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Abstract—Export of biologically active compounds is essential for any living cell. Transport of bioactive mol-
ecules through a cellular membrane can be active, or passive, or vesicular. In the past decade, vesicular trans-
duction of intercellular signals has attracted great interest in the scientific community. An extremely import-
ant role of the vesicle transduction has been established for almost all processes in a living body. Not only pro-
files of protein and RNA expression in a cell, but also its secretome change during various pathologies,
including cancer development. The enhanced secretion of vesicles by transformed cells is one important fac-
tor in creating a special microenvironment that favors tumor progression. At present, a role of exosomes has
been demonstrated for such important processes as an epithelial-mesenchymal transition, angiogenesis, met-
astatic niche formation, chemotherapeutic resistance, and interaction with the immune system. The special
biological role of the extracellular vesicles and their basic differences depend on their molecular composition.
Therefore, special protein and lipid markers are responsible for a vesicular targeted delivery with information
due to the preferable interaction with cells of a definite type. The exosomes of cancer cells can facilitate apop-
tosis or growth of neighboring malignant cells depending on the exosome composition. These and other spe-
cial features of the extracellular vesicles make studies of their composition and role especially interesting and
attract significant attention from researchers. Despite the rapid progress in this field, there are still many
unresolved problems, such as a search for specific markers which allow identification of different types of ves-
icles or vesicles secreted by distinct cells, as well as screening of vesicular markers of cancers and other diseases
that are associated with disorders in a functioning immune system. This review is mainly focused on the role
of intercellular vesicular transport of bioorganic molecules in cancer progression. We believe that a successful
treatment of oncological diseases is impossible without an understanding of the intercellular communication
of both cancer cells between each other and with other systems of an organism and with a concept of an active
participation of the cell-secreted vesicles in this process.
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INTRODUCTION nucleic acids, lipids, short peptides, proteins, low-

In multicellular organisms, signals are transduced =~ molecular-weight organic compounds, and other sub-
between cells not only via a direct contact of two cells, — stances. An interaction of these secreted molecules
but with the use of cell-secreted molecules, including  with other cells can change the state of the latter, and
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Abbreviations: ABs, apoptotic bodies; EV, an extracellular vesicle; MVBs, multivesicular bodies; ADAM 10, the disintegrin and metal-
loproteinase domain 10; AKT, the alpha serine/threonine-protein kinase; Bcl-2, the B-cell lymphoma 2; Bim, the Bcl-2-like protein 11;
BIRCS, the baculoviral inhibitor of apoptosis repeat-containing 5; Bsx, the brain-specific homeobox protein homolog; CXCR2, the
C-X-C chemokine receptor type 2; CD, a cluster of differentiation; EDH1, the EH domain-containing protein 1, where EH is the
EPS15 homologue and EPSI15 is the epidermal growth factor receptor substrate 15; EGF, the epidermal growth factor; EGFR, the
receptor of the epidermal growth factor; ESCRT, the endosomal sorting complex required for transport; EMMPRIN, the extracellular
matrix metalloproteinase inducer; EpCAM, an epithelial cell adhesion molecule; EPSSL, the epidermal growth factor receptor kinase
substrate 8-like protein 2; ERG, the ETS-related gene, ETS, erythroblast transformation-specific; ERK, extracellular signal—regu-
lated kinases; GPCl, glypican 1; HER-2, the human epidermal growth factor receptor 2; HSP, heat shock proteins; IL, interleukin;
JNK, the c-Jun N-terminal kinase; L1ICAM, the L1 cell adhesion molecule; MAPK, the mitogen-activated protein kinase; MHC, the
major histocompatibility complex; miR, a micro-RNA; MLCK, the myosin light-chain kinase; NFxB, the nuclear factor kappa-light-
chain-enhancer of activated B cells; PCA, a prostate cancer antigen; PDCD4, the programmed cell death protein 4; P13, phospho-
inositide 3-kinase; PLD, phospholipase D; PTEN, phosphatase and tensin homolog deleted on chromosome 10; Rab, the Ras-related
protein in brain; Ras, the rat sarcoma; Rho, the p Greek letter; ROCKI, the rho-associated, coiled-coil-containing protein kinase 1;
Src, sarcoma; TGF, the transforming growth factor; TMPRSS, the transmembrane serine protease 2; TSG101, the tumor susceptibil-
ity gene 101; TYRP-2, the tyrosinase-related protein 2; VEGF, the vascular endothelial growth factor; Vps4, the vacuolar protein sort-
ing-associated protein 4.
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Table 1. Adapted from [4]
Characteristics Exosomes Ectosomes Apoptotic bodies
Size, nm 30—150 100—1000 50—5000
Biogenesis MVBs Plasma membrane Fragmentation and disassembling
of the cell components

