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beyond
Francesca Santilli1,2; Marco Marchisio1,2; Paola Lanuti1,2; Andrea Boccatonda1,2; Sebastiano Miscia1,2; Giovanni Davì1,2

1Center for Aging Science (Ce.S.I.), Università “G. d’Annunzio“ Foundation, Department of Medicine and Aging Science, School of Medicine and Health Science, University  
“G. d’Annunzio“ University of Chieti; 2StemTeCh Group , Chieti, Italy

Summary
The term microparticle (MP) identifies a heterogeneous population of 
vesicles playing a relevant role in the pathogenesis of vascular dis-
eases, cancer and metabolic diseases such as diabetes mellitus. MPs 
are released by virtually all cell types by shedding during cell growth, 
proliferation, activation, apoptosis or senescence processes. MPs, in 
particular platelet- and endothelial-derived MPs (PMPs and EMPs), 
are increased in a wide range of thrombotic disorders, with an inter-
esting relationship between their levels and disease pathophysiology, 
activity or progression. EMP plasma levels have been associated with 
several cardiovascular diseases and risk factors. PMPs are also shown 
to be involved in the progressive formation of atherosclerotic plaque 
and development of arterial thrombosis, especially in diabetic pa-
tients. Indeed, diabetes is characterised by an increased procoagulant 
state and by a hyperreactive platelet phenotype, with enhanced ad-

hesion, aggregation, and activation. Elevated MP levels, such as TF+ 
MPs, have been shown to be one of the procoagulant determinants in 
patients with type 2 diabetes mellitus. Atherosclerotic plaque consti-
tutes an opulent source of sequestered MPs, called “plaque” MPs. 
Otherwise, circulating MPs represent a TF reservoir, named “blood-
borne” TF, challenging the dogma that TF is a constitutive protein ex-
pressed in minute amounts. “Blood-borne“ TF is mainly harboured by 
PMPs, and it can be trapped within the developing thrombus. MP de-
tection and enumeration by polychromatic flow cytometry (PFC) have 
opened interesting perspectives in clinical settings, particularly for the 
evaluation of MP numbers and phenotypes as independent marker of 
cardiovascular risk, disease and outcome in diabetic patients.
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Review Article

Preamble
Search strategy
This document is based on a comprehensive review of the avail-
able literature. PubMed database was searched through January 
2016 for articles in English reporting microparticles and cardio-
vascular risk and diabetes. The following search terms were used: 
‘microparticles’,‘microvesicles’, ‘diabetes, ‘platelet’, ‘cardiovascular 
diseases’, ‘atherogenesis’, and ‘atherothrombosis’. Identified refer-
ences were hand-searched to locate other potentially useful refer-
ences. Both clinical and experimental studies were included; 
 abstracts were excluded.

Introduction

Complex biological systems are composed of a great amount of 
cells with sophisticated mechanisms for information exchange, in-
volving the molecular as well as the cellular level. In addition, re-
cent literature has shown the existence of vesicles from different 

cell origin, displaying potent regulatory functions (1, 2), mediated 
both by their surface receptors and by their content (2). Vesicle re-
lease results in a highly conserved process in prokaryotes as well as 
in eukaryotes, therefore representing an evolutionary link and sug-
gesting that such a dynamic extracellular vesicular compartment 
may play a key role in remote organ and tissue regulation. The 
growing interest in such field has fostered intense investigation to 
elucidate vesicle classification, molecular mechanisms of release, 
clearance and biological functions (3).

The extracellular vesicles (EV) contain, in fact, a mixed popu-
lation of circulating elements characterised by different sizes and 
including microparticles (MPs), also known as microvesicles, ex-
osomes, and apoptotic bodies (3) (▶ Figure 1). In particular, MPs 
represent a heterogeneous population of small vesicles (with a di-
ameter of 0.1–1 µm) deriving from virtually all cell types (i. e. en-
dothelial cells, platelets, leukocytes and erythrocytes), developing 
by plasma membrane budding, and released by shedding, during 
cell growth, proliferation, activation (4). MPs are constantly pres-
ent in the bloodstream (5) and are characterised by an integral 
plasma membrane, expressing the phenotype of the cells from 

For personal or educational use only. No other uses without permission. All rights reserved.
Downloaded from www.thrombosis-online.com on 2017-03-07 | IP: 77.165.58.113



Thrombosis and Haemostasis 116.2/2016 © Schattauer 2016

221 Santilli et al. Microparticles in diabetes-related CVD

which they originate (6). MPs expose membrane proteins of their 
mother cell (e. g. CD144 and CD146 for endothelial cells, CD31 for 
endothelial cells and a proportion of platelets, CD42 and CD61 for 
platelets, CD45 for leucocytes), and MP subsets expose phosphati-
dylserine, which can be detected by binding of Annexin V (7).

MPs are main regulators of cell-to-cell interactions, by carrying 
specific membrane antigens from their host cells, thereby acting as 
diffusible vectors in the transcellular exchange of biological infor-
mation (8). A key feature of MPs is their procoagulant potential 
enabling them to play a relevant role both in haemostasis and 
thrombosis (9). Indeed, MPs can be accumulated in complicated 
atherosclerotic plaques and can also be exposed to circulation by 
plaque erosion or rupture, thus contributing to the pathogenesis of 
atherothrombotic diseases by acting as a messenger linking throm-
bosis and inflammation (10, 11).

In particular, an increased level of circulating MPs has been 
suggested to be one of the procoagulant determinants in patients 
with type 2 diabetes mellitus (T2DM) (10). Circulating levels of 
CD31+ (PECAM-1), CD105+, CD106+ and 62E+ endothelial-de-
rived MPs (EMPs), as well as increased concentrations of fibri-
nogen+, tissue factor (TF)+, P-selectin+ platelet-derived MPs 
(PMPs) have been shown to be significantly increased in T2DM 
patients as compared with non-diabetic controls (12, 13). Indeed, 
platelets of patients with T2DM are characterised by an hyperreac-
tive phenotype with enhanced adhesion, aggregation, and acti-
vation (14), that may contribute to the pathogenesis of athero-
thrombotic complications (15–17). Therefore, high levels of spe-

cific EMPs and PMPs circulate in the blood of patients with 
atherosclerotic diseases, and can be used as biomarkers of vascular 
injury and potential predictors of cardiovascular outcome, 
 especially in diabetic patients (18–21). 

Flow cytometry identification and 
 enumeration of microparticles

The aim of any MP analysis is to obtain information on their levels 
and biological activities as closely as possible to their in vivo status. 
Electron microscopy and functional assays (i. e. thrombin gener-
ation test and pro-coagulant phospholipid-dependent clotting 
time assay), have been extensively used from the beginning of the 
MP history (22–24). Flow cytometry (FC), enzyme-linked immu-
nosorbent assay, immunoblot and functional methods have also 
been applied (22, 23, 25, 26). Unfortunately, MP studies based on 
the above reported methodologies have provided inconsistent out-
comes and consensus on the protocol to quantify and characterise 
MPs has not been reached yet. In this respect, recent advances in 
polychromatic FC (PFC) have opened interesting perspectives for 
MP detection and enumeration in clinical settings. PFC presents 
many advantages in such a context: firstly, it is based on the char-
acterisation of two scatter (forward and side scatter signals) and up 
to nine immunological/functional parameters at the same time 
and at single event level, therefore allowing simultaneous charac-
terisation and quantification of MPs stemming from different 

Figure 1: Extracellular vesicles: extracellular environment contains a 
large number of mobile membrane-limited vesicles. These extracellu-
lar vesicles (EV) represent a mixed population of circulating elements charac-
terised by different sizes and including microparticles (MPs), exosomes and 
apoptotic bodies. MPs are small vesicles (with a diameter of 0.1–1 µm) deriv-

ing from virtually all cell types (i. e. endothelial cells, platelets, leukocytes and 
erythrocytes), developing by plasma membrane budding, and released by 
shedding, during cell growth, proliferation or activation. MPs are constantly 
present in the bloodstream and are characterised by an integral plasma 
membrane, expressing the phenotype of the cells from which they originate.
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 parental cells; secondly, it is able to register thousands events per 
second (22).

