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The growing interest in studying 
extracellular structures, especially exosomes 
and microvesicles (microparticles), is deter-
mined by the understanding their significance 
for surrounding cells, tissues and organs as 
cell-to-cell signal transmission mediators. The 
results of recent cell biology and biochemistry 
research works give a reason to consider 
vesicles of 20 nm–1 μm in diameter formed 
through exocitosis of multivesicular bodies 
or direct plasmalemma budding, as bilayer 
extracellular organelles of all cellular forms of 
life: not only eu-, but also prokaryotic [1].

Classification. Due to a wide diversity 
of research field disciplines and different 
classification principles the common solution 
for cellular vesicles classification is still not 
obtained [2]. Currently there are two or six 
types of extracellular eukaryotic vesicles: 
1) exosomes; 2) microparticles (microvesicles); 
3) membrane particles; 4) apoptotic vesicles 
(apoptotic bodies); 5) ectosomes; 6) exosome-
like vesicles. It was suggested to neglect 
the last two types in the work [3] because 
of insufficient evidence of their existence: 
ectosomes require size clarification, and 
exosome-like vesicles under transmission 
electronic microscopy turned out to be 
damaged or destroyed blisters. Regarding the 

fact that microcells density and composition 
are understudied, and allowed diameter range 
of microparticles includes exosome diameter 
(30–100 nm), exosomes and microvesicles 
can be combined into one type. Membrane 
particles described only for epithelial cells 
and having the size (50–80 nm, 600 nm) like 
microparticles (20–1 000 nm) can be regarded 
as a special case for microparticles and 
exosomes. Thus only two types of extracellular 
vesicles can be definitely distinguished:  
1) exosomes and microparticles (microvesicles); 
2) apoptotic bodies. The last ones are different 
from the first two for large size (1 000–5 000 nm), 
heterogeneous morphology, composition (existing 
histones and genomic DNA fragments) and origin 
(plasma membrane or endoplasma reticulum).

Exosome and microvesicles research history 
traces back to the 40’s of the last century, 
when Erwin Chargaff studied the biological 
significance of thromboplastic protein to 
understand not only the normal blood clotting 
process, but also disorders like haemophilia 
[4]. He discovered that agents, transforming 
prothrombin into thrombin, are lipoproteins 
sedimentating in a high field of centrifugal 
forces (31, 000 g), and remaining in a solution 
under low centrifugal forces (5,000 g). His 
experiments showed that decellularised plasma 
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contains a subcellular factor, which enables 
blood clotting. After more than 20 years a 
subcellular plasma fraction was studied and then 
its composition was identified — small particles 
(microparticles) with coagulative properties 
similar to the blood platelet factor-3 and called 
“thrombocyte trash”, because their formation 
was observed at platelet storage and it seemed 
that microparticles are platelet desintegration 
products [5]. Already 70 years have passed 
since E.Chargaff works till foundation of 
International Society for Extracellular Vesicles 
(ICEV) in 2011 [6]. Placelet vesicles have been 
studied [7], and in 1975 extracellular glomerular 
microparticles were described [8].

In 1987 the research group led by Rose 
Johnstone introduced the “exosomes” term 
(gr. exo — outside, off and soma — body) to 
describe extracellular blisters isolated from 
conditioned cultural medium of sheep’s 
reticulocytes [9]. These vesicles had characteristic 
properties of reticulocytes plasma membrane 
(acetylcholinesterase, transferrine receptor 
etc.) without cytosolic enzymes or their low 
number that indicated the loss by reticulocytes 
of their exosome proteins during maturation. 
The research workers suggested that vesicles 
externalization (external response process) may 
be disposal from old membrane proteins during 
reticulocytes differentiation into erythrocytes. 
Later exosomes were discovered not only in vitro, 
but also in whole blood of sheep, pigs, rats, rabbits 
[10] and chickens as well [11], what indicated that 
exosome generation is a natural phenomenon not 
only for mammalian red blood cells, and a little 
later — not only for reticulocytes.

Generation ways. At the same time it was 
suggested that membrane proteins mechanism 
of packing into exosomes repeats the way, 
which was described for transferring receptor 
conjugated with colloidal gold, namely: 
endocytosis of specified membrane proteins 
followed by generation of microvesicular bodies 
due to further invagination [9, 12]. These 
multivesicular endosomes release content 
(exosomes) into the environment through the 
fusion with plasmalemma and that is currently 
a classic exosome generation way. The direct 
exosome and microvesicle generation occurs by 
budding from the plasma membrane [3].

