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Abstract
Type two diabetes mellitus (T2DM) remains a leading contributor to cardiovascular (CV) mortality worldwide.
Although obese and metabolic syndrome are discussed key factors contributing a higher risk of T2DM, the exact
molecular mechanisms underlying to the progression of dysmetabolic states are still not completely clear. There is
large body of evidence regarding endothelial dysfunction as a key player in increasing CV risk and that vascular
damage in the dysmetabolic patients might mediate through an imbalance between various populations of micro
particle (MP). The short commentary is discussed a role of impaired ratio between apoptotic MPs and activated MPs
derived from endothelial cells that was recognized as “impaired phenotype” of endothelial cell-derived MPs. It has
considered the causality epigenetic reprogramming, metabolic disorders, inflammation, and oxidative stress in
forming of “impaired phenotype” of MPs. The incorporation of measurement of the endothelial cell-derived MP
number into a conventional CV risk factor model aimed improving of risk stratification of the dysmetabolic patients
with high probability of CV disease is discussed.
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Review
Type two diabetes mellitus (T2DM) is discussed a major global
epidemic leading to loss health in general population [1]. Although the
results of recent studies have been well established that overweigh/
obesity and metabolic syndrome are represented the leading risk factor
for T2DM and diabetes-related cardiovascular (CV) complications
[2-4], the impact of the dysmetabolic states on molecular mechanisms
regarding vasculature repair systems and “metabolic memory” is not
fully investigated [5-7]. By now, endothelial dysfunction (ED) has
found a key player in increasing CV risk in overweigh/obese and
T2DM subjects [8,9]. Furthermore, ED interacting with worse glucose
metabolism, lipotoxicity, over production of free radicals and other
components of oxidative stress contributes to increase CV risk [9,10].
Based on current available evidence cell-to-cell cooperation is crucial
for various biological responses including thrombogenicity,
coagulation, inflammation, immunity, cell growth and differentiation,
vascular and plaque remodeling [11]. In this context, extracellular
microparticles (MPs) acting as detrimental regulator of cell-to-cell
cooperation are discussed a have as a key marker of global vascular
damage in dysmetabolic patients [12].
MPs (microvesicles with size <1000 nm) are released from plasma
membrane of wide variety of cells including red blood cells,
mononuclears, platelets, endothelial cells, resulting in specific
(cytokine and growth stimulation, apoptotic agents, coagulation, active
molecules’ effect) and non-specific (shear stress) stimuli [13]. MPs
coordinate wide spectrum biological processes, i.e., angiogenesis,
neovascularization,
cell
growth/differentiation,
proliferation,
coagulation, and they are involved in the epigenetic regulation of post-
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processing that is essential for phenotype modification, tissue repair,
cell death, malignancy, and immunity [14-17].
Numbers of circulating endothelial cell-derived microparticles
(EMPs) were found a marker of endothelial dysfunction and predictor
of CV complications in dysmetabolic subjects including obesity and
T2DM [18-22]. Moreover, several patterns of circulating microvesicles
were found a predictor of clinical outcomes in patients with known CV
disease [20,22]. All these findings illustrate a wide spectrum of
biological functions of EMPs affecting pathogenesis of metabolic and
CV diseases.
Interestingly, EMPs depending on their origin (apoptotic cells or
shedding from activated endothelial cell) might have a different
structure and produce controversial effects. Apoptotic-derived EMPs
are capable of transferring biological information (regulating peptides,
active molecules, hormones) or even genetic materials (micro-RNA,
mRNA, and DNA), as well as proteins, lipid components, from one cell
to another without direct cell-to-cell contact to maintain cell
homeostasis [23]. Apoptotic EMPs may be not only immune
mediators, generating powerful signaling by the simultaneous receptor
interaction, but they are discussed a marker of endothelial cell injury,
coagulation/thrombosis and vascular aging [24]. Contrary, EMPs
derived from activated endothelial cells did not contain nuclear
components and they may exhibit angiogenic properties and
contribute to tissue protection [25,26]. It has been suggested that an
ability of various cells to secrete micropartilces may depend on
epigenetic modifications and that this cell phenotype alteration by cellderived vesicles presents a new aspect for consideration of
dysmetabolic state development [27].
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Recently it has reported that patients with obesity, metabolic
syndrome and T2DM may have impaired ratio between number of
apoptotic EMPs and EMPs derived from activated endothelial cells
[19,20]. This imbalance was predominantly associated with increased
number of apoptotic EMPs labeled as CD31+/annexin V+, whereas
number of activated EMPs phenotypes as CD62E+ did not change or
appeared to be tendency to decrease [28]. Indeed, elevated CD31+/
annexin V+ to CD62E+ ratio was fond as indicator of impaired
immune phenotype of EMPs, which allows determining pattern of
microparticles in dysmetabolic disorder patients [29]. This
phenomenon was recognized as “impaired phenotype” of EMPs and it
has related to cellular injury, inflammation, coagulation/thrombosis
leading to vascular dysfunction and contributing to CV risk [28-31].
