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Abstract
Tendon injuries are a major part of musculoskeletal injuries in animals, particularly in horses. So far, no complete
cure has been found for this disease, and most treatments focus on pain control. The advantages of using exosomes
over cell-based therapies and the effects of mesenchymal stem cells (MSCs) on tissue repair suggest exosomes
derived from MSCs as an appropriate treatment option in repairing tendon injuries. This paper aimed to review
various protocols for exosome isolation and the role of MSCs- derived exosomes on tendon tissue repair of animals,
especially in horses. In the treatment of tendon disorders, exosomes are more stable than cells, have a lower risk of
immune rejection after allogeneic administration, and can be used as an appropriate alternative therapy. Exosomes
derived from MSCs of different sources stimulate the proliferation and migration of tenocytes and fibroblasts, modulate collagen fiber arrangement, macrophage functions, and inflammatory responses, inhibit adhesion, and
generally repair damaged tendons. Exosomes are involved in cell-cell communication due to the exchange of proteins and genetic materials. The use of MSCs-derived exosomes is considered a treatment option due to easier
maintenance and reduction of the risk of rejection by the immune system, reducing the possibility of aneuploidy
compared to cell-based methods.
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Introduction
One of the main reasons for the wastage of the
horse industry is a musculoskeletal disease, and it is
economically important for the welfare of animals
(Weeren & Back, 2016). Tendons and ligaments are
the most important musculoskeletal structures; damages in these structures cause serious complications
and early retirement of horses in all sports (Clegg,
2012). Exercise and other strenuous activities often
lead to tendon injuries. Naturally, the healed tendon
often has less mechanical properties and is prone to
re-injury, and patients often suffer from prolonged
pain, discomfort, and even disability (Gaspar et al.,
2015).
Tendon injuries require a longer recovery period,
and tendon healing is accompanied by the formation
of scar tissue that lacks the elasticity and strength of
the main tissue and provides the basis for re-injury
(Dakin, 2017). Therefore, new therapeutic aproaches
for tendon repair are important to ensure animal welfare and reduce economic loss. The application of
mesenchymal stem cells (MSCs)-derived exosomes
is considered as an optimum treatment option due to
easier maintenance and reduction of the risk of rejection by the immune system, reducing the possibility
of aneuploidy compared to cell-based methods.
The use of MSCs-derived exosomes in myocardial infarction, stroke, and limb ischemia, as well as
in kidney, bone marrow, and perinatal hypoxic-ischemic brain injuries, has recently been identified as
a new therapeutic strategy in tissue regeneration (Dakin, 2017; He et al., 2012). Here, we are going to
review isolation protocols and the effects of exosomes derived from MSCs on tendon repair, particularly in animals.

Extracellular Vesicles
Extracellular vesicles (EVs) are membrane vesicles identified during reticulocyte maturation in
1983 (Konala et al., 2016). The term EV includes exosomes, prostasomes, ectosomes, microvesicles
(MVs), microparticles, tolerosomes, apoptotic bodies, and nanovesicles (Théry et al., 2018). EVs are
found in physiological fluids, such as urine, blood,
bronchial lavage fluid, breast milk, saliva, cerebrospinal fluid, amniotic fluid, synovial fluid, and
malignant ascites (Konala et al., 2016; Raposo &
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Stoorvogel, 2013). EV is secreted by a variety of
cells, including mast cells, epithelial cells, endothelial cells, nerve cells, cancer cells, oligodendrocytes,
Schwann cells, embryonic cells, T cells, B cells, dendritic cells, platelets, and MSCs (Raposo &
Stoorvogel, 2013).
It has been shown that in cell-cell communication,
EVs play a significant role. EVs are involved in important processes, such as immune responses, maintenance of homeostasis, coagulation, inflammation,
development of cancer, angiogenesis, and presentation of antigens. Thus, EVs take part in both physiological and pathological conditions (Konala et al.,
2016; Raposo & Stoorvogel, 2013).
Mesenchymal/stromal stem cells are one of the
most common cells for the treatment of diseases, as
they affect tissue regeneration by their paracrine
mechanisms and/or exosome/MV transfer (Spees et
al., 2016). EVs are generally divided into three subgroups as follows: (a) exosomes with a diameter of
40–150 nm, (b) MVs with a diameter of 150–1000
nm, and (c) apoptotic bodies with a diameter of 50–
2000 nm (Andaloussi et al., 2013). In the past decade, exosomes have received more attention as an
important type of EV (Ni et al., 2020).

Microvesicles
MVs originate from the surface of the membrane
through the outer membrane of the plasma membrane (Revenfeld et al., 2014). MVs are hetero-geneous populations with irregular shapes and different
sizes and densities (Badimon et al., 2016; Revenfeld
et al., 2014), characterized by phosphatidylserine
(PS) in the outer membrane. MVs can be isolated
from different biological samples by the size and
composition of specific cell markers (Giusti et al.,
2013). The most common MV markers include
CD40 ligand, adenosine diphosphate ribosylation
factor 6, and several integrins and selectins (Pugholm et al., 2015).