In order to establish a reproducible flow cytometry method, it 
must be taken into account that both pre-analytical and analytical 
phases may affect flow cytometry identification and quantification 
of circulating MPs (27, 28). Increasing the time between venipunc-
ture and MP enumeration, altered levels of MPs have been de-
tected (29). The choice of the anticoagulant is also crucial; antico-
agulants based on Ca2+ chelation (sodium citrate or EDTA), avoid-
ing MP aggregation, are recommended for MP analysis. MP flow 
cytometry detection must be performed on freshly drawn whole 
blood samples, since any enrichment procedure (obtained by pe-
ripheral blood centrifugation) or freezing and prolonged storage 
time can activate or damage cells and generate artifacts, disrupt 
MPs or induce their fusion (22, 30–34).

Concerning the flow cytometry analytical phase, it must be 
underlined that all established recommendations for setting a gen-
eral PFC panel, such as the titration of each single reagent under 
assay conditions, the use of fluorescence minus one (FMO) con-
trols, the application of right quality controls must be taken into 
account (35). In addition, even if typical applications of flow cyto-
metry rely on the forward scatter intensity to characterise the size 
of analysed cells, due to MP sizes, forward scatter properties are 
hardly appropriate for MP detection and side scatter provides 
better MP discrimination (36). In fact, the wavelength of the inter-
rogating laser is on the same order of magnitude of MP diameters, 
making forward scatter intensity largely dependent upon the MP 
refractive index rather than on their size (22). Recent data suggest 
that flow cytometry methods used to identify MPs based on their 
morphological features, detect only the “tip of the iceberg” since, 
due to technical limitations, it is difficult to distinguish back-
ground “electronic noise” from smallest MPs (37). Therefore, to 
clearly identify MPs, their fluorescent labelling with specific 
markers seem to be essential. Unfortunately, fluorochrome-conju-
gated antibodies may form immune complexes resembling MPs 
(38). In addition, calcium-phosphate precipitates can mimic MP 
flow cytometry features (39). Interestingly, in order to overcome 
these limitations, a FC protocol has been recently proposed to 
identify MP based on mitotracker staining (40). Avoiding MP 
morphological and phenotypic identification, this approach maxi-
mises the probability of including all MP events in the analysis and 
helps to exclude debris, immune complexes and calcium-phos-
phate precipitates. After the identification of total circulating MPs 
as non-nucleated particles, characterised by a detectable mitot-
racker staining, the membrane antigen detection allows the char-
acterisation of different MP subsets. In particular, in terms of 
membrane constituents, MPs have been defined, in the majority of 
FC published papers, by their ability to interact with Annexin V, a 
phosphatidylserine binding protein. However, it has been recently 
demonstrated that a large subpopulation of MPs is Annexin 
V-binding negative, while staining positive for surface markers 
that specifically reflect the phenotype of the cell from which they 
originate (41). Based on its ability to detect different antigens at 
the same time, PFC allows the characterisation of different MP 
compartments.

Identification of total MPs and their subsets is crucial to assess 
an accurate MP quantification, for the establishment of the MP 
role as markers of cardiovascular risk, disease and outcome in dia-
betic patients. The application of a common dual-platform ap-
proach (42), usually based on the simultaneous leucocyte count, is 
not recommended for MPs due to enormous differences in sizes 
between MPs and leukocytes. Single-platform methods are based 
on the use of commercial count beads, characterised by sizes sub-
stantially higher than that of the largest MPs, therefore requiring 
appropriate adjustment of the flow cytometry plot scales to cor-
rectly visualise count beads. This approach appears to be the most 
commonly used in recently published papers. However, the vol-
umetric approach assessing the direct enumeration of MPs in vol-
ume samples accurately measured (by flow cytometers equipped 
with the appropriate volumetric module) appears to be the ideal 
solution. In summary, a direct volumetric method is preferable for 
MP quantification, while the use of “count beads” is an alternative 
option if the volumetric method is not available (43).

All together, these considerations suggest that, paying attention 
to all the above reported issues, it will be possible to build an ideal 
PFC protocol, in order to characterise and enumerate circulating 
MPs and their subsets in human samples. This technique may 
allow reliable and standardised FC-mediated MP evaluations for 
assessing their clinical significance. On the other hand, the trans-
lation of the PFC protocol to the cell sorting will allow the separ-
ation of total MPs or specific MP subsets. As a matter of fact, MPs 
have been drawing increasing attention since it has been demon-
strated that they deliver multiple messengers, including miRNAs, 
RNAs, specific transcripts and proteins (43). The separation of 
pure MP subsets may clarify the pathophysiological roles of MPs, 
as paracrine regulators of both the expression of specific genes and 
cell signalling events. 

MPs in atherogenesis and atherothrombosis

MPs released from apoptotic cells exert their biological effects on 
different cellular types, and play an essential role in the progressive 
formation of atherosclerotic plaque and development of arterial 
thrombosis (44). Human plaque homogenates contain detectable 
levels of MPs derived from macrophages (CD14), lymphocytes 
(CD4), granulocytes (CD66b), endothelial cells (CD144), erythro-
cytes (CD235a), and smooth muscle cell (SMC) (11). PMPs are 
below detectable levels in human plaques, representing instead the 
majority of circulating MPs (11).

MPs in early atherogenesis

MPs may increase oxidative stress and production of endothelial 
superoxide anion (O2-), by inhibiting endothelial nitric oxide syn-
thase (eNOS) function, thus decreasing nitric oxide (NO) produc-
tion and inducing endothelial dysfunction (45). Some MP sub-
populations can enhance TXA2 production and thus vascular con-
traction (45). Otherwise, MPs, derived from lymphocytes, increase 
the inducible NO synthase (iNOS) and cyclooxygenase-2 (COX-2) 
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enzymes expression in smooth muscle cells, thus increasing va-
sodilatory mediators concentration within the media (45).

Endothelial MPs are likely to be released in turbulent or low 
shear stress areas (46). Stimuli, such as thrombin or TNF-α, induce 
MP generation from endothelial cells, thus increasing endothelial 
permeability (47). Finally, large PMPs are shown to impair en-
dothelial cell barrier integrity, whereas small platelet MPs (MPs 
smaller than 0.5 µm using polystyrene beads and less than 0.88 µm 
according to silica beads) have an opposite effect (48).

