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Exosomes: Classification, Isolation, and Therapeutic Applications in
Various Diseases

Yaren Kul'@®, Oytun Erbas'

In multicellular organisms, billions of cells must
communicate in order to fulfill their functions at the
same time. Cells communicate with one another by
secreting chemical messages that may travel great
distances. It is possible to classify this communication
as local and long-distance communication. Local
communication is the communication of cells with
other cells in their surroundings, and local regulators
such as neurotransmitters and local regulators are
involved, while hormones and extracellular vesicles
(EVs) are effectively involved in long-distance
communication. EVs are lipid-layered nanovesicles
that secrete biomolecules including microRNA
(miRNA), messenger RNA (mRNA), deoxyribonucleic
acid (DNA), and proteins into the extracellular
environment, as well as perform critical functions
such as intercellular signal transmission and genetic
material transfer. EVs are divided into three types
according to their biological formation, size, and
cellular origin: apoptotic bodies, microvesicles, and
exosomes.!"

Exosomes ranging in size from 30 to 100 nm
are the smallest EVs. Meanwhile, exosomes are
distinguished from other EVs by their unique
biogenesis, heterogeneous lipid composition, protein
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ABSTRACT

Exosomes are rich in nucleic acids, lipids, and proteins,
and they are involved in various physiological and
pathophysiological processes. Proteins on their membrane
surfaces serve as biomarkers for multiple diseases. For this
reason, exosomes take part in the diagnosis and prognosis
processes. Additionally, they are involved in a variety of
biological processes, such as intercellular communication,
signal transduction, and immune response control.
Moreover, exosomes can originate from various cell groups
and their contents and functions vary according to their
origin. Innovative treatments are being developed based on
the several therapeutic properties of exosomes. Due to their
diversity in structure and content, many methods have been
developed for exosome isolation and characterization. This
review covers the biogenesis of exosomes, their contents,
the cell types from which they originate, and their effects on
diseases, as well as isolation and characterization methods,
diagnosis, and treatment approaches.

Keywords: Biomarkers, characterization, diagnosis, exosomes, isolation,
therapeutic effects

and nucleic acid (miRNAs, mRNAs, non-coding RNAs
(ncRNA), etc.) contents, and size. They contain specific
clusters of differentiation (CD) biomarker molecules
such as CD9, CD63, and CD81 on their membrane
surfaces.”?

It has a variety of functions, including intercellular
communication, genetic material transfer, and
immune response modulation, and many diagnosis
and treatment applications have sprung up as a result.
Whilstapplicationsforthe diagnosis of various diseases
are developed based on their role in the pathogenesis
of the disease, applications for the treatment of
cancer and autoimmune disorders are still being
developed and have become widespread rapidly by
utilizing their immune regulatory properties."? The
focus of this research is to consolidate data from
the literature concerning exosomes’ main features,
biogenesis, sources, isolation methods, diagnostics,
and therapy applications.™
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Several methods for isolating and characterization
of exosomes are also highlighted.’*

EXOSOME BIOGENESIS

Extracellular vesicles are divided into three types:
apoptotic bodies (1000-5000 nm), microvesicles
(50-1000 nm), and exosomes (30-100 nm) in diameter.
Microvesicles and apoptotic bodies are usually formed
by buddingoutwardfromthemembrane.*Inexosome
biogenesis, early endosomes (EEs) are formed as the
main cell membrane folds inward under ceramide
control.m During this phase, bioactive molecules
begin to fill the EEs.”

Under the control of the proteins required for
transport and endocytosis sorting complex, the EE
buds inwards and makes indentations, transforming
into the late sorting endosomes (LSEs), while forming
many intraluminal vesicles (ILVs).l"*!