It is assumed [13] that microparticles develop 
when asymmetric lipid distribution between 
internal and external plasma membrane layers 
gets disturbed. Generally phosphatidylserine 
is located on the internal monolayer. When 
cells undergo activation or apoptosis the 
phosphatidylserine externalization is the earliest 
indicator of the process. That is why microvesicles 

were separated into a single group as blisters 
thrown-in by stressed cells plasma membrane. 
However, the existence of microvesicles without 
phosphatidylserine (from epithelial cells) put 
this definition into question and engaged the 
researches to introduce a new extracellular 
vesicles type — “membrane particles”. Besides, 
the name “membrane particles” is not adequate 
as exosomes with microvesicles are such as 
well for being of membrane origin. Actually 
“membrane particles” are microparticles without 
phosphatidylserine, and microparticles are the 
same exosomes, but emitted by stressed cells.

The research group led by Rose Johnstone 
also discovered that most of transmembrane 
proteins (anion carriers) remain in full in 
mature red blood cells — that is an indicator 
of high selectivity of specific protein group 
recognition mechanism. It is still not 
investigated how particular proteins and RNA 
are chosen for externalization.

Interaction with cells. Apoptotic bodies 
as products of programmed cell death rather 
quickly undergo phagocytosis [14]. Whereas 
exosomes can be captured by surrounding cells 
and transmit stored information that is approved 
on internalization (capture) of exosomes with 
a green fluorescent mark [15] presumably 
provided involving specific receptor molecules 
of cell surface. As it was shown [16, 17] 
internalization and exosome functionality can 
exploit heparan sulfate proteoglycans of cellular 
surface as endocytosis receptors of variable 
amount entering connective cells (lipoproteins, 
growth factors, morphogenes etc.).

Exosome modification by surrounding cells 
is also possible: particular exosome molecules 
may be a substrate for cell cytoplasm membrane 
enzymes of other type different from exosome 
source type. It was discovered that transferrine 
receptor of sheep’s exosomes served as a 
substrate for a plasma membrane protease of 
human granulocytes — this way plasmalemma 
proteins having completed their task can leave 
a cell as part of exosomes and undergo lysis [18].

Composition. The concept stating that 
exosomes and microvesicles can act as paracrine 
effectors is based on their ability to perform 
transport of bioactive molecules between 
cells: inside a particular microenvironment 
or distantly through inclusion into biological 
fluids (blood, lymph, amniotic fluid etc.). This 
way protein and RNA (mRNA, microRNA, 
ribosomal and other noncoding RNA) transfer 
[19] towards particular target-cells is provided. 
It consequently may result in activation, 
phenotypic modification and reprogramming 
of cell functions. As it was approved that 
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exosomes may sometimes include mitochondrial 
DNA [20] upon cancer cell origin — double-
stranded genomic DNA fragments [21, 22], 
there is a theoretical possibility of a horizontal 
transporting of genes under their participa-
tion  — the process of genetic code transfer to 
other non-descendant organism.

The antigens of a parent cell may serve to 
identify exosome and budding microvesicles. 
There is also a range of exosomal markers 
offered — membrane protein tetraspanins 
(though they are mainly considered as 
hemopoietic cell characteristics): CD9, CD63, 
CD81, CD82, CD89 [23]. Exosomes secreted by 
antigenpresenting cells like B-lymphocytes and 
dendrite cells demonstrate molecules of main 
histocompatibility complex of I and II class 
[24, 25], by mammary gland cells — milk fat 
globule membrane proteins [26]. Occurrence 
of heat shock proteins — hsp70 and hsp90 —  
is still considered as an exosomal quality [27] 
despite the fact that these proteins in exosomes 
were described for the first time in a close 
noncovalent bond with transferin receptors in 
maturating reticulocytes [28]. Heat shock proteins 
locate in cells and under non-stressful conditions 
help to split peptide bond between aminoacids 
in abnormal proteins and for newly synthesized 
proteins to correctly coagulate, besides, it is rather 
possible that they are characteristic for exosomes 
from any eukaryotic cells as well as cytoskeleton 
proteins, e.g. actin and tubulin (for bacteria —  
their homologs). Considering the fact that 
exosomes are hardly detached from microvesicles 
due to particular correspondence of their size, 
the above mentioned qualities can be present in 
microvesicles either.

Impact on surrounding cells, the functions 
and clinical relevance. The impact of exosomes 
and microvesicles on many biological processes, 
taking place under laboratory and living 
organism conditions, are currently studied. It 
is established that with their participation the 
management of vital functions of cells, tissues 
and organs is provided. Transferring regulatory 
molecules by exosomes is important for 
proliferation and differentiation of progenitor 
cells. For example, exosome executed transition 
of microRNA-122 between neighboring 
cells is essential (along with influencing cell 
metabolism and other functions) for slowing cell 
growth [29]. Exosomal microRNA generated 
form muscular threadworm tubes suppressed 
the synthesis of Sirt1 protein in myoblasts that 
contributed their differentiation into myocytes 
[30], and macrophage microvesicles induced the 
monocytes differentiation into tissue-specific 
macrophages [31].