Apoptotic Bodies
The apoptotic bodies can be the largest, with a diameter ranging from 800 to 5000 nm and a density
between 1.16–1.28 g/mL (Revenfeld et al., 2014),
characterized by the presence of fragmented nuclei

Iran J Vet Med., Vol 15, No 3 (Summer 2021)

Fahimeh Fahimi Trouski et al.

and DNA fragments, histones, and proteins (Martinez & Freyssinet, 2001). Apoptotic bodies are
released by apoptotic cells and phagocytosed by
macrophages during normal growth (Erwig & Henson, 2008). This process is performed by transferring
PS to the outer leaflet of the fat layer. The binding of
PS to annexin V is also detected by phagocytes
(Martinez & Freyssinet, 2001). The oxidation of surface molecules also causes membrane changes.
These changes create sites for the binding of thrombospondin or complementary C3b protein. These
two, in turn, are recognized by phagocyte receptors
(Erwig & Henson, 2008). Thus, annexin V, thrombospondin, and C3b act as markers of apoptotic
bodies (Friedl et al., 2002).

Exosomes
The term exosome for understanding the biological process of transformation from a reticulocyte to
a mature erythrocyte was invented by Dr. Rose Johnstone (Johnstone et al., 1987). Exosomes are surroundded by a lipid bilayer membrane. They are 30–150
nm in diameter, have a density of 1.10–1.18 g/mL,
and secreted by various healthy cells (Abels &
Breakefield, 2016).

Exosome Biogenesis
Small vesicles are produced by the inward budding of the plasma membrane. The fusion of these
vesicles together forms the primary endosome. In the
end, endosomes accumulate and form multivesicular
bodies (MVBs) that are released into the extracellular environment as “exosomes.” During endosome
formation, proteins, lipids, RNAs, and other substances are trapped in the lumen (Kalra et al., 2016).
The presence of membrane transfer and fusion proteins (GTPases, annexins, and flotillin), tetraspanins
(CD9, CD63, CD81, and CD82), heat shock proteins
(Hsc70, Hsp90, Hsp60, and Hsp20), proteins involved in the biogenesis of multicellular bodies
(Alix, TSG101), lipid-related proteins, and phospholipases in exosomes is due to their endosomal origin.
Also, exosomes are specific in enriching cholesterol,
ceramide or other sphingolipids, and phosphoglycerides with long and saturated fatty-acyl chains
(Robbins & Morelli, 2014; Zhang et al., 2012).
Due to the exchange of proteins and genetic materials (messenger RNA [mRNA], microRNA
[miRNA], pre-miRNA, and other noncoding RNA),
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exosomes are involved in physiological processes,
such as cell growth, immune system regulation, angiogenesis, neural communication, and cell migration (Fauré et al., 2006), as well as in the pathogenesis of various diseases (Fevrier et al., 2004).
In order to study exosomes and their practical use,
they must first be separated and purified from other
vesicles and cell compounds. For this purpose, various techniques have been developed.

