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microvesicles (MV), inflammation, thrombosis
  IMAJ 2016; 18: 530–533

e xtracellular membrane vesicles (EVs) are secreted by dif-
ferent types of cells, including blood cells, endothelial, 

trophoblast, cardiac and tumor cells [1]. EVs are present in 
the blood circulation and other biological fluids under nor-
mal physiologic conditions, and their levels increase in a wide 
range of disease states. Since EVs contain proteins, growth 
and apoptotic factors, DNA fragments, microRNAs as well 
as messenger RNAs (mRNAs), they may function as regula-
tors in cell-cell communication and 
as mediators of paracrine signaling 
during multiple biological processes 
[1]. Depending on their size, mechanism of release and protein 
composition, EVs can be divided into three subpopulations: 
exosomes, microparticles (MPs), and apoptotic bodies [2,3]. 
•	 Exosomes are 30–100 nm in diameter and derive from 

endosomal compartments [4]
•	 microparticles are larger (ranging from 100 nm to 1 µm) 

and are released from the cell surface plasma membrane 
via a process called vesiculation [5]. MPs are shed from the 
cell membrane upon activation or apoptosis and induce cell 
signaling that may lead to a variety of processes including 
invasion, migration, proliferation, angiogenesis or apoptosis 
[6]. Thus, MPs are involved in thrombosis, inflammation 
and vascular dysfunction [1]. MPs contain characteristic 
proteins that are enriched in lipid rafts and are exposed on 
their surface [7]. Like exosomes, MPs contain typical marker 
proteins similar to the secreting cells. In addition, emerging 
evidence suggests that MPs are not simply a consequence of 
a disease but rather a factor contributing to its pathological 
processes. Thus, MPs serve as both markers and mediators 
of vascular complications [8] and may play a significant role 
in the maternal-placental cross-talk [9]

•	 Apoptotic bodies are released from blebs of apoptotic cells 
and measure 1–5 µm in diameter [10]. 

This review focuses on MPs and exosomes that are col-
lectively termed microvesicles (MVs). Upon release, MVs can 

interact with target cells via a receptor-mediated mechanism 
[11] or they can directly fuse with the plasma membrane of 
target cells and release their content into the recipient cell 
[3]. Alternatively, MVs can be internalized via endocytosis 
[12]. After internalization, MVs can fuse with endosomes to 
release the content into the cytosol of target cells; they can be 
transferred to lysosomes and are degraded.

MIcRovesIcles And ThRoMBosIs
Tissue factor (TF), the main activator of the coagulation cas-
cade, is expressed on non-vascular cells, activated cells within 
the vessel wall (such as leukocytes and endothelial cells), and 
circulating MVs [13]. TF-bearing MVs arise from raft-rich 
regions of the plasma membrane enriched with TF, P-selectin 

glycoprotein ligand-1 and phosphati-
dylserine [14], and play a central role 
in the initiation of the coagulation 

cascade. These MVs have been shown to accumulate during 
cell injury-induced clot formation and promote thrombotic 
events [15]. In addition, TF-bearing MVs participate in platelet 
thrombus formation by binding to P-selectin on the platelet 
surface [7]. Despite circulation of TF-bearing MVs in healthy 
people, TF activity remains undetectable and increases upon 
recruitment to a site of vascular injury. However, in patho-
logical states, MVs bearing active TF confer a predisposition 
to thromboembolic events [16]. The pro-coagulant proper-
ties of MVs may also be attributed to the hemostatic balance 
between pro- and anti-coagulant mechanisms. It was found 
that the MV hemostatic ratio between TF and its inhibitor, 
TF pathway inhibitor (TFPI), was < 1 in healthy controls but 
significantly increased in patients with any of the following: 
cardiovascular complications: coronary artery disease (CAD), 
diabetic CAD (DCAD), diabetic foot [17], solid tumors [18], 
and hematologic malignancy [19]. Additionally, some MVs 
express high levels of negatively charged phospholipids such as 
phosphatidylserine, which provides a catalytic site for coagula-
tion complexes (TF/VIIa, prothrombinase and tenase), thereby 
indirectly enhancing coagulation activation [20]. 

High levels of circulating MVs, specifically annexin 
V-bearing MV, endothelial and platelet MVs, have been asso-
ciated with an increased risk of venous thromboembolism 
(VTE) in patients with factor V Leiden and prothrombin 
G20210A mutation, and in carriers of natural anticoagulant 
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deficiencies (antithrombin, protein C and protein S defect), 
suggesting a possible contribution of MVs to the hypercoagu-
lability of genetic thrombophilia. 
Moreover, an increase in platelet 
and endothelial MVs was also 
found in patients with antiphos-
pholipid syndrome (APS) and antiphospholipid antibodies 
(aPL), a syndrome associated with thrombosis and recurrent 
pregnancy loss [21]. 