It was shown that secretion of immuno-
modulatory placenta protein modifying maternal 
immunity is carried out by exosomes [32]. The 
microRNA transition is assisted by milk exosomes 
that is important for a baby immune system 
development [33]. Exosomes are also likely to 
take part in transferring interfering RNA 
(microRNA, short type RNA acting on piwi-type 
etc.) between animal kingdoms: floral microRNA 
was isolated from mice blood held on rice diet and 
then it was integrated into liver cells resulting in 
decreasing of low density proteins in plasma [34]. 
It was suggested that exosomes and telocyte gap 
junctions (particular type of very long stromal 
stem cells) are a part of a unique primitive nervous 
system [35] and this fact is rather controversial 
because exosome generation is characteristic not 
only for telocytes. Obviously it would be more 
correctly to say about exosomal transportation as 
a universal communication medium between cells.

For pathological processes development 
submicrone extracellular vesicles are of the same 
value as for normal organism functioning. Tumor 
exosomes launch malignant transformation of 
stem cells [36], suppress immune cells functions 
[37], may cause DNA damage by active oxygen 
forms and autophagia of surrounding cells [38], 
providing the generation of so called “cancer 
niches” and cancer progression. Virus afflicted 
cell exosomes may facilitate viral expansion by 
direct distribution of the virus [39] or defective 
genome products, for example as CD4+ of 
human lymphomaТ-cells (Hut-78 line), which 
expressed functionally defective HIV-1 without 
releasing viral particles into the environment 
(F12 clone), and which induced activation 
and tolerance for HIV-1-replication of non-
stimulated primary CD4+ Т-human lymphocytes 
[40]. It was investigated that cardiomyocyte 
hypertrophy also runs under participation of 
exosomes transferring hypertrophy inductors 
(microRNA-21*) from cardiac fibroblasts 
to cardiomyocytes [41]. According to these 
data it may be suggested that exosomes as 
information carriers play a substantial role in the 
development of any disease.

As it was mentioned it can be concluded 
that exosomal impact on surrounding cells is 
determined by their content which is in its turn 
determined by source cells, and transportation 
is its main function.

The perspectives for clinical application of 
small vesicles (up to 1, 000 nm) having cellular 
origin are rather extensive. Their ability to 
cross blood-brain barrier gives an opportunity 
to cure brain damages and neurodegenerative 
diseases. As far as the positive effect of cell 
therapy using multipotent mesenchymal stromal 



Short reviews

105

cells and hematopoietic stem cells (MSC and 
HSC correspondingly) may be significantly 
determined by paracrine impact of exosomes and 
microvesicles, they have potential for common 
application with stem cells. There are also data 
published, confirming that MSC exosomes of a 
human cord blood due to hepatocyte protection 
weaken the consequence of liver cirrhosis [42] 
and healthy influence liver cells in vivo [43It 
is also possible to integrate stem cells after 
previous cell culture with particular set of 
exosomes and microvesicles for cell commitment 
(to point for a particular development path).

Monocyte exosomes due to tumor-sensitive 
protein Tsg101 (tumor susceptibility gene 
101) which brings to cancerogenesis in case of 
shortage [44], can be used for cancer therapy, 
as well as exosomes of cells not affected by 
cancer due to membrane proteins of Wnt 
intracellular signaling pathway, regulating 
cellular differentiation and malignant tumor 
development  [45]. Despite the established 
positive impact of MSC on neoangiogenesis, 
there is evidence that exosomes of these cells 
suppress tumor angiogenesis as it was shown 
by the example of mammal gland cancer in 
vitro and in vivo at subcutaneous injection to 
inbred mice of cancer cells mixture and MSC 
exosomes. But it is still uncertain at what cost 
MSC exosomes provide such an effect, partially 
due to decreasing the expression of VEGF 
endothelial growth factor in tumor cells [46].

In general exosomes of correctly func tio-
ning cells may be applied for repairing cells 
of the same type but with lost function. It was 
shown that endothelial cell exosomes stimulate 
cell migration and angiogenesis while exosomes 
from endothelial cells without microRNA-214 
are not able to perform such an action [47].

Exosome utilization strategies for clinical 
purposes may include inflammation and 
immune response regulation: single injection 
of macrophage exosomes brought to decreasing 
thermal abnormally high sensitivity for pain 
stimulus (hyperalgesia) on the inflammatory 
pain model of mice [48].

It was suggested to use bacterial exosomes, 
so called “external membrane vesicules”, to ma-
nu facture anti-infective cell-free vaccines [49].