Density 1.10—1.14 g/mL 1.12—1.20 g/mL Not determined

Enrichment ESCRT Enzymes Cytoplasmic proteins

with proteins Signal molecules Mitochondrial proteins Proteins of the endoplasmic reticulum
Oncogenes Ribosomal proteins Proteins of the Golgi apparatus
Integrins Centrosomal proteins
Receptors

the spectrum of possible reactions is very wide, from
the activation of proliferation and differentiation to
the induction of apoptosis. Various cell-secreted vesi-
cles participate in the formation of an extracellular
medium. Exosomes are the most-studied vesicles.
Extracellular vesicles (EVs) contain many proteins,
lipids, and nucleic acids. The vesicles can also influ-
ence recipient cells by a more complex way than sepa-
rate secreted molecules owing to a more complex
composition of the vesicles and a higher local concen-
tration of the vesicular components.

Although EVs were first identified even in 40s of
the twentieth century [1], they have been considered
as something specific for definite organs or as “resi-
dues” of dead cells for a long time. At present, EV exis-
tence has been demonstrated for all types of cells and
for all three domains of the life tree: bacteria [2],
archaea [3], and eukaryotes [1].

Types of extracellular vesicles. Nowadays, the clas-
sification of EVs is based on their biogenesis. Three
fundamentally different ways of vesicle formation give
rise to three vesicle types: exosomes, ectosomes (or
microvesicles), and apoptotic bodies (Table 1) [4—6].

Exosomes are small vesicles whith sizes of 40—100 nm
and a density of 1.10—1.14 g/mL (see Table 1) [6].
They are secreted by cells of different tissues. Exo-
somes were found in different biological tissues (urine,
milk, blood, and cancer ascites) [7]. Exosomes are
formed as a result of a fusion of a multivesicular endo-
some that contains intraluminal vesicles (future exo-
somes) with a plasma membrane. The multivesicular
endosomes can conjugate with a cellular plasmic
membrane with a subsequent release of exosomes, but
they can also use their content for a degradation by a
fusion with lysosomes. At present, a future of a con-
crete fusion product can not be exactly predicted.

Four endosomal complexes (ESCRT, Endosomal
Sorting Complex Required for Transport 0—III) and
the associated proteins (for example, Vps4 and Alix)
are responsible for the formation of the intraluminal
vesicles. ESCRT 0, I, and II recognize and bind ubiqg-
uitinylated proteins on a surface of an endosome,
whereas ESCRT III forms and cleaves the vesicles.
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During the exosome formation, ESCRT and the asso-
ciated proteins can recognize and pack nonubiquiti-
nylated proteins which are the exosome “load” [6].
The tetraspanin transmembrane proteins which are
actively involved in the exosome membranes also
actively participate in the protein sorting for the exo-
somes [8, 9].

Both the basic ESCRT-mediated and the ESCRT-
independent ways of the exosome formation exist [10].
The latter requires the presence of lipid islets (rafts) in
a membrane where sphingomyelinase converts sphin-
gomyelin into ceramide [11], which facilitates the ves-
icle formation. In this case, a fusion of a malty-vesic-
ular endosome with a plasma membrane (PM) and the
exosome release occur with the participation of small
Rab-GTP-ases. RAB27B participates in the binding
of the endosome with the actin cortex, whereas
RAB27A favors the endosome fusion with PM [12].

The exosomes can be specifically recognized by
target cells. The adhesion molecules, in particular
integrins, are responsible for the key stage of this rec-
ognition. The exosomes can affect a cell in several
ways after the cell contact. They can stay outside the
cell, and binding to a cellular receptor will induce a
signal cascade in this case. The exosomes can also be
fused with a cellular membrane and release their con-
tent inside the cell, or they can be absorbed during
endocytosis. In this case, the absorbed exosome can be
transported in lysosomes for its degradation or can be
fused with the endosome membrane and release the
content in the cytoplasm [6].

In distinction to the exosomes, ectosomes
(microvesicles) have a size of 100—1000 nm, are gath-
ered near a plasma membrane, and released by a pro-
trusion of the membrane and splitting off. Cancer cells
often produce the so-called oncosomes that are large
vesicles of size from 1 to 100 um. The oncosomes are
possibly formed by the same mechanism as the classic
ectosomes [4].

