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Summary

Heterogeneous in size (0.1-1 um), microparticles are small membrane vesicles released from
activated and/or apoptotic cells. Although described since 1967 by Wolf [1], it is only since
the 1990’s that microparticles have been considered as biomarkers as well as potential
mediators of biological messages between cells [2] by acting as paracrine and endocrine
vectors. Detection of microparticles has been performed in biological fluids (blood, synovial
fluid, saliva for instance) and some solid tissues but also from the culture medium [3]. Levels
of circulating microparticles are enhanced in a large number of pathological states including
cardiovascular and metabolic disorders associated with insulin resistance and this has been
linked to deleterious effects on cells from the vascular wall, mainly, endothelial cells. This
review highlights the increasing impact of microparticles in major cardiovascular pathological

situations associated with metabolic derangements.



Introduction

Microparticles, small vesicles (0.1-1um) released from the plasma membrane of activated
and/or apoptotic cells, are considered as veritable vectors of biological information. Although
generation of microparticles from cells is a universal event in cell life, little is known about
the mechanisms regulating this process. Much evidence suggests that microparticles are
generated at low levels by cells under physiological conditions; however, in a
pathophysiological environment, increased production of microparticles is common. Recent
review articles have focused on the formation and composition of microparticles as well as on
their clearance and vascular effects [3, 4]. Levels of microparticles are easily measurable in
body fluids using different techniques such as protein concentration, flow cytometry, or
ELISA assays associated with their pro-coagulant activity. Using the two latter approaches, it
is possible to quantify the total levels of microparticles as well as their origin through specific
determination of their surface antigens. Moreover, microparticles can also be measured from

solid tissues such as atherosclerotic plaque, liver or tumors [5, 6].

It should be noted that other types of vesicles such as exosomes and apoptotic bodies are also
detectable in fluids though the mechanisms governing the release of these vesicles are
different (see Table 1). Thus, exosomes of size < 0.1 um are released upon fusion of the
limiting membrane of multi-vesicular bodies with the cell surface; their composition is
completely different to that of microparticles. Indeed, exosomes are formed within endosomes
by invagination of the limiting membranes resulting in the formation of multivesicular bodies.
Subsequently, multivesicular bodies fuse with the plasma membrane and release exosomes
into the extracellular environment [7]. The identification of exosomes is based on
morphological and biochemical criteria. Thus, exosomes are obtained after high speed
centrifugation (> 100,000 g) and express exosomal markers such as tetraspanins, heat shock

protein (HSP)70 or HSP9O.



Apoptotic bodies (size > 1um) are formed by indiscriminate plasma membrane blebbing and
possess nuclear fragments and histones [8]. These different populations of vesicles can be
separated according to the physical characteristics of the shed vesicles. Serial steps of
centrifugation are routinely used as sequential separation of cells, debris, apoptotic bodies,
microparticles and exosome fractions. Indeed, microparticles can be isolated from the
resulting supernatant after cell debris separation through additional centrifugation at <
100,000 g whereas exosomes are isolated after centrifugation at > 100,000 g. (Table 1).
Differentiation between exosomes, apoptotic bodies and microparticles is also possible by
electron microscopy or flow cytometry, although there are claims that exosomes would be too

small to be detected by flow cytometry.

Molecular profiling approaches using proteomic techniques, performed in order to determine
the protein composition of microparticles, have shown that protein composition depends not
only on cell type, but also on the conditions of cell stimulation [9, 10]. Furthermore,
differential lipid composition of microparticles may vary depending on the lipidic
environment surrounding cells; thus it is possible that microparticles from patients with
metabolic pathologies associated with lipid alterations may have different lipid composition
which may account for different functional effects of microparticles on target cells. However,
this hypothesis has been little studied. Thus, circulating levels of microvesicles from platelets
[11] and tissue-factor-positive microvesicles from T cells or neutrophils [12] negatively
correlate with plasma HDL levels. Finally, with regard to microparticle composition, it has
been reported that microparticles envelope and protect mMRNA and miRNA from extracellular
ribonuclease degradation and in this way represent veritable cargo allowing intercellular

communication [13].

Microparticles are biomarkers for cardiovascular pathologies



Circulating levels of microparticles are increased in numerous cardiovascular pathologies
linked to inflammatory and/or pro-coagulant states, and in other diseases such as cancer,
sepsis and HIV, for instance [3]. With regard to the pathologies associated with
cardiovascular complications, microparticles from platelets are the major subpopulation of
circulating microparticles and in general, their levels are enhanced in cardiovascular diseases.
However, other microparticle subpopulations such as those from endothelial cells, red cells or
leukocytes can also be increased as described in the metabolic syndrome [14], acute coronary
syndrome [15], severe hypertension [16] and type 2 diabetes [17]. All these pathologies are
associated with endothelial dysfunction and microcirculation disturbances suggesting that

microparticles may, at least in part, play a key role in the pathogenesis of these diseases.

When detected in blood, microparticles originate from platelets — the main subpopulation
(almost 80% of total circulating microparticles) — leukocytes, erythrocytes and endothelial
cells. One of the major functions of blood platelets in haemostasis is to provide a membrane
surface that accelerates blood coagulation and promotes the formation of the fibrin network in
the haemostatic plug [18]. By producing microparticles displaying prothrombin-converting
activity, platelets are able to increase the procoagulant potential. In addition, when stimulated
in vitro, platelets are the cells that produce microparticles most rapidly. However, although
circulating levels of platelet-derived microparticles are often increased under pathological
conditions, changes in other subpopulations of microparticles, such as non-platelet-derived
microparticles or more specifically endothelial-derived microparticles, seems to have more
significant pathological relevance [15, 19, 14]. In this respect, microparticles originating from
a specific cell may be a signature of injury of that type of cells. As an example, endothelial
microparticles have been considered to be predictors of endothelial dysfunction in arterial

erectile dysfunction patients with insulin resistance [20].



Total circulating microparticles or those from a specific subpopulation can be correlated with
the severity of different pathologies and, in this way, they can be considered as circulating
biomarkers in the surveillance of disease progression. For instance, platelet-derived
microparticles are positively associated with abnormal carotid and intima-media thickness and
body mass index in obese patients [21]. In addition, microparticles from platelets positively
correlate with plasma glucose and insulin levels whereas microparticles from T-helper cells
positively and negatively correlate with body mass index (BMI) and HDL-cholesterol,

respectively [12].

