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Abstract 

 

Cell-derived extracellular vesicles (EVs) are heterogeneous population of 

phospholipid-based endogenously produced particles. EVs are detected in several 

biological fluids and tissues as biomarkers of diseases and target of medicines. 

The conventional approach for measuring the MPs is based on commonly used 

flow cytometry, fluorescent methods, and nano-particle tracking analysis that 

recognized as a gold standard, as well as Western blot analysis, dynamic light 

scattering, resistive pulse sensing, mass spectrometry-based proteomic methods 

and electron microscopy. However the definition of MPs using these techniques is 

yet under discussion. The aim of the review: to summarize the knowledge 

regarding detection and measurement of the EVs and define the balance between 

advantages and limitations of each contemporary analytical methods of EV assay.  

 

 

Keywords: extracellular vesicles; flow cytometry, nano-particle tracking analysis; 

Western blot analysis; dynamic light scattering; resistive pulse sensing; electron 

microscopy 

 



156                                                 Alexander E. Berezin and Richard E Mokhnach 

 

 

Introduction 
 

Cell-derived extracellular vesicles (EVs) have been identified in several biological 

fluids and tissues [1-3]. EVs are recently recognized key regulators of cell 

function, cell-to-cell cooperation, inflammation, proliferation and tissue repair [4, 

5]. Despite the exact molecular mechanisms regarding the autocrine and paracrine 

actions of EVs affecting several physiological and pathological processes are yet 

not completely clear [6], there is the progress in understanding the role of 

circulating EVs and their molecular contents (DNA, RNAs, active molecules, and 

proteins) taken directly from peripheral blood as biomarker of diseases and 

targeting in the treatment [7-9]. There is reason for optimizing of EV assay to 

increase utilization of single and serial measurements of number EV in routine 

clinical practice. By now, there is large body of evidences regarding perspectives 

to use of EVs as diagnostic tool with promising predictive value in several 

diseases, i.e. cancer, leukemia, cardiovascular and rheumatic disease, diabetes, 

autoimmune and renal diseases, thrombosis, infections, inflammation [10-16]. The 

aim of the review: to summarize the knowledge regarding detection and 

measurement of the EVs and define the balance between advantages and 

limitations of each contemporary analytical methods of EV assay. 

 

Definition and classification of extracellular vesicles 

 

Extracellular vesicles are heterogeneous population of phospholipid-based 

endogenously produced particles (30-1000 nm in diameter), which contain cell-

specific collections of proteins, glycoproteins, lipids, nucleic acids and other 

molecules. Abundant cells including cardiomyocites, blood cells, endothelial 

cells, immune cells, and even tumor cells are capable to secrete EVs of different 

size and compositions (Table 1). Depending on their origin EVs are graduated to 

follow subsets, i.e. the exosomes (30–100 nm in diameter), the microvesicles (50–

1000 nm in diameter), ectosomes (100–350 nm in diameter), microparticles (100-

1000 nm) small-size MPs (<50 nm in diameter) known as membrane particles and 

apoptotic bodies (1-5 µm in diameter) [17]. The exosomes are formed by inward 

budding of the endosomal membrane and they are released on the exocytosis of 

multivesicular bodies (MVBs) known as late endosomes, whereas the 

microvesicles are attributed via budding from plasma membranes. However, the 

exosomes have been predominantly labeled in the case of immune cells 

(macrophages, T cells, B cells and dendritic cells) and tumor cells. Unlike the 

exosomes, the ectosomes are ubiquitous microvesicles assembled at and released 

from the plasma membrane [18]. Microparticles (MPs) and microvesicles are 

released by cellular vesiculation and fission of the membrane of cells [19]. The 

mechanisms of vesiculation affect genome and may mediate by some triggers 

including inflammation [20], while in some cases there is a spontaneous release of 

MPs from stable cells or due to injury from necrotic cells or from mechanically 

damaged cells. 
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Biological function and regulation of extracellular vesicles 
 

Recent investigations have been shown that EVs as derivate of cellular membrane 

are discussed powerful paracrine regulators of target cell functions [21-23]. 

Indeed, EVs possess a wide spectrum of biological effects on intercellular 

communication by transferring different molecules (autoantigens, cytokines, 

mRNA, iRNA, hormones, tissue coagulation factors, and surface receptors) able 

to modulate other cells affected growth of tissue, reparation, vasculogenesis, 

inflammation, apoptosis, infection, and malignancy. However, EVs are not only 

cargo for biological active substances. Growing evidence supports the idea that 

regarding association between immune pattern of MPs originated from different 

cells (endothelial cells, mononuclears, dendritic cells, platelets) and nature 

evolution of various diseases including CV diseases, cancer, sepsis, eclampsia, 

autoimmune and metabolic states, etc. [24-26]. 

In is well known that EVs appear to be found into circulation in response to many 

situational changes (physiological conditions, stress, laminar shear stress on 

endothelium) micro-environmental stimulation, coagulation / thrombosis, 

endotoxinemia, activated cells or those undergoing apoptosis, ischemic injury, 

hypoxia, and malignancy [27-29]. Optionally, it is well known that several 

haemodynamic conditions via laminar shear stress may stimulate a secretion of 

EVs from endothelial cells. There are some controversial in understanding of 

regulation in EVs’ secretion. There are data that confirm a close link between high 

endothelial shear stress and release of EVs from endothelial cells [30]. In 

opposite, an inverse association between number of endothelial cell-derived EVs 

in circulation and shear stress values was found [31]. Authors have suggested that 

increased release EVs following apoptosis of endothelial cells may be trigger of 

low laminar stress. Finally, EVs depending on their origin, structure and inducers 

secretion might possess both physiological (cell-to-cell cooperation, regulation of 

endogenous reparation, angiogenesis) and pathological effects (promoting 

oxidative stress, vascular inflammation, coagulation, neovascularization). 

 

The methodology of detection of extracellular vesicles 
 

The current stand of knowledge regarding morphology, transcriptomics, and 

proteomics of circulating EVs is still not fully [32, 33]. The difficulty of 

separating EVs realized from other types of cells limits or efforts to extend actual 

cognitions in features affected biogenesis, secretion, and subsequent biological 

role of EVs [34]. Up to date, the methods of isolation of EVs are crucial for 

accuracy of measurement and clinical utility of nano-particles. Indeed, there are 

several criticisms regarding impact of centrifugation-based methods including co-

isolation of non-EV materials on further measurement of EVs. It might relate to 

damage of the EV's membrane structure and non-standardized parameters leading 

to qualitative and quantitative variability [35]. The commonly used methods for 

purifying EVs for post-isolation analyses may impact on quality and accuracy of 

EV measurement [36].  
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Many EVs are at the limits of detection of conventional methods, i.e. flow 

cytometry, and other biophysical methods that enable detection of particles of 

such small sizes do not readily allow assessment of their origin. Moreover, 

accurate assessment of EVs remains a serious challenge because of a lack of 

consensus regarding methodologies to measure EVs and the inability of most 

techniques to capture the entire size range of these vesicles [37]. Therefore, the 

EV detection methods used till date are costly and time consuming [38]. 