Ectosome formation on a plasma membrane pri-
marily involves a rearrangement of the membrane
components and cytoskeleton and attraction of the
proteins that participate in the separation of a mem-
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brane fragment. This process seems simple, but is, in
fact, rather complex. The first stage of the process is
nucleation (the formation of special domains of
grouped transmembrane proteins and lipids). Tetrasp-
anins presumably are among the sorting proteins. A
release of calcium ions occurs simultaneously with the
nucleation, and a process of local damage to the cyto-
skeleton begins. Special translocases (flippase, scram-
blase, and others) increase the phosphatidylserine
content on an outer side of the membrane and, thus,
misbalance the structure of the lipid bilayer [13, 14].
The splitting off from the plasma membrane occurs
owing to the PLD/ERK activation and phosphoryla-
tion of the MLCK kinase [15], or is due to the
TSG101-induced translocation of the ESCRT-III
complex and separation of the membrane fragment
involving Vps4.

The third and the least-studied type of the cell-
secreted vesicles are the apoptotic bodies (ABs).
According to their name, ABs form in the course of
apoptosis or the programmed cell death. Until now,
ABs have been considered to be only a side product of
cell death. However, recent data points to the fact that
a set of the AB-involved factors is not random, but is
strictly controlled during the ABs formation [1]. The
AB sizes vary from 50 to 5000 nm, and ABs can con-
tain organelles. In the course of apoptosis, the cyto-
skeleton is disassembled and protrusions (membrane
vesicles), which are considered to be the AB precur-
sors, appear [16]. The corresponding local rearrange-
ments of the membrane components have been shown
to be caused by an activation of the ROCKI1 kinase
and a polymerization of actin [17—19]. The ROCK1
activation occurs without the participation of the Rho
GTP-ase canonical activator by a cleavage of the pro-
tein by caspase 3 [19]. During the AB formation, the
outer side of the membrane is enriched by phosphati-
dylserine similarly to the process of the ectosome for-
mation, and this event serves as a signal to the begin-
ning of a phagocytosis of the dying cell [4]. However,
unlike the ectosome formation, the phosphatidylser-
ine is externalized through a Ca-independent pathway
and due to the large size of the vesicle, the membrane
tension is sufficient to cleave the vesicle [4, 20].

A new mechanism of AB formation was discovered
in 2015. The authors called it “beads-on-a-string,”
because the forming structures (apoptodies) looked
like long filaments from vesicles of a membrane of a
dying cell. This effect was initially observed for T-lym-
phocytes after the action of the PANXI1 pannexin
inhibitor [21]. The same action was later described for
approximately 45% of the apoptotic monocytes with-
out the action of additional preparations. An investi-
gation of AB formation during apoptosis revealed two
separately regulated stages of the fragmentation of a
cellular membrane in the course of apoptosis: the for-
mation of (1) the membrane vesicles and (2) apopto-
dies. The apoptodies could take the “beads-on-a-
string” shape under definite conditions, probably
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facilitating a sorting of the proteins that would be
involved in the apoptotic bodies.

Bioorganic molecules in the microvesicles. The bio-
logical role and physicochemical properties of the
extracellular vesicles are generally determined by their
molecular composition. The vesicles of different types
which are formed from the same cells are distin-
guished by both the membrane composition and
transported molecules despite the common ancestry.
At the same time, only several proteins that are unique
for vesicles of one type are presently known. In other
cases, we are dealing only with a comparable enrich-
ment with concrete proteins, lipids, or RNA.

The molecular composition of exosomes. Exosomes,
like other vesicles, transport intracellular proteins,
nucleic acids, and peptides which are surrounded by a
bilayer lipid membrane that protects them from the
extracellular medium and dilution [4, 22]. First, pro-
teins of the cytoplasm of a donor cell are involved in
the exosomes. At the same time, the composition of
the exosome membranes differs from that of a mem-
brane of the parent-cell [23]. The exosome biogenesis
involves the endosomes and the formation of multive-
sicular bodies (MVBs), and the exosome membrane is
enriched by the proteins which are responsible for the
MVB formation and the membrane fusion. Thus, the
exosomes are enriched by annexins, flotilins, GTP-
ases, integrins, tetraspanins, and many other proteins.
It is interesting that antigen-presenting proteins (the
MHC I and II complexes) are often found in the exo-
somes independently of cell type [7, 24—26]. Specific
protein patterns that correspond to the exosomes of
different cells or tissues have been identified along
with proteins common for all the exosomes [7]. It is
still unknown how these proteins penetrate the exo-
somes and how accidental is their presence in the ves-
icles.