MIcRovesIcles And InFlAMMATIon
Sepsis is a systemic inflammatory response to infection. It is 
characterized by activation of the coagulation system, inhibi-
tion of anticoagulant mechanisms, and fibrinolysis, resulting 
in disseminated intravascular coagulation with microvascular 
thrombosis. The up-regulation of inflammatory responses leads 
to vascular hyporeactivity and enhanced cell apoptosis, which 
contribute to multiple organ dysfunction and septic shock. Cell 
activation and apoptosis bring about increased shedding of pro-
coagulant MVs that can activate the coagulation cascade. MVs 
adhere to leukocytes and increase phagocytic activity. They 
deliver arachidonic acid (AA) to endothelial cells (ECs) and aug-
ment metabolism of thromboxane A2 (TXA2) and expression 
of COX-2 (mediating prostaglandin formation and enhanced 
inflammation) [22]. Our previous study demonstrated that MVs, 
shedding from monocyte cells under inflammatory conditions 
such as exposure to lipopolysaccharide, bear active TF on their 
surface, leading to elevated EC thrombogenicity as a result of an 
increase in TF and decrease in anticoagulant TFPI and thrombo-
modulin. In addition, inflammatory monocyte MVs can induce 
EC apoptosis. Exposure of ECs to monocyte MVs results in cell 
injury and shedding of endothelial MVs from the cell surface; this 
accelerates the inflammatory response, aggravating coagulation 
imbalance and impairing angiogenesis [23]. MVs also amplify 
systemic inflammation via thrombin-dependent activation of the 
complement [24]. 

MIcRovesIcles, PReGnAncY, ThRoMBosIs And InFlAMMATIon
Studies measuring the number of circulating MVs and their 
cell origin in normal and complicated pregnancy are incon-
sistent and demonstrate high variation in their results mainly 
because of the lack of standardization and sensitive tools for 
MV analysis [25]. The levels of total MVs, platelet-, endothe-
lial- and leukocyte-derived MVs, 
and tissue factor-bearing MVs 
in a normal healthy pregnancy 
were found to be higher in the 
first trimester as compared to the 
non-pregnant state, increasing 
gradually during pregnancy, with the highest values reached in 
the third trimester [26]. Compared to normal pregnancies, in 
women with gestational vascular complications (GVC) such as 

hypertension and preeclampsia, further increases were found 
in the levels of endothelial MVs, which may indicate a vascular 

injury [27], and in the levels of 
monocyte and leukocyte MVs, 
which may indicate an inflamma-
tory response [28]. Moreover, in 

non-pregnant women with a history of recurrent pregnancy 
loss, a significant increase in total annexin V, TF and endothelial 
MVs was demonstrated compared to parous controls [29]. MVs 
obtained from healthy pregnant women displayed a higher pro-
coagulant activity compared to those of non-pregnant females 
[26,30] and an increase in the MV TF/TFPI ratio. The MV pro-
coagulant activity as well as the TF/TFPI ratio appeared to be 
further elevated in MVs of women with GVC. The presence of 
increased levels of endothelial-, TF- and phosphatidylserine-
expressing MVs at least 3 months after the pregnancy loss sug-
gests continued chronic endothelial damage [29]. 

PlAcenTAl MIcRovesIcles
Circulating MVs of pregnant women include MVs of placental 
syncytiotrophoblast origin that can be detected in maternal cir-
culation from the second trimester and their number increases 
during the third trimester [31]. Exosomes released by tropho-
blasts carry molecules involved in placental physiology and play 
a key role in cell-cell communication within the placental micro-
environment and in maternal-fetal cross-talk [32]. We found that 
levels of placental trophoblast MVs were similar in all pregnancy 
groups [28]. However, other publications reported excess shed-
ding of syncytiotrophoblast MVs in early-onset preeclampsia, but 
not in woman with normotensive intrauterine growth restric-
tion [31,33]. Higher amounts of circulating syncytiotrophoblast 
MVs in maternal blood might lead to endothelial dysfunction, 
monocyte stimulation, and an excessive maternal inflammatory 
reaction [34,35]. Syncytiotrophoblast MVs bearing TF, and other 
coagulation factors, may reflect the delicate hemostatic balance 
between maternal and placental cells [36]. Whereas the relative 
contribution of syncytiotrophoblast MVs bearing TF was sub-
stantial in healthy pregnant women, syncytiotrophoblast MVs 
are among the most increased MVs during preeclampsia and may 
play an important role in the pathogenesis of this syndrome [37]. 