The conventional approach for measuring the MPs is based on commonly used 

flow cytometry, and nano-particle tracking analysis (NTA) that recognized as a 

gold standard, as well as Western blot analysis, dynamic light scattering, resistive 

pulse sensing and electron microscopy, mass spectrometry-based proteomic 

methods etc. However the definition of MPs using these techniques is still an area 

of great debate [39]. Unfortunately, all 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 [40, 41]. To date, the accurate measurement of EVs by 

these methods depends on EV size heterogeneity, refractive index, and the 

dynamic measurement range that could require a complementary use for most of 

the available technologies [42]. 

 

Flow cytometry 

 

Flow cytometry is considered a well-standardized and optionally accepted 

analytical method for cell identification, phenotype detection and measurement, 

although the standard tool requires special attention when measuring EVs in 

diameter less 200 nm and especially less 50 nm [43]. Indeed, due to the small size 

of EVs, it is needed to prevent the frequently occurred signal noise for detection 

of fluorescently labelled EVs. Currently there are a number of solutions that might 

help to improve accuracy and merge reproducibility of the method. The first is 

careful titration of the probe before EV labelling [36]. The second is removal of 

unbound probe by washing using size-exclusion filter and / or high-speed 

centrifugation. To note, the carefully use of higher speed centrifugation is crucial 

step for detection of EVs even when probes are prepared correctly. The 

centrifugation may mechanically injure the cells and attenuate the occurring the 

cell fragments or debris in probe that activates aggregation and mediates 

artefactual release of EV in the samples [44]. However, there is serious limitation 

regarding ability to recognized small-size particles like MPs in diameter, i.e. low-

density lipoproteins, using flow cytometry technique. The calibration in flow 

cytometry is essential to overcome the limitations regarding nano-particles’ 

identification using gating 1µm. Polystyrene microspheres (PMs) are often used in 

commercial flow cytometers to distinguish EV from cells by setting a 1-μm EV 

gate in a side-scatter (SSC) versus forward-scatter (FSC) dot plot because of PMs 

usually exhibit higher FSC and SSC than EVs of equal size. However, the flow 

cytometer provides the possibility to measure MPs directly in plasma samples and 

to analyze MP-subsets [45]. The novel approaches that could allow increasing an  
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ability of flow cytometry technique to detect small-size MPs is advanced 

cytofluorimetric method based on BD Horizon Violet Proliferation dye. However, 

the utilization of flow cytometers specifically designed for analysis of small-size 

MPs is probably to provide considerable methodological advantages and should 

be the preferable options [46]. 

 

Atomic force microscopy 

 

Because of atomic force microscopy (AFM) is reliable method for analysis of 

samples containing very few target molecules; it is permitted the characterization 

of membrane vesicles as small as 30 nm in hydrodynamic diameter [47]. AFM 

lets to detect morphology, surface properties and surface antigen presentation in 

the target samples. Although AFM may exhibits a well agreement with 

transmission electron microscopy and X-ray diffraction in measurement of both 

the EV size and size-related parameters of the different EV fractions, it is noted 

that an accurate of results depends on pre-analytical preparation of samples (i.g. 

separation and isolation), methods of standardization using particles with 

appropriate sizes and the counting statistics [48]. However, the distinguishes in 

concentrations between the detected EVs are discussed a primarily cause in 

differences between the minimum detectable particle sizes [49]. In this context, 

the AFM could be promised method in identification of the size and concentration 

of EV, when dynamic light scattering is failed due to lower EV concentration 

[50]. Nevertheless, there are no reliable markers that might distinguish subsets of 

various EVs, i.e. exosomes and ectosomes. In this context, AFM is considered as 

a component prior nano-particle tracking analysis and global proteogenomics 

analysis [51].  

 

Nano-particle tracking analysis 

 

Nanoparticle tracking analysis (NTA) is a light-scattering technique that is useful 

for the rapid sizing and enumeration of EVs [52]. NTA is based on the Brownian 

motion of individual particles in solution (monodisperse and polydisperse 

samples) with further tracking identification using light scattering. The data 

analysis requires commercial NTA software. The minimum detectable EV sizes 

for NTA are 70-90 nm [50]. It is needed to take into consideration the NTA is 

measured NTA the hydrodynamic diameter of the particles only. It is suggested 

that NTA is able to have better sensitivity for EVs with diameter less 100 nm [53], 

whereas fluorescence technique exhibits better results in measurement of EV size 

ranged > 100 nm [54]. 

There are as least two limitations of NTA that should be taken into consideration 

for the analysis of EVs. The first limitation of NTA is lack of optionally 

calibration method of regarding EV measurements. However, there are several 

attempts to standardize this method using polydisperse nanosized particles [55]. 

Although most calibration of NTA measurement has been performed using 

polystyrene microspheres, silica microspheres may be better in estimation of MV  
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diameter [56, 57]. The next serious barrier created surmountable problems for 

NTA is sizing of small MPs (<50-100 nm). In addition, problems with 

concentration limits of NTA measurements might restrict the use of this method 

for clinical samples [58]. 

 

Dynamic light scattering (DLS) 

Dynamic light scattering (DLS) recently known as photon correlation 

spectroscopy (PCS) and quasi-elastic light scattering is well-developed methods 

regarding measurements of intensity size distribution and on counting the number 

of different EV sizes les 1 nm [59]. There is a possibility to measure the full 

particle characteristic distribution including size, weigh, shape, and charge [60]. 

DLS can use to distinguish nano-particles depending on their size through 

detection of Brownian motion intensity, while the monogenity of sample and 

higher concentration of the EVs are critical requirement to perform this method. 

Contamination of the samples with other particles, i.e. low-density lipoproteins or 

aggregated microparticles / cell debris, may dramatically worse the data quality 

[61]. 

 

Resistive pulse sensing 

 

The label-free technology of resistive pulse sensing uses the qNano system and 

implements to determine the concentration and size of EVs based on the Coulter 

principle [62]. Resistive pulse sensing is used a membrane with pores of size with 

a diameter less than 100 nm [63]. Indeed, the recently performed experiments 

have been demonstrated that this resistive-pulse sensor could be able to 

differentiate and count multiple particle solutions simultaneously through its four 

micro channels fabricated on polymer membranes. Thus, resistive pulse sensing 

may detect small-size EVs. 

 

Western blot analysis 

 

The conventionally methods regarding preparation and isolation of EVs based on 

higher-speed centrifugation associate with contamination of the samples with 

lipoproteins, cell debris and protein complexes [64]. Western blot analysis is well-

developed methods of the study of target molecule characteristics that allows to 

optionally recognizing MPs depending on determination of different markers, 

represents a useful tool for examining particles. However, Western blot analysis 

requires subsequent technical efforts, needs to complementary methods, i.e. NTA, 

electron microscopy that optionally appears to be much expensive technology. 

 

Electron microscopy 

There are at least two types of electron microscopes named transmission electron 

microscopy and scanning electron microscopy. Transmission electron microscopy 

is the most commonly used in the real diagnostic practice and has the higher 

resolution when compared to scanning electron microscopy. Both electron micro- 
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scope techniques require preparing biomaterials via fixation and dehydration that 

may reduce EV size and size related features of EV morphology. However, the 

electron microscopy applies to visualize EVs in size ranged from 20 nm to 100 

nm. Therefore, complimentary to microscopy immuno-gold labeling attenuates to 

receive biochemical information regarding EVs’ surface [65]. 