The structures formed at this stage are referred
to as multivesicular bodies (MVBs) and comprise
numerous nanovesicles. The resulting MVBs can
follow two different paths; In the first of these, it
decomposes as a result of coming together with
the lysosome.™ These are called degradative MVBs
(dMVBs).™ In a second way, MVBs fuse with the
plasma membrane and are released out of the cell as
exosomes." These are called secretive MVBs (sMVBs).*

Exosomes can be absorbed by the target cell
in three ways after they are released into the
environment:

Via ligands: Exosomes can be taken into the cell by
attaching the ligands on the exosomes to the target
cell receptor via receptor interaction.

Via fusion: Exosomes transport the cargo they
carry to the cytoplasm of the target cell as a result of
the direct fusion of the exosome membrane with the
membrane of the target cell.

Via phagocytosis: The pseudopods formed on the
target cell membrane can surround the exosomes
and allow them to be taken into the cell.l"

EXOSOME CONTENTS

Exosomes contain lots of macromolecules like
lipids, proteins, and nucleic acids and are crucial
for intercellular communication. The results of the
investigations have revealed the existence of 41,860
exosomal proteins, >7540 exosomal RNAs, and 1116
exosomal lipid molecules.®

Exosomes can be utilized as drug delivery
systems since they include lipids including those
of sphingomyelin, cholesterol, phospholipids (e.g.
phosphatidic acid, phosphatidylserine), arachidonic
acid(AA),monosialodihexosylganglioside (ganglioside
GM3), desaturated lipids, phosphatidylserine, and
ceramide. Excess lipids in exosomes increase the
stiffness of the cell membrane. Numerous proteins
are found scattered throughout the membrane and
cytoplasm of exosomes. Some of these are fusion
proteins, enzymes, chaperones, heat shock proteins,
cytoskeletal proteins, and proteins that enable the
formation of MVBs such as CD9, CD63, CD81, and
ALG-2-interacting protein X (Alix), tumor susceptibility
gene 101 (TSG101).147

Exosomes also include nucleic acids, which
constitute a major component of their composition.
Exosomal RNAs comprise mRNAs, miRNAs, and
various ncRNA, which are involved in cell cycle
progression, cellular migration, angiogenesis, and
histone alteration.”®

ORIGIN OF EXOSOMES

Exosomes can be obtained from various sources
such as stem cells, foods, immune cells, body fluids,
and tumors. Source must be chosen based on the
therapy for which the exosome will be utilized.
This selection affects both the proteins and lipids
on the surface of exosomes and their contents.”
They generated from stem cells help stem cells with
self-renewal, immunomodulation, proliferation, and
damage repair. Simultaneously, these exosomes have
a great potential for cell-free regenerative medicine.
Exosomes derived from embryonic stem cells facilitate
signaling between stem cells as well as accelerate
tissue repair by enhancing cell proliferation. Exosome
isolation is also made from mesenchymal stem cells
(MSCs) obtained from various sources such as bone
marrow, adipose, umbilical cord, muscle, etc. They are
used in the treatment of immune diseases thanks to
their immunomodulatory effects.”

Additionally, these exosomes are employed in
the tissue recovery process due to their therapeutic
capabilities.

Exosomes derived from foods, such as fruits, have
increasingly gained attention. The results obtained
after the discovery of exosomes in animal cells also
support the formation of exosome-like vesicles
in plant cells." These plant-derived exosome-like
nanoparticles have anti-inflammatory properties and
contain miRNAs."”!



Recent studies showed that exosomes have been
obtained from fruits such as grapefruit, grapes, and
carrots."*" Exosomes derived from bovine milk have
shown promising outcomes. These exosomes are
used in research on the transport of drugs and
bioactive chemicals.'" In another study, it was
concluded that exosome-like nanoparticles obtained
from garlic play an important role in the apoptosis of
cancer cells.'

Obtaining exosomes from several immune cells
is another exciting topic. The main cell types used
to acquire exosomes are monocytes, macrophages,
and dendritic cells (DCs).”? These kinds of exosomes
have a therapeutic effect and an important role in
developing adaptive immunity. At the same time,
immune cell-derived exosomes have a role in cancer
progression, thus they can be used in cancer diagnosis
and therapeutic studies.!'!