Plaque progression

MPs increase the synthesis and the release of pro-inflammatory 
cytokines, such as IL-6 and IL-8, by endothelial cells and leuko-
cytes, thus favouring the recruitment of monocytes at the site of 
injury, and upregulating intracellular cell adhesion molecule-1 
(ICAM-1) (49). Human blood monocytes constitutively express 
IL-6 receptor (IL6R), and pathological doses of PMP might induce 
the IL6R targeting of soluble IL-6 (73). Higher small size MP 
(sMP) counts, in particular sPMP, influence monocyte phenotype, 
by increasing ICAM-1 receptor (ICAM-1R) expression on differ-
ent monocyte subsets (50). Anti-ICAM1 neutralising antibodies 
have been shown to stop MP formation, by stimulating endothelial 
monocyte adhesion in vitro, suggesting a link between sPMP and 
ICAM1R in monocyte adhesion (50). The effect of plaque MPs on 
ICAM-1–dependent recruitment of inflammatory cells might be 
particularly relevant at the level of intimal neovessels, which ex-
press much greater levels of vascular cell adhesion proteins than 
the luminal arterial endothelium (45). Therefore, MPs bearing 
ICAM-1 present in plaques may diffuse within blood stream and 
transfer ICAM-1 to the endothelial cell surface in a “paracrine” 
manner (45).

PMPs can deposit inflammatory mediators onto the endothelial 
surface, leading to subsequent recruitment of mononuclear cells. 
PMPs contain substantial amounts of CCL5 (RANTES), favouring 
its deposition on activated endothelium or atherosclerotic carotid 
arteries (51). P-selectin-expressing PMPs bridge leukocytes that 
express P-selectin glycoprotein ligand-1 (PSGL-1), allowing them 
to interact under flow conditions and thus enhancing ex vivo leu-
kocyte aggregation and accumulation (52).

Monocytes recruitment and “foam cells”

Transformation of recruited monocytes into macrophages or 
“foam cells” by modified or oxidised low-density lipoprotein 
(LDL), trapped in the subendothelium, is central to the develop-
ment of atherosclerotic lesions (45). Apoptosis has an essential role 
during the development and progression of human atherosclerotic 
plaques (53). Normally, apoptotic MPs are cleared by phagocytes 
in order to prevent tissue inflammatory responses. In athero-
sclerotic plaque, oxidised LDL may saturate phagocytosis, interfer-
ing with the recognition of apoptotic MPs by macrophage scav-
enger receptors (54). Thus, the release of MPs from apoptotic cells 
may represent a novel amplification loop, promoting athero-
sclerotic plaque growth (55). Macrophages recognize oxidised 

LDL primarily via CD36, a member of the type 2 scavenger recep-
tor family, promoting internalisation of the lipoprotein particles, 
formation of foam cells and thus a proinflammatory response (56). 
CD36-dependent phagocyte recognition and uptake of apoptotic 
cells are mediated by binding of CD36 to phosphatidylserine and/
or oxidised phosphatidylserine on their surfaces (56). CD36 recog-
nizes endogenous ligands generated during vascular injury, and 
cell-derived MP may be one such ligand (56). Thus, phosphati-
dylserine or oxidised-phosphatidylserine on MPs might also act as 
a ligand for platelet CD36 and promote platelet activation (56). 
Finally, PMPs polarise the cells into resident monocytes, with in-
creased expression levels of CD11b, CD14 and CD31, and the che-
mokine receptors CCR5 and CXCR4, but not of CCR2 (57).

SMC proliferation, neovessel formation and fibrous 
cap weakening

The effects of MPs on SMC proliferation depend on their cell ori-
gin (45). At the site of vascular injury, PMPs and platelet-derived 
vasoactive mediators, such as serotonin and TXA2, stimulate vas-
cular SMC proliferation (58). PMPs are shown to express CX3C 
chemokine receptor 1 (CX3CR1), thus functional interaction of 
SMC with PMPs may be mediated through the chemokine 
CX3CL1 present on SMC (51, 59). Moreover, the 
CX3CL1–CX3CR1 axis seems to be involved in the binding of 
PMPs to monocytes (59). On the other hand, monocyte MPs are 
shown to induce SMC death, by delivering a cell death message via 
encapsulated caspase-1, and by enhancing oxidative stress (60).

MPs produced during SMC apoptosis bear intact and func-
tional TF, but the release of TF pathway inhibitor (TFPI) does not 
change, shifting thus the balance toward a procoagulant state (61). 
Furthermore, MPs may induce metalloproteases release, favouring 
the proteolysis of basement membrane matrix cellular compo-
nents, and promoting endothelial invasion into the surrounding 
interstitial matrix (45). In particular, matrix metalloproteinases 
(MMP)-10 is enhanced in patients with clinical and subclinical 
atherosclerosis, characterised by increased thrombin generation 
(15). Thrombin and CD40L may elicit a strong synergistic effect 
on endothelial MMP-10 expression, and MPs containing MMP-10 
may represent a new link between inflammation and thrombosis 
(62).

Moreover, plaque MPs have been shown to increase endothelial 
cell proliferation in vitro as well as in vivo (63). This effect relies on 
the presence of CD40 ligand at the surface of plaque MPs, interac-
ting with endothelial CD40 to mediate proliferation by a vascular 
endothelial growth factor receptor (VEGFR) and phosphoinositide 
3-kinase (PI3K)/Akt–dependent pathway (45).

Atherothrombosis

MPs contribute to the formation and progression of arterial 
thrombi in atherosclerosis (64, 65). MPs harbour a functional 
membrane or cytoplasmic effectors (selectins, GPIIbIIIa, GPIb, 
von Willebrand factor, arachidonic acid, thromboxane A2, etc.) 
able to promote prothrombotic responses (54).
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Endothelial cells exposure in vitro to MPs, results in increased 
cell surface thrombogenicity (66). TF activity and mRNA ex-
pression are increased due to adherence of MP-derived TF to en-
dothelial cell membrane, and at the same time to a rising endothe-
lial TF expression. Furthermore, levels of the anticoagulant TFPI 
and thrombomodulin (TM) are decreased (66).

The atherosclerotic plaque provides an opulent source of se-
questered MPs (64) (▶ Figure 2). Most of plaque MPs derive from 
activated leukocytes and from erythrocytes (11), whereas PMPs 
are absent from atherosclerotic lesions, possibly because of selec-
tive removal of platelets by phagocytes (67).

Plaque MPs are more thrombogenic than their circulating 
counterparts, possibly because plaques contain highly thrombo-
genic SMC-derived MPs, whereas circulating MPs, derived mainly 
from platelets but not from SMC, have lower thrombin-generating 
potential (11).

A reservoir of circulating TF, called “blood-borne TF” spread 
by MPs, challenges the dogma that TF is a constitutive protein ex-
pressed in minute amounts, switching the procoagulant properties 
of the endothelium toward the initiation of a clotting TF-driven 
process when upregulated (▶ Figure 2). Blood-borne TF is mainly 
harboured by PMPs, and it can be trapped within the developing 
thrombus through CD15, CD18, and TF-dependent interactions 
(54).

Moreover, circulating and in particular platelet-derived MPs 
enhance the deposition of platelets and fibrin to the atherosclerotic 
arterial vessel wall (64). MPs may also bind to already adhered pla-
telets under high shear rate conditions and locate within the 
thrombus. Thus, MPs create a “sticky surface” to further recruit-
ment of platelets (64).

Otherwise, sPMPs released under thrombin stimulation do not 
differ in Annexin V expression (50). Thus, Annexin V binding 

may be used for sPMP quantification, irrespective of pathophysi-
ological status, while P-selectin denotes sPMP released from pla-
telet activation only (50).