There is cryo-electron microscopy that is applied at temperatures below −100°C 

to analize form and structure of EVs [66]. This method does not require staining 

and fixing of sample prior oh the analyzation. Currently digital technologies allow 

to create the 2D and 3D- models that might improve recognizing of the EV 

structure. However, the useful of 2D and 3D- cryo-electron microscopy in EV 

identification is required more investigations. 

Field emission scanning electron microscopy (FESEM) analysis revealed marked 

disintegration and vesiculation of the plasma membrane, i.e. pseudopodia 

formation and cytoskeleton modification. These changes indicate loss of plasma 

membrane integrity rather than activation. The main advantages of the FESEM 

are ability to identify the presence of EVs without previously fixation and 

dehydration that preserve the structure of the particles and minimize the risk to 

hyperdignose the changes of inner structure of the EVs [67]. In contrast, the high 

concentration of EVs in the probe is essential to obtain the size distribution [67]. 

 

Nano-particles- surface plasmon resonance - based imaging microscopy 

 

Alternatively, recently recognized as a method for quantification and sizing of 

biological nano-particles- surface plasmon resonance - based imaging microscopy 

(SPRi microscopy) might be significantly useful to resolve the majority problems 

affected MPs recognition. SPRi is discussed a highly sensitive label-free 

biochemical surface sensor measurement technique that has only recently been 

applied to the field of cell-biology. This method is based on phenomenon known 

as surface plasmon resonance that associates with a high resolute diffraction 

generated at a thin metal surface [68-72]. The high contrast in SPR signal between 

cell edges and substratum facilitates identification of cell edges and segmentation 

of cell areas [72]. Importantly that several cells, cellular components (i.e. focal 

adhesions, nucleus, and cellular secretions), viruses, bacteria, micro- and nano-

particles have not just became visible, but they are able to be calculable [73, 74]. 

As expected, a quantitative interpretation of SPRI imaging might improve 

resolution of MP determination and allow investigators unprecedented to 

overcome flow cytometry limitations regarding low detectable small-size MPs 

[73]. Moreover, simultaneous application of a high-sensitive fluorescent 

microscopy and SPRi microscopy should enhance the sensitivity and selectivity of 

a created biosensor platform [71-73]. This might have a high value for 

identification of small-size MPs originated from different cells that were recently 

determined as debris [72]. Probably small-size MPs derived from apoptotic cells 

play a pivotal role in tissue injure, inversely MPs secreted activated cells, i.e. 

mononuclears, endothelial cells, dendritic cells, may have a positive effect on 

tissue repair and homeostasis [73]. 
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Highly sensitive fluorescent microscopy 

 

A highly sensitive fluorescent (HSF) microscopy also permits to detect individual 

sub-micro and nano-EVs. As compared with SPRi microscopy, this technique 

could provide higher detection sensitivity due to a large fluorescence excitation 

and a high effective quantum yield of fluorescence [75]. Indeed, analysis of highly 

concentrated EV samples resulted in an underestimation of the number of EVs 

and an interdependent overestimation of light scattering and fluorescence signals 

[76]. In this setting, highly sensitive fluorescent approach to capture and detect 

smaller EVs appears to be promising. 

 

Novel methods of EV detection and measurement 

 

Therefore, there are some methods that are not commercially available: surface-

assisted laser desorption/ionization mass spectrometry, Raman micro-

spectroscopy, micro nuclear magnetic resonance technique, small-angle X-ray 

scattering, and anomalous small-angle X-ray scattering [77]. 

 

Surface-assisted laser desorption/ionization mass spectrometry 

Surface-assisted laser desorption/ionization mass spectrometry (SALDI-MS) is a 

high throughput analytical technique capable of detecting low molecular weight 

analysis, including EVs [78]. The main advantage of this novel approach is 

possibility for the analysis of EVs isolated from multiple biological fluids without 

sample preparation protocols. In this setting the effect of EV size, pore diameter, 

pore depth and “functionalization” on analytical performance might be studied. In 

fact, the method detection limits are 10-30 nm that opens novel perspectives in 

investigations of small-size MPs. However the role of SALDI-MS in biosensing 

of MPs is not fully investigated and requires scrutiny.  

 

Raman micro-spectroscopy 

Raman micro-spectroscopy is a spectroscopic method, based on inelastic 

scattering of monochromatic light using directly labelled fluorescent probes or of 

indirect labelling with mono- and polyclonal antibodies [79, 80]. The principle of 

the method based on interaction of photons with molecular vibrations that leads to 

shift of their energy. This signal strength presents important information about the 

vibrational transitions proportional to composition of the target molecules [80]. 

The main advantage of vibrational laser-based Raman spectroscopy in comparison 

to conventional biological assays is an ability rapid and non-invasive biochemical 

analysis of EVs beyond fixation or labeling [81]. Importantly, Raman micro-

spectroscopy might complement NTA, transmission and scanning electron 

microscopies, DLS to improve data regarding size and morphology of EVs. 

Micro-nuclear magnetic resonance technique 

Highly sensitive detection of MP antigens by micro-nuclear magnetic resonance 

are currently introduced onto a microfluidic chip and labelled with target-specific 

magnetic nanoparticles [82]. Compared with current methods, this integrated  
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system has a much higher detection sensitivity and can differentiate MPs derived 

from tumor cells from non-tumor host cell-derived MPs [83]. 

 

Small-angle X-ray scattering 

Small-angle X-ray scattering (SAXS) is a promising method that has implemented 

for determination of solid particles in suspension through traceable size detection 

[64]. The size (1–200 nm size range) and size-related features of EVs are capable 

to recognize by SAXS and are presented as traceable size distributions from the 

on-line measurements [84]. The method is based on the elastic scattering of X-ray 

photons on the electrons of the sample at low angles. As other methods based on 

analyzing of traceable size distributions, the highly concentrated EV fractions are 

needed to perform the measurement carefully. In this concerning, the 

monodispersity of the sample is essential to receive higher reliable results of the 

EV measurement. The heterogeneous sample meets several obstacles for 

interpretation of the scattering curve. In this context, the centrifugation as a 

method of preparing and isolation of EVs is not complementary to SAXS 

technique. The next main disadvantage of SAXS is the presence of plasma 

proteins in the sample analyzed that may not associate with the EVs. 

 

Future perspectives 

 

There are commercial platforms that offer massively parallel, label-free 

biosensing of EVs based on combining all-electrical detection with low-cost 

integrated circuits [85]. Despite these successes, bioelectronics has so far failed to 

deliver a broadly applicable EV biosensing platform in routine practice. All these 

methods are currently being explored to assay MPs, while an incorporation of 

these techniques into analytical care is probably addressed in the future. However, 

isolation, purification and content analysis of EVs remain to be technological 

challenged.  

 

In conclusion, a standardization of the methods of EVs’ determination, isolation 

and characterization are extremely required, because are yet largely lacking. 

Commonly used procedures, such as flow cytometry with NTA, Western blot 

analysis, SALDI-MS, electron microscopy, and other methods might not have 

universal utility for EV determination; especially for small-size MPs. Novel 

techniques regarding identification of EVs based on real-time and label-free 

optical biosensors and principles of SPR phenomena appear to be promised and 

could sufficiently overcome limitation of option methods of EV determination. 