The exosomes are enriched with specific lipids
(ceramides, cholesterol, phosphatidylserine, sphingo-
lipids, and others) along with the proteins. The exo-
some membranes do not contain lysobiphosphatidic
acid (LBPA) even though it has been found in the
endosomes and the MVB internal vesicles and is con-
sidered to be necessary for their formation [27—30]. It
is explained by the proposal [28] that LBPA is excep-
tionally important for the formation of MVBs which
are further involved in lysosomes and do not partici-
pate in the exosome formation. The difference in lipid
composition of MVBs which are further included in
various biological processes can result from the strict
control over the MVB formation and subsequent fate,
contradicting the more widespread opinion of the ran-
dom distribution of components between the different
MVB types [25]. Another special feature of the exo-
some membrane is the presence of lipid rafts. The lipid
rafts are detergent-stable membrane fragments which
are enriched by cholesterol and sphingolipids and sat-
urated by phospholipids. Several proteins, for exam-
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Table 2. Exosomal markers of cancers (modified on the basis of [26, 38])

Cancer Exosomal markers References
Melanoma CD69, CD63, HSP70, HSP90, TYRP-2, very late antigen-4 (VLA-4), [36, 40]
o4P1-integrin, CD49d/CD29
Glioblastoma EGFRvlII, angiogenin, IL-8, VEGF [37, 41]
The prostate cancer BIRCS, PCA, PCA3, [42]
The ovarian carcinoma L1CAM, CD24, ADAM10, EMMPRIN, claudin [43, 44]
The cancer of the urinary bladder | Resistin, N-RAS GTP-ase, EPS8L2, EPS8L1, alpha-subunit of the guanine-
binding protein of group S, the retinoic-acid-induced protein 3, the halectin-
3-binding protein, EDH1
The pancreatic cancer GPCl1 [45]
The intestinal cancer EpCAM, cadherin-17, mucin 13 (MUC-13), keratin 18, claudins, ephrin B1 [7]

ple, flotilins, are accumulated in the same membrane
regions [25].

It is also believed that the exosomes have a character-
istic polysaccharide and glycan pattern (signature) on the
outer side of the membrane. Mannose, ¢-2,3-sialic
acids, o-2,6-sialic acids, complex glycans, and polylac-
tosamines are the basis of this pattern [31, 32].

RNA is an important component of the exosomes
and other vesicles. Exosomal transport of matrix,
micro, and several noncoding RNA has been demon-
strated [33]. In addition, exosomal transport of frag-
ments of the double-stranded DNA has been
described in separate reports. A possible biological
role of this DNA and its involvement in the exosomes
have still not been elucidated [34].

The presence of components specific for parent-
cells in the exosomes provides their use as biomarkers
of diseases. The exosomal biomarkers are more spe-
cific and stable in comparison with other biomarkers
which are identified in blood, urine, and other biolog-
ical tissues, and, therefore, these markers are of inter-
est for the diagnostics. Many exosomal components
(proteins, micro-RNA, and lipids) have been pro-
posed as the markers, but additional studies are neces-
sary for their real application to clinical practice [23].

Cancer cells are known to secrete considerably
more vesicles than normal cells; therefore, cancers
become one of the main directions of the search for
exosomal markers (Table 2) [23, 35]. For example, tet-
raspanins can be used for diagnostics of oncological
and infectious diseases [23]. Secretion of the CD63*
exosomes increases during melanoma [36] and several
other cancers [23], and CD63 is proposed as one of the
oncomarkers. Several exosomal proteins can be
applied to the diagnostics of the brain cancers and
other pathologies of the central nervous system. Vari-
ation I1I of the epidermal growth factor (EGFRVIII) is
a specific marker of glioblastoma [37]. EGFR,
EGFRVIII, and TGFf have been also found in the
exosomes which are isolated from the blood serum of
patients with various brain cancers [38]. Moreover, the

RUSSIAN JOURNAL OF BIOORGANIC CHEMISTRY Vol 44

results point to a possible role of the exosomes in the
immune response and pathogenesis during cancers
and neurodegenerative diseases. The exosomes with
the characteristic protein aggregates have been found
in the cerebrospinal fluid of patients suffering from
Alzheimer’s disease, Parkinson’s disease, and
Creutzfeldt—Jakob syndrome [39].

Many exosomal markers have been identified
during studies of the exosomes that were isolated from
urine. The urinal exosomes are assumed to indicate
diseases of the urogenital system, including cancers.
The content of eight proteins (the alpha-subunit of the
guanine-binding protein of the S group, the retinoic-
acid-induced protein 3, resistin, and five proteins
associated with the EGFR activation) has been shown
to be increased in the urinal exosomes during the can-
cer of the urinary bladder. Two other urinal exosomal
proteins (PCA-3 and TMPRSS2:ERG) have been
proposed as the markers for prostate cancer [42].