A significant increase in the maternal source of TF-bearing 
MVs in pregnant women with GVC potentially reflects the 
systemic nature of such pathologies [36]. Syncytiotrophoblast 

MVs were found to trigger throm-
bin generation in normal plasma 
in a TF-dependent manner, which 
was more pronounced in syncy-
tiotrophoblast MVs shed from 
preeclamptic placenta, indicat-

ing that TF activity is expressed by these MVs [30]. The MV 
content (proteins, miRNA) and their effects on endothelial and 
trophoblast cell function vary according to the physiological/
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healthy pregnant women and inhibited early-stage trophoblast 
migration. Trophoblast debris obtained from culturing placental 
explants of normal placentas shows markers of apoptosis and is 
phagocytosed by macrophages or endothelial cells, producing 
a tolerant phenotype in the phagocyte. When normal placen-
tal explants are cultured with antiphospholipid antibodies (a 
maternal risk factor for preeclampsia), or IL-6 (which increases 
in the serum of preeclamptic women), the death process in the 
syncytiotrophoblasts results in more necrotic debris which in 
turn leads to activation of endothelial cells. 

In summary, MVs play a role in physiological and patho-
logic states. While regulating physiological processes such as 
coagulation, angiogenesis and endothelial function in patho-
logic states, MVs contribute to hyper-coagulation, thrombosis, 
inflammation and endothelial dysfunction.

correspondence
dr. A. Aharon
Head, Microvesicles Research laboratory, Thrombosis and Hemostasis Unit, 
Dept. of Hematology, Rambam Health Care Campus, Haifa 31096, Israel
Fax: (972-4) 777-3886 
email: a_aharon@yahoo.com

References 
1. Piccin A, Murphy WG, Smith OP. Circulating microparticles: pathophysiology 

and clinical implications. Blood Rev 2007; 21 (3): 157-71.
2. Simpson RJ, Jensen SS, Lim JW. Proteomic profiling of exosomes: current 

perspectives. Proteomics 2008; 8 (19): 4083-99.
3. Cocucci E, Racchetti G, Meldolesi J. Shedding microvesicles: artefacts no more. 

Trends Cell Biol 2009; 19 (2): 43-51.
4. Denzer K, Kleijmeer MJ, Heijnen HF, et al. Exosome: from internal vesicle of the 

multivesicular body to intercellular signaling device. J Cell Sci 2000; 113 (Pt 19): 
3365-74.

5. Schara K, Jansa V, Sustar V, et al. Mechanisms for the formation of membranous 
nanostructures in cell-to-cell communication. Cell Mol Biol Lett 2009; 14 (4): 
636-56.

6. Simak J, Gelderman MP. Cell membrane microparticles in blood and blood 
products: potentially pathogenic agents and diagnostic markers. Transfus Med 
Rev 2006; 20 (1): 1-26.

7. Del Conde I, Shrimpton CN, Thiagarajan P, et al. Tissue-factor-bearing 
microvesicles arise from lipid rafts and fuse with activated platelets to initiate 
coagulation. Blood 2005; 106 (5): 1604-11.

8. Burger D, Schock S, Thompson CS, et al. Microparticles: biomarkers and beyond. 
Clin Sci (Lond) 2013; 124 (7): 423-41.

9. Aharon A, Brenner B. Microparticles and pregnancy complications. Thromb Res 
2011; 127 (Suppl 3): S67-71.

10. Hristov M, Erl W, Linder S, et al. Apoptotic bodies from endothelial cells enhance 
the number and initiate the differentiation of human endothelial progenitor cells 
in vitro. Blood 2004; 104 (9): 2761-6.

11. Janowska-Wieczorek A, Wysoczynski M, Kijowski J, et al. Microvesicles derived 
from activated platelets induce metastasis and angiogenesis in lung cancer. Int J 
Cancer 2005; 113 (5): 752-60.

12. Morelli AE, Larregina AT, Shufesky WJ, et al. Endocytosis, intracellular sorting, 
and processing of exosomes by dendritic cells. Blood 2004; 104 (10): 3257-66.

13. Chou J, Mackman N, Merrill-Skoloff G, et al. Hematopoietic cell-derived 
microparticle tissue factor contributes to fibrin formation during thrombus 
propagation. Blood 2004; 104 (10): 3190-7.