 

Abbreviations 

EVs - extracellular vesicles; 

FSC - forward-scatter dot plot 

HSF - highly sensitive fluorescent microscopy 

ICAM - intracellular adhesion molecule; 

MPs - microparticles; 
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MVs - microvesicles; 

NTA - nano-particle tracking analysis 

PMs - polystyrene microspheres  

RBC - red blood cells; 

SALDI-MS - surface-assisted laser desorption/ionization mass spectrometry; 

SAXS - small-angle X-ray scattering; 

SPRi microscopy - nano-particles- surface plasmon resonance - based imaging 

microscopy; 

SSC - side-scatter dot plot 

VCAM - vascular cell adhesion molecule. 

 

Funding. This research received no specific grant from any funding agency in the 

public, commercial, or not-for-profit sectors. 

 

 

References 
 

[1] R.I. Kushak, E. Nestoridi, J. Lambert, M.K. Selig, J.R. Ingelfinger, E.F. 

Grabowski, Detached endothelial cells and microparticles as sources of 

tissue factor activity, Thromb. Res., 116 (2005), no. 5, 409-419.  

http://dx.doi.org/10.1016/j.thromres.2005.01.013  

 

[2] D. Mege, S. Mezouar, F. Dignat-George, L. Panicot-Dubois, C. Dubois, 

Microparticles and cancer thrombosis in animal models, Thromb. Res., 140 

(2016), Suppl. 1, S21-S26.  

http://dx.doi.org/10.1016/s0049-3848(16)30094-9  

 

[3] A. Angelillo-Scherrer, Leukocyte-derived microparticles in vascular 

homeostasis, Circulation Research, 110 (2012), no. 2, 356-369.  

http://dx.doi.org/10.1161/circresaha.110.233403  

 

[4] S.F. Mause, C. Weber, Microparticles: protagonists of a novel 

communication network for intercellular information exchange, Circulation 

Research, 107 (2010), no. 9, 1047–1057. 

http://dx.doi.org/10.1161/circresaha.110.226456  

 

[5] G. Lombardo, P. Dentelli, G. Togliatto, A. Rosso, M. Gili, S. Gallo, et al., 

Activated Stat5 trafficking Via Endothelial Cell-derived Extracellular 

Vesicles Controls IL-3 Pro-angiogenic Paracrine Action, Sci. Rep., (2016), 

no. 6, 25689. http://dx.doi.org/10.1038/srep25689  

 

[6] G. Pasterkamp, D. de Kleijn, Microparticles, debris that hurts, Journal of the 

American College of Cardiology, 52 (2008), no. 16, 1312-1313. 

 

 

http://dx.doi.org/10.1016/j.thromres.2005.01.013
http://dx.doi.org/10.1016/s0049-3848%2816%2930094-9
http://dx.doi.org/10.1161/circresaha.110.233403
http://dx.doi.org/10.1161/circresaha.110.226456
http://dx.doi.org/10.1038/srep25689


Cell-derived extracellular vesicles in diseases                                                    165 

 

 

[7] A.E. Berezin, Impaired immune phenotype of endothelial cell-derived 

microparticles: the missing link between diabetes-related states and risk of 

cardiovascular complications? Journal of Data Mining in Genomics & 

Proteomics, 7 (2016), no. 2, 195-197.  

http://dx.doi.org/10.4172/2153-0602.1000195  

 

[8] A.E. Berezin, Impaired Phenotype of Endothelial Cell-Derived Micro 

Particles: The Missed Link in Heart Failure Development?, Biomark J., 2 

(2016), no. 2, 14-19. 

 

[9] C.N. Franca, M.C. de Oliveira Izar, J.B. do Amaral, D.M. Tegani, F.A.H. 

Fonseca, Microparticles as potential biomarkers of cardiovascular disease, 

Arquivos Brasileiros de Cardiologia, 104 (2015), no. 2, 169-174.  

http://dx.doi.org/10.5935/abc.20140210  

 

[10] C-C. Tseng, C-C. Wang, H-C. Chang, T.H. Tsai, L.T. Chang, K.T. Huang et 

al., Levels of circulating microparticles in lung cancer patients and possible 

prognostic value, Disease Markers, 35 (2013), no. 5, 301-310.  

http://dx.doi.org/10.1155/2013/715472  

 

[11] S. Mezouar, D. Mege, R. Darbousset, D. Farge, P. Debourdeau, F. Dignat-

George et al., Involvement of platelet-derived microparticles in tumor 

progression and thrombosis, Seminars in  Oncology, 41 (2014), no. 3, 346-

358. http://dx.doi.org/10.1053/j.seminoncol.2014.04.010  

 

[12] A.F. Tramontano, R. Lyubarova, J. Tsiakos, T. Palaia, J.R. Deleon, L. 

Ragolia, Circulating endothelial microparticles in diabetes mellitus, 

Mediators of Inflammation, 2010 (2010), 1-8.  

http://dx.doi.org/10.1155/2010/250476  

 

[13] N. Amabile, A.P. Guérin, A. Leroyer, Z. Mallat, C. Nguyen, J. Boddaert, et 

al., Circulating endothelial microparticles are associated with vascular 

dysfunction in patients with end-stage renal failure, Journal of the American 

Society of Nephrol., 16 (2005), no. 11, 3381-3388. 

         http://dx.doi.org/10.1681/asn.2005050535  

 

[14] S.F. Lynch, C.A. Ludlam, Plasma microparticles and vascular disorders, 

Britich Journal of Haematol., 137 (2007), no. 1, 36-48.  

http://dx.doi.org/10.1111/j.1365-2141.2007.06514.x  

 

[15] S.M. Schindler, J.P. Little, A. Klegeris, Microparticles: a new perspective in 

central nervous system disorders, BioMed Research International, 2014 

(2014), 1-17. http://dx.doi.org/10.1155/2014/756327  

 

 

http://dx.doi.org/10.4172/2153-0602.1000195
http://dx.doi.org/10.5935/abc.20140210
http://dx.doi.org/10.1155/2013/715472
http://dx.doi.org/10.1053/j.seminoncol.2014.04.010
http://dx.doi.org/10.1155/2010/250476
http://dx.doi.org/10.1681/asn.2005050535
http://dx.doi.org/10.1111/j.1365-2141.2007.06514.x
http://dx.doi.org/10.1155/2014/756327


166                                                 Alexander E. Berezin and Richard E Mokhnach 

 

 

[16] J. Perez-Hernandez, R. Cortes, Extracellular vesicles as biomarkers of 

systemic lupus erythematosus, Disease Markers, 2015 (2015), 1-7. 

http://dx.doi.org/10.1155/2015/613536  

 

[17] E. Cocucci, J. Meldolesi, Ectosomes and exosomes: shedding the confusion 

between extracellular vesicles, Trends in Cell Biol., 25 (2015), no. 6, 364-

372. http://dx.doi.org/10.1016/j.tcb.2015.01.004  

 

[18] S. Keerthikumar, D. Chisanga, D. Ariyaratne, H. Al Saffar, S. Anand, K. 