Recently, it has been shown that microparticles derived from endothelial and endothelial-
progenitor cells (EPCs) are positively correlated with blood glucose concentration and infarct
volume after ischemic cerebral injury in obese leptin-receptor-deficient db/db diabetic mice
[22]. These findings suggest that microparticles from EPCs and endothelial cells could be
used as predictive biomarkers for ischemic stroke complication in diabetes, and targeting
microparticles might offer new therapeutic avenues for diabetes and ischemic stroke. Levels
of endothelial-derived, but not leukocyte-derived, microparticles are higher in hypertensive
diabetic patients than in those without hypertension [23]. Endothelial-derived microparticles
were shown to be an independent risk factor for the presence of hypertension in diabetic

patients [23].

Microparticles as effectors implicated in the maintenance of cardiovascular diseases

During the last ten years, efforts have been focused on showing that microparticles can be
effectors capable of delivering biological messages to target cells. Due to its crucial
localization, one of the main targets of microparticles is the endothelium, the key component
of the microcirculation contributing to the local balance between relaxing and constricting
mediators, that regulates hemostasis and vascular permeability. Whereas normal shear stress

controls homeostasis of the endothelial monolayer, alterations in shear stress induce
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imbalance in the release of endothelial-derived factor leading to endothelial dysfunction.
Among these alterations, a decrease of nitric oxide (NO) release and bioavailability, an
increase of vasoconstrictor factors and an enhanced oxidative stress favor a disturbance of
vascular reactivity, induce vascular inflammation and remodeling by up-regulating gene
expression. Theoretically, all of these vascular events can be mediated by microparticles.
Thus, endothelial cells can participate in microparticle production and simultaneously be
target cells of endothelial-derived microparticles. Very recently, disturbed blood flow in the
forearm of healthy young men was shown acutely to induce endothelial activation, as
reflected by release of microparticles from endothelial cells [24]. The authors of that study
suggested that in atheroprone arteries from elderly subjects and/or in subjects with risk factors
such as obesity or type 2 diabetes, the effects might be even more pronounced. Moreover, that
type of microparticle may participate in a vicious cycle of vascular injury by acting directly

on the neighboring endothelial cells

The mechanisms by which microparticles transfer biological information to target cells are
not completely elucidated, but they may involve: (i) direct ligand-receptor interaction, (ii)
transfer of surface receptors, proteins, MRNA, miRNA and bioactive lipids, (iii) fusion of
microparticle and target-cell membranes and (iv) microparticle internalization. Whereas direct
ligand-receptor interaction leads to activation or inhibition of a transduction signal in target
cells, the other three mechanisms implicate changes in the phenotype of recipient cells (for
more details see [2]). For instance, microparticles carrying the morphogen Sonic hedgehog
(Shh) are able to activate a cascade interacting with its receptor Patched/Smoothened in target
cells and thereby to induce endothelial angiogenesis and nitric oxide production [25, 26].
However, after 2 hours of incubation, these microparticles are internalized into endothelial
cells and induce overexpression of antioxidant enzymes [27]. These changes are frequently

due to the horizontal transfer of the microparticle content towards target cells.



Microparticles as markers and mediators of biological message in metabolic syndrome

and its individual components

The metabolic syndrome (MetS) is a cluster of cardio-metabolic abnormalities including
visceral obesity, high blood pressure, hyperglycaemia and dyslipidaemia [28, 29], which are
associated with increased risk of cardiovascular disease and type 2 diabetes [28-30]. The
prevalence of MetS is increasing because of an increased incidence of overweight, obesity
and physical inactivity and it continues to provide challenges for medical research beyond its
clinical and public-health importance [30-32]. The pathophysiology of MetS seems to be
largely attributable to insulin resistance with the implication of excessive flux of fatty acids
[33, 34], but also to a pro-inflammatory state resulting from the production of cytokines from
adipocytes and macrophages [34, 29, 35]. Thus, increased inflammatory factors and reactive
oxygen species (ROS) are associated with detrimental cardiovascular alterations linked to the
MetS. Inflammation is orchestrated by the interactions between inflammatory cells (such as
leukocytes) and vascular cells (endothelial and smooth muscle cells) which under activation
or apoptosis (for example), lead to the release of circulating microparticles [36, 3, 2].
Increased levels of circulating microparticles have been reported in MetS, but also in
individual components of the condition. In the next sections, we will summarize the effects of
microparticles of different cellular origin during cardiovascular disease associated with
metabolic alterations. Table 2 summarizes the types of cardiovascular dysfunctions associated
with increased levels of circulating microparticles in animals and humans in the context of

MetS and its individual components.

Hypertension

Several studies have shown that circulating microparticles are increased in hypertensive
patients compared to normotensive subjects and in animal models of hypertension. Most of

these studies have focused on endothelial-derived microparticles as possible biomarkers of
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vascular dysfunction and adverse cardiovascular risk. Preston et al. [16] compared levels of
circulating endothelial- (CD317/CD42") and platelet-derived (CD41") microparticles in
patients with severe uncontrolled hypertension, untreated patients with established mild
hypertension and normotensive volunteers. The two hypertensive groups were matched for
coexisting risk factors. The levels of endothelial microparticles were elevated in patients with
mild hypertension compared to control subjects, but were even higher in the severe
hypertensive patients than in the other groups. Moreover, although platelet-derived
microparticles were enhanced in severely hypertensive patients, they did not differ between
mild-hypertension and control subjects. Both endothelial- and platelet-derived microparticles
positively correlated with the absolute level of systolic and diastolic blood pressure; however,
only endothelial microparticles positively correlated with presence of diabetes mellitus and
smoking. In the study by Wang et al. [37], circulating endothelial microparticles
(CD31°/CD42") and brachial-ankle pulse wave velocity were evaluated in uncontrolled
hypertensive patients, well-controlled hypertensive patients and in normotensive healthy
subjects. Uncontrolled hypertensive patients exhibited higher levels of circulating endothelial
microparticles and faster brachial-ankle pulse-wave velocity compared to the two other
groups. Interestingly, a robust positive linear correlation was observed between amounts of
circulating endothelial microparticles and values of brachial-ankle pulse-wave velocity.
Nomura et al. [38] also observed that microparticles of platelet and endothelial origin were
significantly increased in hypertensive patients compared to healthy controls. Another human
study by Lee and colleagues [39] found that hypertensive patients with micro-albuminuria or
macro-albuminuria had increased endothelial apoptotic microparticles (defined as
CD31%/Annexin V*). Endothelial apoptotic microparticle levels also tended to increase in
hypertensive patients with electrocardiographic left-ventricular hypertrophy which is
indicative of hypertensive target-organ damage and strongly predictive of future