The alpha-1 antitrypsin and the H2B1K histone
have been identified as specific markers for urothelial
carcinoma [23, 46]. The urinal exosomes can be used
for diagnostics of both urogenital diseases and intestinal
cancer. The exosomal EpCAM proteins, kadgerin-17,
mucin 13 (MUC-13), keratin 18, claudins, and ephrin
B1 are specific markers for this cancer [7]. The exosomes
that contain the surface GPC-1 proteoglycan have been
proposed for the diagnostics of the intestinal cancer.
Moreover, the GPC-1 level has been shown to correlate
with the life-time of the patients [45].

Along with proteins, the exosomes contain RNAs
which can also be used for diagnostics of oncological
diseases (Table 3) [23]. Researchers pay special atten-
tion to micro-RNAs, although long noncoding RNAs
and matrix RNAs are also involved in the exosomes.
The micro-RNAs are short (19—25 nucleotides) non-
coding RNAs wich are able to specifically regulate
expression of target genes. In most cases, the micro-
RNAs are present in the exosomes as a precursor [47,
48], and the major part of the micro-RNAs in the
serum and saliva is located inside the exosomes [49].
RNA is assumed to be more stable and biologically
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Table 3. Exosomal micro-RNA markers [26]

Exosomal micro-RNAs Cancers References
miR-21, -141, -200a, -200b, -200c, -203, -205, -214 | Ovarian carcinoma [51]
miR-17, -3p, -21, -20b, -223, -301, let-7f Lung cancer [52, 53]
miR-141, miR-375 Prostate cancer [54, 55]
miR-21, miR-1246 Esophageal carcinoma (SCC) [56, 57]
miR-21 Breast cancer [58]
Let-7 family miRNAs Stomach cancer [59]

active in the exosomes than RNA that is present in the
extracellular medium as an RNA-protein complex
[50]. The micro-RNAs have been repeatedly proposed
as markers for various diseases.

Molecular composition of the ectosomes and the
apoptotic bodies. The size and composition of the
ectosomes are more heterogeneous than those of the
exosomes. The ectosomal membranes differ from
those of the parent-cell similarly to the exosomal
membranes. However, in the case of the ectosomes,
the specific differences result from peculiarities of the
processes of nucleation and blastogenesis. In general,
the ectosomes transport the same types of bioorganic
molecules as the exosomes, but the composition of the
ectosomes is much less studied. Such proteins as
matrix metalloproteinases, glycoproteins (GPIb,
GPIIb-IIIa, P-selectin, and others) [60—62], integ-
rins [62, 63], EGFR [41], and the cytoskeletal compo-
nents [64] (for example, B-actin and o-actinin-4) are
involved in the ectosomes.

It should be taken into consideration that the ecto-
somal composition of the same cell type can be dra-
matically changed with variation of environmental
conditions. Proteomic analysis demonstrated that the
content of the major part of ectosomal proteins
changes under the action of different stimuli on
monocytes. However, a small group of proteins
(approximately 100 proteins, including the cytoskele-
tal components, receptors of the cellular adhesion,
signal molecules, and mitochondrial proteins) is
always present [64]. The proteomic analysis also
demonstrates an enrichment of the ectosomes with
mitochondrial, ribosomal, and centrosomal proteins
in comparison with the exosomes [65]. Fewer tetrasp-
anins, proteins of the ESCRT complex and other pro-
teins have been found to participate in the exosome
biogenesis in comparison with the exosomes [65].
Oncogenic ectosomes (oncosomes) are enriched with
mitochondrial proteins [66]. Recently, the uniqueness
of the ectosome-transported RNAs has been also
shown [67].

The lipid composition of the ectosomal mem-
branes also differs from that of a plasma membrane.
The ectosomes contain more phosphatidylserine,
which participates in their biogenesis, phosphatidyl
choline, sphingomyelin, and phosphatidylethanol-
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amine [68]. A lipidome analysis that involves a
determination of acyl residues of fatty acids has
demonstrated the wide variety of ectosomal lipid
composition [69].

The absence of universal terms for different types of
vesicles complicates further the analysis of factors spe-
cific for the ectosomes and other vesicles. As a result,
different investigators have named the exosomes, the
ectosomes, and the apoptotic bodies as microvesicles,
nanovesicles, oncosomes, membrane vesicles, micro-
particles, etc. at different times. The exosome determi-
nation is relatively simple according to their size, and
the term “exosome” is more often used. However, the
literature data on the exosomes should be interpreted
very carefully [4].