Exosomes obtained from the tumor have
immunosuppressive  properties. Since they
provide cell-cell interaction, they closely affect the
tumor progression and metastasis process. These
vesicles have an impact on tumor progression and
metastasis because of their function in cellular
communication.' Tumor-based exosomes promote
immunosuppression in the tumor microenvironment
(TME) by triggering the differentiation of CD4+ T cells
into CD39+ regulatory T cells.['”

ISOLATION TECHNIQUES

Exosomes are structures that vary in terms of
function, size, and content. Due to these complicated
structures, exosome isolation is difficult and the
possibility of obtaining fully isolated exosomes with
high purity is low.”! To solve this problem, several
techniques forisolating exosomes utilizing cell culture
medium or bodily fluids have been developed.™

Many methods have been applied to obtain
exosomes, including differential centrifugation,
immunoaffinity, ultrafiltration, and polymer-based
precipitation. Exosome isolation is generally
monitored based on size, morphology, buoyant
densities, and the presence of marker proteins like
Alix, TSG101, heat shock protein 70 (HSP70), and
cpo.re

Differential Centrifugation

The most widely used isolation technique is the
differential centrifugation method. In this technique,
basically, the separation is made according to their
physical properties and volumes.®
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Cells, large particles, macromolecular proteins,
and cell debris in the culture media are gradually
removed using centrifugal forces ranging from 200
to 100,000 x g in this approach. Sedimentation at
100,000 x g for 70 minutes separates the exosomes
from the supernatant. All centrifuges applied during

this process are performed at 4°C.l"?

The resulting exosomes may contain other
molecules in the sample, so this technique may not
be efficient enough for purification.!"

Ultracentrifugation

Ultrafiltration (UC), another method used in
the isolation of exosomes, is a kind of membrane
filtration method in which isolation is made
according to size differences using pressure. The
UC method basically consists of two parts. Initially,
low-speed centrifugation is performed to remove
dead cells, large molecules, and cell debris. In
the next step, high-speed centrifugation is done
at 100,000 x g force. The resulting exosomes are
cleaned with phosphate-buffered saline (PBS) to
remove contaminating agents.” The UC technique
has some disadvantages such as removal of
nano-sized membrane-adhering proteins, difficulty
in eluting exosomes, and low yield with loss of many
exosomes."¥ |t is therefore a more suitable technique
to apply in large amounts of samples.”!

Immunoaffinity

The ability to separate monoclonal antibody
molecules based on their biological activity using
chemical or physical characteristics is the basis of
affinity chromatography. The basic principle in this
method is the separation of the targeted molecule
by the interaction between the antibody and the
ligand. The ligand is covalently fixed to the solid
support called the matrix and the sample in the buffer
solution is passed through the column. Meanwhile,
the targeted antibodies interact with the ligands
contained in the solid support. As a result, the target
molecule stays in the column while the undesired
ones are eliminated. This approach allows for the
qualification and quantification of exosomes.!"

Immunomagnetic Beads

Immunomagnetic beads are a kind of spherical
particle coated with monoclonal antibodies. The
interaction between antibodies on the coating with
receptors on the exosome surface, such as CD9, CD63,
and CD8]1, is the basis of exosome separation in this
technique.?*?" In the first step of the technique, the
immunomagnetic beads are coated with antibodies that
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will bind to the exosome receptors. The exosomes are
separated from the sample by triggering the directed
movement of these complexes under the effects
of a magnetic field. In addition to being a low-cost
technique, it offers some advantages such as being
unique to the target and simplicity of application.?

Polymer Precipitation

Another frequently preffered technique to exosome
isolation is polymer precipitation. This method is mostly
performed by using polyethylene glycol (PEG) media. It
works with the principle of collecting exosomes whose
solubility is reduced by centrifugation. It is used for
exosome isolation and purification. The technique is
simple and fast to use, making it ideal for processing
large volumes of samples. However, there are certain
drawbacks, such as the difficulty in removing polymers
and the low purity.”

