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The development of cell and molecular biology is accelerating along with the de-
velopment of technology. Microvesicles are one of the focal points of ongoing research
in this area.

Extracellular vesicles (exosomes, microvesicles) are recently discovered partic-
ipants in intercellular communication, whose role has been proven in many physiolog-
ical and pathological conditions. These 100—-1000 nm membrane-surrounded particles
originating from a wide variety of cells play a role in communication between cells, in
the shrinkage of certain tumors, in the formation of metastases, in the formation of blood
vessels, and also play a primary role in the regeneration of tissues.

Exosomes were discovered nearly fifty years ago. Today, thanks to their versatile
use, they have become important elements of everyday science. Their main function is
to contribute to genetic variability. This happens primarily in the way that they are able
to transfer genetic material between different species and even between plants and ani-
mals. Experiments on the practical use of exosomes in tumor therapy, the treatment of
autoimmune diseases, or the cure of infectious diseases are still ongoing.

A large amount of microvesicles circulate in body fluids, which play an important
role in intercellular communication and in the detoxification and regeneration processes
of cells. Scientists are actively researching the role that exosomes may play in signaling
between cells; it is assumed that exosomes, being able to unite with distant cells and
empty their contents into them, are thus able to influence the processes taking place in
distant cells. Clarifying the exact role of exosomes may open many new possibilities in
the future, from their use as biomarkers to their use as therapeutic targets.

This study summarizes the most basic knowledge on the biological significance
of exosomes and microparticles.

Key words: exosomes, microvesicles, an autoimmune disease, biomarkers, cel-
lular and molecular biology.

Introduction. Research into exosomes goes back more than thirty years.
In their article [1], Théry et al briefly describe the historical background of exo-
somes research. The beginning is dated to 1981, when Tramsa et al.’s article on
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this topic was published [2]. Although the term exosome has been used before,
for example by Mishra and Tatum in 1973 [3], the 1981 definition refers to
microvesicles produced by cells of a cancer cell line and exhibiting 5’-nucle-
otidase activity. In 1987, Johnstone already uses the term for small membrane
vesicles that are produced and secreted into the intercellular space by eukaryotic
cells (reticulocyte culture) [4]. They arise from multivesicular endosomes, and
then merge with the plasma membrane and reach the extracellular space. This
development from the inside out is called “inward/reverse budding” by Yang
and tsai [5]. In 1989, Peters and Mayer demonstrated the fusion of late endo-
somes and the cell membrane in cytotoxic T cells [6]. In 1996, it was possible to
trace the formation of multivesicular endosomes in B cells transformed by the
Epstein-Barr virus, and then a more thorough study of exosomes began. Thanks
to this, the results were soon confirmed for dendritic cells as well.

Material and method. The purpose of my present work is to present
the biological significance of exosomes and microparticles. Since a significant
amount of material has been collected during more than 30 years of research,
I have chosen the review and processing of the literature as my method. In the
introduction, I presented a brief history of the research so far, and in the follow-
ing, I will review the nomenclature, biogenesis and composition of microvesi-
cles. Next, I will summarize the knowledge gathered so far about the functions
of exosomes, and then I will describe in more detail the results of the more
frequent areas of research (oncology, circulatory diseases, neurodegenerative
diseases, kidney diseases); finally, the relationship between common infections
and exosomes. I will summarize the latest results and test methods, and then the
future prospects; and in the summary [ summarize the biological significance of
exosomes and microparticles.

Literature results. The names of the particles are not yet completely uni-
form in the literature. The following division is based on Beyer and Pisetsky’s
2009 classification (taken from: Gy. Nagy and tsai’s presentation-10.28.2010)
[7] sizes (Table 1):

Table 1. Classification of microvesicles based on diameter size
(adapted from Nagy et al. [7])

Name Measurement range (diameter)
exosome 10-100 sqm
ectosome / microparticle 100-1000 sq m
apoptotic body 10004000 sq m

Knowing the above division, in cases where it is not specifically one
group or another, but microvesicles in general, I will use the names exosomes
and summary microvesicles in the following.
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Another possibility for categorization is the morphological classification
based on electron microscopy, which Yang and Tsai use in their article [5]. They
differentiate:

— cup-shaped and

—saucer-shaped exosomes.

Schorey et al. [8] categorize exosomes based on the mother cell rather than
the mechanism of production; for hemopoietic and non-hemopoietic origins.

Edit Buzas also deals with measurement and detection issues in her lec-
ture [9] and proposes the use of differential detergent lysis for the separation of
impurities caused by protein complexes.

Now let’s briefly review the biogenesis of exosomes! All eukaryotic cells
produce similar microvesicles [10]. Their formation usually takes place during cell
activation, although they are also continuously produced in certain cells (epithelial
cells, immature dendritic cells). They can originate in two ways [10] (Fig. 1).

Those between 30-100 nm (exosomes) are multivesicular bodies
branching from the endosome-lysosome pathway (Fig. 2) and leave the cell
by exocytosis (this pathway was first described by Pan and Johnstone in
reticulocytes in 1983).

Those between 100-1000 nm (microparticles/ectosomes) are created
by reverse splicing as a result of an activation signal or an increase in the
intracellular Ca ** concentration.