Moreover blood and urinary exosomes can 
be considered as biomarkers for various diseases 
and serve for diagnostics [50], because they 
are molecular content carriers (e.g. proteins 
and RNA) that indicate to pathological and 
physiological status of source cells. Besides 
exosomal RNA is protected from ribonuclease 
impact unlike intracellular RNA and blood 
plasma RNA [51]. Using exosomes can be an 
alternative for invasive diagnostics, for example, 
to provide data obtaining without making 
biopsy at cancer [52]. It is also discussed to use 
blood plasma exosomes as status biomarkers of 
multiple sclerosis [53], cardiovascular risk [54], 
liver damages [55] and a range of other diseases.

Thus, studying submicrone vesicles of cell 
origin is promising and important for healthcare. 
Despite the remarkable progress for the last 
two decades in understanding the structure, 
functions and clinical value of exosomes and 
microparticles, the fundamental molecular 
mechanisms of vesicles generation of particular 
composition and capturing them by target-
cells is still unclear as well as the criteria for 
identification of various vesicles types, biological 
value of extracellular vesicles for a living 
organism. These questions give a wide field for 
new researches and still challenging is the name 
for research line introduced by Rose Johnstone —  
“Alice’s Adventures in Wonderland” [56].

The most interesting in the context of 
practical healthcare is studying exosomes and 
microvesicles impact on the development and 
progression of a given disease, a possibility to 
correct pathologic behavior using particular 
extracellular vesicles as biotechnological remedy. 
It is also relevant to study the further role and 
value of exosomes for surrounding cells, tissues 
and organs at the molecular level, of application 
perspectives and authenticity of extracellular 
vesicles as disease progress biomarkers.

REFERENCES
1.  Schwechheimer C., Kuehn M. J. Synthetic 

effect between envelope stress and lack of outer 
membrane vesicle production in Escherichia 
coli. J. Bacteriol. 2013, 195 (18), 4161–4173. 
doi: 10.1128/JB.02192-12.

2.  Witwer K. W., Buzás E. I., Bemis L. T., Bora A.,  
Lässer C., Lötvall J., Nolte-’t Hoen E. N.,  
Piper M. G., Sivaraman S., Skog J., Théry C., 
Wauben M. H., Hochberg F. Standardization 
of sample collection, isolation and analysis 

methods in extracellular vesicle research. J. 
Extracell. Vesicles. 2013, V. 2, P. 20360. doi: 
10.3402/jev.v2i0.20360.

3.  Van der Pol E., Böing A. N., Harrison P.,  
Sturk A., Nieuwland R. Classification, func-
tions, and clinical relevance of extracellular 
vesicles. Pharmacol. Rev. 2012, V. 64, P. 676–
705. doi: 10.1124/pr.112.005983.

4.  Chargaff E., West R. The biological significance 
of the thromboplastic protein of blood. J. Biol. 
Chem. 1946, V. 166, P. 189–197.



BIOTECHNOLOGIA  ACTA, V. 7, No 6, 2014

106

5.  Wolf P. The nature and significance of 
platelet products in human plasma. British J. 
Haematology. 1967, 13 (3), 269–288.

6.  Lötvall J., Rajendran L., Gho Y. S., Thery C., 
Wauben M., Raposo G., Sjöstrand M., Taylor D.,  
Telemo E., Breakefield X. O. The launch of 
Journal of Extracellular Vesicles (JEV), the 
official journal of the International Society for 
Extracellular Vesicles — about microvesicles, 
exosomes, ectosomes and other extracellular 
vesicles. Extracell. Vesicles. 2012, V. 1,  
P. 18514. doi: 10.3402/jev.v1i0.18514.

7.  Crawford N. The presence of contractile 
proteins in platelet microparticles isolated 
from human and animal platelet-free plasma. 
British J. Haematology. 1971, 21(1), 53–69.

8.  Davis J. S., Lie J. T. Extracellular glomerular 
microparticles in nephrotic syndrome of heroin 
users. Arch Pathol. 1975, 99(5), 278–282.

9.  Johnstone R. M, Adam M., Hammond J. R., Orr L., 
Turbide C. Vesicle formation during reticulocyte 
maturation. Association of plasma membrane 
activities with released vesicles (exosomes). J. boil. 
chem. 1987, 262(19), 9412–9420.

10.  Johnstone R. M., Bianchini A., Teng K. 
Reticulocyte maturation and exosome 
release: transferrin receptor containing 
exosomes shows multiple plasma membrane 
functions. Blood. 1989, V. 74, P. 1844–1851.

11.  Johnstone R. M., Mathew A., Mason A. B.,  
Teng K. Exosome formation during maturation 
of mammalian and avian reticulocytes: evidence 
that exosome release is a major route for 
externalization of obsolete membrane proteins. 
J. Cell Physiol. 1991, 147(1), 27–36.