Finally, “impaired phenotype” of EMPs is appearing as epigenetic
reprogramming of matter’ cells play a pivotal role in the development
of CV complications in T2DM [32-34].
Although there was a skepticism regarding origin of imbalance in
several poles of EMP in patients with obesity and diabetes, it has
supposed that inflammatory cytokine and probably lipid abnormalities
may consider a possible cause of predominantly immune phenotype of
EMPs [35,36]. The skepticism is based on findings regarding a pivotal
role of increased glucose level, inflammatory cytokine and lipid
abnormalities in the development of impaired phenotypes seen in
T2DM patients. Indeed, glucose toxicity and lipid toxicity are
recognized as main contributors of metabolic memory affected
epigenetic reprogramming of various types of progenitor cells. By now,
endothelial progenitor cells have been found as component of
endogenous repair system, which mediates tissue repair including
microvasculature and microvasculature damages [27]. There are
current available data regarding that the EMPs interact with or enter
different target cells from other tissues, altering their phenotype
toward that of the cell releasing the vesicles [27]. Cells may be changed
by direct interactions with microvesicles, transfer of cell surface
receptors or directly epigenetic reprogramming via transcriptional
regulators derived with circulating microparticles. Thus, EMPs are
essential for cross-communication between cells and they may
underlie the phenomenon of tissue reparation.
Additionally, the circulating EMPs are involved in the cell-to-cell
cooperation supporting mobbing and differentiation of the progenitor
cells. Moreover, the dysfunction of progenitor cells has been recently
described as an essential factor contributed to microvascular and
microvascular complications in diabetes, metabolic syndrome and
obesity. In this context, “impaired phenotype” of EMPs is a link
between CV risk factors and epigenetic reprogrammed progenitor
cells.
Obviously patients with various dysmetabolic disorders might have
different EMP’ patterns contributing to the development of CV
complications depending on the type of reprogramming of matter’
cells. Whether abnormal pattern of EMPs would be appeared prior to
metabolic states manifestation or, in contrast, several metabolic states
(i.e., diabetes, metabolic syndrome, obesity) are able to induce an
imbalance between various EPMs via epigenetic reprogramming
mechanisms affected matter’ cells secreting microvesicles is not still
clear and requires more investigations. Probably, incorporation of the
EMP level into a conventional risk factor model is able to be useful tool
for improving of risk stratification of the dysmetabolic patients with
high probability of CV disease [37-39].
Importantly, the accurate assessment of MPs remains a serious
challenge because of a lack of consensus regarding methodologies to
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measure MPs and the inability of most techniques to capture the entire
size range of these vesicles. The conventional approach for measuring
the MPs is based on commonly used flow cytometry and MP tracking
analysis that recognized as a gold standard, as well as Western blot
analysis and electron microscopy [40]. However, a lot of conventional
methods have crucial limitations regarding complicated assay and
suffers from relatively low sensitivity and accuracy because of
resolution problems occurring for the majority of commercially
available flow cytometers. The serious barrier created surmountable
problems for MP tracking analysis is sizing of small MPs (<50-100
nm). Western blot analysis and electron microscopy allow to optionally
recognizing MPs depending on determination of different markers,
represents a useful tool for examining particles. However, Western blot
analysis and electron microscopy require subsequent technical efforts
and are much expensive. Alternatively, the surface plasmon resonancebased imaging (SPRi) microscopy was recently recognized as a novel
method for quantification and sizing of MPs, which could be
significantly useful to resolve the majority problems affected MP’
recognition. The high contrast in SPR signal between cell edges and
substratum facilitates identification of cell edges and segmentation of
cell areas. Therefore, Raman micro-spectroscopy, micro nuclear
magnetic resonance technique, small-angle X-ray scattering, and
anomalous small-angle X-ray scattering might compete with SPRi
microscopy and flow cytometery to increase sensitivity and accuracy in
detecting of MPs [40].

Conclusion
In conclusion, circulating MPs have promise in the clinical arenas of
dysmetabolic disease biomarkers. There are evidence in supporting of
hypothesis that apoptotic-derived EMPs might be one of causality
factor contributed to pathogenesis of obesity, metabolic syndrome and
diabetes. The large clinical trials are required to explain the predictive
role of circulating EMP subsets in dysmetabolic individuals at higher
risk of CV complications.
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