Zhao et al., ExoCarta: A Web-Based Compendium of Exosomal Cargo, 

Journal of Mol. Biol., 428 (2016), no. 4, 688-692.  

http://dx.doi.org/10.1016/j.jmb.2015.09.019  

 

[19] M. Colombo, G. Raposo, C. Théry, Biogenesis, secretion, and intercellular 

interactions of exosomes and other extracellular vesicles, Annual Rev. of 

Cell Dev. Biol., 30 (2014), 255-289.  

http://dx.doi.org/10.1146/annurev-cellbio-101512-122326  

 

[20] A. Piccin, W.G. Murphy, O.P. Smith, Circulating microparticles: 

pathophysiology and clinical implications, Blood Rev., 21 (2007), 157-171. 

http://dx.doi.org/10.1016/j.blre.2006.09.001  

 

[21] J. Gong, R. Jaiswal, P. Dalla, F. Luk, M. Bebawy, Microparticles in cancer: 

A review of recent developments and the potential for clinical application, 

Semin Cell Dev Biol., 40 (2015), 35-40. 

         http://dx.doi.org/10.1016/j.semcdb.2015.03.009  

 

[22] S. Das, M.K. Halushka, Extracellular vesicle microRNA transfer in 

cardiovascular disease, Cardiovascular Pathol., 24 (2015), no. 4, 199-206. 

http://dx.doi.org/10.1016/j.carpath.2015.04.007  

 

[23] A. Berezin, A. Zulli, S. Kerrigan, D. Petrovic, P. Kruzliak, Predictive role of 

circulating endothelial-derived microparticles in cardiovascular diseases, 

Clinical Biochem., 48 (2015), no. 9, 562-568.  

http://dx.doi.org/10.1016/j.clinbiochem.2015.02.003  

 

[24] A. Jadli, N. Sharma, K. Damania, P. Satoskar, V. Bansal, K. Ghosh et al., 

Promising prognostic markers of Preeclampsia: New avenues in waiting, 

Thrombosis Research, 136 (2015), 189-195.  

http://dx.doi.org/10.1016/j.thromres.2015.05.011  

 

[25] D.W. Greening, S.K. Gopal, R.A. Mathias, L. Liu, J. Sheng, H.J. Zhu et al., 

Emerging roles of exosomes during epithelial-mesenchymal transition and 

cancer progression, Seminars in Cell and Dev. Biol., 40 (2015), 60-71. 

http://dx.doi.org/10.1016/j.semcdb.2015.02.008  

http://dx.doi.org/10.1155/2015/613536
http://dx.doi.org/10.1016/j.tcb.2015.01.004
http://dx.doi.org/10.1016/j.jmb.2015.09.019
http://dx.doi.org/10.1016/j.semcdb.2015.03.009
http://dx.doi.org/10.1016/j.carpath.2015.04.007
http://dx.doi.org/10.1016/j.thromres.2015.05.011
http://dx.doi.org/10.1016/j.semcdb.2015.02.008


Cell-derived extracellular vesicles in diseases                                                    167 

 

 

[26] M.C. Martinez, R. Andriantsitohaina, Microparticles in angiogenesis: 

therapeutic potential, Circ Res., 109 (2011), 110–119.  

http://dx.doi.org/10.1161/circresaha.110.233049  

 

[27] S.F. Lynch, C.A. Ludlam, Plasma microparticles and vascular disorders, 

British Journal of Haematol., 137 (2007), 36-48. 

http://dx.doi.org/10.1111/j.1365-2141.2007.06514.x  

 

[28] F. Sabatier, L. Camoin-Jau, F. Anfosso, J. Sampol, F. Dignat-George, 

Circulating endothelial cells, microparticles and progenitors: key players 

towards the definition of vascular competence, Journal of Cell. Mol. Med., 

13 (2009), no. 3, 454-471.  

http://dx.doi.org/10.1111/j.1582-4934.2008.00639.x  

 

[29] L. Burnier, P. Fontana, B.R. Kwak, A. Angelillo-Scherrer, Cell-derived 

microparticles in haemostasis and vascular medicine, Thromb. Haemost., 

101 (2009), no. 3, 439-451. http://dx.doi.org/10.1160/th08-08-0521  

 

[30] S.V. Brodsky, F. Zhang, A. Nasjletti, M.S. Goligorsky, Endothelium-

derived microparticles impair endothelial function in vitro, Am. J. Physiol.- 

Heart Circ. Physiol., 286 (2004), H1910-1915. 

http://dx.doi.org/10.1152/ajpheart.01172.2003  

 

[31] C.M. Boulanger, N. Amabile, A.P. Guérin, B. Pannier, A.S. Leroyer, C.N. 

Mallat et al., In vivo shear stress determines circulating levels of endothelial 

microparticles in end-stage renal disease, Hypertension, 49 (2007), no. 4, 

902-908. http://dx.doi.org/10.1161/01.hyp.0000259667.22309.df  

 

[32] D.S. Choi, D.K. Kim, Y.K. Kim, Y.S. Gho, Proteomics, transcriptomics and 

lipidomics of exosomes and ectosomes, Proteomics, 13 (2013), no. 10-11, 

1554-1571. http://dx.doi.org/10.1002/pmic.201200329  

 

[33] S. Dinkla, R. Brock, I. Joosten, G.J. Bosman, Gateway to understanding 

microparticles: standardized isolation and identification of plasma 

membrane-derived vesicles, Nanomedicine (Lond), 8 (2013), no. 10, 1657-

1668. http://dx.doi.org/10.2217/nnm.13.149  

 

[34] W. Anderson, R. Lane, D. Korbie, M. Trau, Observations of Tunable 

Resistive Pulse Sensing for Exosome Analysis: Improving System 

Sensitivity and Stability, Langmuir, 31 (2015), no. 23, 6577-6587.  

http://dx.doi.org/10.1021/acs.langmuir.5b01402  

 

[35] D.D. Taylor, S. Shah, Methods of isolating extracellular vesicles impact 

down-stream analyses of their cargoes, Methods, 87 (2015), 3-10. 

http://dx.doi.org/10.1016/j.ymeth.2015.02.019  

http://dx.doi.org/10.1161/circresaha.110.233049
http://dx.doi.org/10.1111/j.1365-2141.2007.06514.x
http://dx.doi.org/10.1111/j.1582-4934.2008.00639.x
http://dx.doi.org/10.1160/th08-08-0521
http://dx.doi.org/10.1152/ajpheart.01172.2003
http://dx.doi.org/10.1161/01.hyp.0000259667.22309.df
http://dx.doi.org/10.1002/pmic.201200329
http://dx.doi.org/10.2217/nnm.13.149
http://dx.doi.org/10.1021/acs.langmuir.5b01402
http://dx.doi.org/10.1016/j.ymeth.2015.02.019


168                                                 Alexander E. Berezin and Richard E Mokhnach 

 

 

[36] J. Lötvall, A.F. Hill, F. Hochberg, E.I. Buzás, D. Di Vizio, C. Gardiner et 

al., Minimal experimental requirements for definition of extracellular 

vesicles and their functions: a position statement from the International 

Society for Extracellular Vesicles, J. Extracellular Vesicles, 3 (2014), 

26913. http://dx.doi.org/10.3402/jev.v3.26913  

 