12.  Harding C. V., Heuser J. E., Stahl P. D. 
Exosomes: looking back three decades and 
into the future. J. Cell Biol. 2013, 200(4), 
367–371. doi: 10.1083/jcb.201212113.

13.  Morel O., Jesel L., Freyssinet J. M., Toti F.  
Cellular mechanisms underlying the 
formation of circulating microparticles. Arte-
rio scler Thromb. Vasc. Biol. 2011, 31(1), 15–
26. doi: 10.1161/ATVBAHA.109.200956.

14.  Baryshnikov A. Ju., Shishkin Ju. V. 
Immunological problems of apoptosis. 
Мoscow: Jeditorial URSS. 2002, 320 p.

15.  Sohel M. M., Hoelker M., Noferesti S. S., 
Salilew-Wondim D., Tholen E., Looft C.,  
Rings F., Uddin M. J., Spencer T. E., 
Schellan der K., Tesfaye D. Exosomal and 
non-exosomal transport of extra-cellular 
microRNAs in follicular fluid: implications 
for bovine oocyte developmental competence. 
PLoS One. 2013, 8(11), 78505. doi: 10.1371/
journal.pone.0078505.

16.  Christianson H. C., Svensson K. J., van 
Kuppe  velt T. H., Li J. P., Belting M. Cancer 
cell exosomes depend on cell-surface 
heparin sulfate proteoglycans for their 
internalization and functional activity. 
PNAS. 2013, 110 (43), 17380–17385. doi: 
10.1073/pnas.1304266110.

17.  Christianson H. C., Belting M. Heparan sulfate 
proteoglycan as a cell-surface endocytosis 
receptor. Matrix Biol. 2014, V. 35, P. 51–55. 
doi: 10.1016/j.matbio. 2013.10.004.

18.  Johnstone R. M. Cleavage of the transferrin 
receptor by human granulocytes: differential 
proteolysis of the exosome-bound TFR. J. Cell 
Physiol. 1996, 168(2), 333–345.

19.  Huang X., Yuan T., Tschannen M., Sun Z., 
Jacob H., Du M., Liang M., Dittmar R. L., 
Liu Y., Liang M., Kohli M., Thibodeau S. N., 
Boardman L., Wang L. Characterization of 
human plasma-derived exosomal RNAs by 
deep sequencing. BMC Genomics. 2013, V. 
14, P. 319. doi: 10.1186/1471-2164-14-319.

20.  Guescini M., Guidolin D., Vallorani L., 
Casa dei L., Gioacchini A. M., Tibollo P.,  
Battistelli M., Falcieri E., Battistin L., Agnati L. F., 
Stocchi V. C2C12 myoblasts release micro-vesicles 
containing mtDNA and proteins involved in 
signal transduction. Exp. Cell Res. 2010, 316(12), 
1977–1984. doi: 10.1016/j.yexcr.2010.04.006.

21.  Kahlert C., Melo S. A., Protopopov A., Tang J.,  
Seth S., Koch M., Zhang J., Weitz J., Chin L.,  
Futreal A., Kalluri R. Identification of 
double-stranded genomic DNA spanning all 
chromosomes with mutated KRAS and p53 
DNA in the serum exosomes of patients with 
pancreatic cancer. J. Biol. Chem. 2014, 289(7), 
3869–3875. doi: 10.1074/jbc.C 113.532267.

22.  Thakur B. K., Zhang H., Becker A., Matei I.,  
Huang Y., Costa-Silva B., Zheng Y., Hoshino A.,  
Brazier H., Xiang J., Williams C., Rodriguez-
Barrueco R., Silva J. M., Zhang W., Hearn S., 
Elemento O., Paknejad N., Manova-Todorova K., 
Welte K., Bromberg J., Peinado H., Lyden D. 
Double-stranded DNA in exosomes: a novel 
biomarker in cancer detection. Cell Res. 2014, 
24(6), 766–769. doi: 10.1038/cr.2014.44.

23.  Forterre A., Jalabert A., Chikh K., Pesenti S., 
Euthine V., Granjon A., Errazuriz E., Lefai E., 
Vidal H., Rome S. Myotube-derived exosomal 
miRNAs downregulate Sirtuin1 in myoblasts 
during muscle cell differentiation. Cell Cycle. 
2014, 13(1), 78–89. doi: 10.4161/cc.26808.

24.  Raposo G., Nijman H. W., Stoorvogel W., Lie-
jendekker R., Harding C. V., Melief C. J., Geuze H. J.  
B lymphocytes secrete antigen-presenting 
vesicles. J. Exp. Med. 1996, 183(3), 1161–1172.