Although there are still areas to be described in the exploration of
biogenesis, primarily the mechanisms of the selection of substances entering
the vesicles.

In contrast to generation, the description of the composition and functions
of exosomes is quite detailed (see the ExoCarta topic later). Exosomes also
carry proteins, lipids and nucleic acids (Fig. 3).
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Fig. 1. The two ways of the formation of exosomes (Sources: a) van Niel et al,
b) Pap and tsai [10])
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Fig. 2. TEM image of multivesicular bodies (indicated by arrows) from a kidney
(Prepared by: Leileata Russo) (Source: Noerholm [25])
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Fig. 3. Structure and functional components of microvesicles (Source: Hugel et al.)

Proteins include:

—cytoskeletal and adhesion proteins (annexin, CD9, CDI11, CDI18,
lactadherin),

—apoptotic proteins (thioredoxin peroxidase 11, galectin),

— heat shock proteins (Hsp60, Hsp90),

— antigen-presenting proteins (MHC I, MHC II),

—enzymes (peroxidases, kinases, enolases).

It is important to note that, despite their endogenous origin, we typically
do not find ergastoplasmic, mitochondrial, or nuclear proteins among them. Atay
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and tsai in 2011 already approx. 300 exosomal proteins have been described that
play arole in regulating the microenvironment of the donor cell [11]. And Wang
and Tsai report a total of more than 1,000 such proteins in their article [12].

Lipids, the most important components are phosphatidylcholine,
phosphatidylserine and sphingomyelin. The important role of exosomal
sphingolipids in the development of Alzheimer’s disease was described this
year by Yuyama and tsai [13].

Among nucleic acids, mRNA and microsomal RNA (miRNA) occur.
These are collectively called exosomally delivered RNA (esRNA). miRNA is
a non-coding RNA with a length of 19-24 nucleotides that 3’binds to the end
of the mRNA in the target cell and inhibits the synthesis of proteins (so-called
post-transcriptional silence). This inhibitory effect affects about 30 % of the
protein-coding genes of human cells [14]. Tumor markers, viruses, and even
M. tuberculosis and T. gondii can be detected in the exosomes produced by
pathologically changed cells, depending on the nature of the change [8].
Exosomes thus play a role both in the cell-to-cell spread of infections (HIV) and
in the immune response.

As a result of their complex composition, many functions of exosomes
have been described, and the number of known functions is currently growing.
I describe them based on the classification of Buzas [9] and He and Hannon [14]:

Alternative protein secretion pathway

Since exosomes can be considered secret packages that contain substances
covered with a lipid layer, including proteins, they represent a different pathway
for protein secretion than traditional pathways. This pathway is also suitable for
removing dangerous molecules from the cell [9].

Intercellular communication

This area is of increased interest [ 1], because this intercellular communication
mechanism is significantly different from the traditional ones (when the cell
produces a protein that binds to the receptor of the neighboring cell and transmits
the information, or the transmembrane channels — gap junction — pass through
the information). The traditional substances of chemical message transmission
(neurotransmitters, hormones, etc.) enter the intercellular space on their own, while
microvesicles contain the substances in a “packaged” form [10]. This protects the
transmitters from intercellular degradation and “extends” the spatial functions of the
producing cell. Matko classifies the intercellular information flow as follows [15]:

direct cell-cell contacts:

—immunological synapse (15—40 nm intercellular gap),

—nanotube communication (50—100 micron intercellular distance),

indirect intercellular communication:

— cytokine network (auto- or paracrine regulation via receptors),

—microvesicles, microparicles, exosomes.
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In contrast to the traditional 1 receptor-1 signal molecule mechanism,
microvesicles are also capable of targeting molecular combinations (proteins,
nucleic acids, lipids) through their internal molecular content and materials
integrated into their membrane, triggering complex stimuli and the simultaneous
initiation of stimulatory or inhibitory cascades. Therefore, microvesicles have a
pleiotropic effect, i.e. vesicles from a given cell can interact with several cells,
i.e. common pathways for different functions [10].

Antigen presentation (and the related biodiagnostic marker role [9].

Raposo et al. started researching the topic in 1996 [16]. It was then
described that the antigen-presenting cells (they examined B-lymphoblasts, but
macrophages also have this ability) are rich in MHC-II type proteins, so-called
they contain a late endocytotic compartment and also secrete MHC-II proteins.
It was shown that the secreted MHC-II is packaged in exosomes and is excreted
from the cell, and that exosomes can also play a role in antigen presentation in
vivo. Their research continued in two directions. On the one hand, we managed
to learn a lot about the role of exosomes in tumor immunity, and on the other
hand, about their immunosuppressive effect. The two phenomena are partly
related to each other, because some tumor cells secrete exosomal substances that
weaken the immune system by inducing the inhibition or apoptosis of T-cells
(helper and killer) or myeloid suppression. The relationship between tumors and
exosomes is the broadest front of exosome research, so I will cover this topic
separately after explaining the functions.