14. Lopez JA, del Conde I, Shrimpton CN. Receptors, rafts, and microvesicles in 
thrombosis and inflammation. J Thromb Haemost 2005; 3 (8): 1737-44.

15. Furie B, Furie BC. Role of platelet P-selectin and microparticle PSGL-1 in 
thrombus formation. Trends Mol Med 2004; 10 (4): 171-8.

pathological state of a pregnant woman. There is sustained 
evidence that MVs of women with GVC reflect the pathophysi-
ological state of the patients.

MIcRovesIcles, PReGnAncY And InFlAMMATIon
Preeclampsia alters the production of immunoregulatory cyto-
kines and angiogenic factors, resulting in poor trophoblastic 
invasion at the first stage of the disease; this affects the systemic 
maternal inflammatory response in the second stage, which 
includes release of necrotic and/or apoptotic syncytiotropho-
blast bodies into the maternal circulation, inducing maternal 
vascular endothelial injury. 

We found that MVs obtained from women with GVC 
demonstrated higher levels of inflammatory and angiogenic 
proteins compared with those of healthy pregnant women 
[38]. Placental MVs can modulate basal peripheral immune 
cell activation and responsiveness to lipopolysaccharide during 
normal pregnancy; in preeclampsia, this effect is exacerbated. 
Placental syncytiotrophoblast MVs generated in vitro from 
normal placentas stimulate peripheral blood monocytes, which 
may indicate the contribution of syncytiotrophoblast MVs to 
the systemic maternal inflammation. Syncytiotrophoblast 
MVs derived from preeclamptic placentas were found to up-
regulate the cell surface expression of intercellular adhesion 
molecule 1 (ICAM-1, CD54) of peripheral blood monocytes, 
and stimulate the secretion of pro-inflammatory interleukin 
(IL)-6 and IL-8 from these cells [34]. Inflammatory priming 
of peripheral blood mononuclear cells (PBMCs) during preg-
nancy is established by the first trimester and is associated with 
early inhibition of interferon-gamma (IFNγ) production. The 
inflammatory response is enhanced in preeclampsia with loss 
of the IFNγ suppression [39]. Circulating syncytiotrophoblast 
membrane MVs (STBMs) bind to monocytes and stimulate 
the production of inflammatory cytokines [39]. MVs derived 
from hypoxic trophoblasts induce a more intense and rapid 
inflammatory response of PBMCs than MVs from normal 
trophoblasts. This difference might explain the exaggerated 
systemic inflammatory response as a result of placental hypoxia 
in preeclampsia [40]. 

Apoptosis is crucial in mediating immune privilege of the 
fetus during pregnancy. Exosomes secreted by human placenta 
carry functional Fas ligand, trail molecules and convey apop-
tosis in activated immune cells, suggesting exosome-mediated 
immune privilege of the fetus. MVs of healthy pregnant women 
were found to reduce apoptosis, increase migration, and induce 
tube formation of endothelial cells. These processes were sup-
pressed by MVs of women with GVC. In early-stage trophoblasts, 
MVs of healthy pregnant women decreased apoptosis compared 
with untreated cells and induced higher migration. This effect 
was mediated through the extracellular signal-regulated kinase 
pathway. Conversely, MVs of women with GVC increased term 
trophoblast apoptosis compared to cells exposed to MVs of 
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Alzheimer's disease (AD) involves the accumulation of amyloid- 
β (Aβ) plaques and tau tangles in the brain. The cognitive 
and pathological results of Aβ deposition in patients with 
AD have been well studied, owing to the availability of PET 
(positron emission tomography) imaging ligands. Brier et al. 
used newly available PET imaging agents for tau to explore 
the relationship between tau pathology and Aβ pathology in 

patients with early AD. Overall, tau imaging provided a more 
robust predictor of disease status than Aβ imaging. Whereas 
Aβ imaging is a good marker of early AD, tau imaging is a 
more robust predictor of disease progression. 
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A window into Alzheimer's disease

Our guts are teeming with microbes, some friendly and others 
not. Plasma cells in the gut secrete immunoglobulin A (IgA), 
which helps to keep the peace with resident commensal 
bacteria and fights pathogens. B cell isotype switching to IgA 
occurs in lymphoid tissues called Peyer's patches. Reboldi et 
al. studied the cellular processes that guide B cells toward 

making IgA in mice. B cells took an unexpected journey from 
Peyer's patches follicles to the intestinal mucosa to interact 
with specialized IgA-triggering dendritic cells. The B cells then 
migrated back to the follicles to become IgA-producing B cells. 
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A recipe for intestinal lgA