25.  Luketic L., Delanghe J., Sobol P. T., Yang P.,  
Frotten E., Mossman K. L., Gauldie J., 
Bramson J., Wan Y. Antigen presentation 
by exosomes released from peptide-pulsed 
dendritic cells is not suppressed by the 
presence of active CTL. J. Immunol. 2007, 
11(8), 5024–5032.

26.  Reinhardt T. A., Lippolis J. D., Nonnecke B. J., 
Sacco R. E. Bovine milk exosome proteome. 
J. Proteomics. 2012, 75(5), 1486–1492. doi: 
10.1016/j.jprot.2011.11.017.

27.  Gupta A., Pulliam L. Exosomes as mediators of 
neuroinflammation. J. Neuroinflammation. 2014, 
V. 11, P. 68. doi: 10.1186/1742-2094-11-68.



Short reviews

107

28.  Mathew A., Bell A., Johnstone R. M. Hsp-70 is 
closely associated with the transferrin receptor 
in exosomes from maturing reticulocytes. 
Biochem. J. 1995, 308(3), 823–830.

29.  Liu A. M., Xu Z., Shek F. H., Wong K. F.,  
Lee N. P., Poon R. T., Chen J., Luk J. M. miR-
122 targets pyruvate kinase M2 and affects 
metabolism of hepatocellular carcinoma. 
PLoS One. 2014, 9(1), e86872. doi: 10.1371/
journal.pone.0086872.

30.  Hulsmans M., Holvoent P. MicroRNA-
containing microvesicles regulating inflam-
mation in association with atherosclerotic 
disease. Cardiovascular Research. 2013,  
V. 100, P. 7–18. doi: 10.1093/cvr/cvt161.

31.  Ismail N., Wang Y., Dakhlallah D., Moldo-
van L., Agarwal K., Batte K., Shah P., 
Wisler J., Eubank T. D., Tridandapani S., 
Paulaitis M. E., Piper M. G., Marsh C. B. 
Macrophage microvesicles induce macrophage 
differentiation and miR-223 transfer. Blood. 
2013, 121(6), 984–995. doi: 10.1182/
blood-2011-08-374793.

32.  Kshirsagar S. K., Alam S. M., Jasti S., Hodes H.,  
Nauser T., Gilliam M., Billstrand C.,  
Hunt J. S., Petroff M. G. Immunomodulatory 
molecules are released from the first 
trimester and term placenta via exosomes. 
Placenta. 2012, 33(12), 982–990. doi: 
10.1016/j.placenta.2012.10.005.

33.  Melnik B. C., John S. M., Schmitz G. Milk: an 
exosomal microRNA transmitter promoting 
thymic regulatory T cell maturation preventing 
the development of atopy? J. Transl. Med. 2014, 
V. 12, P. 43. doi: 10.1186/1479-5876-12-43.

34.  Zhang L., Hou D., Chen X., Li D., Zhu L.,  
Zhang Y., Li J., Bian Z., Liang X., Cai X., Yin Y.,  
Wang C., Zhang T., Zhu D., Zhang D., Xu J.,  
Chen Q., Ba Y., Liu J., Wang Q., Chen J., Wang J.,  
Wang M., Zhang Q., Zhang J., Zen K.,  
Zhang C. Y. Exogenous plant MIR168a specifically 
targets mammalian LDLRAP1: evidence of cross-
kingdom regulation by microRNA. Cell Res. 2012, 
22(1), 107–126. doi: 10.1038/cr.2011.158.

35.  Smythies J., Edelstein L. Telocytes, exosomes, gap 
junctions and the cytoskeleton: the makings of a 
primitive nervous system? Front Cell Neurosci. 
2014, V. 7, P. 278. doi: 10.3389/fncel.2013.00278.

36.  Gu J., Qian H., Shen L., Zhang X., Zhu W., 
Huang L., Yan Y., Mao F., Zhao C., Shi Y., 
Xu W. Gastric cancer exosomes trigger 
differentiation of umbilical cord derived 
mesenchymal stem cells to carcinoma-
associated fibroblasts through TGF-ß/Smad 
pathway. PLoS ONE. 2012, 7(12), e52465. 
doi: 10.1371/journal.pone.0052465.

37.  Whiteside T. L. Immune modulation of T-cell 
and NK (natural killer) cell activities by 
TEXs (tumour-derived exosomes). Biochem. 
Soc. Trans. 2013, 41(1), 245–251. doi: 
10.1042/BST20120265.