cardiovascular morbidity and mortality [40]. Pre-hypertension, the situation that precedes
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clinical hypertension, is a very frequent condition associated with increased cardiovascular
risk and is a component of many cases of MetS [41, 42]. Giannotti and co-workers [43]
demonstrated that although in vivo endothelial repair capacity of early EPCs was dramatically
impaired in patients with newly diagnosed prehypertension and hypertension, this was not
associated with increased levels of circulating endothelial apoptotic microparticles. By
investigating only endothelial apoptotic microparticles (CD31*/Annexin V" particles), the
authors may have underestimated the total number of circulating endothelial microparticles.
Indeed, several other studies indicate that fewer than 50% of microparticles actually expose
phosphatidylserine (Annexin V*) [14, 44]. The authors did not search other microparticle sub-
populations which can be altered in pre-hypertension state. Further studies are therefore
needed to draw a complete picture of how microparticle phenotype evolves with the
progression and establishment of essential hypertension. Other studies in experimental models
of hypertension have also shown increased levels of microparticles in hypertension. Recently,
Lopez Andrés et al. [45] found that aldosterone-salt hypertensive rats had increased
circulating levels of total microparticles, platelet (CD61")-, endothelial (CD54%)- and
erythrocyte (CD235%)-derived microparticles than control animals. The elevation in
microparticle levels was accompanied by increases in aortic stiffness, oxidative and
nitrosative stress and microvascular endothelial dysfunction as well as induction of apoptosis
in the vessel wall. Interestingly, treatment of rats with red-wine polyphenols prevented
changes in microvascular endothelial dysfunction, oxidative and nitrosative stress and
apoptosis, but perhaps more importantly, normalised the levels of circulating microparticles.
Conventional hypertension treatments were shown in several human studies to modulate the
numbers and phenotype of circulating microparticles. The angiotensin Il blocker losartan was
found to decrease both systolic and diastolic blood pressure in hypertensive patients with and
without type 2 diabetes mellitus in addition to reducing circulating levels of monocyte-

derived microparticles [18]. The combination of losartan treatment with a statin (simvastatin)
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further decreased the levels of monocyte-derived microparticles in these patients [18].
Another study found that patients with stage 1 and 2 hypertension had high levels of activated
platelet microparticles compared to controls and that eprosartan treatment (600 mg per day,
for one or two months) normalised patient’ microparticle levels [46]. Long term treatment of
diabetic hypertensive patients with the calcium antagonist, nifedipine, normalized levels of
circulating monocyte- and platelet-derived microparticles [47]. These results suggest that
microparticles may be implicated in the pathogenesis of hypertension and that changes in

their circulating levels may be indicative of treatment efficacy in hypertension.
Diabetes

Accumulating evidence in the literature indicate that circulating microparticle levels are
higher in diabetic patients and in animal models of diabetes and that these microparticles may
play an important role in diabetic vascular complications. Sabatier et al. [48] explored the
number and the pro-coagulant activity of cell-derived microparticles in type 1 and 2 diabetic
patients and found that both groups of patients had increased levels of circulating
microparticles. Nevertheless, diabetic patients differ by the pro-coagulant activity and the
cellular origin of their circulating microparticles. Type 1 diabetic patients exhibited
significantly increased levels of platelet-, and endothelial-derived and pro-coagulant
microparticles (Annexin V*), and increased levels of microparticle-associated pro-coagulant
activity than non-diabetics or type 2 diabetics. In type 2 diabetes patients, only pro-coagulant
microparticles were significantly increased over those of control subjects without an increase
in their pro-coagulant activity [48]. A more recent study by Feng et al. [49] showed, however,
that type 2 diabetic patients presented higher circulating levels of pro-coagulant, platelet,
leukocyte, and endothelial microparticles than did non-diabetic volunteers. In that cohort, the
authors also showed that among the increased sub-types of microparticles, only those derived

from the endothelium were associated with vascular dysfunction in diabetic patients.
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Endothelial microparticles correlated positively with glycated haemoglobin (HbAlc) and
brachial-ankle pulse-wave velocity, but negatively correlated with flow-mediated dilation
(FMD) [49]. A study by Nomura and co-workers [50] also reported increased plasma levels of
microparticles of endothelial, monocyte and platelet origins in patients with type 2 diabetes
compared to control subjects. This research also demonstrated that the presence of other
comorbidities, such hypertension, with diabetes further increased the numbers of circulating
microparticles [50]. Other studies also showed association between endothelial microparticle
levels and diabetic complications. For instance, Koga et al. [51] found a two-fold increase in
endothelial-microparticle (CD144") levels in diabetic patients in comparison to healthy
subjects. Endothelial-microparticle levels were significantly higher in diabetic patients with
coronary artery disease than in those without. In that cohort, the elevated endothelial
microparticle levels were found to be a significant independent predictor for the presence of
coronary artery disease in patients with diabetes mellitus. Another study by Bernard et al. [52]
investigated the levels of endothelial and platelet microparticles and the presence of coronary
non-calcified plaques in 56 type 2 diabetic patients. These authors found that endothelial-
derived microparticles (CD144") were significantly increased in patients with coronary non-
calcified plaque. Recently, Tsimerman and co-workers [53] characterised the cell origin and
pro-coagulant profiles of microparticles from 41 healthy volunteers and 123 type 2 diabetics
with coronary artery disease, retinopathy and foot ulcers. The authors observed that diabetic
patients had increased amounts of microparticles which were predominantly of platelet origin.
Patients with severe diabetic foot ulcers expressed the highest levels of pro-coagulant
(Annexin V') microparticles and those originating from platelets and endothelial cells. They
also found that the microparticle pro-coagulant activity was higher in diabetics with coronary
artery disease and foot ulcers than in healthy subjects and in patients with diabetic
retinopathy. Interestingly, microparticles from diabetic patients increased endothelial cell

coagulation activity and the most pro-coagulant microparticles were those from patients with
12



severe diabetic foot ulcers, indicating that these microparticles may participate in thrombosis
observed in diabetes. Furthermore, diabetic microparticles impaired the angiogenic capacity
of human umbilical vein endothelial cells (HUVECs) grown on a matrigel. HUVECs
incubated with microparticles from diabetics with coronary artery disease were unable to form
tube-like networks, whereas cells incubated with microparticles from diabetics with
retinopathy or foot ulcers induced branched-tube networks that were unstable and quickly
collapsed [53]. These results suggest that microparticles may be implicated, at least in part, in
the failed angiogenesis described in diabetic patients. Microparticles from other origins were
also associated with diabetes complications. Platelet- and monocyte-derived microparticles
for example were reported to increase with the progression and severity of diabetic
retinopathy [54, 55]. In animal models of diabetes, it has been recently observed that db/db
diabetic mice had increased circulating endothelial-derived microparticles and impaired
cerebral microvascular density [22]. The authors also reported that circulating microparticles
from db/db diabetic mice impaired EPC functions and infusion of EPCs pre-incubated with

db/db microparticles failed to reduce ischemic damage in db/db mice [22].