CHARACTERIZATION TECHNIQUES
Nanoparticle Tracking Assay

The size distribution and concentration of exosomes
can be determined via using nanoparticle tracking
analysis (NTA). Based on the optical particle tracking
principle, NTA obtains data about particle velocities by
measuring exosome motion paths. With this method,
it is possible to quickly and easily measure even small
vesicles with a diameter of 30 nm. Another benefit is
that the particles can be easily obtained in their initial
form after the measurements are completed.>2?2

Dynamic Light Scattering

Exosome sizes are measured by passing
monochromatic coherent laser beams through the
sample solution. Dynamic light scattering (DLS)
measurements can be performed for T nm to 6
pum sized molecules. More accurate measurements
are obtained in monodisperse systems, which are
suspensions containing single particles. Since the
solution is not suitable for complex measurements,
various problems occur in the diagnosis of small
particles when the solution contains large molecules,
even in the low concentration range.>?

Flow Cytometry

Flow cytometry, a technique used to determine
the biomarker proteins, sizes, and structures of
exosomes, is one of the most invariably implemented
methods in EV studies. It analyzes molecules with
a size of 300 nm and above this by this approach
exosomes can not determine directly. The scattering

density is determined after laser beams are supplied
to the suspension containing the particles to be
examined. Fluorescent dyes can be used to stain the
particles utilized in this process, and the fluorescence
intensity emitted can then be evaluated. Flow
cytometry works with low sample concentrations. It
has high efficiency and gives fast results.>22

ENZYME-LINKED IMMUNOSORBENT
ASSAY

Enzyme-linked immunosorbent assay (ELISA) is
widely used for the detection of specific antibodies
and antigens in samples. It is applied in qualitative
and quantitative analyses of exosome-specific marker
proteins due to its great specificity. It is a technique
that makes it possible to make fast and highly efficient
analyzes.”!

TRANSMISSION ELECTRON MICROSCOPE

It is a type of microscope used for the
characterization of various molecules related to
their internal structures, particle size distributions,
and morphologies. As a consequence of sending an
electron beam to the sample, it collects the scattered
electrons and converts them into an image. However,
a transmission electron microscope (TEM) has some
limitations like having many requirements in sample

preparation and complicated operation.?2

DIAGNOSIS OF DISEASES

With the understanding that exosomes have
an important role in disease pathologies and that
regulatory molecules are transferred between cells,
the idea that these nanovesicles can also be used in
the diagnosis of the disease has gained importance.
Messenger RNA and miRNAs are selectively loaded
into exosomes, which can be obtained from all body
fluids. It shows that a new generation of unique
diagnostic kits can be developed for the diagnosis of
the disease by using exosomes obtained from body
fluids.?

Molecules such as nucleic acid and protein in the
content of exosomes are very important for use as
biomarkers and these exosomal proteins are crucial
in the detection of a variety of disorders, including
cancer and renal disease. Biomarkers include proteins
like TSG101, CD63, and CDA81, as well as lipids like
cholesterol and sphingomyelin. The membrane
scaffold proteins CD63 and CD81 are employed as
cancer indicators.”! At the same time, the CD151
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level is high in lung cancer patients.” MicroRNAs are
abundant in exosomes, and they are also frequently
utilized as markers. Prostate cancer markers include
miR21, 107, 141, 181a-2, 301a, 326, 331- 3p, 625, and
2110, whereas breast cancer patients have high levels
of miR-1246 and miR-21, and miR-638 acts as a marker
for colorectal cancer cells.!>>23

miR-499, 133,208,192, 194,and 34aare upregulated
in patients with myocardial infarction and heart
failure, this makes them markers for cardiovascular
disease.”

Fetuin-A and epidermal growth factor receptor
(EGFR) pathway-related proteins, which are abundant
in patients with acute kidney injury, are other
molecules used as markers.?3!