[37] R. Patil, K. Ghosh, S. Shetty, A simple clot based assay for detection of 

procoagulant cell-derived microparticles, Clin. Chem. Lab. Med., 54 (2016), 

no. 5, 799-803. http://dx.doi.org/10.1515/cclm-2015-0508  

 

[38] E. Niccolai, D. Squatrito, G. Emmi, E. Silvestri, L. Emmi, L. Ciucciarelli et 

al., A new cytofluorimetric approach to evaluate the circulating 

microparticles in subjects with antiphospholipid antibodies, Thromb. Res., 

136 (2015), no. 6, 1252-1258. 

http://dx.doi.org/10.1016/j.thromres.2015.10.018  

 

[39] E. Shantsila, S. Montoro-García, P. Gallego, G.Y.H. Lip, Circulating 

microparticles: challenges and perspectives of flow cytometric assessment, 

Thromb. Haemost., 111 (2014), no. 6, 1009-1014. 

http://dx.doi.org/10.1160/th13-11-0937  

 

[40] A.F. Orozco, D.E. Lewis, Flow cytometric analysis of circulating 

microparticles in plasma, Cytometry PartA, 77 (2010), no. 6, 502-514. 

http://dx.doi.org/10.1002/cyto.a.20886  

 

[41] W. Jy, L.L. Horstman, J.J. Jimenez, Y.S. Ahn, E. Biro, R. Nieuwland et al., 

Measuring circulating cell-derived microparticles, J. Thromb. Haemost., 

(2004), no. 2, 1842-1851. 

 

[42] U. Erdbrügger, J. Lannigan, Analytical challenges of extracellular vesicle 

detection: A comparison of different techniques, Cytometry Part A, 89 

(2016), no. 2, 123-134. http://dx.doi.org/10.1002/cyto.a.22795  

 

[43] C. Gardiner, Y.J. Ferreira, R.A. Dragovic, C.W.G. Redman, I.L. Sargent, 

Extracellular vesicle sizing and enumeration by nanoparticle tracking 

analysis, J. Extracell. Vesicles, 2 (2013), 19671. 

http://dx.doi.org/10.3402/jev.v2i0.19671  

 

[44] N. Arraud, C. Gounou, D. Turpin, A.R. Brisson, Fluorescence triggering: A 

general strategy for enumerating and phenotyping extracellular vesicles by 

flow cytometry, Cytometry Part A, 89 (2016), no. 2, 184-195. 

http://dx.doi.org/10.1002/cyto.a.22669  

 

[45] A.W. Peterson, M. Halter, A. Tona, A.L. Plant, High resolution surface 

plasmon resonance imaging for single cells, BMC Cell Biol., 15 (2014), 15- 

http://dx.doi.org/10.1515/cclm-2015-0508
http://dx.doi.org/10.1016/j.thromres.2015.10.018
http://dx.doi.org/10.1160/th13-11-0937
http://dx.doi.org/10.1002/cyto.a.20886
http://dx.doi.org/10.3402/jev.v2i0.19671
http://dx.doi.org/10.1002/cyto.a.22669


Cell-derived extracellular vesicles in diseases                                                    169 

 

 

35. http://dx.doi.org/10.1186/1471-2121-15-35  

 

[46] A.W. Peterson, M. Halter, A. Tona, K. Bhadriraju, A.L. Plant, Using surface 

plasmon resonance imaging to probe dynamic interactions between cells and 

extracellular matrix, Cytometry Part A, 77 (2010), no. 9, 895-903.  

http://dx.doi.org/10.1002/cyto.a.20938  

 

[47] Y. Lee, Y. Kim, D. Lee, D. Roy, J.W. Park, Quantification of Fewer than 

Ten Copies of a DNA Biomarker without Amplification or Labeling, J. Am. 

Chem. Soc., (2016). http://dx.doi.org/10.1021/jacs.6b02791  

 

[48] M. Hassellöv, J.W. Readman, J.F. Ranville, K. Tiede, Nanoparticle analysis 

and characterization methodologies in environmental risk assessment of 

engineered nanoparticles, Ecotoxicology, 17 (2008), no. 5, 344-361. 

http://dx.doi.org/10.1007/s10646-008-0225-x  

 

[49] E. van der Pol, F.A.W. Coumans, A.E. Grootemaat, C. Gardiner, I.L. 

Sargent, P. Harrison et al., Particle size distribution of exosomes and 

microvesicles determined by transmission electron microscopy, flow 

cytometry, nanoparticle tracking analysis, and resistive pulse sensing, J. 

Thromb Haemost., 12 (2014), no. 7, 1182-1192. 

http://dx.doi.org/10.1111/jth.12602  

 

[50] M. Baalousha, Y. Ju-Nam, P.A. Cole, B. Gaiser, T.F. Fernandes, J.A. 

Hriljac et al., Characterization of cerium oxide nanoparticles-part 1: size 

measurements, Environ. Toxicol. Chem., 31 (2012), no. 5, 983-993. 

http://dx.doi.org/10.1002/etc.1785  

 

[51] S. Keerthikumar, L. Gangoda, M. Liem, P. Fonseka, I. Atukorala, C. Ozcitti 

et al., Proteogenomic analysis reveals exosomes are more oncogenic than 

ectosomes, Oncotarget, 6 (2015), no. 17, 15375-15396.  

http://dx.doi.org/10.18632/oncotarget.3801  

 

[52] R.A. Dragovic, C. Gardiner, A.S. Brooks, D.S. Tannetta, D.J.P. Ferguson, 

P. Hole et al., Sizing and phenotyping of cellular vesicles using nanoparticle 

tracking analysis, Nanomedicine, 7 (2011), 780-788. 

         http://dx.doi.org/10.1016/j.nano.2011.04.003  

 

[53] L. Pasalic, R. Williams, A. Siupa, H. Campbell, M.J. Henderson, V.M. 

Chen, Enumeration of extracellular vesicles by a new improved flow 

cytometric method is comparable to fluorescence mode nanoparticle 

tracking analysis, Nanomedicine, 12 (2016), no. 4, 977-986.  

http://dx.doi.org/10.1016/j.nano.2015.12.370  

 

[54] S.L.N. Maas, J. de Vrij, E.J. van der Vlist, B. Geragousian, L. van Bloois, E.  

http://dx.doi.org/10.1186/1471-2121-15-35
http://dx.doi.org/10.1002/cyto.a.20938
http://dx.doi.org/10.1021/jacs.6b02791
http://dx.doi.org/10.1007/s10646-008-0225-x
http://dx.doi.org/10.1111/jth.12602
http://dx.doi.org/10.1002/etc.1785
http://dx.doi.org/10.18632/oncotarget.3801
http://dx.doi.org/10.1016/j.nano.2011.04.003
http://dx.doi.org/10.1016/j.nano.2015.12.370


170                                                 Alexander E. Berezin and Richard E Mokhnach 

 

 

Mastrobattista et al., Possibilities and limitations of current technologies for 

quantification of biological extracellular vesicles and synthetic mimics, J. 