Several human studies evaluated the modulation of circulating microparticle levels by
diabetes treatments. Recently, Esposito et al. [56] compared the effects of pioglitazone and
metformin on circulating levels of endothelial microparticles and EPCs in patients with newly
diagnosed type 2 diabetes. Authors reported that 24-week pioglitazone treatment significantly
reduced numbers of endothelial microparticles and increased those of EPCs [56]. The
treatment of patients with type 2 diabetes for four months with the oral anti-diabetic drug
miglitol (150 mg/day) was shown to decrease significantly plasma levels of platelet-derived
microparticles [57]. Another oral anti-diabetic drug, acarbose, was also found to reduce
plasma levels of platelet-derived microparticles in patients with type 2 diabetes [58]. Statin

treatment was also reported to alter microparticles in diabetic patients. Sommeijer et al. [59]
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found that statin, pravastatin, treatment did not change numbers of plasma microparticles
from different origins in type 2 diabetics; however, it had an effect on the membrane
composition of platelet-derived microparticles. The authors evaluated the intensity of
Annexin V, tissue factor and Glycoprotein Illa (GPIlla) staining per microparticle. They
found that GPllla expression per platelet-derived microparticle was significantly decreased

after pravastatin therapy indicating reduced platelet activation [59].

These findings highlight the importance of circulating microparticles as markers of the
severity of diabetes and support their potential use as tools to monitor the efficacy of

treatments.

Dyslipidaemias

Few studies have investigated the levels and cellular origins of circulating microparticles in
subjects with dyslipidaemia alone and not in conjunction with other risk factors. The work by
Pirro et al. [60] characterized circulating endothelial-derived microparticles, circulating EPCs
and aortic pulse-wave velocity, a marker of aortic stiffness, in 50 patients with newly
diagnosed never-treated frank hypercholesterolemia and 50 normo-cholesterolaemic control
subjects. In that study, subjects with secondary hyperlipidaemia caused by diabetes or another
disease, history of cardiovascular disease, hypertension, evidence of atherosclerotic plaques,
or with any clinical or laboratory evidence of inflammation were excluded. The authors found
that hyper-cholesterolaemic patients had a higher ratio of endothelial microparticles to EPCs
than normo-cholesterolaemic subjects, as a result of both an increased number of endothelial
microparticles and reduced peripheral EPCs. Endothelial microparticles and EPCs levels
correlated negatively in this cohort. Furthermore, endothelial microparticle levels robustly and
positively correlated with both LDL-cholesterol and aortic stiffness. A multivariate linear
regression analysis showed that high plasma cholesterol and a high ratio of endothelial

microparticles to EPCs independently predicted an increased aortic pulse-wave velocity [60].
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Another study by Nomura et al. [61] demonstrated that hyper-lipidaemic patients without type
2 diabetes had increased circulating amounts of both monocyte- and platelet-derived
microparticles than normo-lipidaemic controls. A more recent study from the same group [7]
evaluated the levels of circulating platelet-derived microparticles in 68 patients with
hyperlipidaemia at baseline and after 6 months of treatment with pitavastatin (2 mg per day).
However, the authors reported no changes in the levels of platelet-derived microparticles after
treatment [7]. The levels of circulating endothelial microparticles were shown to increase very
quickly in relation a postprandial increase in triglycerides in normo-lipidaemic subjects [62].
In this research, Ferreira et al. [62] showed that a single high-fat meal significantly increased
endothelial microparticle levels after one and three hours and positively correlated with a
postprandial elevation in serum triglycerides. Elevated postprandial plasma triglycerides are
an established risk factor for cardiovascular disease [63] and several reports have indicated
that increased postprandial hypertriglyceridemia can impair endothelial function in normo-
lipidaemic subjects [64, 65]. Because cells can respond to whole-body changes by releasing
circulating microparticles that are able to carry a biological message, microparticles can
represent an early response to injury and may predict future adverse events in population at

risk.

Obesity

Elevated levels of circulating microparticles from different cellular origins were reported in
various clinical cohorts. Recently, Giindiiz and colleagues [66] investigated circulating levels
of endothelial-derived microparticles, carotid artery intima-media thickness and left
ventricular mass index in 55 obese and overweight children and 23 healthy controls. The
group reported that blood pressure, endothelial microparticle levels, and left ventricular mass
index were significantly increased in the obese/overweight group compared to control

subjects. Furthermore, they observed a linear correlation between blood pressure, endothelial
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microparticles and overweight and obesity. This study suggested that endothelial damage
starts in the early stages of childhood obesity [66]. Another cross-sectional cohort study
recently evaluated the levels of different markers of platelet activation and their relationship
with carotid intima media thickness along with other atherosclerotic risk factors in obese
patients with or without atherosclerotic co-morbidities [21]. This work indicated that platelet-
derived microparticles were markedly increased in obese subjects compared to healthy
volunteers and when obese patients were compared to each other; those with further cardio-
metabolic co-morbidities had even higher levels of these microparticles. In addition, platelet-
derived microparticle levels positively correlated with most parameters of cardiovascular risk
such as BMI, waist circumference, fasting plasma glucose level, homeostasis model
assessment (HOMA) and triglycerides. Furthermore, carotid intima media thickness had a
significant and positive univariate association with platelet-derived microparticles. Multiple
regression analysis showed also strong independent association between platelet-derived
microparticle levels and BMI [16]. Previous work by Esposito and colleagues [67]
characterized circulating levels of platelet- and endothelial-derived microparticles and FMD
in 41 obese and 40 normal weight women. Obese women, when compared to lean controls,
had increased circulating amounts of both platelet- and endothelial-derived microparticles and
reduced values for FMD. In that study, BMI did not correlate with either platelet- or
endothelial-derived microparticles, while waist-to-hip ratio significantly correlated with both
types of microparticles. The impairment of FMD in obese women demonstrated a robust
correlation with both platelet- and endothelial-derived microparticles; however, multivariate
analysis indicated that only endothelial microparticles were an independent predictor of
impaired endothelium-dependent vasodilation [67]. Strategies to reduce weight have been
shown to modulate the numbers of specific sub-populations of circulating microparticles that
are increased in obese subjects, further indicating a link between overweight/obesity and the

elevation of circulating microparticles. For instance, Morel et al. [68] subjected 24 obese
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women to a very low-calorie diet for 90 days. Biomarkers of vascular damage and circulating
levels and origins of microparticles were determined before, 30 and 90 days after starting the
diet. At 90 days of diet, weight reduction was significantly associated with reduction of pro-
coagulant, leukocyte and lymphocyte microparticles together with improved cardio-metabolic
parameters such as leptin levels and blood pressure [68]. Owing to the strong correlation
between microparticle circulating levels and cardiovascular risk factors in obese people, the
monitoring the circulating levels of microparticles may be regarded as an interesting tool to
evaluate the efficiency of life-style interventions or treatments on the reduction of

cardiovascular risk in obese people.