The apoptotic bodies have been considered to be
cellular “garbage” for a long time, and they have been
studied even less than the ectosomes. The apoptotic
bodies of lymphocytes and monocytes in atheroscle-
rotic plaques were found to be enriched with phospha-
tidylserine, coagulation factor III, and annexin A5
[70]. The later proteomic investigation of ABs of the
mouse thymocytes revealed 142 differentially
expressed proteins, including the heat shock proteins,
histone-associated proteins, cytoplasmic proteins,
pseudooncogens, and the proteins that influenced
functioning of the immune system [71].

Eleven specific proteins, such as annexin AS, the
6 heat shock protein, protein-1 that was associated
with a receptor of the low-density lipoproteins, and
RABI11A were determined by a proteomic analysis of
ABs of epithelial cells of the human bile ducts [72].
Most of the identified proteins were involved in such
signal pathways as an activation of the NF-xB factor,
ERK, and Notch, as well as signal cascades with par-
ticipation of IL8 and CXCR2.

A comparable proteomic analysis of ABs and the
cells subjected to the apoptosis was recently performed
[73]. As a result, a difference in the occurrence was
found for 1028 proteins. Significantly low content of
nuclear components of a cell in ABs was of particular
interest. The authors believed that this fact was evi-
dence for the nonrandom occurrence of separate pro-
teins in ABs and the possible existence of protein sort-
ing during the AB formation.
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Creation of special microenvironment by cancer
cells. Cancer is not a simple large mass of transformed
cells, but a complex cellular conglomerate which can
override the functioning of surrounding cells. A multi-
ple network of interactions between cancer and nor-
mal cells creates a special microenvironment in which
untransformed cells often facilitate the cancer devel-
opment in different states of carcinogenesis. An inter-
action between various cells is coordinated by a com-
plex network that involves an exchange of extracellular
vesicles [74]. The main role in regulation of the micro-
environment which is created by cancer cells has been
historically ascribed to low-molecular-weight com-
pounds, cytokines, and growth factors. In recent
years, more attention has been paid to a vesicular
transduction of intercellular signals. The role of EVsin
regulation of a complex of the interrelated processes of
the cancer appearance and development is simultane-
ously increased [25].

Transduction of signals of proliferation of malignant
cells and resistance to the signals of inhibition of cellular
growth. The exosomes of the cancer cells participate in
transduction of the proliferation stimuli. The exo-
somes were shown to be able to transfer the prolifera-
tive signals from donor to acceptor cells during breast
cancer [75], glioblastoma [37], and colorectal cancer
[76, 77]. Active transformed cells usually support a
capability of permanent division through activation of
the PI3K/AKT or MAPK/ERK signal pathways. In
some cases, the exosomes also take part in the activa-
tion of one or both pathways [78]. However, this is
not the only proliferation possibility. The exosomes
of hepatocellular carcinoma change the expression
level of the TGFP growth factor [79]. Receptors of
tyrosine kinases [80], oncogenes [76], phosphopro-
teins [77], matrix RNAs and micro-RNAs [76, 77,
81] are among the exosomal molecules that can
transduce the proliferative signals. Not only the can-
cer cells, but macrophages, mesenchymal stem cells of
the bone marrow, mast cells and other cells can give
analogous signals [50].

A considerable part of anticancer therapy is aimed
at metastasis treatment. The exosomes of the cancer
cells play an important role in the appearance of
metastases [50]. In particular, the cells of colorectal
cancer release exosomes that are enriched with
mRNAs of the cell-cycle proteins and, thus, facilitate
an active division and metastasis of the cancer cells. It
has been recently demonstrated that the exosomes
actively participate in the creation of the so-called
metastasis niche, and a selective uptake of the exosomes
by definite cells determines where the metastasis appears.
Integrins which are located on the exosomal surface and
determine the uptake selectivity and activation of the Src-
dependent signal pathway and the S100 protein play an
important role in this process [82].