Exosomes also play a role in the pathogenesis of autoimmune diseases
(e.g. theumatoid arthritis). This effect is partly the result of complement
components and activator molecules detectable on the surface of their membrane,
and partly the result of citrullinated and nuclear proteins detectable in exosomes.
The relationship between exosomes and autoimmune diseases was summarized
by Maria Szente-Pasztoi in her doctoral dissertation in 2009 [17].

Exosome research in pregnancy is also of an immunological nature [18],
and the Institute of Genetics, Cell and Immunobiology of the Semmelweis
University also conducts studies in this direction [10]. The essence of these
researches is that, although the fetus is a foreign substance in the mother’s body
from the point of view of maternal immunity, it does not trigger a rejection
reaction. Exosomes also play a role in communication between mother and fetus
[18]. Exosomes can be found in the serum of all pregnant women from the 28th to
the 30th day of pregnancy. week, but in those pregnancies that end in premature
birth, their activity is less pronounced, which proves that immunological factors
also play a role in premature birth.

Lasser et al also investigated breast milk exosomes and determined their role
in the development of the newborn’s immune system [ 19]. Exosomes from saliva,
blood and breast milk were first detected and proved to contain mRNA. It was
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proven that esSRNA remains functional even after being taken up by macrophages.
The uptake of breast milk exosomes is also possible under the acidic conditions of
the alimentary canal [20]. Thus, esRNA of maternal origin may play a role in the
development of the infant’s immune system. Redman and tsai (2011) suggested
that changes in not only the number but also the size of exosomes may play an
important role in the development of preeclampsia of pregnancy [21], through
their proinflammatory, antiangiogenic and procoagulant effects.

RNA transfer (new cell properties).

Many substances are transported in exosomes. So are nucleic acids.
Nucleic acids (mMRNA and miRNA) of exosomes are functional even after
entering the target cell (appearance of new proteins). Because of their importance,
the two exosomal RNAs were named exosomal shuttle RNA (esRNA) by Valadi
et al [22]. It appears, for example, that RNA transfer may also play a role in
chemotherapy resistance of tumors.

Transfer of infectious agents between cells [22].

Ever since Beatty et al. described and investigated the bacilli Calmette-
Guérin hiding in apparently healthy cells, the exosomal connection of the hiding
ability of infectious agents has been brought to light [23]. During immuno- and
fluorescence examination of living cells, the authors found Mycobacterium
components associated with the organelles of apparently healthy cells.
According to this, Mycobacterium are able to hide from the immune system by
merging with the lysosomal compartment of macrophages and thus presenting
themselves to the immune system as their own. Complementing this with the
known immunomodulatory effect of the bacterial cell wall, it becomes clear
how Mycobacterium can spread from the focus of infection with the help of
exosomes and infect the surrounding cells unnoticed. Later, other “hiding” ones
were also detected (e.g. the causes of slow virus type infections, such as prions
or HIV) (Fig. 4).

Fig. 4. Mechanism of HIV transfection via exosomes
(Source: Matké J. 2011.12.01)
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As a result of this line of research, the so-called “Trojan exosome”
hypothesis [24], which provides a new explanation for the spread of retroviruses.
Retroviruses from the receptor and the so-called He explains his infectivity
independent of the Env protein and his ability to “hide” from the otherwise
healthy immune system by the fact that retroviruses use the exosome biogenesis
and pathway already present in cells for both infection and hiding. The current
importance of the theory is given by its application in AIDS research [15] and
Figure 4: The HIV virus is ingested by the cells of the immune system and
reaches the surface of the (helper) T-cell as exosomes, and then fuses with its cell
membrane to enter the T-cell and destroy the helper cell. Oncogenic receptors
can also be transferred from one cell to another via similar pathways [9], which
can play a role in the formation and spread of tumors.

A more detailed description of some areas follows:

Tumors and exosomes

Mikkel Noerholm [25] lists the following known (marked with !) and
suspected (marked with ?) exosome functions in relation to tumors in his
November 2011 presentation (Fig. 5):

—endocrine signaling between adjacent tumor cells (?),

— autocrine signaling between distant tumor cells (?),

—stimulate tumor angioneogenesis and tumor stroma regenerative
processes(!),
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Fig. 5. Known and suspected exosomal functions related to tumors
(Source: Noerholm [25])
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—they affect anti-tumor immune processes (!),

—they play a role in the development of tumor cell chemoresistance (!).

Yang and Robbins (5) summarize the role of tumor cell-derived exosomes:

Antitumor effects

— Immunogenic effect — as a result of carried tumor antigens.

— Induction of tumor cell apoptosis — Bcl-2 and Bax genes trigger the
metabolic cascades that lead to tumor cell death.

— Neoplasmogenic role (Fig. 6).

Tumor cells produce exosomes, the composition of which is characteristic
of the cell that secretes them, and they play the following role in the progression
of the neoplasm [26]:

Immunosuppressive effect — inhibition of T cells, by influencing myeloid
cell differentiation and through their antigens;

Enhancement of tumor invasion and metastasis formation — with
angiogenic factors (tetraspanin);

Stroma-enhancing effect (on fibroblasts) — with metalloproteinases
antiapoptotic and oncogenic effect — with RNA and protein transport.

Development of chemoresistance.