Metabolic Syndrome (MetS)

We have seen above that individual cardio-metabolic risk factors are associated with
increased levels of circulating microparticles of different origin that correlated with the
progression or severity of cardiovascular risk. The association of several cardio-metabolic risk
factors within one subject and how together they influence the count and phenotype of
circulating microparticles have also attracted the interest of the scientific community in recent
years. With this in mind, different research groups have studied the levels and cellular origins
of circulating microparticles in cohorts of subjects with MetS, a cluster of cardio-metabolic
risk factors. A study by Agouni et al. [14] determined the count and phenotype of circulating
microparticles in 43 well-characterized MetS patients and 37 healthy volunteers and assessed
the effects of these microparticles on endothelial function both in vitro and in vivo in mice.
The authors reported that MetS patients had increased circulating levels of microparticles
compared with healthy volunteers, including pro-coagulant microparticles and microparticles
of platelet, endothelial and erythrocyte origin. They also demonstrated that microparticles
from MetS patients altered NO signaling pathways, decreased NO production in vitro in

cultured endothelial cells, and impaired endothelium-dependent relaxation in response to
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acetylcholine in the aorta of mice injected with these microparticles. Of particular interest, the
authors found that although platelet-derived microparticles represent the predominant sub-
population in MetS patients, the effects of MetS microparticles on endothelial function were
driven by non-platelet microparticles [14]. More recent work from the same group [69]
extended the investigation of the role of circulating microparticles in the pathophysiology of
MetS to their effects on the smooth muscle. The authors observed that MetS microparticles
injected into healthy mice were able to interact with smooth muscle cells causing vascular
hypo-reactivity in response to vasoconstrictor agonists by triggering inflammation in the
vascular wall and, particularly, by up-regulating inducible nitric oxide synthase (iNOS) and
NO production. They also demonstrated that MetS microparticles interact with smooth muscle
cells through the Fas/Fas-ligand death pathway to cause vascular hypo-reactivity in response

to vasoconstrictors [69].

Similar findings on microparticle phenotyping have been described by Helal et al. [70]. They
reported in a bicentric cohort of MetS patients and healthy controls that patients had
significantly higher circulating levels of platelet-, erythrocyte- and endothelial-derived
microparticles in addition to pro-coagulant microparticles than MetS-free controls. In that
study, multivariate analysis showed that waist circumference positively influenced the level of
both platelet and endothelial microparticles. BMI positively correlated with pro-coagulant and
endothelial microparticles and blood pressure positively influenced the level of endothelial
microparticles [70]. Previous studies have also addressed microparticles in patients with
MetS. Arteaga et al. [71] reported endothelial-cell microparticle release, platelet and
leukocyte activation and increased binding of microparticles from endothelial cells and
platelets to leukocytes in patients with the MetS, whereas Ueba et al. [72] reported that
platelet microparticle levels were predictive of MetS. Chironi and colleagues [73] showed that

MetS patients exhibited higher leukocyte-derived microparticle levels than those free of such
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syndrome and, in the overall study population, that leukocyte-derived microparticle levels
increased gradually in parallel with the number of components of MetS. Possible reasons for
these inconsistent observations between studies are differences in methods used for

microparticle isolation and quantification and in patient-selection criteria.

Altogether, these findings suggest that microparticles could be used as predictive biomarkers
of cardiovascular pathologies associated with the coexistence of several cardio-metabolic risk
factors. For instance, other cardiovascular risks such as smoking should be considered as
factors able to modify the level and the type of circulating microparticles. Whereas Grant and
collaborators [74] have described reduced levels of circulating plasma-derived microvesicles
(mix of microparticles and exosomes) in smokers, other workers have found an increase in
endothelial-derived microparticles [75] and unchanged levels of procoagulant microparticles
[76]. Moreover, in vitro exposure of macrophages to tobacco smoke can directly induce the
release of a mix of microparticles and exosomes carrying gelatinolytic and collagenolytic
activities, mainly through the protease MMP14. These vesicles may be novel mediators of

clinically important matrix destruction in smokers [77].

Future directions

As described above, levels of circulating microparticles are a factor in multiple cardiovascular
diseases such that it would be possible to evaluate changes in circulating microparticle levels
in response to pharmacological treatment (for review see [3]). Several studies indicate that a
reduction in the levels of total, or a specific population of, circulating microparticles could
indicate the efficacy of a treatment or disease regression. In addition, modulation of
microparticle levels by drug treatment could reduce the deleterious effects of microparticles.
For example, treatment of patients with ischemic cardiomyopathy with atorvastatin
significantly decreased plasma levels of endothelial-derived microparticles together with

increasing numbers of EPCs [78]. Furthermore, in patients with peripheral arterial occlusive
19



disease, atorvastatin treatment reduced the expression of tissue factor, GPllla and P-selectin
in platelet-derived microparticles thus inhibiting initiation of thrombin generation [79].
Further analyses of microparticle detection and quantification for each patient could allow
personalized therapy. For the moment, standardization of the method of isolation and

detection of microparticles is needed [80].

20



Acknowledgments:

Authors are thankful to Prof Margaret Rayman (University of Surrey) for her critical reading
of the manuscript. Dr Agouni’s research is funded by the Physiological Society, the Royal

Society and the University of Surrey.

21



References

[1]
(2]
(3]
[4]

(5]

6]

[7]
(8]
[9]

[10]

[11]

[12]

[13]

[14]

[15]
[16]

[17]

[18]

[19]

Wolf P. The nature and significance of platelet products in human plasma. Br J Haematol
1967;13(3):269-88.

Tual-Chalot S, Leonetti D, Andriantsitohaina R,Martinez MC. Microvesicles: intercellular
vectors of biological messages. Mol Interv 2011;11(2):88-94.

Martinez MC, Tual-Chalot S, Leonetti D,Andriantsitohaina R. Microparticles: targets and tools
in cardiovascular disease. Trends Pharmacol Sci 2011;32(11):659-65.

Mause SF,Weber C. Microparticles: protagonists of a novel communication network for
intercellular information exchange. Circ Res 2010;107(9):1047-57.

Baron M, Leroyer AS, Majd Z, et al. PPARalpha activation differently affects microparticle
content in atherosclerotic lesions and liver of a mouse model of atherosclerosis and NASH.
Atherosclerosis 2011;218(1):69-76.