MPs and cardiovascular outcomes

MPs are increased in a wide range of thrombotic disorders, with 
an interesting relationship between MP levels and disease patho-
physiology, activity or progression. EMP plasma levels are associ-
ated with several cardiovascular risk factors (68, 69) (▶ Table 1). 
CD31+ EMPs and CD144+ EMPs have been related to elevated 
triglycerides plasma levels following a high-fat meal in healthy and 
diabetic patients (68, 70). High levels of triglycerides have been 
shown to impair endothelial function in vivo, probably increasing 
atherogenic cholesterol-enriched remnant lipoprotein particle 
production, interfering with HDL or LDL metabolism, and en-
hancing recruitment and attachment of monocytes to the vascular 
wall (68). The association between triglycerides and EMP levels is 
more pronounced in diabetic patients (68). Indeed, diabetes seems 
to enhance potentially deleterious effects of hypertriglyceridemia 
on endothelium.

Acute coronary syndrome (ACS)

Endothelial dysfunction is one of the main contributors to the oc-
currence of ACS, but there are no reliable methods to evaluate the 
risk of endothelial vulnerability (71). MPs detected by CD144 
antigens (vascular endothelial cadherin), which are endothelial 
cell-type specific transmembrane adhesion molecules, derive se-
lectively from human endothelial cells, and their plasma levels may 
be a clinically specific marker for endothelial dysfunction, thus 

Figure 2: MPs and the atherosclerotic 
plaque: MPs contribute to the formation 
and progression of arterial thrombi in 
atherosclerosis. The atherosclerotic plaque con-
stitutes an opulent source of sequestered MPs. 
Plaque MPs are more thrombogenic than their 
circulating counterparts, possibly by containing 
highly thrombogenic SMC-derived MPs. A reser-
voir of circulating TF, called "blood-borne TF", is 
mainly related to PMPs. Circulating PMPs en-
hance the deposition of platelets and fibrin to the 
atherosclerotic arterial vessel wall, and may also 
bind to already adhered platelets under high 
shear rate conditions and locate within the 
thrombus. MPs may create a "sticky surface" to 
further recruitment of platelets after plaque dis-
ruption.
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Table 1: Investigations on cardiovascular outcomes and microparticles.

Study 

Nozaki et al. 
2009 [72]

Werner et al. 
2006 [73]

Bulut et al. 
2009 [74]

Bulut et al. 
2008 [75]

Bernal-Mizrachi et al.
 2003 [19]

Habersberger et al. 
2012 [77]

Suades et al. 
2016 [78]

Suades et al. 
2015 [80]

Min et al. 
2013 [81]

Biasucci et al. 
2012 [82]

Jung et al. 
2012 [83]

Świtońska et al.
 2015 [84]

Simak et al. 
2006 [85]

Jung et al. 
2009 [86]

Participants

Stable patients at high risk for CAD

CAD patients 

Healthy young men with or without a 
positive FH for premature CAD

Clinically stable patients with three-
vessel CAD

Patients with CAD and control  subjects

Cell cultures and patient whole-blood 
samples collected following acute MI 
and control groups

STEMI-patients

STEMI patients undergoing thromb -
ectomy and percutaneous coronary 
 intervention

Patients with STEMI who underwent 
primary PCI and control patients

Patients with SA and patients with ACS 
undergoing PCI

Patients with first time STEMI

Patients with a diagnosis of AIS

Patients with mild stroke (NIHSS score 
< 5) and patients with moderate-
 severe stroke (NIHSS score > or = 5)

Patients with AIS and patients with 
vascular risk factors but no stroke 
events

MPs

CD144+EMP

CD31+/Annexin V+ EMPs

CD31+/Annexin V+ EMPs

CD31+/Annexin V+ EMPs

CD31+, CD51+, CD42+ EMPs

MPs from acute MI patients

LMPs (CD45+), MMPs (CD14+), EMPs
(CD146+), EMPs
(CD62E+), E/PMPs
(CD31+), PMPs
(CD61+), PMPs (PAC1+)

Annexin V+, CD31+, CD41+, CD42b+, 
CD61+, CD62P+, CD146+, CD235a+ MPs

EMPs and PMPs

CD31+/CD42– EMPs, CD31+/CD42b+ 
PMPs, CD31+/Annexin V+ MPs

CD31(+)/CD42(-) EMP, CD144(+) MP, 
CD31(+)/CD42(+) PMP

Plasma MPs, TF+MPs, TF and TFPI

Endoglin-positive EMP: CD105+ 
CD41a-CD45– (E(+)EMP), specific 
 endothelial EMP expressing VE-
 cadherin and endoglin: CD105+CD144+ 
(C(+)EMP), EMP  expressing phosphati-
dylserine: CD105+PS+ CD41a- 
(PS(+)EMP) and EMP expressing 
ICAM-1: CD105+CD54+ CD45– 
(I(+)EMP)

CD31(+)/CD42b(-), CD31(+)/AV(+), and 
CD62E(+) EMPs

Findings

EMP plasma levels are closely related to endothelial 
dysfunction and can independently predict future 
 cardiovascular events in CAD patients. 

Endothelial-dependent vasodilatation closely relies on the 
levels of circulating CD31+/Annexin V+ apoptotic MPs.

EMPs are significantly increased in subjects with a 
 positive FH. EMPs correlate inversely with the FMD 
 response.

EMPs are increased in patients with LV dysfunction.

CD31+ and CD51+ EMPs are significantly higher in 
 patients with CAD than in control subjects. CD31+ EMP 
is higher in ACS than SA. 

More mCRP has been detected on MPs from patients 
following MI compared with control groups. 

A characteristic [CD66b(+)/CD62E(+)/CD142(+)] cMP sig-
nature in the systemic circulation reflects the formation 
of coronary thrombotic occlusions in STEMI-patients. 

Glycophorin-A-rich MPs are released from evolving 
growing thrombi into the distal perfusing blood, and 
can be measured in peripheral blood. 

Baseline levels of MPs in patients with STEMI are higher 
than in controls. MP levels are significantly elevated in 
the culprit coronary arteries in STEMI patients and 
 significantly reduced after PCI. 

Higher MP levels have been observed in ACS than in SA. 

Patients with STEMI in the left anterior descending 
 artery have higher levels of CD31(+)/CD42(-) EMP and 
PMP than those with other infarct-related arteries. The 
numbers of CD31(+)/CD42(-) EMP and PMP are corre-
lated to myocardium at risk, but not to infarct size.

TF+MPs and TFPI levels are significantly elevated in 
stroke subjects.

Significantly higher PS+EMP counts are observed in AIS 
patients. Admission counts of C(+)EMP and E(+)EMP are 
significantly correlated with discharge clinical outcome.

Recent ischaemic episodes are associated with greater 
CD62E(+) EMP levels than other phenotypes. Increased 
NIHSS scores and infarct volumes in AIS patients are sig-
nificantly associated with greater CD62E(+) EMP levels. 
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 improving risk stratification for coronary artery disease (CAD) 
(72). Moreover, flow cytometry quantification of circulating 
CD31+/Annexin V+ apoptotic MPs in peripheral blood, is able to 
assess endothelial cell apoptosis. Increased apoptotic MP counts 
positively correlate with impairment of coronary endothelial func-
tion (73) (▶ Table 2). CD31+/Annexin V+ EMPs are significantly 
increased in subjects with CAD-positive family history. Thus, in-
creased circulating EMPs levels might facilitate endothelial dys-
function in genetically predisposed subjects (74). In patients with 
three-vessel CAD, EMP levels inversely correlated with endothelial 
function. CD31+/Annexin V+ EMPs are increased in patients with 
left ventricular (LV) dysfunction compared with those with nor-
mal or preserved LV function (75). Furthermore, circulating 
CD31+/ Annexin V+ EMP levels are associated with a higher risk 
for a future major adverse cardiovascular and cerebral event 
(MACCE) in patients with stable CAD, during the observational 
period of six years (7). CD31+ EMPs are higher in ACS than stable 
angina (SA) (19). CD31+ EMPs are significantly higher in patients 
with a first myocardial infarction (MI), than in unstable angina 
(UA) or in patients with recurring MI (19). Even if a correlation 
does exist between EMPs and PMPs, these latter do not discrimi-
nate SA patients from controls (19).