Valadi and tsai [22] showed that RNA in exosomes remains functional
even after delivery. This may play a role in chemotherapy resistance of tumors.

Although the exact “result” of the processes has not yet been described,
it seems that the tumor stage and the patient’s immune status determine whether
the neoplasmogenic or the opposite processes dominate.

P

Fig. 6. Neoplasmogenic effects of tumor cell exosomes
(Source: Yang and Robbins [5])
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Regarding immunomodulation, Karlsson et al developed the so-called
tolerosome theory [27]. Tolerosomes are approx. Exosome-like vesicles with a
diameter of 40 nm, which carry MHC-II protein complexes. Intestinal epithelial
cells produce and secrete them into the intestinal lumen. After oral antigen
administration, they can also be detected in the plasma soon after. Based on their
structure, they are highly effective antigen presenters, so they play an important
role in tolerance to orally introduced antigens, i.e. in inhibiting intense immune
reactions against such antigens. Researchers assume that exosomes play a
similar role in the immunosuppressive effect of tumors.

Another mechanism of the anti-immune effect is the so-called Fas tumor-
counterattack theory from Andreola et al. [28]. The Fas (also known as FasL)
ligand is a type I transmembrane protein belonging to the tumor necrosis factor
(TNF) family. Its trimerized form acts most actively. By binding to its T-cell
receptor, it weakens the immune system through the apoptosis of the target cell
and helps the tumor to hide from the immune system and to progress. It reaches
the extracellular space in the form of an exosome. In particular, many active
aquired Fas ligands are expressed by certain types of tumors (e.g. melanoma,
breast cancer, colon cancer, esophageal cancer), as reported by O’Connell et al.
in their article [29]. It has also been shown that the degree of Fas expression
observed in ovarian, breast, liver and breast cancer as well as melanoma is
inversely proportional to a good prognosis (Fig. 7).

e *

Fig. 7. FasL expression in human melanoma cells detected by immunocytochemistry
(Source: Andreola et al [28])

In connection with the research results related to exosomes, new
directions for tumor therapy are being outlined. One direction is the idea of an
anti-cancer vaccine, which has already been raised by several research groups.
Results, considerations and issues related to this are described in Clayton and
Mason’s 2009 article [30]. Raposo and tsai [16] and then Zitvogel and tsai [31]
showed that exosomal markers from antigen-presenting cells, e.g. heat shock
protein number 70 (Hsp70) increases the migration and cytolytic activity of
natural killer T cells.
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The 2012 article by Hartmann et al also deals with the issue of tumor
vaccination [32]. One of the reasons for the low effectiveness of the traditional
vaccination method is that many non-cell surface antigens (exosomes) also play
an important role in the case of tumors, AIDS and other diseases. The adenovirus
vector transduction procedure proposed by the authors facilitates the presentation
of exosomal antigens. The experiment was carried out with tumor cells, but the
results seem to be applicable to viral and parasitic diseases, so research continues
in all directions: 7. gondii, M. bovis, S. pneumoniae [33], SARS and adenoviruses
[34] are also research areas, such as autoimmune arthritis and so-called late
hypersensitivity [35]. We can also be diagnostic and therapeutic helpers in many
other diseases (heart attack, arteriosclerosis). Their use in relation to infarction is
described in the article by Lai Ruenn Chai et al [36].

Another direction of research is aimed at the more specific use of existing
drugs with fewer side effects through the artificial production and modification
of microparticles (nanomedicine) [37], which, through its specificity, enhances
the effect of cytostatics (cytostatics “packaged” in exosomes can be delivered
to tumor cells in a targeted manner) and enables makes chemotherapy-resistant
cancer cells end their resistance. In this way, the dose of cytostatics (e.g.
cisplatin, doxorubicin, paclitaxel) can be reduced, thus reducing their systemic
toxicity. With the possibility of specific treatment, the basis of personalized
medicine (theranostics) was born. The essence of the trend is that it does not
use epidemiological data and statistics based on the examination of a large
number of patients, but rather examines the individual effect of the applicable
drugs in the given patient and selects the ideal therapy based on this. The use of
personalized medicine has already started in our country: on July 22, 2010, the
Hungarian Society of Personalized Medicine (www.mszmt.hu) was established.

After tumors, let’s move on to the topic of circulatory diseases [36].
Cardiovascular diseases are important targets for experimental stem cell
treatment. Although, in principle, the transplanted stem cells differentiate and
replace the damaged tissues. But they seem to reduce tissue damage and stimulate
regeneration through the secretions they produce. The authors investigate the
role of exosomes in the treatment of cardiovascular diseases (mainly myocardial
infarction). Mesenchymal stem cells secrete in two ways (paracrine secretion —
Fig. 8):

—traditional way: delivering soluble proteins to the extracellular space,
which exert their effect by binding to the receptors of the target cell;