D'Souza-Schorey C,Clancy JW. Tumor-derived microvesicles: shedding light on novel
microenvironment modulators and prospective cancer biomarkers. Genes Dev
2012;26(12):1287-99.

Keller S, Sanderson MP, Stoeck A,Altevogt P. Exosomes: from biogenesis and secretion to
biological function. Immunol Lett 2006;107(2):102-8.

Saraste A,Pulkki K. Morphologic and biochemical hallmarks of apoptosis. Cardiovasc Res
2000;45(3):528-37.

Miguet L, Pacaud K, Felden C, et al. Proteomic analysis of malignant lymphocyte membrane
microparticles using double ionization coverage optimization. Proteomics 2006;6(1):153-71.
Smalley DM, Root KE, Cho H, Ross MM, Ley K. Proteomic discovery of 21 proteins expressed
in human plasma-derived but not platelet-derived microparticles. Thromb Haemost
2007;97(1):67-80.

Nomura S, Inami N, Shouzu A, Urase F,Maeda Y. Correlation and association between plasma
platelet-, monocyte- and endothelial cell-derived microparticles in hypertensive patients with
type 2 diabetes mellitus. Platelets 2009;20(6):406-14.

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(19):2442-7.

Boon RA,Vickers KC. Intercellular Transport of MicroRNAs. Arterioscler Thromb Vasc Biol
2013;33(2):186-92.

Agouni A, Lagrue-Lak-Hal AH, Ducluzeau PH, et al. Endothelial dysfunction caused by
circulating microparticles from patients with metabolic syndrome. Am J Pathol
2008;173(4):1210-9.

Boulanger CM, Scoazec A, Ebrahimian T, et al. Circulating microparticles from patients with
myocardial infarction cause endothelial dysfunction. Circulation 2001;104(22):2649-52.
Preston RA, Jy W, Jimenez JJ, et al. Effects of severe hypertension on endothelial and platelet
microparticles. Hypertension 2003;41(2):211-7.

Omoto S, Nomura S, Shouzu A, Nishikawa M, Fukuhara S,lwasaka T. Detection of monocyte-
derived microparticles in patients with Type Il diabetes mellitus. Diabetologia
2002;45(4):550-5.

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(12):2641-8.

Mostefai HA, Meziani F, Mastronardi ML, et al. Circulating microparticles from patients with
septic shock exert protective role in vascular function. Am J Respir Crit Care Med
2008;178(11):1148-55.

22



[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]
[32]
[33]
[34]
[35]
[36]

[37]

[38]

[39]

La Vignera S, Condorelli R, Vicari E, D'Agata R,Calogero AE. Arterial erectile dysfunction:
reliability of new markers of endothelial dysfunction. J Endocrinol Invest 2011;34(10):e314-
20.

Csongradi E, Nagy B, Jr., Fulop T, et al. Increased levels of platelet activation markers are
positively associated with carotid wall thickness and other atherosclerotic risk factors in
obese patients. Thromb Haemost 2011;106(4):683-92.

Chen J, Chen S, Chen Y, et al. Circulating endothelial progenitor cells and cellular membrane
microparticles in db/db diabetic mouse: possible implications in cerebral ischemic damage.
Am J Physiol Endocrinol Metab 2011;301(1):E62-71.

Chen Y, Feng B, Li X, Ni Y,Luo Y. Plasma endothelial microparticles and their correlation with
the presence of hypertension and arterial stiffness in patients with type 2 diabetes. J Clin
Hypertens (Greenwich) 2012;14(7):455-60.

Jenkins NT, Padilla J, Boyle LJ, Credeur DP, Laughlin MH,Fadel PJ. Disturbed Blood Flow
Acutely Induces Activation and Apoptosis of the Human Vascular Endothelium. Hypertension
2013.

Agouni A, Mostefai HA, Porro C, et al. Sonic hedgehog carried by microparticles corrects
endothelial injury through nitric oxide release. FASEB J 2007;21(11):2735-41.

Soleti R, Benameur T, Porro C, Panaro MA, Andriantsitohaina R,Martinez MC. Microparticles
harboring Sonic Hedgehog promote angiogenesis through the upregulation of adhesion
proteins and proangiogenic factors. Carcinogenesis 2009;30(4):580-8.

Soleti R, Lauret E, Andriantsitohaina R,Carmen Martinez M. Internalization and induction of
antioxidant messages by microvesicles contribute to the antiapoptotic effects on human
endothelial cells. Free Radic Biol Med 2012;53(11):2159-70.

Eckel RH, Grundy SM,Zimmet PZ. The metabolic syndrome. Lancet 2005;365(9468):1415-28.
Fulop T, Tessier D,Carpentier A. The metabolic syndrome. Pathol Biol (Paris) 2006;54(7):375-
86.

Malik S, Wong ND, Franklin SS, et al. Impact of the metabolic syndrome on mortality from
coronary heart disease, cardiovascular disease, and all causes in United States adults.
Circulation 2004;110(10):1245-50.

Ford ES. Prevalence of the metabolic syndrome defined by the International Diabetes
Federation among adults in the U.S. Diabetes Care 2005;28(11):2745-9.

Zimmet P, Alberti KG,Shaw J. Global and societal implications of the diabetes epidemic.
Nature 2001;414(6865):782-7.

Chew GT, Gan SK,Watts GF. Revisiting the metabolic syndrome. Med J Aust 2006;185(8):445-
9.

Sesti G. Pathophysiology of insulin resistance. Best Pract Res Clin Endocrinol Metab
2006;20(4):665-79.

Wilson PW, D'Agostino RB, Parise H, Sullivan L,Meigs JB. Metabolic syndrome as a precursor
of cardiovascular disease and type 2 diabetes mellitus. Circulation 2005;112(20):3066-72.
Hugel B, Martinez MC, Kunzelmann C,Freyssinet J]M. Membrane microparticles: two sides of
the coin. Physiology (Bethesda) 2005;20:22-7.

Wang JM, Su C, Wang Y, et al. Elevated circulating endothelial microparticles and brachial-
ankle pulse wave velocity in well-controlled hypertensive patients. J Hum Hypertens
2009;23(5):307-15.

Nomura S, Shouzu A, Omoto S, Nishikawa M, Fukuhara S,lwasaka T. Losartan and simvastatin
inhibit platelet activation in hypertensive patients. ] Thromb Thrombolysis 2004;18(3):177-
85.

Huang PH, Huang SS, Chen YH, et al. Increased circulating CD31+/annexin V+ apoptotic
microparticles and decreased circulating endothelial progenitor cell levels in hypertensive
patients with microalbuminuria. J Hypertens 2010;28(8):1655-65.