TREATMENT APPROACHES

Several characteristic behaviours of exosomes such
as cargo carrying capacity, immune regulatory affect
and their ability to enhance communication between
cells reveal that these nanovesicles can be used as
therapeutic purposes. Exosomes are readily available
as natural carriers, and have high biodistribution
and high stability in plasma, making them suitable
candidates for therapeutic applications. Treatment
applications are divided into two: using exosomes
on their own or designing them to be carriers for an
exogenic molecule.?

The small size ranges of exosomes prevents
them from being phagocytosed by mononuclear
macrophages and also allows them to easily pass
through various biological barriers such as the blood
vessel wall and the blood-brain barrier. The CD55 and
CD59 they contain on the membrane faces ensure
their stability and dispersion in biological fluids."!

Exosomes, which are involved in the physiological
and pathophysiological processes of diseases,
decrease inflammation, improve neural and motor
activities, and allow numerous intravenous dosages
without adverse effects. They have a wide range of
therapeutic activities and vary according to the cell
type from which they originate.**

Exosomes generated from MSCs diminish
inflammation by inhibiting pro-inflammatory
cytokines. They support extracellular matrix
(ECM) remodeling. Exosomes produced by bone
marrow-derived MSCs preserve against conditions
like hypoxia-induced pulmonary hypertension,
brain injury, and myocardial ischemia-reperfusion
injury, while exosomes based on human umbilical
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cord-MSCs protect against acute renal injury and
liver fibrosis. Furthermore, MSC-derived exosomes
improved cognition in diabetic mice with decreased
cognition by healing oxidative damage in neurons
and astrocytes. A cancer-specific T cell response is
generated when dendritic cell-derived exosomes
are matured with cancer antigens.”® Injection of
DC-originated exosomes which contain tumor
peptide-major  histocompatibility = complexes
(MHC) provides tumor rejection.”? Exosomes have
been used as a drug delivery molecule in several
studies due to their membrane composition. Thanks
to various membrane proteins on the exosome
surface, communication between the target cell
and the exosome are ensured by receptor-mediated
endocytosis. The encapsulated drug’s internalization
is facilitated by its great transport efficiency.®

Drug and genetic material loading studies on
various nanoparticles use a number of loading
methods. These techniques are divided into two
categories: active and passive. Passive loading, also
known as incubation, is the most studied method
because it does not cause a significant negative
effect on the exosome structure and content, is
a simple and low-cost procedure and causes only
minor damage to exosome integrity.’?4

Incubation can be categorized into two subclasses:
incubation of exosomes with a drug solution or
isolation and drug-loaded exosomes secreted by
incubated cells after incubation of cells with a drug
solution.?

Nowadays, incubation is applied for a variety
of drugs with different properties; nevertheless, it
seems that the method is more frequently used for
hydrophobic drug molecules because hydrophobic
drugs are more stable in the bilayer lipid layer of
exosome membranes. Exosome loading can be
accomplished by physical mechanisms via generating
micropores in the exosomal membrane or membrane
recombination. These processes are sonication,
electroporation, extrusion, freeze-thawing, surfactant
treatment, and dialysis. Electroporation is the most
widely utilized method for drug loading of exosomes
after incubation. The aforementioned different
approaches result in varying loading efficiencies and
stability of drugs in exosome vesicles.2>2¢

In conclusion, the release of exosomes with
different types and effects depending on their origins
and their conditions, the presence of various markers
on their membrane, and special biological functions
such as providing intercellular communication make
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the biomedical use of exosomes possible in both
therapeutic and diagnostic applications. However,
significant barriers to therapeutic usage of exosomes
exist today, such as the fact that they are collected
as a heterogeneous population from body fluids,
the mechanisms of protein and RNA classification
in exosomes are still not well understood, and
the absence of sensitive procedures for isolation.
A better understanding of exosome biology will
help overcome these problems and develop novel
therapeutic strategies. At the same time, with the
development of techniques that will provide more
sensitive miRNA detection, the possible power of
exosomal miRNAs in the diagnosis of disease will
increase and they will be used more effectively and
broadly in the clinic areas.
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