—with exosomes: their “packaged” proteins and nucleic acids are much
more stable and protected; and they exert their effect not only on cell surface
receptors, but also by reaching the target cell. Due to their complex “inner
content”, they are also capable of complex effects. Parolini et al showed that
the exosome assembly activity and efficiency of cells depends on several
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Fig. 8. Paracrine mechanisms of mesenchymal stem cells
(http://www.futuremedicine.com/action/
showPopup?citid=citart1 &id=f1&doi=10.2217%2Frme.11.35 - status as of 02/09/2012)

microenvironmental conditions, including tissue pH value (20). The therapeutic
efficiency of stem cell secretions therefore correlates well with the fact already
described by Schrader in 1985 that ischemic heart cells are characterized by
acidic conditions (38). Exosomes are ideal candidates for therapeutic use. They
are mainly photogenic because, paradoxically, the artificial enhancement of
blood and oxygen supply to ischemic myocardial tissue leads to the exacerbation
of'ischemia-induced cell insults. Among exosomal proteins, the role of enzymes
is particularly important in this case, as they break down ischemic metabolic
products, thus correcting the cell-damaging cascade processes. The enthusiasm
caused by the positive results of the animal experiments was unfortunately
dampened by the fact that the stem cells often do not integrate into the heart
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muscle tissue or are not able to survive there. These problems can be solved
by subcellular exosomes, which are capable of exerting a complex local effect
without reactions occurring against the cells.

In addition to infarction, the role of exosomes in atherosclerosis, diabetes
or hypertension has been suggested. The white blood cell-endothelial adhesion
effect of microparticles is a key initial step in the development of atherosclerosis
[39]. An important new result is the 2011 discovery by Vickers et al. of the
relationship between the presence of HDL-miRNA complexes and familial
hypercholesterolemia [40].

The relationship between neurodegenerative diseases and exosomes
can be summarized as follows: I mentioned earlier that the role of exosomal
sphingolipids in the development of Alzheimer’s disease was described this
year by Yuyama and tsai [13]. Exosomes related to Alzheimer’s disease were
also investigated by Street and his research group [41]. They investigated
whether the cerebrospinal fluid also contains exosomes and, if so, the variability
of exosomal proteins related to individuals. With their method based on
ultracentrifugation, they managed to detect two characteristic exosome markers
(Flotillin-1 and TSG101), which was also confirmed by transmission electron
microscopy. Since the tests were carried out on a more concentrated sample than
the physiological one, the goal was to develop a method for analyzing samples
with a physiological concentration. Another goal is the development of detection
methods, because with the current ones it is not possible to extract exosomes
from biological fluids without contamination with non-exosomal proteins. One
of the hallmarks of Alzheimer’s disease is the extracellular accumulation of
tau protein. Its role is similarly neurodegradative as that of alpha-synuclein in
Parkinson’s disease or prions in Kreutzfeld-Jacobs disease. The presence and
accumulation of all three groups of substances indicates the presence and role of
exosomes in the development of neurodegenerative pathologies.

The relationship between kidney diseases and exosomes deserves attention
because the damage to the kidneys is often irreparable and the patient eventually
needs dialysis or a kidney transplant. Balkom et al. [42] investigated the exosomal
relationship between kidney physiology and diseases. They managed to show
that the absence or mutation of the Tamm-Horsfall protein (uromodulin), which
is also found in exosomes, can be the cause of kidney diseases. Unfortunately, the
diagnostic rapid test is still waiting to be developed, but encouraging initial steps
are reported in the differential diagnosis of kidney diseases (polycystic kidney,
Nieman-Pick disease, cystinosis, Gitelman and Bartter syndrome). Urinary-derived
exosomes can also be used to detect liver damage, as these are also associated with
secondary renal manifestations. They also play a role in diagnosing hypertension
and monitoring drug therapy, as well as comparing the effectiveness of drugs for
a given patient (personalized medicine).
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Finally, a few words about another topic: common upper respiratory
tract infections. Lasser and his research team, already mentioned in relation to
pregnancy [19], examined exosomes from nasal secretions in another experiment
[43]. They were the first to reveal the RNA content of the exosomes of this
secretion and its significance in the communication taking place in the nose, as
well as the role of esSRNA biomarker in upper respiratory diseases.

Based on the research so far, development continues at an ever-faster
pace, so in 2011 many new results were achieved. Let’s start with exosomal
RNA research! Kosaka and Ochiya summarized the knowledge gathered on
microRNA secretion [43]. MicroRNA is a biological fine-tuner, its deregulation
leads to diseases, including cancer. It can be found in the circulation of both
healthy and sick people, namely — since the circulation also contains RNase
enzyme — in microvesicles, apoptotic bodies or linked to nucleic acid-binding
proteins, this was demonstrated by Kwak et al. in 2011 (44). Because of
the intervention in gene regulation, it became the focus of research on the
development and diagnosis of cancer. In 1978, Stroun et al. described the in vitro
modifying effect of extracellular RNA on DNA synthesis, and the possibility of
this in vivo also arose [45]. The relationship between serum RNA, tumor mass
and therapeutic sensitivity was described by Wieczorek et al. in 1987 [46], and
Garzon et al. in 2010 that deregulation of miRNA leads to the development of
cancer and changes in normal tissues, thus the miRNA diagnostic came into
being, prognostic and therapeutic use in oncology [47]. The authors proved the
communication significance of secreted miRNA in the transfer of information
between cancer cells and with their microenvironment (Fig. 9).
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Fig. 9. The effect of miRNA secretion of healthy and pathological cells on the recipient cell
(Source: Kosaka and Ochiya [43])
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A new discovery (Lim and tsai, 2011) is that the intercellular transport of
miRNA can also take place via gap junctions [48]. The mechanism that selects
the miRNA entering the exosomes and binds it to proteins still needs to be
described and clarified, but there are many indications that the Ago2 protein
plays an important role in the process [49].