23



[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

(53]

[54]

[55]

[56]

[57]

Lee CW, Huang PH, Huang SS, et al. Decreased circulating endothelial progenitor cell levels
and function in essential hypertensive patients with electrocardiographic left ventricular
hypertrophy. Hypertens Res 2011;34(9):999-1003.

Chobanian AV, Bakris GL, Black HR, et al. The Seventh Report of the Joint National Committee
on Prevention, Detection, Evaluation, and Treatment of High Blood Pressure: the JNC 7
report. JAMA 2003;289(19):2560-72.

Wang Y,Wang QJ. The prevalence of prehypertension and hypertension among US adults
according to the new joint national committee guidelines: new challenges of the old
problem. Arch Intern Med 2004;164(19):2126-34.

Giannotti G, Doerries C, Mocharla PS, et al. Impaired endothelial repair capacity of early
endothelial progenitor cells in prehypertension: relation to endothelial dysfunction.
Hypertension 2010;55(6):1389-97.

Amabile N, Guerin AP, Leroyer A, et al. Circulating endothelial microparticles are associated
with vascular dysfunction in patients with end-stage renal failure. J] Am Soc Nephrol
2005;16(11):3381-8.

Lopez Andres N, Tesse A, Regnault V, et al. Increased microparticle production and impaired
microvascular endothelial function in aldosterone-salt-treated rats: protective effects of
polyphenols. PLoS One 2012;7(7):e39235.

Labios M, Martinez M, Gabriel F, Guiral V, Munoz A,Aznar J. Effect of eprosartan on
cytoplasmic free calcium mobilization, platelet activation, and microparticle formation in
hypertension. Am J Hypertens 2004;17(9):757-63.

Nomura S, Shouzu A, Omoto S, Nishikawa M,lwasaka T. Long-term treatment with nifedipine
modulates procoagulant marker and C-C chemokine in hypertensive patients with type 2
diabetes mellitus. Thromb Res 2005;115(4):277-85.

Sabatier F, Darmon P, Hugel B, et al. Type 1 and type 2 diabetic patients display different
patterns of cellular microparticles. Diabetes 2002;51(9):2840-5.

Feng B, Chen Y, Luo Y, Chen M, Li X,Ni Y. Circulating level of microparticles and their
correlation with arterial elasticity and endothelium-dependent dilation in patients with type
2 diabetes mellitus. Atherosclerosis 2010;208(1):264-9.

Nomura S, Inami N, Kimura Y, et al. Effect of nifedipine on adiponectin in hypertensive
patients with type 2 diabetes mellitus. ] Hum Hypertens 2007;21(1):38-44.

Koga H, Sugiyama S, Kugiyama K, et al. Elevated levels of VE-cadherin-positive endothelial
microparticles in patients with type 2 diabetes mellitus and coronary artery disease. ] Am
Coll Cardiol 2005;45(10):1622-30.

Bernard S, Loffroy R, Serusclat A, et al. Increased levels of endothelial microparticles CD144
(VE-Cadherin) positives in type 2 diabetic patients with coronary noncalcified plaques
evaluated by multidetector computed tomography (MDCT). Atherosclerosis 2009;203(2):429-
35.

Tsimerman G, Roguin A, Bachar A, Melamed E, Brenner B,Aharon A. Involvement of
microparticles in diabetic vascular complications. Thromb Haemost 2011;106(2):310-21.
Ogata N, Nomura S, Shouzu A, Imaizumi M, Arichi M,Matsumura M. Elevation of monocyte-
derived microparticles in patients with diabetic retinopathy. Diabetes Res Clin Pract
2006;73(3):241-8.

Ogata N, Imaizumi M, Nomura S, et al. Increased levels of platelet-derived microparticles in
patients with diabetic retinopathy. Diabetes Res Clin Pract 2005;68(3):193-201.

Esposito K, Maiorino MI, Di Palo C, et al. Effects of pioglitazone versus metformin on
circulating endothelial microparticles and progenitor cells in patients with newly diagnosed
type 2 diabetes--a randomized controlled trial. Diabetes Obes Metab 2011;13(5):439-45.
Nomura S, Omoto S, Yokoi T, et al. Effects of miglitol in platelet-derived microparticle,
adiponectin, and selectin level in patients with type 2 diabetes mellitus. Int J Gen Med
2011;4:539-45.

24



(58]

[59]

[60]

[61]

[62]
[63]
[64]

[65]

[66]

[67]

[68]

[69]

[70]

[71]

[72]

[73]

[74]

[75]
[76]

[77]

Shimazu T, Inami N, Satoh D, et al. Effect of acarbose on platelet-derived microparticles,
soluble selectins, and adiponectin in diabetic patients. J Thromb Thrombolysis
2009;28(4):429-35.

Sommeijer DW, Joop K, Leyte A, Reitsma PH,ten Cate H. Pravastatin reduces fibrinogen
receptor gpllla on platelet-derived microparticles in patients with type 2 diabetes. J Thromb
Haemost 2005;3(6):1168-71.

Pirro M, Schillaci G, Paltriccia R, et al. Increased ratio of CD31+/CD42- microparticles to
endothelial progenitors as a novel marker of atherosclerosis in hypercholesterolemia.
Arterioscler Thromb Vasc Biol 2006;26(11):2530-5.

Nomura S, Takahashi N, Inami N, et al. Probucol and ticlopidine: effect on platelet and
monocyte activation markers in hyperlipidemic patients with and without type 2 diabetes.
Atherosclerosis 2004;174(2):329-35.

Ferreira AC, Peter AA, Mendez AJ, et al. Postprandial hypertriglyceridemia increases
circulating levels of endothelial cell microparticles. Circulation 2004;110(23):3599-603.

Chan DC, Pang J, Romic G,Watts GF. Postprandial hypertriglyceridemia and cardiovascular
disease: current and future therapies. Curr Atheroscler Rep 2013;15(3):309.

Funada J, Sekiya M, Hamada M,Hiwada K. Postprandial elevation of remnant lipoprotein
leads to endothelial dysfunction. Circ J 2002;66(2):127-32.

Bae JH, Schwemmer M, Lee IK, et al. Postprandial hypertriglyceridemia-induced endothelial
dysfunction in healthy subjects is independent of lipid oxidation. Int J Cardiol 2003;87(2-
3):259-67.

Gunduz Z, Dursun |, Tulpar S, et al. Increased endothelial microparticles in obese and
overweight children. J Pediatr Endocrinol Metab 2012;25(11-12):1111-7.