The exosomes of intestinal cancer change the phe-
notype of cells of the smooth muscles via activation of
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metalloproteinases and prepare a medium for the
metastasis [83]. The exosomes that are released by the
melanoma cells increase their migration capability
and make the cells of the lymph nodes ready for the
metastasis [84]. The exosomes of the pancreas have
been shown to form a niche for the metastasis in the
liver [85]. Absorption of the cancer exosomes has
caused the TGF secretion by the Kupffer cells and an
enhancement of the fibronectin expression by the stel-
late cells. These events have attracted macrophages
and granulocytes in the liver and facilitated the forma-
tion of a niche for the metastasis. This process has still
not been studied in detail, but the macrophage migra-
tion inhibitory factor (MIF), that is actively trans-
ported by the exosomes of the pancreatic cancer, is
assumed to play the key role [85].

The role of the exosomes in resistance to the signals
which inhibit the cell growth is poorly investigated. It
is presumed that the exosomes of cancer cells decrease
the action of the suppressors through a transfer of
transcripts of the H-Ras and N-Ras oncogenic factors
and the Rab proteins [86, 87]. In addition, the oncos-
uppressors can be exported by the exosomes from a
cell. For example, the PTEN protein, which is known
to decrease the cancer growth, is exported by the exo-
somes, preserves its activity out of a cell, and can addi-
tionally inhibit the growth of cancer-surrounding cells
[50, 81].

Overcoming apoptosis. Apoptosis is programmed
cell death, which is one of the necessary daily pro-
cesses for survival of the organism. However, an abro-
gation of triggering of the apoptosis program in the
transformed cells is necessary for the appearance and
development of a cancer. The exosomes of the cancer
cells can increase both the direct and indirect ability of
the tumor to overcome apoptosis.

Most of the recent papers point to a direct partici-
pation of the exosomes in the inhibition of apoptosis.
However, the exosomes play the role of an activator of
cell death in several cases. For example, the exosomes
of the cells of the pancreatic cancer induce the mito-
chondrial pathway for apoptosis development [88]
through an increase in the expression of the Bax
proapoptotic factor and a decrease in the expression of
the Bcl-2 antiapoptotic factor.

Nevertheless, the exosomes most often exhibit the
antiapoptotic effect on the cancer cells and promote
the development of aggressive metastasizing cancers
which are frequently resistant to therapy. The exo-
somes of cancers of the stomach and urinary bladder
inhibit the apoptosis of the corresponding transformed
cells via enhancement of the expression of Bcl-2 and
cycline-D1 and decrease in the expression of Bax and
caspase-3 [89, 90]. The exosomes from patients with
ovarian carcinoma contain large amounts of the miR-
21 micro-RNA, which is known to control function-
ing of the PDCD4 proapoptotic factor. The level of
this protein in the cells of many cancers is known to
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negatively correlate with the miR-21 level. The exact
mechanism of this regulation is still not known, but we
can propose a similar action for the exosomal miR-21
[51, 91].

The DNA damage and chromosome instability
result in activation of the p53 protein in many cancer
cells. This activation induces the apoptosis and an
active export of proapoptotic factors, including those
in the exosomes [81]. The mutant forms of the inactive
p53 have been recently shown to be transmitted by the
exosomes to neighboring cells, and this process can
result in an extension of the mutant form [34, 92].

The exosomes that facilitate the inhibition of cellu-
lar death can be produced not only by the malignant
cells of cancers, but their microenvironment as well.
For example, the exosomes of the stromal cells of the
bone marrow inhibit the JNK-dependent signal path-
way and the expression and phosphorylation of the
Bim proapoptotic factor during multiple myeloma of
the plasma cells in the bone marrow [93].

Development of resistance to chemotherapy. The
exosomes that are released by malignant cells can also
protect the cells from the action of anticancer agents.
The simplest way for this protection is the exosomal
export of significant amounts of the agent from the
cell. It is anticipated that the cisplatin-treated mela-
noma cells decrease the cisplatin efficacy in precisely
this way [94]. The exosomes of the cisplatin-resistant
cells of the ovarian carcinoma are shown to contain
2.6 times more cisplatin than those of the therapeuti-
cally sensitive cells. This fact can probably explain the
decreased platinum concentration inside the cancer
cells [95]. Similarly, the doxorubicine-treated cells
released this therapeutic agent in microvesicles, and
the level of the vesicle release correlated with the resis-
tance to doxorubicine [96]. The exosomes of the cells
of breast cancer with an enhanced expression of HER-2
act as a trap after the treatment with trastusumab,
increasing the resistance of the parent-cells to this
agent and its necessary dose [97]. The exosomes of the
B-cellular lymphoma have the analogous effect on the
treatment with rituximab, which is an antibody to the
CD20 protein. The release of the exosomes with the
increased content of CD20 can considerably decrease
the amount of the antibodies that react with the target
cells. For example, approximately half of the antibod-
ies were associated with the exosomes three hours after
the rituximab administration [98].

