [17/10/2023]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense


