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This review presents a generalized definition of vesicles as bilayer extracellular organelles of all cel-
lular forms of life: not only eu-, but also prokaryotic. The structure and composition of extracellular
vesicles, history of research, nomenclature, their impact on life processes in health and disease are dis-
cussed. Moreover, vesicles may be useful as clinical instruments for biomarkers, and they are promising
as biotechnological drug. However, many questions in this area are still unresolved and need to be
addressed in the future.

The most interesting from the point of view of practical health care represents a direction to study the
effect of exosomes and microvesicles in the development and progression of a particular disease, the pos-
sibility of adjusting the pathological process by means of extracellular vesicles of a particular type, acting
as an active ingredient. Relevant is the further elucidation of the role and importance of exosomes to the
surrounding cells, tissues and organs at the molecular level, the prospects for the use of non-cellular

vesicles as biomarkers of disease.
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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 pm 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
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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].
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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 lymphomaT-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+ T-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
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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 [431t
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 Tsgl01 (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 functio-
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].
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INO3ARJIITUHHI BESUKY JIU:
RKJACUPIRAIIIA, PYHRIIII
TA KJATHIYHA SHAYYIIICTD

A. B.O6epemro, A. I'. ITonarndony.io

Y «IacTuTyT HeBiAKIAAHOI i BiTHOBIIIOBAJIBHO] Xi-
pyprii im. B. K. I'ycaka HAMH Vkpaiau», [loHEIbK

E-mail: a.oberemko@mail.ru

HageneHo ysaraibHeHe BUBHAUEHHSA BE3UKYJT
AK IBOMEMOpPaHHUX €KCTPAKJITHHHUX OpPraHoi-
IiB, IIIO € XapaKTEePHUMHU IJA BCiX KJIITHHHUX
¢dopM KUTTA: He JuUllle €B-, aje i MpoKapioTuy-
HuX. [logaHo TakoK icTOpifo BUBUEHHA HAMPS-
MYy, HOMEHKJIATYPY, CTPYKTYPY i CKJIaa mo3aKJri-
TUHHUX BE3UKYJ, IOKA3aHO iX BIJINB HA KUTTEBL
mpollecu B HOpMi Ta 3a maToJiorii. erHTYIOqHCB
Ha BJIACTUBOCTAX €K30COM i MiKpPOBE3UKYJI, PO3-
TJISATAaEThCA MOJKJINBICTH KOPeryBaHHsA mepebiry
HU3KHK XBOPOO Ta iX miarHocTuku. Besuka Kijib-
KicTh HEeBUPIIlIeHNX IMUTAHb Ili€l ranysi sanuimnae
3a co00I0 IMIUPOKeE II0JIE AJIsI HOBUX JOCJIiIKeHb.

Haii6inpin mepcueKTUBHUMU 3 IIOTJISAY IIPaK-
TUYHOI OXOPOHU 30POB’ S € HAIPAMU 3 BUBUEHHSA
BIJIMBY €K30COM i MiKpOBEe3WKYyJ HA PO3BUTOK
Tiel um iHII0I XBOPOOM, MOKJINBICTH KOpPEeryBaH-
HA mepebiry maToJiorivHOTo IpoIecy 3a JOIOMO-
TOI0 TTO3aKJITUHHUX BE3UKYJ IIEBHOTO TUNY, IO
BUCTYIIAIOTh K 0i0JIOTiYHO aKTWBHI PEUOBUHU.
AKTyanbHUM € TaKOJK ITOJAJbIIE 3’ ACYBaHHS POJIi
i 3HAUYIIIOCTI €K30COM AJIA MPUJErJInX KJIITWH,
TKAHUH 1 OpraHiB HA MOJIEKYJIAPHOMY PiBHi, Imep-
CIIEKTUBU BUKOPUCTAHHA MO3aKJITUHHUX BE3U-
KyJ Ik 6ioMapKepiB 3aXBOPIOBaHb.

Knarouwosi cnosa: ek30coMi, MiKPOBE3UKYJIN.
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IIpuBeneHo 0000IIIEHHOE OIIPeeIeHe Be3UKY.I
KaK IByMeMOpaHHBIX 9KCTPAKJIETOUHBLIX OpPraHo-
HUI0B, XapaKTePHBIX IJId BCEX KJIETOUHBIX (DOPM JKU-
BHU: HE TOJIbKO 9y-, HO 1 IIpOKapuoTuyuecKkux. IIpex-
CTaBJIEHBI TAKKE MCTOPUS U3YUeHN HalIPaBJIeHUd,
HOMEHKJIATYPa, CTPYKTYPa 1 COCTAB BHEKJIETOUHBIX
BE3UKYJ, IOKA3aHO WX BJUSHNE HA JKM3HEHHBIE
IIPOoIiecchl B HoOpMe U Ipu rnatosoruu. OCHOBBIBAACH
Ha CBOMCTBaX 9K30COM M MHKPOBE3UKYJ, paccMma-
TPUBAETCS BO3MOKHOCTh KOPPEKTUPOBKY TEUEHU S
pAzna 3aboJieBaHUMN 1 X JUATHOCTUKMU.

Hawu6osiee TepCIIeKTUBHBIMY C TOUKU 3PEHUA
MIPAKTUYECKOTO 3PaBOOXPAHEHUA IPEICTABISIIOT-
cdA HaNpPaBJIEHUSA 110 UBYUYEHUIO BIUAHUA SK30COM
¥ MUKPOBE3UKYJI Ha Pa3BUTHE U IPOrPecCUpOoBa-
HUe TOW WM MHOUN 60JIe3HI1, BO3MOYKHOCTL KOp-
PEKTUPOBKU TeUEeHUA IIaTOJOTUUECKOTO IpoIecca
TIPU ITIOMOIIY BHEKJIETOUHBIX BE3UKYJI OIIpeieIeH-
HOT'0 THIIA, BRICTYIIAIONNX B KaUueCcTBe OMOJIOTrYe-
CKU aKTUBHBIX BeIlleCcTB. AKTYaJIbHBIM ABJIAETCS
TaKiKe JaJIbHelIee BbICHEHNEe POJIU U BHAUNMOC-
T 9K30COM [JISI OKPYIKAIOMUX KJIETOK, TKaHel
¥ OPTAaHOB Ha MOJIEKYJSIPHOM ypPOBHE, MePCIeK-
TUBBI MCIIOJIb30BAHUA BHEKJIETOUHBIX BE3UKYJI
B KauecTBe OMOMAapKepoB 3a00JieBaHMUIA.

Knrouesnvle cnosa: 9K30COMBI, MUKPOBE3HUKYJIbI.