The exosomes can increase resistance to the che-
motherapy by transport of vitally important factors
and activation of the corresponding signal cascades
along with the decrease in the efficacy of an anticancer
agent due to the reduction of its quantity inside a cell.

The exosomes of the cisplatin-treated cells of lung
cancer increase the cisplatin resistance of other cells
which are not subjected to a preliminary treatment
with this medicine [99]. Scientists associate this fact
with a considerable change in the amount of the exo-
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somal matrix and micro-RNAs that are associated
with the cisplatin resistance after the treatment of the
cells with cisplatin. The same phenomenon has been
observed for the doxitaxel-treated cells of prostate
cancer and has been explained by the action of miR-34
[100, 101]. The exosomal transport of micro-RNA
also enhances the resistance of neuroblastoma to che-
motherapy [102]. The GW4869 inhibitor of the exo-
some release restores the sensitivity of the neuroblas-
toma cells to cisplatin. Other resistance factors that
increase a resistivity of acceptor cells are involved in
the exosomes along with micro-RNA, which attracts
attention of researchers. The exosomes of the cells of
the hepatocellular carcinoma contain the ROR long
noncoding RNA that is able to decrease the level of
cell death through the TGF-dependent pathway [103].
The exosomes that increase the resistance to therapy
can be produced not only by the malignant cells them-
selves, but by the microenvironmental cells (for exam-
ple, by the tumor-associated fibroblasts) as well [104].

Neoangiogenesis. One of the problems of cancer
development is hypoxia. Here, the cancer begins to
release to the environment factors which promote
metastasis and angiogenesis. The hypoxia increases
the level of the exosome release by the transformed
cells [105]. The hypoxia-inducible factors (HIF) have
been shown to participate in this process [106]. The
enhancement of the exosome secretion by the cells of
breast cancer presumably changes the cancer micro-
environment and facilitates vascular growth via activa-
tion of the epidermal growth factor (EGF) in the
endothelial cells [107]. The glioblastoma cells secrete the
exosomes which can change the phenotype of the endo-
thelial cells in vitro and promote vascular growth in vitro
[108]. The hypoxia-resistant cells of the multiple
myeloma release the exosomes with the significantly
increased content of the miR-135b micro-RNA which
can also induce the active vascular growth [50, 106].

CONCLUSIONS

A complex understanding of processes, including
interactions between various components both inside
and outside a cancer, is necessary for a successful and
complete treatment of a malignant tumor. In the
recent decade, a realization of the importance of exo-
somes and other EVs in the intercellular interaction
has dramatically increased. The EV role in the interac-
tion of the spatially distant cells is being progressively
elucidated, as well as their influence on the develop-
ment of cancers. EVs can transport virions, RNAs,
proteins and their complexes, and, even, double-
stranded DNAs of living cells. It is assumed that EVs
can promote development of cancer resistance to che-
motherapy and an enhancement of the capability for
metastasis and invasiveness. However, EV influence
on the formation of the cancer-specific microenviron-
ment that involved a variety of cell types is still not
completely understood. In this review, we focused on
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the EV role in cancer progression, but EVs participate
in many processes in a healthy organism. The exo-
somes and other EVs are secreted by neurons, epithe-
lial and stem cells, and the cells specific for different
organs and the immune system. The range of their
effects on an organism is tremendously wide. For
example, the exosomes of the stem cells favor healing
of the cardiac muscle, whereas the exosomes of the
nerve cells actively participate in the formation of the
medullary sheath by Schwann’s cells. The vesicular
transport of prions, beta-amyloid peptides, synucle-
ins, and other compounds is responsible for the devel-
opment of several neurodegenerative diseases. In gen-
eral, EVs allow a transition between subcellular and
organ-tissue levels of organization of living matter.
EVs provide an influence on the processes inside one
cell on the functioning of other cells and organs with
which this cell is not directly contacted. The specific
absorption of vesicles by the cells of a definite type
make the transduction of complex signals, which is
simultaneously controlled by several factors, to be
directed and relatively selective.

Undoubtedly, many novel EV functions will be dis-
covered soon. The absence of methods for an effective
fractionation and comparison of various types of vesi-
cles is one of obstacles to further studies of EVs. Active
EV investigation has begun relatively recently, and the
standard methods for isolation, characterization, and
determination of EVs have not yet been created. The
facts that have been described in this review point to
the important role of the exosomes and its difference
from that of the endosomes and the apoptotic bodies
and demonstrates the particular importance of the
development of these methods and the separate inves-
tigation of different types of vesicles.
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