38.  Dutta S., Warshall C., Bandyopadhyay C., 
Dutta D., Chandran B. Interactions between 

Exosomes from Breast Cancer Cells and 
Primary Mammary Epithelial Cells Leads 
to Generation of Reactive Oxygen Species 
Which Induce DNA Damage Response, 
Stabilization of p53 and Autophagy in 
Epithelial Cells. PLoS One. 2014, 9 (5), 
e97580. doi: 10.1371/journal.pone.0097580.

39.  Cosset F. L., Dreux M. HCV transmission by 
hepatic exosomes establishes a productive 
infection. J. Hepatol. 2014, 60 (3), 674–675. 
doi: 10.1016/j.jhep.2013.10.015.

40.  Arenaccio C., Chiozzini C., Columba-Cabezas S.,  
Manfredi F., Federico M. Cell activation and 
HIV-1 replication in unstimulated CD4+  
T-lymphocytes ingesting exosomes from cells 
expressing defective HIV-1. Retrovirology. 
2014, 11(1), 46.

41.  Bang C., Batkai S., Dangwal S., Gupta S. K., 
Foinquinos A., Holzmann A., Just A., Remke J., 
Zimmer K., Zeug A., Ponimaskin E., Schmiedl A., 
Yin X., Mayr M., Halder R., Fischer A., Engelhardt 
S., Wei Y., Schober A., Fiedler J., Thum T. Cardiac 
fibroblast-derived microRNA passenger strand-
enriched exosomes mediate cardiomyocyte 
hypertrophy. J. Clin. Invest. 2014, 124(5), 2136–
2146. doi: 10.1172/JCI70577.

42.  Li T., Yan Y., Wang B., Qian H., Zhang X.,  
Shen L., Wang M., Zhou Y., Zhu W., Li W., Xu W.  
Exosomes derived from human umbilical 
cord mesenchymal stem cells alleviate liver 
fibrosis. Stem Cells Dev. 2013, 22(6), 845–
854. doi: 10.1089/scd.2012.0395.

43.  Dorronsoro A., Robbins P. Regenerating the 
injured kidney with human umbilical cord 
mesenchymal stem cell-derived exosomes. 
Stem Cell Research Therapy. 2013, V. 4, P. 39.

44.  Ekström K., Omar O., Granéli C., Wang X., 
Vazirisani F., Thomsen P. Monocyte exosomes 
stimulate the osteogenic gene expression of 
mesenchymal stem cells. PLoS ONE. 2013, 8(9), 
e75227. doi: 10.1371/journal.pone.0075227.

45.  Gross J. C., Chaudhary V., Bartscherer K., 
Boutros M. Active Wnt proteins are secreted 
on exosomes. Nat. Cell Biol. 2012, 14(10), 
1036–1045. doi: 10.1038/ncb2574.

46.  Lee J. K., Park S. R., Jung B. K., Jeon Y. K.,  
Lee Y. S., Kim M. K., Kim Y. G., Jang J. Y.,  
Kim C. W. Exosomes derived from mesen-
chymal stem cells suppress angiogenesis by 
down-regulating VEGF expression in breast 
cancer cells. PLoS One. 2013, 8(12), e84256. 
doi: 10.1371/journal.pone.0084256.

47.  Van Balkom B. W., de Jong O. G., Smits M., 
Brummelman J., den Ouden K., de Bree P. M.,  
van Eijndhoven M. A., Pegtel D. M., 
Stoorvogel W., Würdinger T., Verhaar M. C. 
Endothelial cells require miR-214 to secrete 
exosomes that suppress senescence and induce 
angiogenesis in human and mouse endothelial 
cells. Blood. 2013, V. 121, P. 3997–4006. 
doi: 10.1182/blood-2013-02-478925.

48.  McDonald M. K., Tian Y., Qureshi R. A., 
Gormley M., Ertel A., Gao R., Aradillas  



BIOTECHNOLOGIA  ACTA, V. 7, No 6, 2014

108

Lopez E., Alexander G. M., Sacan A., Fortina P.,  
Ajit S. K. Functional significance of 
macrophage-derived exosomes in inflam-
mation and pain. Pain. 2014, 155(8), 1381–
1396. doi: 10.1016/j.pain.2014.04.029.

49.  Bottero D., Gaillard M. E., Errea A., Moreno G.,  
Zurita E., Pianciola L., Rumbo M., Hozbor D.  
Outer membrane vesicles derived from 
Bordetella parapertussis as an acellular vaccine 
against Bordetella parapertussis and Bordetella 
pertussis infection. Vaccine. 2013, 31(45), 5262–
5268. doi: 10.1016/j.vaccine.2013.08.059.

50.  Jiang Y. J., Bikle D. D. LncRNA: a new player 
in 1α, 25(OH)(2) vitamin D(3) /VDR protection 
against skin cancer formation. Exp. Dermatol. 
2014, 23(3), 147–150. doi: 10.1111/exd.12341.