Control. Release, 200 (2015), 87-96.  

http://dx.doi.org/10.1016/j.jconrel.2014.12.041  

 

[55] V. Filipe, A. Hawe, W. Jiskoot, Critical evaluation of Nanoparticle Tracking 

Analysis (NTA) by NanoSight for the measurement of nanoparticles and 

protein aggregates, Pharm. Res., 27 (2010), no. 5, 796-810. 

http://dx.doi.org/10.1007/s11095-010-0073-2  

 

[56] C. Gardiner, Y.J. Ferreira, R.A. Dragovic, C.W. Redman, I.L. Sargent, 

Extracellular vesicle sizing and enumeration by nanoparticle tracking 

analysis, J. Extracell. Vesicles, 2 (2013), 19671.  

http://dx.doi.org/10.3402/jev.v2i0.19671 

 

[57] B.K. Parida, H. Garrastazu, J.K. Aden, A.P. Cap, S.J. McFaul, Silica 

microspheres are superior to polystyrene for microvesicle analysis by flow 

cytometry, Thromb. Res., 135 (2015), no. 5, 1000-1006.  

http://dx.doi.org/10.1016/j.thromres.2015.02.011  

 

[58] R. Robelek, J. Wegener, Label-free and time-resolved measurements of cell 

volume changes by surface plasmon resonance (SPR) spectroscopy, 

Biosensors Bioelectronics, 25 (2010), no. 5, 1221-1224.  

http://dx.doi.org/10.1016/j.bios.2009.09.016  

 

[59] L.L. Chaikov, M.N. Kirichenko, S.V. Krivokhizha, A.R. Zaritskiy, 

Dynamics of statistically confident particle sizes and concentrations in 

blood plasma obtained by the dynamic light scattering method, J. Biomed. 

Opt., 20 (2015), no. 5, 057003. http://dx.doi.org/10.1117/1.jbo.20.5.057003  

 

[60] B.J. Frisken, Revisiting the method of cumulants for the analysis of 

dynamic light-scattering data, Applied Optics, 40 (2001), no. 24, 4087-4091. 

http://dx.doi.org/10.1364/ao.40.004087  

 

[61] F.A. Bettelheim, Light scattering in lens research: an essay on 

accomplishments and promises, Exp. Eye Res., 79 (2004), no. 6, 747-752.  

http://dx.doi.org/10.1016/j.exer.2004.06.004  

 

[62] S.L.N. Maas, J. De Vrij, M.L.D. Broekman, Quantification and size-

profiling of extracellular vesicles using tunable resistive pulse sensing, J. 

Vis. Exp., (2014), no. 92, e51623. http://dx.doi.org/10.3791/51623  

 

[63] F. Momen-Heravi, L. Balaj, S. Alian, J. Tigges, V. Toxavidis, M. Ericsson 

et al., Alternative methods for characterization of extracellular vesicles, 

Front Physiol, 3 (2012). http://dx.doi.org/10.3389/fphys.2012.00354  

http://dx.doi.org/10.1016/j.jconrel.2014.12.041
http://dx.doi.org/10.1007/s11095-010-0073-2
http://dx.doi.org/10.1016/j.thromres.2015.02.011
http://dx.doi.org/10.1016/j.bios.2009.09.016
http://dx.doi.org/10.1117/1.jbo.20.5.057003
http://dx.doi.org/10.1364/ao.40.004087
http://dx.doi.org/10.1016/j.exer.2004.06.004
http://dx.doi.org/10.3791/51623
http://dx.doi.org/10.3389/fphys.2012.00354


Cell-derived extracellular vesicles in diseases                                                    171 

 

 

[64] Z. Varga, Y. Yuana, A.E. Grootemaat, E. van der Pol, C. Gollwitzer et al., 

Towards traceable size determination of extracellular vesicles, Journal of 

Extracell. Vesicles, 3 (2014). http://dx.doi.org/10.3402/jev.v3.23298   

 

[65] T. Pisitkun, R.F. Shen, M.A. Knepper, Identification and proteomic 

profiling of exosomes in human urine, Proc. Natl. Acad. of Sci., 101 (2004), 

no. 36, 13368-13373. http://dx.doi.org/10.1073/pnas.0403453101  

 

[66] J. Conde-Vancells, E. Rodriguez-Suarez, E. Gonzalez, A. Berisa, D. Gil, N. 

Embade, M. Valle et al., Candidate biomarkers in exosome-like vesicles 

purified from rat and mouse urine samples, Proteomics Clin. Appl., 4 

(2010), no. 4, 416-425. http://dx.doi.org/10.1002/prca.200900103  

 

[67] T. Klein, E. Buhr, K.P. Johnsen, C.G. Frase, Traceable measurement of 

nanoparticle size using a scanning electron microscope in transmission 

mode (TSEM), Meas. Sci. Technol., 22 (2011), 094002. 

http://dx.doi.org/10.1088/0957-0233/22/9/094002  

 

[68] J.M. Inal, U. Kosgodage, S. Azam, D. Stratton, S. Antwi-Baffour, S. Lange, 

Blood/plasma secretome and microvesicles, Biochimica et Biophysica Acta 

(BBA) - Proteins and Proteomics, 1834 (2013),  no. 11, 2317-2325. 

 http://dx.doi.org/10.1016/j.bbapap.2013.04.005  

 

[69] Patil R, Ghosh K, Shetty S. A simple clot based assay for detection of 

procoagulant cell-derived microparticles, Clin. Chem. Lab. Med. (CCLM), 

54 (2016), 799-803. http://dx.doi.org/10.1515/cclm-2015-0508  

 

[70] V. Shpacovitch, Application of Surface Plasmon Resonance (SPR) for the 

Detection of Single Viruses and Single Biological Nano-objects, Journal of  

Bacteriology and Parasitology, 3 (2012) e110. 

http://dx.doi.org/10.4172/2155-9597.1000e110  

 

[71] A. Zybin, Y.A. Kuritsyn, E.L. Gurevich, V.V. Temchura, K. Überla et al., 

Real-time detection of single immobilized nanoparticles by surface plasmon 

resonance imaging, Plasmonics, 5 (2010), 31-35. 

http://dx.doi.org/10.1007/s11468-009-9111-5  

 

[72] A.E. Berezin, The Biosensing of Microparticles: Benefits and Perspectives, 

ARC Journal of Diabetes and Endocrinology, 1 (2015), no. 1, 31-34 

http://dx.doi.org/10.20431/2455-5983.0101004  

 

[73] A.E. Berezin, Impaired Phenotype of Circulating Endothelial-Derived 

Microparticles: Novel Marker of Cardiovascular Risk, Journal of 

Cardiology and Therapy, 2 (2015), no. 4, 365-370. 

http://dx.doi.org/10.17554/j.issn.2309-6861.2015.02.78  

http://dx.doi.org/10.3402/jev.v3.23298
http://dx.doi.org/10.1073/pnas.0403453101
http://dx.doi.org/10.1002/prca.200900103
http://dx.doi.org/10.1088/0957-0233/22/9/094002
http://dx.doi.org/10.1016/j.bbapap.2013.04.005
http://dx.doi.org/10.1515/cclm-2015-0508
http://dx.doi.org/10.4172/2155-9597.1000e110
http://dx.doi.org/10.1007/s11468-009-9111-5
http://dx.doi.org/10.20431/2455-5983.0101004
http://dx.doi.org/10.17554/j.issn.2309-6861.2015.02.78