Higher PMP levels are significantly associated with greater 
10-year cardiovascular disease (CVD) risk (calculated based on the 
Framingham equation), adjusted for age, metabolic syndrome, pla-
telet count, C-reactive protein (CRP) (76). Dissociation of penta-
meric CRP (pCRP) into pro-inflammatory monomers (mCRP) may 
directly link CRP to inflammation (77). Circulating MPs are able to 
convert pCRP to pro-inflammatory mCRP in patients following MI, 

demonstrating mCRP generation in vivo and its detection in circu-
lating blood (77). MPs can bind to cell membranes and transfer 
mCRP to the cell surface, suggesting a possible mCRP transport/de-
livery role of MPs in the circulation (77). Thus, increased serum 
CRP is associated with poor outcomes, following MI (77).

Circulating MPs derived from monocytes, endothelium, and 
activated vascular cells are higher in the culprit coronary artery 
than in the peripheral blood in patients with ACS-STEMI (78). Ex 
vivo perfusion experiments, validated in blood of STEMI patients 
undergoing thrombectomy and percutaneous coronary interven-
tion (79), revealed that growing thrombi release decreased levels of 
activated PMPs and increased levels of CD235a+, erythrocyte-de-
rived MPs, the latter having the potential to become a candidate 
systemic biomarker of ongoing thrombosis (80). Moreover, in a 
further work by the same authors, a characteristic 
CD66b+/CD62E+/CD142+ circulating MP signature has been sug-
gested to reflect the formation of coronary atherothrombosis in 
STEMI-patients (78). In addition, circulating MP levels in the cor-
onary blood are inversely related to ischaemic time duration, dis-
playing higher amounts in thrombi collected within a pain-to-bal-
loon time <180 minutes (78). After successful percutaneous coron-
ary intervention (PCI), intracoronary levels of MPs, including 
EMPs and PMPs, are significantly reduced to levels similar to 
those in the peripheral arteries (81). No significant change can be 
observed in MPs in peripheral arterial blood during PCI (81). In 
patients with acute MI, reduction of intracoronary MPs after PCI 
might contribute to prevention of recurrent coronary athero-
thrombosis, which often leads to microinfarction or the no-reflow 
phenomenon (81).

Table 1: Continued.

Study 

Lee et al. 
2012 [87]

Kuriyama et al.
 2010 [88]

Chen et al. 
2015 [89]

Cherian et al.
 2003 [90]

Shirafuji et al. 
2008 [91]

Abbreviations: MPs, microparticles; PMPs, platelet-derived MPs; LMPs, leukocyte-derived MPs; EMPs, endothelial-derived MPs; CAD, coronary artery disease; FH, 
family history; FMD, flow-mediated dilatation; LV, left ventricle; ACS, acute coronary syndrome; SA, stable angina; MI, myocardial infarction; mCRP, monomers of 
C-reactive protein; STEMI, ST Segment Elevation Myocardial Infarction; PCI, percutaneous coronary intervention.

Participants

Patients with stroke history at least 
three months prior to enrolment

Patients with acute-phase cerebral 
 infarction and healthy controls

AIS patients and healthy controls

Hospital-referred cases of first-ever 
 ischaemic stroke and community 
 controls

Chronic cerebral infarction patients 

MPs

Endothelial MPs expressing CD62E(+), 
CD31(+)/Annexin-V(+), or CD31(+)/
CD42(-)

PMPs

PMPs

PMPs

PMPs

Findings

Event-free survival rates are lower in patients with high 
levels of CD62E(+) MPs. Other EMPs expressing 
CD31(+)/Annexin-V(+) or CD31(+)/CD42(-) markers are 
not predictive of cardiovascular outcomes.

PMPs levels are significantly higher in groups with 
small-vessel occlusion and large-artery atherosclerosis 
than control group. Concomitant intima-media thickness 
and concomitant intracranial stenosis are significantly 
correlated with elevated PMP levels. 

Circulating PMPs are significantly elevated in AIS pa-
tients and their levels are decreased after antiplatelet 
therapy. Circulating PMPs are independent risk factor 
for the infarct volume in AIS  patients.

PMPs within 7 days of stroke onset are significantly 
higher as compared with controls. At 3 to 6 months 
after stroke, PMP concentrations remain elevated.

PMP levels are significantly higher in chronic cerebral 
infarction patients than in controls. 
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Table 2: Microparticles and Cardiovascular risk factors.

Study

Experimental

Heinrich et al. 
2015 [102]

Ishida et al. 
2016 [99]

Jansen et al. 
2013 [100]

Chen et al. 
2011 [116]

In vivo studies

Obesity

Zhang et al. 
2014 [12]

Zhang et al. 
2014 [97]

Tushuizen et al. 
2006 [103]

Oxidative stress

Nomura et al. 
2004 [90]

Smoking

Mobarrez et al. 
2014 [69]

Diabetes

Koga et al. 
2005 [106]

Jung et al. 
2011 [107]

Bernard et al. 
2009 [113]

Participants 

HFD-fed obese rats

MPs isolated from control or STZ-
 induced diabetic rats

EMP generated from human coronary 
endothelial cells  exposed to high 
 glucose

Type 2 diabetic db/db and db/+ 
 (wild-type control) mice

T2DM or obesity  subjects

T2DM subjects

T2DM patients

T2DM subjects and healthy  controls

Healthy volunteers randomised to 
either smoking or not  smoking

T2DM subjects

T2DM subjects

T2DM subjects with coronary non-
 calcified plaques detected by multi -
detector CT

MPs

LMPs, EMPs, PMPs

Annexin V+ MPs

EMPs

EMPs

PMPs, LMPs and MMPs

PMPs, LMPs, MMPs

CD144+ EMPs

EMPs and PMPs

PMPs, LMPs, EMPs

CD144+ EMPs

CD31+/CD42b-, CD31+/AV+ EMPs

EMPs or PMPs

Findings

Total MPs are significantly increased after feeding HFD 
with significantly elevated numbers of MP derived from 
leucocyte, endothelial and platelet compartments.

Circulating MPs isolated from diabetic rats induce en-
dothelial dysfunction in carotid arteries and regulate 
protein expressions of eNOS and caveolin-1.

High glucose condition increases NADPH oxidase activ-
ity in EMPs thus  amplifying endothelial inflammation 
and impairing endothelial function.

Impaired EPC generation/function, and increased pro-
duction of MPs might be the mechanisms responsible 
for increased ischaemic damage seen in db/db mice.

T2DM subjects have elevated concentrations of total 
PMPs, and fibrinogen+ PMPs, TF+ MPs, P-selectin+ MPs. 
T2DM does not alter either total or activated LMP or 
MMP. Obesity per se did not impact on any MP 
measurement.