Hood et al (2011) describe that miRNA plays a role in melanoma’s ability
to break through the immune barrier of lymph nodes and metastasize to distant
organs through genetic modification of the target organ [50].

It has been known for nearly a decade that RNA transport takes place in
plants and nematodes as well, through transmembrane channels formed by SID-1
proteins; and also, that the membrane of human cells also contains proteins
similar to SID-1. From the report of Molnar et al. [S1], we can conclude that the
intercellular transport of RNA is characteristic of all multicellular organisms.

It was a real surprise, however, when Zhang and Tsai reported in 2011
that exogenous plant-derived miRNA was detected in animal tissues and serum
[52]. MIR168a from rice, which has a very strong regulatory effect, probably
entered the animal body through nutrition, since esRNA can withstand the
acidic pH of the alimentary canal, as Lasser et al. showed at about the same time
[19]. In addition, MIR168a has already been found in the serum of the healthy
Chinese population. In the examined sera, Zhang and tsai detected nearly 30
similar miRNAs. They also managed to prove that the materials of the exosomes
are taken up by the cells of the small intestine and passed on to the cells of the
body. Exogenous MIR168a inhibits hepatocyte LDL uptake, thereby increasing
serum LDL levels. The authors came to the conclusion that the exosomal RNAs
taken up with plant food — with their regulatory effects — are just as essential
nutrients as e.g. the vitamins. The article is the first report that there can be a
direct interaction between plant and human cells at the molecular level.

Gan and Gould research the process of development of retroviruses,
with particular reference to the HIV virus [53]. The relationship between viral
development and exosomes is being investigated. They found that neither the
HIV protease nor the lack of p6 glycosaminoglycan sequences characteristic
of the virus inhibits viral development, as previously assumed. However,
surprisingly, the virus’s own Gag-Pol protein has a developmental inhibitory
effect. The inhibitory signal for the development of HIV is therefore found in
the virus itself. Nabhan and tsai report [54] that some developing viruses take
advantage of the cell’s TSG101 protein and the endosomal sorting mechanism
(ESCRT) so that virus particles are transferred to exosomes instead of
physiological particles, thus spreading from cell to cell.

One of the latest immunological publications discusses the role of
exosomes in the development of atypical allergic rhinitis [55]. The pathological
role of CD8+ type T cells, which are activated by exosomes produced in mucosal
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cells and containing microbial substances indicative of previous infection, has
been confirmed.

In their article published this year, Choi and Tsai report on the protein
networks created by exosomes [56] and Figure 10. Exosomes have been shown
to possess a number of cluster-forming proteins that are similar to proteins in
other subcellular networks.

Extracellular vesicles Cell

Fig. 10. Network of exosomal proteins (left) and the cell covered by them (right)
(Source: choi et al. [56])

It was experimentally proven that the protein interactions in the cell have
an influence on the biogenesis of exosomes and the sorting of their proteins.

Of course, new discoveries are also due to new techniques. Let’s look at
some of them!

On April 7, 2011, Global Newswire reported on the new technology
developed by Caris Life Sciences [57]. The procedure is a so-called a blood-
based test that is based on the role of circulating microvesicles and is just as
effective in the diagnosis of colon, breast, lung and prostate cancer as other,
much more complicated procedures. The essence of the test is the “capture” of
circulating microvesicles with the help of specific antibodies, followed by the
analysis, examination, and classification of the captured vesicles (Fig. 11, 12)
[58]. The exact details of the technology are not known as they are under patent
protection.

The test fits perfectly into the toolset of Theranostics, a new trend that
uses nanodiagnostic and nanotherapeutic procedures primarily used in tumor
treatment [37].

The procedure allows for diagnostic, therapeutic and theranostic
conclusions based on the different miRNA profiles of microvesicle populations
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Fig. 11. Logo of Carisome technology
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Fig. 12. The essence of the Carisome process
(Source: Caris Life Science [58])

detectable in the blood circulation. In this case, the researchers used the
biomarker function of exosomes.

The procedure is suitable for detecting certain cancers and some other
complex diseases. Its complexity is enhanced by the fact that it uses all three size
ranges of circulating microvesicles (exosomes — ectosomes — apoptotic bodies).

Almost two years before the appearance of the Carisome method,
NanoSight [59] reported on an instrument (Fig. 13) and a procedure that allows
for multifaceted analysis of nanoparticles (size, concentration, aggregation)
with one instrument.