Esposito K, Ciotola M, Schisano B, et al. Endothelial microparticles correlate with endothelial
dysfunction in obese women. J Clin Endocrinol Metab 2006;91(9):3676-9.

Morel O, Luca F, Grunebaum L, et al. Short-term very low-calorie diet in obese females
improves the haemostatic balance through the reduction of leptin levels, PAI-1
concentrations and a diminished release of platelet and leukocyte-derived microparticles. Int
J Obes (Lond) 2011;35(12):1479-86.

Agouni A, Ducluzeau PH, Benameur T, et al. Microparticles from patients with metabolic
syndrome induce vascular hypo-reactivity via Fas/Fas-ligand pathway in mice. PLoS One
2011;6(11):e27809.

Helal O, Defoort C, Robert S, et al. Increased levels of microparticles originating from
endothelial cells, platelets and erythrocytes in subjects with metabolic syndrome:
relationship with oxidative stress. Nutr Metab Cardiovasc Dis 2011;21(9):665-71.

Arteaga RB, Chirinos JA, Soriano AO, et al. Endothelial microparticles and platelet and
leukocyte activation in patients with the metabolic syndrome. Am J Cardiol 2006;98(1):70-4.
Ueba T, Haze T, Sugiyama M, et al. Level, distribution and correlates of platelet-derived
microparticles in healthy individuals with special reference to the metabolic syndrome.
Thromb Haemost 2008;100(2):280-5.

Chironi G, Simon A, Hugel B, et al. Circulating leukocyte-derived microparticles predict
subclinical atherosclerosis burden in asymptomatic subjects. Arterioscler Thromb Vasc Biol
2006;26(12):2775-80.

Grant R, Ansa-Addo E, Stratton D, et al. A filtration-based protocol to isolate human plasma
membrane-derived vesicles and exosomes from blood plasma. J Immunol Methods
2011;371(1-2):143-51.

Gordon C, Gudi K, Krause A, et al. Circulating endothelial microparticles as a measure of early
lung destruction in cigarette smokers. Am J Respir Crit Care Med 2011;184(2):224-32.
Goichot B, Grunebaum L, Desprez D, et al. Circulating procoagulant microparticles in obesity.
Diabetes Metab 2006;32(1):82-5.

Li CJ, Liu Y, Chen Y, Yu D, Williams KJ,Liu ML. Novel proteolytic microvesicles released from
human macrophages after exposure to tobacco smoke. Am J Pathol 2013;182(5):1552-62.

25



[78]

[79]

[80]

Huang B, Cheng Y, Xie Q, et al. Effect of 40 mg versus 10 mg of atorvastatin on oxidized low-
density lipoprotein, high-sensitivity C-reactive protein, circulating endothelial-derived
microparticles, and endothelial progenitor cells in patients with ischemic cardiomyopathy.
Clin Cardiol 2012;35(2):125-30.

Mobarrez F, He S, Broijersen A, et al. Atorvastatin reduces thrombin generation and
expression of tissue factor, P-selectin and GPllla on platelet-derived microparticles in
patients with peripheral arterial occlusive disease. Thromb Haemost 2011;106(2):344-52.
Lacroix R, Robert S, Poncelet P,Dignat-George F. Overcoming limitations of microparticle
measurement by flow cytometry. Semin Thromb Hemost 2010;36(8):807-18.

26



QO@ Hypo-reactivity
\ / FasLL‘ Fas Qo Ao

Macrophage e

== JLJL ) Jenas j .

Adhesion ’ - Angiogensis
Monocyte @ \oo +
® -0

Q

EPCs @

+ Erythrocytes 8 °

© o o Q
] et ——

Lymphocytm +
VS =¥ J 5 4
f_ 0 Platelets Coagulation ) Platelets
< Monocyte

eNOS }ﬁi@bjﬁ‘—j Endothelal
—_— . —
% Q Smooth muscle cells

Figure 1. Mechanisms through which microparticles participate to the pathophysiology of

cardiovascular diseases. Cell stimulation or apoptosis lead to microparticle shedding. Microparticles
can interact with endothelial cells and alter the NO-pathway and reactive oxygen species production
leading to reduced bio-availability of NO and impairing thus vascular relaxation. Microparticles also
can stimulate smooth muscle cells, through for example Fas/FasL interaction, causing vascular hypo-
reactivity. Circulating microparticles may bind coagulation factors and activate platelets enhancing
thus coagulation. Microparticles can stimulate EPCs and reduce their tissue damage repair capacity
and can also impair the angiogenic capacity of endothelial cells. Microparticles can stimulate
lymphocytes and endothelial cells to produce cytokines and other inflammatory mediators. Arrows

with (-) indicate an inhibitory effect and arrows with (+) indicate a stimulatory effect.
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Table 1.

Apoptotic bodies Microparticles Exosomes
Size >1pum 0.1-1 pm <0.1 um
Isolation < 15,0009 15,000 — 21,000 g > 100,000 g
Density (g/ml) 1.16-1.28 Unknown 1.13-1.19

Methods of

detection

Interaction
with target

cells

Flow cytometry,
immunofluorescence,
electron and atomic force
microscopies, light
scattering technique,
western blotting,

ELISA-based tests

Transfer
Fusion

Internalization

Flow cytometry,
immunofluorescence,
electron and atomic force
microscopy, light
scattering technique,
western blotting,

ELISA-based tests

Ligand-receptor
Transfer
Fusion

Internalization

Immunofluorescence,
electron microscopy,
light scattering
technique, western
blotting, ELISA-based

tests

Ligand-receptor
Transfer
Fusion

Internalization
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Tablel. Summary of the cardiovascular dysfunctions associated with increased levels of
circulating microparticles in animals and humans in MetS and its individual components

Component Microparticle origin

Diabetes Pro-coagulant, platelets

and endothelial cells

Pro-coagulant, platelets,
leukocytes, and
endothelial cells

Endothelial cells

Pro-coagulant, platelets
and endothelial cells

Platelets and monocytes

Endothelial cells

Obesity Endothelial cells

Platelets

Platelets and endothelial
cells

Animal models

Impaired cerebral
microvascular
density and
impaired EPC
functions (in vivo
and ex vivo)

Humans References

Increased pro- [48]
cogulant activity
(ex vivo)
Faster brachial- [49]
ankle pulse-wave
velocity and
reduced FMD (in
Vvivo)
Coronary artery [51, 52]
disease (in vivo)
Impaired [53]
angiogenesis  (ex
vivo)
Progression and [54, 55]
severity of
retinopathy  (in
Vvivo)
[22]

Increased left
ventricular mass
index (in vivo)

[66]

Increased carotid [21]
intima media

thickness (in

Vvivo)

Reduced FMD (in [67]

Vivo)
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