OAT reduces fibrinogen- and TF-related PMP and 
MMP-11b levels. Standard diet reduces fibrinogen-
 activated PMP. 

CD144 MPs in T2DM patients are associated with post-
prandial metabolic  derangements and impaired FMD.

EMPs and PMPs in diabetic patients are significantly 
higher than those in  normal subjects. Activated platelets 
and PMPs promote endothelial cells and monocytic cell 
line interaction, and membrane vesiculation occurs in 
the  presence of oxidised LDL.

Active smoking caused a significant increase in the 
numbers of PMPs, EMPs and LMPs. 

Plasma CD144+EMP levels are significantly increased in 
diabetic patients. 

The EMP levels are higher in patients with macroangio-
pathy than in patients with microangiopathy and no 
complications. The EMP level is also independently as-
sociated with macroangiopathy in diabetic patients.

EMP are elevated in diabetic patients with ACS. EMP 
count is significantly higher in the presence of non-
 calcified diseased segments. There is no association of 
PMP count with non-calcified diseased segments and no 
difference in PMP count between patients with and 
without ACS. 

For personal or educational use only. No other uses without permission. All rights reserved.
Downloaded from www.thrombosis-online.com on 2017-03-07 | IP: 77.165.58.113



© Schattauer 2016 Thrombosis and Haemostasis 116.2/2016

228Santilli et al. Microparticles in diabetes-related CVD

Table 2: Continued.

Study

Diabetes

Chen et al. 
2012 [114]

Berezin et al. 
2015 [91] 

Lumsden et al. 
2013 [112]

Chen et al. 
2012 [ 114]

Tsimerman et al.
 2011 [108]

Tramontano et al.
 2010 [13]

Feng et al. 
2010 [109]

Nomura et al. 
2009 [110]

Koga et al. 
2006 [111]

Diamant et al. 
2002 [92] 

Nomura et al. 
1995 [44]

Abbreviations: MPs, microparticles; PMPs, platelet-derived MPs; LMPs, leukocyte-derived MPs; EMPs, endothelial-derived MPs; MMPs, monocyte-derived MPs; OAT, 
oat-enriched diet; MMP-11b, matrix metallopeptidase-11b; HFD, high fat diet; CAD, coronary artery disease; CT, computed tomography; hsCRP, high-sensitivity 
C-reactive protein; STZ, streptozocyn; eNOS, endothelial nitric oxide synthethase; EPC, endothelial progenitor cells. 

Participants 

Patients with diabetes and 
 hypertension, patients with  diabetes 
without hypertension, and healthy 
 controls

Subjects with T2DM and with meta-
bolic syndrome and healthy volunteers

T2DM patients + ACS (6 weeks-6 
months post cardiac event) compared 
to sex- and age-matched healthy 
 controls

T2DM patients with hypertension, 
 patients with T2DM without hyper -
tension, and healthy controls

Healthy controls and T2DM  patients 
with CAD, retinopathy and foot ulcers

Patients with and without T2DM, 
undergoing elective  cardiac catheteri-
sation

T2DM patients versus healthy controls

Hypertensive patients with and without 
T2DM

T2DM patients without  obstructive 
CAD 

T2DM patients and healthy subjects

T2DM patients and healthy controls 

MPs

EMPs, Annexin V+ MPs, PMPs and 
LMPs

CD31+/Annexin V+ EMPs to CD62E+ 
EMPs ratio

CD41+ PMPs, CD31+/CD41– EMPs

EMPs, Annexin V+MPs, PMPs, LMPs

EMPs, PMPs

CD31+, CD105+, CD106+ EMPs

Annexin V+ MP, PMPs, LMPs and EMPs

PMPs, MMPs, EMPs

PMPs

Annexin V+, TF+ MPs

Findings

Plasma MPs in diabetics with or without hypertension 
are higher than  controls. Systolic blood pressure and 
mean blood pressure are positively  correlated with 
EMPs. 

Elevated CD31+/Annexin V+ EMPs to CD62E+ EMPs ratio 
is an indicator of  impaired immune phenotype of EMPs 
in T2DM and metabolic syndrome  patients.

PMPs do not differ between cohorts, whereas EMP 
 levels are 40% lower in T2DM patients.

Plasma EMP is associated with the presence of hyper-
tension and impaired  arterial stiffness in T2DM.

Patients with severe diabetic foot ulcers express the 
highest levels of MPs originated from platelets and 
 endothelial cells and negatively-charged phospholipid-
bearing MPs. MP coagulability, calculated from TF+ MPs 
and TFPI ratio, is low in healthy controls and in diabetic 
retinopathy patients but high in patients with coronary 
artery disease and foot ulcers. 

Circulating CD31+, CD105+, and CD106+ EMPs are sig-
nificantly elevated in patients with T2DM. 

The levels of Annexin V+MP, PMP, LMP, 
CD31+/CD42-EMP and CD51+EMP are significantly 
 increased in diabetic patients compared with healthy 
controls. HbA(1c) is positively correlated to 
CD31+/CD42-EMP and CD51+EMP. EMPs are indepen-
dent risk factors for FMD and arterial stiffness.

T2DM affects PMP generation in hypertensive patients 
and an association  between plasma levels of PMP, MMP 
and EMP may result in the development of athero-
thrombotic complications in hypertensive patients.

PMPs are significantly elevated in T2DM patients when 
compared with  control subjects. Remnant-like particle-
cholesterol levels are the best  predictors of PMPs. 

TF+MPs are twice as high in patients than in controls. 
Patients have higher percentages of TF+ MPs from 
T-helper cells, granulocytes, and platelets. 

Platelet P-selectin positivity and MP levels are both sig-
nificantly higher in diabetics. Plasma MP levels are also 
significantly greater in the diabetic  individuals with high 
LDL levels, and in those with high rather than low 
 triglyceride levels. 
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Moreover, peak times of EMPs and PMPs are related to tropo-
nin T levels, as assessed 24 hours (h) and 48 h after PCI (82). Fin-
ally, circulating CD31+/CD42– EMPs and CD31+/CD42+ PMPs are 
related to the size of myocardium at risk (MaR) in patients with 
STEMI (83). Interestingly, CD31+CD42–, but not CD144+, EMPs 
are increased and correlated to MaR, probably due to different 
sensitivity to ischaemia between the subsets of EMPs (83). 
CD31+/CD42– EMPs are lower in patients with high degree of col-
lateral flow (83). Therefore, EMP and PMP levels may reflect the 
degree of systemic endothelial dysfunction during the acute event, 
in the coronary endothelial region affected by ischaemia, possibly 
influencing the no-reflow phenomenon and thus the quality of 
reperfusion.

Stroke

Patients with acute ischaemic stroke (AIS) have increased levels of 
TF+MPs (84) (▶ Table 1). Several EMP phenotypes (CD105+ 
EMP, Annexin V binding+ EMP, ICAM-1+ EMP, CD62E+ EMP) 
correlate significantly with brain lesion volume and outcomes, 
with CD62E+ EMP showing the strongest correlation (85). EMP 
levels are increased acutely after AIS and normalise in six days 
(86). Enhanced levels of CD62E+ (P-selectin) MPs are associated 
with an increased risk of major cardiovascular events in patients 
with an old stroke, but there is no correlation between the level of 
CD62E+ MPS and the time since old stroke onset (86, 87). Unlike 

CD62E+ MPs levels, CD31+/Annexin V+ apoptotic MPs levels are 
not predictive of cardiovascular outcomes in patients with old 
stroke (86, 87). Moreover, patients with extracranial arterial steno-
sis have higher levels of CD62E+ MPs than those without stenosis, 
while CD31+/Annexin-V+ MPs are associated with intracranial 
stenosis (86, 87).