172                                                 Alexander E. Berezin and Richard E Mokhnach 

 

 

[74] E. van der Pol, F. Coumans, Z. Varga, M. Krumrey, R. Nieuwland, 

Innovation in detection of microparticles and exosomes, Journal of Thromb 

Haemost, 11 (2013), 36-45. http://dx.doi.org/10.1111/jth.12254  

 

[75] S.A. Stoner, E. Duggan, D. Condello, A. Guerrero, J.R. Turk, et al., High 

sensitivity flow cytometry of membrane vesicles, Cytometry Part A, 89 

(2016), no. 2, 196-206. http://dx.doi.org/10.1002/cyto.a.22787  

 

[76] T. Groot Kormelink, G.J. Arkesteijn, F.A. Nauwelaers, G. van den Engh, 

E.N. Nolte-'t Hoen, M.H. Wauben, Prerequisites for the analysis and sorting 

of extracellular vesicle subpopulations by high-resolution flow cytometry, 

Cytometry Part A, 89 (2016), no. 2, 135-147. 

http://dx.doi.org/10.1002/cyto.a.22644  

 

[77] T.M. Guinan, P. Kirkbride, C.B. Della Vedova, S.G. Kershaw, H. Kobus, N. 

H. Voelcker, Direct detection of illicit drugs from biological fluids by 

desorption/ionization mass spectrometry with nanoporous silicon 

microparticles, The Analyst, 140 (2015), 7926-7933. 

http://dx.doi.org/10.1039/c5an01754h  

 

[78] H.L. Shao, J. Chung, L. Balaj, A. Charest, D.D. Bigner, B.S. Carter et al., 

Protein typing of circulating microvesicles allows real-time monitoring of 

glioblastoma therapy, Nature Medicine, 18 (2012), 1835-1840. 

http://dx.doi.org/10.1038/nm.2994  

 

[79] G.J. Puppels, F.F. de Mul, C. Otto, J. Greve, M. Robert-Nicoud et al., 

Studying single living cells and chromosomes by confocal Raman 

microspectroscopy, Nature, 347 (1990), no. 6290, 301-303. 

http://dx.doi.org/10.1038/347301a0  

 

[80] M. Harz, P. Rösch, J. Popp, Vibrational spectroscopy--a powerful tool for 

the rapid identification of microbial cells at the single-cell level, Cytometry 

Part A, 75 (2009), no. 2, 104-113. http://dx.doi.org/10.1002/cyto.a.20682  

 

[81] R.J. Swain, M. M. Stevens, Raman microspectroscopy for non-invasive 

biochemical analysis of single cells, Biochem. Soc. Trans., 35 (2007), no. 3, 

544-549. http://dx.doi.org/10.1042/bst0350544  

 

[82] C. Laborde, F. Pittino, H.A. Verhoeven, S.G. Lemay, L. Selmi, M.A. 

Jongsma et al., Real-time imaging of microparticles and living cells with 

CMOS nanocapacitor arrays, Nature Nanotechnology, 10 (2015), no. 9, 

791-795. http://dx.doi.org/10.1038/nnano.2015.163  

 

[83] A. E. Berezin, The development of biological molecular sensing techniques 

to detect microparticles: focus on clinical medicine benefits, Journal of  

http://dx.doi.org/10.1111/jth.12254
http://dx.doi.org/10.1002/cyto.a.22787
http://dx.doi.org/10.1002/cyto.a.22644
http://dx.doi.org/10.1039/c5an01754h
http://dx.doi.org/10.1038/nm.2994 
http://dx.doi.org/10.1038/347301a0 
http://dx.doi.org/10.1002/cyto.a.20682
http://dx.doi.org/10.1042/bst0350544
http://dx.doi.org/10.1038/nnano.2015.163 


Cell-derived extracellular vesicles in diseases                                                    173 

 

 

Microb Biochem Technol., 7 (2015), no. 4, 236-237.  

http://dx.doi.org/10.4172/1948-5948.1000214  

 

[84] G. Gleber, L. Cibik, S. Haas, A. Hoell, P. Müller, M. Krumrey, Traceable 

size determination of PMMA nanoparticles based on small angle x-ray 

scattering (SAXS), Journal of  Physics: Conf. Ser., 247 (2010), 012027. 

http://dx.doi.org/10.1088/1742-6596/247/1/012027  

 

[85] A. Berezin, A. Kremzer, The predictive role of circulating microparticles in 

patients with chronic heart failure, Journal of  Extracell Vesicles, 4 (2015), 

PVIII-14. http://dx.doi.org/10.3402/jev.v4.27783 

 

 

Received: May 15, 2016; Published: June 7, 2016 
 

 

http://dx.doi.org/10.4172/1948-5948.1000214
http://dx.doi.org/10.1088/1742-6596/247/1/012027
http://dx.doi.org/10.3402/jev.v4.27783


174                                                                                                                                    Alexander E. Berezin and Richard E Mokhnach 

 

 

Table 1: Classification and key features of extracellular vesicles 

 

Populations of 

vesicles 

Diameter Origin Main contained 

components 

Best characterized 

cellular sources 

Markers Detection 

EV 30-1000 

nm 

cell 

membranes 

regulatory proteins 

(i.e., heat-shock 

proteins, tetraspanin), 

lipids, active 

molecules, nucleic 

acids (mRNA, 

miRNA), cytokines, 

growth factors, 

hormones, VCAM, 

ICAM, procoagulant 

phosphatidylserine, 

likely complement 

All cell types Annexin V 

binding, tissue 

factor and cell-

specific 

markers 

Flow cytometry 

western 

blotting, mass 

spectrometry, 

electron 

microscopic 

technique, SPRi 

microscopy, 

NTA 

MPs 100 -1000 

nm 

plasma 

membranes 

Platelets, RBC and 

endothelial cells 

MV 50–1000 

nm 

plasma 

membranes 

Platelets, RBC and 

endothelial cells 

Small-size 

MPs 

<50 nm plasma 

membranes 

Endothelial cells CD133+, 

CD63- 

Exosomes 30–100 nm endosomal 

membranes 

Immune cells and 

tumors 

CD63, CD61, 

CD63, CD81, 

CD9, LAMP1, 

TSG101 

Ectosomes 100–350 

nm 

plasma 

membranes 

Platelets, RBC, 

activated neutrophils, 

and endothelial cells 

TyA, C1q 
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Table 1: (Continued): Classification and key features of extracellular vesicles 

 

Late 

endosomes 

50–1000 

nm 

endosomal 

membranes 

close-packed lumenal 

vesicles 

Immune cells, 

dendritic cells and 

tumors 

Annexin V 

binding, DNA 

content 

 

Apoptotic 

bodies  

0.5-3.0 µm plasma 

membranes 

Pro-apoptotic 

molecules, oncogenic 

receptors 

Cell lines Flow cytometry 

Abbreviations: EVs, extracellular vesicles; MPs, microparticles; MV, microvesicles; RBC, red blood cells; ICAM, intracellular 

adhesion molecule; VCAM, vascular cell adhesion molecule; SPRi microscopy, nano-particles- surface plasmon resonance - based 

imaging microscopy; NTA, nanoparticle tracking analysis. 

 