The fast and direct procedure (Nanoparticle Tracking Analysis — NTA)
detects, measures and counts nanoparticles in a soluble state (Fig 14).
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Fig. 13. Nanosight’s instrument, the LM20, and its operation diagram
(Source: http://www.nanosight.com/technology/nanosights-technology —
2 02/09/2012 status)

Fig. 14. Video frame to illustrate NTA
(Source: http://www.nanosight.com/technology/nanosights-technology —
2 02/09/2012 status

The smallest detectable size is 10-20 nm, which can be detected even at a
concentration of 10 —10° particles/ml. The procedure is based on fluorescence,
which enables visual validation in a unique way: the movement of the particles,
reminiscent of Brownian motion, can be recorded on video and archived for
later use.

The advantage of the procedure is that it is cheap, fast, easy to use and
high-performance, the disadvantage is that it always requires a diluted sample
and, since it is a new procedure, the limits of its reliability range require further
testing. However, it is still used today for the additional validation of already
introduced measurement procedures, and the NTA can also be calibrated with
their help.
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A similar procedure, also based on Brownian motion, is Dynamic light
scattering (DLS) from Malvern [60]. With this, even particles smaller than 1 nm
can be detected. The procedure has already been calibrated and cooperates with
the ISO 13321 and 21 CFR Part 11 standards. The conventional 90° instrument
has been replaced by two types of Non Invasive Back Scatter: Zetasizer Nano S
and Nano ZS, which already operate at an angle of 173°.

Mikkel Noerholm, director responsible for European operations of
Exosome Diagnostics, also reported on his company’s latest research results
in the aforementioned November 2011 presentation [25]. Their technology
examines the RNA content of exosomes extracted from body fluids (they call
it exoRNA, but it is the same as the nucleic acid called esRNA by Valadi et
al.) [22]. The Exosome Biofluid Molecular Diagnostic Procedure developed
for this purpose is used to detect prostate cancer, glioblastoma multiforme and
malignant melanoma. The procedure was trademarked in 2008 by Harvard/
Massachusetts General Hospital.

Cataloging of the components of exosomes is currently underway, based
on published and unpublished results [61]. This catalog is ExoCarta (www.
exocarta.org). During the printing time of Mathivanan et al.’s article (61), so
much changed that 19.12.2011. Since version 3.2 is currently available and can
be downloaded, browsed and searched with more than fourteen thousand data.
The data are contained in five text files (Table 2):

Table 2. ExoCarta’s downloadable databases
(Source: http://exocarta.org/download - as of February 10, 2012)

ExoCarta Download - 3.2 (Release date: 19 December 2011)

Protein/mRNA data ExoCarta protein mRNA details 3.2.txt
miRNA data ExoCarta miRNA defails 3.2.txt

Lipid data ExoCarta lipid details 3.2.txt

Exosome study details ExoCarta experiment details 3.2.txt
Gene details ExoCarta gene details 3.2.txt

In addition to being a freely usable database, it also creates an opportunity
for a forum, through which researchers can jointly search for solutions to their
questions and share their results. The biological interaction database BioGRID
(can be used as a supplement to ExoCarta.

The challenges of the future

Research on exosomes is multidirectional. Biogenesis is being researched,
the components are being explored in more and more detail, and the role of
microvesicles is emerging in connection with more and more new diseases. In
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biogenesis, the mechanisms for the selection of substances entering the vesicles
still need to be clarified.

Based on the above results, one of the future possibilities of using
exosomes is vaccine production. With their application, it will be possible
to produce a vaccine that is cell-free, induces the immune system, and thus
prevents tumor cells from hiding from the defense system.

The future of secretory RNA research has three directions: on the one
hand, the complete typing of miRNA has begun, and on the other hand, the
detailed exploration of the secretion mechanism; and the third direction is the
description of the functions of secretory RNA and the examination of its precise
relationship with physiological and pathological conditions — goal: prevention,
diagnosis and treatment of diseases related to secretory RNA.

Micro- and nanovesicles that can be detected in the circulation play an
increasingly important role as disease markers, so more and more procedures
are being developed for their detection and measurement. These (electron
microscopy, flow cytometry, specific ligands or antibodies) were described
in his presentation by dr. Paul Harrison [62]. The procedures are currently
being refined and standardized, because they provide important diagnostic and
prognostic tools.

Summary. Exosomes were first described more than 30 years ago. The
biological role of these particles, produced in cells and then secreted, bounded
by a lipid membrane, seems to extend to almost all areas of the living world.
They have been described in plants, animals and humans. It has been shown
that different species and even biological countries (in taxonomy: regnum),
e.g. it is also possible to transfer exosomes between plants and animals. This
also increases the significant genetic variability created by mutations and
recombinations through the transfer of nucleic acids. The process is practically
an alternative path of evolution. It can also be seen as the “fast lane” that has
existed since the time of single-celled earth history, in addition to the traditionally
slow “evolution highway”. Just like on the evolutionary high street, positive
(resistance) and negative (apoptosis) changes can occur here as well. Changes
at the cellular level in higher organisms can result in disease or even healing.

Therefore, the importance of exosomes is increasing in several areas, e.g.
in cancer research, viral (e.g. HIV, HSV) or prion infections (Jacobs-Kreutzfeld)
or Alzheimer’s disease. These determine the main research directions, but of
course further investigations are also underway. The main practical research
areas are:

—isolation and characterization methods (detection, measurement,
analysis),

—normal physiological role of exosomes, communication between cells,

— infection processes (HIV, prions, Trypanosoma),
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—exosomal RNA (and tumors),

—use of exosomes as a therapeutic carrier (e.g. autoimmune vaccination).