PMPs might also be useful as clinical indicators, reflecting the 
presence of intracranial atherosclerotic lesions in the acute phase 
of a cerebral infarction (88). Indeed, PMP levels are significantly 
higher in patients with small-vessel occlusion or large-artery 
atherosclerosis (88). Either concomitant intima-media thickness 
or concomitant intracranial stenosis are significantly correlated 
with elevated PMP levels (88). Circulating PMPs are significantly 
elevated in AIS patients as compared with healthy controls, and 
their levels decrease after antiplatelet therapy (89). Finally, circu-
lating PMPs are independent risk factors for the infarct volume in 
AIS patients after adjustments of other factors, such as hyperten-
sion and diabetes (89).

MPs and cardiovascular outcomes in T2DM

MPs are independent predictors for diabetes-related adverse com-
plications such as cardiac events, adjusting for age, gender, hyper-
lipidaemia, smoking, and statin use (13, 90–92) (▶ Figure 3) 
(▶ Table 2). Circulating levels of CD31+ (PECAM-1), CD105+, 

Figure 3: MPs and cardiovascular risk factors in diabetic patients: 
MPs have been shown to be related to several risk factors for dia-
betes mellitus and thus adverse cardiovascular outcomes. Obese dia-
betic subjects have higher plasma PMPs than subjects without diabetes, and 
their increased concentrations may be related to the presence of early vascu-
lar dysfunction. Dyslipidaemia and high-fat diet can lead to significantly elev-
ated numbers of MPs derived from leucocyte, endothelial and platelet com-
partments. In diabetic patients, hyperglycaemia has been related to an hyper-

reactive platelet phenotype and endothelial dysfunction, probably mediated 
by an increased oxidative stress degree. MP concentrations have been as-
sociated with greater oxidised LDL in T2DM patients and correlate with EMP, 
PMP, platelet-P-selectin, and sCD40L levels. Oxidised LDL may increase pla-
telet-P-selectin expression, and promote PMP shedding. Circulating proco-
agulant MPs, in particular PMPs and EMPs, might be significant independent 
predictors for the presence of angiopathy and vascular disease in DM pa-
tients.
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CD106+ and 62E+ EMPs are significantly increased in DM patients 
compared with non-diabetic controls (13) (▶ Figure 3). Patients 
with type 1 diabetes show a specific MP phenotype, characterised 
by increased levels of Annexin V+ and CD41+ MPs, whereas in 
type 2 diabetes only Annexin V+ MPs are significantly increased 
(6).

MP immunophenotype depends on whether they are released 
by cell activation or by apoptotic stimuli. Apoptosis is characte-
rised by enhanced expression of constitutive antigens on EMPs 
(e. g. CD31, CD105) and increased binding of Annexin V to EMPs 
(93). In contrast, activation of endothelial cells without apoptosis 
does not affect the expression of constitutive markers, but signifi-
cantly increases the levels of inducible antigens on EMPs (e. g. 
CD62E, CD106) (93, 94).

Circulating EMPs from DM patients predominantly express 
constitutive markers (CD31 and CD105) as opposed to inducible 
markers (13). EMP counts increase with augmented endothelial 
dysfunction and inflammation, as shown by the correlation of 
CD144+ EMPs with IL-1 (13). In addition, the ratio of 
CD62E+/CD31+ MPs may be used as a criterion for distinguishing 
activation versus apoptosis (13).

Possible determinants of MP increase in DM

Obesity

Both obese and non-obese diabetic subjects have higher plasma 
PMPs than subjects without diabetes, and their increased con-
centrations may be related to the presence of early vascular dys-
function and/or be a direct consequence of T2DM (12). More-
over, diabetic subjects exhibit more than twice the concen-
tration of fibrinogen+ PMPs in comparison with non diabetics, 
suggesting that the diabetic state is associated with higher than 
normal circulating thrombin or exposed collagen, potentially 
due to systemic inflammation or increased atherosclerotic load 
(95). TF+ PMPs are also increased more than three-fold in dia-
betes as compared with the non-diabetic state, thereby contribu-
ting to thrombus formation (95). Eventually, P-selectin+ PMPs 
are increased in DM patients, and may contribute to the devel-
opment of early stage vascular dysfunction by facilitating the in-
itial recruitment of leukocytes, LMP and platelets to the en-
dothelium (12). Some PMPs express P-selectin together with fi-
brinogen or TF, and the combined adhesive and inflammatory 
actions of these molecules stimulate joint pathways through 
which PMP might contribute to cardiovascular events in T2DM 
(12, 96).

Despite the changes in PMP levels in diabetic patients, there are 
no indications that obesity per se has any effect (12). Thus, 
changes in total and activated PMPs are affected more by diabetes 
than by obesity in a similar body mass index (BMI) range. Fur-
thermore, meal ingestion or postprandial hyperglycaemia is as-
sociated with enhanced platelet activation in T2DM (97). After the 
meal, there is a continued reduction in both total and activated 
forms of PMP, including TF-, fibrinogen-, and P-selectin-positive 
PMP (97).

Oxidative stress

Increased MP concentrations have been associated with greater 
oxidised LDL in various patient groups, possibly due to the capac-
ity of carrying oxidised LDL by MP (90, 97). Indeed, oxidized LDL 
levels are higher in T2DM patients and correlate with EMP, PMP, 
platelet-P-selectin, and sCD40L levels (90). Oxidised LDL may in-
crease platelet-P-selectin expression, and promote PMP shedding 
(90). Activated platelets and PMPs favour endothelial cells and 
monocytes interaction, and membrane vesiculation occurrs in the 
presence of oxidised LDL (90). Thus, increased oxidative stress in-
duced by the diabetic state, with enhanced ROS generation and 
lipid peroxidation, promotes MP release (98–100). In turn, EMPs 
themselves contribute to endothelial dysfunction, through reduc-
tion in NO and stimulation of superoxide from the endothelium. 
MPs also contain the NAD(P)H oxidase subunit p22phox (101). 
The delivery of NAD(P)H subunits to the endothelium by MPs 
may enhance superoxide production producing a constant cycle of 
MP production and ROS generation (101).

Dyslipidaemia

Dyslipidaemia is a common feature of diabetic patients (102). 
High-fat diet leads to significantly elevated numbers of MPs de-
rived from leucocyte, endothelial and platelet compartments 
(102). MPs from high-fat diet-fed rats induce significant ROS and 
VCAM-1 expression, reflecting a pro-inflammatory MP pheno-
type in this model (102, 103).

Lipid-lowering treatment with statins may limit MP circulating 
levels, by reducing thrombin generation and expression of TF, 
GPIIIa and P-selectin on PMPs in patients with peripheral vascu-
lar disease (104, 105). These findings together suggest that en-
dothelial dysfunction and platelet activation, as assessed by EMP 
and PMP levels, are key features of diabetic cardiovascular compli-
cations (106).