51.  Cheng L., Sharples R. A., Scicluna B. J.,  
Hill A. F. Exosomes provide a protective and 
enriched source of miRNA for biomarker 
profiling compared to intracellular and cell-
free blood. J. Extracell. Vesicles. 2014, V. 3, 
P. 23743. doi: 10.3402/jev.v3.23743.

52.  Marimpietri D., Petretto A., Raffaghello L.,  
Pezzolo A., Gagliani C., Tacchetti C.,  

Mauri P., Melioli G., Pistoia V. Proteome profiling 
of neuroblastoma-derived exosomes reveal the 
expression of proteins potentially involved in 
tumor progression. PLoS ONE. 2013, 8(9), 
e75054. doi: 10.1371/journal.pone.0075054.

53.  Sáenz-Cuesta M., Osorio-Querejeta I., Otaegui D. 
Extracellular vesicles in multiple sclerosis: what 
are they telling us? Front Cell Neurosci. 2014, V. 
8, P. 100. doi: 10.3389/fncel.2014.00100.

54.  Khalyfa A., Gozal D. Exosomal miRNAs as 
potential biomarkers of cardiovascular risk 
in children. J. Transl. Med. 2014, 12(1), 162. 
doi: 10.1186/1479-5876-12-162.

55.  Rodríguez-Suárez E., Gonzalez E., Hughes C.,  
Conde-Vancells J., Rudella A., Royo F.,  
Palomo L., Elortza F., Lu S. C., Mato J. M., 
Vissers J. P., Falcón-Pérez J. M. Quantitative 
proteomic analysis of hepatocyte-secreted 
extracellular vesicles reveals candidate markers 
for liver toxicity. J. Proteomics. 2014, V. 103, 
P. 227–240. doi: 10.1016/j.jprot.2014.04.008.

56.  Johnstone R. M. Revisiting the road to the 
discovery of exosomes. Blood Cells Mol. Dis. 
2005, 34(3), 214–219.

ПОЗАКЛІТИННІ ВЕЗИКУЛИ: 
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Наведено узагальнене визначення везикул 
як двомембранних екстраклітинних органої-
дів, що є характерними для всіх клітинних 
форм життя: не лише ев-, але й прокаріотич-
них. Подано також історію вивчення напря-
му, номенклатуру, структуру і склад позаклі-
тинних везикул, показано їх вплив на життєві 
процеси в нормі та за патології. Ґрунтуючись 
на властивостях екзосом і мікровезикул, роз-
глядається можливість корегування перебігу 
низки хвороб та їх діагностики. Велика кіль-
кість невирішених питань цієї галузі залишає 
за собою широке поле для нових досліджень.

Найбільш перспективними з погляду прак-
тичної охорони здоров’я є напрями з вивчення 
впливу екзосом і мікровезикул на розвиток 
тієї чи іншої хвороби, можливість корегуван-
ня перебігу патологічного процесу за допомо-
гою позаклітинних везикул певного типу, що 
виступають як біологічно активні речовини. 
Актуальним є також подальше з’ясування ролі  
і значущості екзосом для прилеглих клітин, 
тканин і органів на молекулярному рівні, пер-
спективи використання позаклітинних вези-
кул як біомаркерів захворювань.

Ключові слова: екзосоми, мікровезикули.

ВНЕКЛЕТОЧНЫЕ ВЕЗИКУЛЫ: 
КЛАССИФИКАЦИЯ, ФУНКЦИИ  

И КЛИНИЧЕСКАЯ ЗНАЧИМОСТЬ

А. В. Оберемко, А. Г. Попандопуло 
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Приведено обобщенное определение везикул 
как двумембранных экстраклеточных органо-
идов, характерных для всех клеточных форм жи-
зни: не только эу-, но и прокариотических. Пред-
ставлены также история изучения направления, 
номенклатура, структура и состав внеклеточных 
везикул, показано их влияние на жизненные 
процессы в норме и при патологии. Основываясь 
на свойствах экзосом и микровезикул, рассма-
тривается возможность корректировки течения 
ряда заболеваний и их диагностики. 

Наиболее перспективными с точки зрения 
практического здравоохранения представляют-
ся направления по изучению влияния экзосом 
и микровезикул на развитие и прогрессирова-
ние той или иной болезни, возможность кор-
ректировки течения патологического процесса 
при помощи внеклеточных везикул определен-
ного типа, выступающих в качестве биологиче-
ски активных веществ. Актуальным является  
также дальнейшее выяснение роли и значимос-
ти экзосом для окружающих клеток, тканей  
и органов на молекулярном уровне, перспек-
тивы использования внеклеточных везикул  
в качестве  биомаркеров  заболеваний.

Ключевые слова: экзосомы, микровезикулы.