In the three decades that have passed since their discovery, exosomes
have become an independent scientific subfield, whose practitioners are already
specializing and researching one area of expertise (detection, diagnostic use,
therapy). For years, multi-section conferences have been held to summarize
exosome research, and more and more research results reach the phase of
practical application.

BIOJNTIOTNYHE 3HAYEHHA EK30COM
| MIKPOYACTUHOK

Bomono I'eza Kanman, Ynisepcumem npuxnaonux Hayk Anowa Kooonani (Yeopwuna),
Bixmopin @panuy, Yoczopoocokuil Hayionanvhuil yHieepcumem (Yxpaina)

PazoM 3 pO3BUTKOM TEXHOJIOTIH NPHCKOPIOEThCS PO3BHTOK KIITHHHOI Ta
MOJIEKYISIPHOI Oioorii. MikKpOBE3HUKYIH € OAHUM i3 (POKYCIB MOTOYHUX JOCHTIHKEHB Y
i ramysi.

ITo3akmiTHHHI BE3UKYIH (€K30COMH, MIKPOBE3HKYJIH) € HEIIIOAABHO BIAKPUTHMH
yYaCHUKaMHU MDKKJIITHHHOT KOMYHIKaIliT, poJib IKHUX JI0Be/IeHa y 0ararbox (hizioaoriyHux
i maronoriyaux cranax. L{i oroueni memOpanoro yacTuaku po3mipom 100—1000 HM, 110
MTOXOAATH 13 IUPOKOTO CIIEKTPY KIITHH, BIIrPaloTh BXKIMBY POJIb Y CIUIKYBAaHHI MK
KIIITHHAMH, ¥ 3MCHIIICHHI TICBHUX ITyXJIMH, Y (OPMYyBaHHI METacTa3iB, y (GopMyBaHHI
KPOBOHOCHHUX CYIIMH, a TAKOX BiIrpalOTh OCHOBHY POJIb B pereHepartii TKaHuH.

Ex3ocomu Oynu BiAKpUTI Maibke m’staecsT pokiB Tomy. ChOromHi, 3aBIsKu
PI3HOOIYHOMY BHKOPHCTAHHIO, BOHHM CTalld BAXJIMBUMHU €JIIEMEHTAMHU TOBCSIKICHHOT
HayKu. IX OCHOBHA (yHKIIisl TIONATAaE B TOMY, 06 CIIPMSATH IeHETHYHil MiHIMBOCTI.
Lle BinOyBaeThcs Hacammepen 4epe3 Te, IO BOHM 3/aTHI IepeaaBaTd T'€HeTHYHHUH
Martepias MiXK pi3HIMHA BHIAMH 1 HABITh MK pOCIIMHAMH Ta TBapHHAMU. EXcIIepruMeHTH
3 TPAKTHYHOTO BHUKOPHCTAHHSI €K30COM B Tepamii MyXJIMH, JIIKyBaHHI ayTOIMyHHUX
3aXBOPIOBaHb a00 JIIKyBaHHI IHGEKIIHUX 3aXBOPIOBAHb BCE IIIE TPUBAIOTD.

VY piguHax opraHi3my HUPKYITIOE BEJINKA KITbKICTh MIKPOBE3HKYJ, SIK1 BiIIrPAtOTh
Ba)KJIMBY POJIb Y MDKKIIITHHHIN KOMYHIKallii Ta B IIpoliecax JeTOKCHKaIlii Ta pereHeparii
KITHH. BUeHi akTUBHO IOCHIPKYIOTH POJIb, SIKY MOXYTH BIJrpaBaTH €K30COMHU B
repeavyi CUTHAIIB MK KIIITHHAMY; TTepea0adacThes, M0 eK30COMH, OyIydr 3JaTHUMH
3’€HYBATUCS 3 BIANAJICHUMH KIITHHAMHU 1 BWJIMBAaTH B HUX CBill BMICT, THM CaMHM
3MaTHI BIUIMBATH HA IMPOIECH, MO BiIOYBAaIOTHCSA B HAJCKUX KIITHHAX. 3’SICYyBaHHS
TOYHOI POJIi €K30COM MOXKE BIIIKPUTH 0arato HOBUX MOMJIMBOCTEH Yy MallOyTHbOMY, Bijl
X BUKOPHUCTaHHS SIK O10MapKepiB 10 BUKOPUCTAHHS SIK TEPAIIEBTHYHHUX MillICHEH.

Jana crarTs miJCcyMOBY€ HalOCHOBHIIII JOCITIDKCHHS MIKPOBE3HMKYIT Ta IX
3HAYEHHS B KIITHHHIN 1 MOJIEKYISIpHii 6i0710Tii.

KitodoBi cioBa: eK30COMH, MIKPOBE3WKYJIH, ayTOIMyHHI 3aXBOPIOBAaHHS,
GiomMapkepH, KIIITHHHA Ta MOJICKYJISIPHOI 010J10Ti1.
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