Angiopathy

Diabetic micro- and macro-angiopathy have a different patho-
physiological basis. Dyslipidaemia and high BMI are significantly 
associated with macroangiopathy, whereas long-term diabetes and 
elevated concentration of HbA1c are associated with microangio-
pathy (107). Indeed, EMPs (CD31+/CD42b–, CD31+/Annexin V+) 
are higher in patients with macroangiopathy than in patients with 
microangiopathy and no complications (107). MPs quantification 
and characterisation may be a relevant marker of cardiovascular 
risk and outcome in diabetic patients (108–111). Circulating pro-
coagulant MPs might be significant independent predictors for the 
presence of coronary artery disease in DM patients. Levels of 
CD144+ EMP are elevated in DM patients as compared with non-
diabetic controls, and are significantly higher in diabetics with 
CAD than in those without CAD (106). Interestingly, elevated 
CD144+ EMP levels are able to identify a subpopulation of DM pa-
tients without typical angina symptoms with atherosclerotic dis-
ease on coronary angiography (106, 112).
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CD144+ EMP count is significantly higher in the presence of 
noncalcified diseased segments, as assessed by coronary multide-
tector CT (MDCT) (113). Conversely, there is no association of 
PMP counts with non-calcified diseased segments and no differ-
ence in PMP counts between patients with and without ACS (113). 
Thus, EMP levels might be a marker of unstable plaques, and 
might help to improve cardiovascular prediction in diabetic pa-
tients with intermediate risk (113).

Endothelial progenitor cells (PCs)

Loss of PCs leads to impaired vascular repair, promoting an in-
crease of vascular tone and arterial stiffness (114). PCs and MPs 
are active components of the disease, and reflect specific disease 
pathways. While PCs counts decrease, MP levels increase with 
both onset and duration of T2DM (115, 116). Bone marrow dys-
function and shortened platelet survival in peripheral blood are re-
sponsible for reduced circulating PCs in diabetic patients (117). 
An impaired response of the bone marrow to erythropoietin, 
driven by enhanced ROS and inflammatory cytokines, is associ-
ated with the diabetic condition (115). Indeed, diabetics have 
higher levels of erythropoietin than non diabetics, despite lower 
levels of PCs and hemoglobin (115). Furthermore, a pathological 
alteration in the PI3K/protein kinase-B and eNOS pathways seen 
in diabetics may be responsible in part for reduced EPCs (118).

miRNA and MPs

Circulating MPs are transport vehicles for a large number of spe-
cific miRNAs (miR), that are involved in CVD and diabetes (115). 
MiRs are non-coding RNA molecules exerting post-transcrip-
tional effects on gene expression, which are expressed in a tissue- 
and cell-type specific manner (115). In patients with ACS several 
pro-inflammatory miRs (miR-19, miR-21, miR-146, miR-155 and 
miR-223) are increased in total MP population, in comparison 
with patients with stable coronary artery disease, thereby suggest-
ing their role as biomarkers for ACS (115).

MPs isolated from the plasma of patients with atherosclerosis 
contained higher levels of miR-150 (119). Moreover, increased lev-
els of miRs, especially in CD63-positive exosomes, correlated with 
higher risk of ischaemic heart failure in post-MI patients within 
one year of MI onset (120). Thus, growing evidence suggests that 
certain types of miRs are disregulated in association with cardio-
vascular risk factors prior to clinical CVD, thereby contributing to 
the development of atherosclerotic lesions, MI, ischaemia/ reper-
fusion injury and cardiac remodelling.

Conclusions and future directions

Although MPs may be a marker of cardiovascular risk, we are far 
from their application in the clinical practice. Further studies are 
needed to better delineate the pathophysiological properties of 
MPs, to understand which MP subtypes are mainly involved in 
different phases of atherosclerosis and atherothrombosis, how 

each risk factor may influence the MP count and how the plaque-
associated prothrombotic state could change MP structures and 
phenotypes.

First of all, the standardisation of a sensitive and reproducible 
assay, that can be widely performed, with a cost compatible with a 
large-scale application, is a major issue. When flow cytometry is 
considered for quantification of MPs, some analytical conditions 
should be standardised. Major differences exist in the preparation 
of the MP samples (such as centrifugation), whether or not they 
are first sedimented and resuspended, means of generic MP detec-
tion, and cell lineage-specific antigenic markers (104). MP 
measurements should be performed in plasma, freshly prepared 
directly after blood withdrawal (27). Platelet contamination is one 
of the major problems in processing plasma for MP measurement. 
Since freezing of samples containing blood cells and/or platelets 
results in the formation of microvesicle-like cellular fragments 
during thawing, the use of platelet-free plasma may be preferred, 
by removing blood cells and platelets prior to storage, preferably 
by snap freezing in liquid nitrogen and storage at –80 °C (27, 121). 
However, a prolonged storage results in a decreased number of 
PMPs and the loss of specific surface molecules, possibly through 
the action of protease activity linked to platelet activation (33, 
122). Mass spectrometry-based proteomic analysis provides an op-
portunity to characterise the protein composition of MPs. How-
ever, the contamination of MPs with plasma proteins may affect 
proteomic analysis (27, 123). Dynamic light scattering (DLS) and 
nanoparticle tracking analysis (NTA) can determine the absolute 
size distribution, but they are unable to differentiate MPs from 
other particles present in plasma like lipids or lipoproteins (104, 
124). Moreover, electron microscopy and transmission electron 
microscopy (TEM) allows analysing the morphology, size and 
presence of specific surface molecules (125). Atomic force micro-
scopy (AFM), probes the surface of a sample with an ultra-sharp 
tip, a couple of microns long and often less than 100 Å in diameter 
(126). Fluorescently labelled liposomes with different maximum 
sizes, defined by the pore size of the membrane used for the extru-
sion, have been suggested to define MPs size from the side scatter-
ing measured by flow cytometry (127). Artificial vesicles may be 
more accurate size calibrators compared to the commonly used 
polystyrene calibrator beads (127). Finally, MP can be also 
measured directly in plasma. Capture-based assays using anti-
bodies against specific surface markers could be used to quantify 
MPs through peroxidase conjugated-antibodies (128).

Furthermore, some current therapies for primary or secondary 
prevention of CVD are known to affect MPs generation. For in-
stance, abciximab, a glycoprotein IIb/IIIa receptor antagonist, also 
almost completely blocks platelet vesiculation in vitro (129), thus 
providing an alternate mechanism of action. Moreover, MP release 
from tumour necrosis factor-α-activated endothelial cells is sup-
pressed by fluvastatin (130), whereas combination therapy with 
losartan and simvastatin (131), as well as antioxidative agents such 
as vitamin C (132), is capable of decreasing the number of circu-
lating monocyte-derived MPs.

In our opinion, utilisation of flow cytometers is likely to provide 
considerable methodological advantages and should be the 
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 preferable option. However, we still have very limited information 
about the type of MPs to be assessed and the bioactive molecules 
to be employed as a cardiovascular risk marker. TF+ MPs have 
shown a central role in diabetic procoagulant state and its cardio-
vascular complications (133). Thus, the flow cytometric charac-
terisation and quantification of CD31+/Annexin V+ MP bearing 
TF might be a sensitive and reproducible assay to evaluate cardio-
vascular risk, especially in diabetes. TF-expression by MPs most 
likely changes within the pathophysiological context and MP 
membranes containing TF might be exchanged and shared among 
different cell lines (64). Indeed, it will be interesting to assess how 
diabetic risk factors (i. e. age, sex, LDL-cholesterol, etc.) may mod-
ify MP phenotypes, and whether exercise training, metabolic com-
pensation and pharmacological therapies may influence MP 
counts. Thus, pharmacological therapies targeting the TF-MP 
pathway may be a promising approach for reducing the burden of 
the atherosclerotic complications of diabetes (133).
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