Exosome Isolation
Techniques that isolate exosomes in addition to the
high efficiency should be capable of separating exosomes from various sample matrices (Khatun et al.,
2016). Different methods (including ultracentrifugation, size-based, immunoaffinity purification,
precipitation, and microfluidics-based isolation techniques) for exosome separation have been devised
based on the size, shape, density, and surface proteins of exosomes (Gurunathan et al., 2019; Li et al.,
2017; Yang et al., 2020; Zarovni et al., 2015).
Ultracentrifugation: Ultracentrifugation is the most
frequent method used to separate different biological
components, such as viruses, bacteria, subcellular organelles, and EVs, in which the constituents of the
particles of a heterogeneous mixture are precipitated
by centrifugal force according to their density, size,
and shape. Ultracentrifugation is to generate high
centrifugal forces up to 1 000 000g (Gurunathan et
al., 2019).
Analytical and preparative ultracentrifugation
processes are two types of ultracentrifugation. Analytical ultracentrifugation is used to investigate the
physicochemical properties of particulate materials
and molecular interactions of polymeric materials.
Preparative ultracentrifugation plays an important
role in exosome isolation because it is used to fractionate small bioparticles, such as viruses, bacteria,
subcellular organelles, and EVs (Zarovni et al.,
2015). There are two types of preparative ultracentrifugation, i.e., differential ultracentrifugation and
density gradient ultracentrifugation.
Differential ultracentrifugation usually consists of
a series of centrifugation cycles of different centrifugal forces for the isolation of exosomes. Duration
to isolate exosomes is based on their density and size
differences from other components in a sample
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(Rechavi et al., 2009). The density gradient ultracentrifugation consists of two types of isopycnic ultracentrifugation and moving-zone ultracentrifugation.
The isolation of EVs (such as exosomes) has become
popular using density gradient ultracentrifugation.
The separation of exosomes through density gradient
ultracentrifugation is done based on their size, mass,
and density.
In isopycnic ultracentrifugation, the separation of
exosomes is dependent on their density difference
from all other solutes, but in moving-zone ultracentrifugation, exosomes in the sample are separated
based on their size and mass instead of density (Miranda et al., 2014). The requiring advanced supercentrifugation and consuming extensive time are the
shortcomings of ultracentrifugation. In addition, the
structures of the exosomes may be affected by ultracentrifugation, which would prevent downstream
analysis (Ni et al., 2020).
Size-Based Technique: Ultrafiltration is one of the
popular size-based exosome isolation techniques
used to harvest exos-omes from urine, serum, cerebrospinal fluid, and cell culture medium by particle
size or molecular weight (Li et al., 2017).
This method uses membranes with specified pore
diameters to isolate the particles of a pre-determined
size range (Konoshenko et al., 2018). First, larger
particles are excreted by using filters with pore diameters of 0.8 and 0.45 µm, leaving an exosome-rich
filtrate. Then, smaller vesicles are dropped from the
filtrate using membranes with pores smaller than the
desired exosomes (0.22 and 0.1 µm) to move into a
waste eluate. The exosomes are collected via the first
and last pore filtration membranes by maximum and
minimum size ranges.
To confirm the isolated exosomes, the Western
blot method is used to identify the biomarkers of the
exosomes, and an electron microscope is used to examine the typical features of the exosomes (McNamara et al., 2018). This protocol can be used as a
stand-alone technique or a complement to ultracentrifugation to separate large MVs and exosomes. The
recovery of exosomes is dependent on the type of filter because of various membrane types and pore
sizes. This exosome isolation method is simple and
does not need complex equipment. However, this
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method has some challenges (Li et al., 2017;
Gurunathan et al., 2019).
Immunoaffinity Purification: The presence of
plenty of proteins and receptors in the membrane of
exosomes offers an excellent opportunity to develop
highly specific techniques for the isolation of exosomes by trapping on immunoaffinity interactions
between those proteins (antig-ens) and their antibodies, as well as on specific interactions between the
receptors and ligands (Li et al., 2017). This method
uses antibodies against specific exosome surface
markers, especially tetraspanins, i.e., CD9, CD63,
and CD81. Exosome isolation by immuneaffinity
capture can be accomplished by incubating the sample with magnetic beads (Koliha et al., 2016) or
nanocubes of gold-loaded ferric oxide (Boriachek et
al., 2019), coating with surface protein antibodies.
Parent cell markers, such as chondroitin sulfate
peptidoglycan 4 (Sharma et al., 2018), epithelial cell
adhesion molecule (EPCAM; Zhou et al., 2016), or
exosome binding molecules, such as heat shock proteins (Ghosh et al., 2014) and heparin (Balaj et al.,
2015), have been used in other affinity methods. To
improve the purity of isolated exosomes, immunoaffinity is used as an extra step combined with
differential ultracentrifugation. The primary downside of this approach is that the consumer selects a
subset of marker-specific vesicles that may not represent all exosomes. Although it decreases the
exosomal yield, since only the exosomes recognized
by the antibody are captured, the extracted exosomes
would be of greater purity. Further, unless the antibodies can be removed from the post-precipitation
vesicles, the integrity of exosomes may be impaired
(Reiner et al., 2017).
Another problem that restricts the use of this technique is the specificity and quality of the antibody,
as most antibodies available for immunoprecipitation are non-specific. The capture of immunoaffinity
is one of the most expensive methods for exosome
isolation from a large sample volume, as high quantities of antibody-conjugated beads are needed, which may restrict its use. Thus, it may be enough only
for studies requiring a limited sample size, which indicates a limit to any possible therapeutic application
(Sidhom et al., 2020).
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Precipitation: By changing the solubility or dispersibility, exosomes can be settled out of biological
fluids. Water-excluding polymers, such as polyethylene glycol (PEG), are involved for this reason
(Zeringer et al., 2015). PEG precipitation is used to
separate viruses and tiny particles (Gurunathan et al.,
2019). Polymers can bind to water molecules, reducing the solubility of exosomes, and this effect can be
used to isolate exosomes from conditioned media,
serum, or urine (Batrakova & Kim, 2015). It has
been shown that urinary exosome precipitation with
those kits achieves the highest yield compared to differential ultracentrifugation and nanomembrane
concentrators; also, for their next profiling analysis,
the highest concentrations of miRNAs and mRNAs
are extracted (Alvarez et al., 2012). The use of exosome separation precipitation is convenient and
requires no special equipment. Also, the concentration of isolated exosomes is high. However, there are
still many issues with this process, such as poor recovery and high impurities (Ni et al., 2020).
Microfluidics-Based Isolation Techniques: This is
an alternative form of isolation focused on physical
and biochemical characteristics, such as scale, density, and immune affinity (Lee et al., 2015; Wang et
al., 2013). This technique is a high-throughput approach used to separate exosomes via microfluidic
devices based on several concepts, including immunoaffinity, size, and density (Chen et al., 2010).
Furthermore, it is a new method of sorting involving
acoustic, electrophoretic, and electromag-netic procedures (Lee et al., 2015; Wang et al., 2013). The
steps of this method are immunoaffinity, sieving,
and exosome trapping on porous structures (Liga et
al., 2015).
The immuno-microfluidic procedure, which is
similar to the method of immunoaffinity capture isolation, is the most used technique. Exosomes are
separated by the special binding of immobilized antibodies to exosome markers on microfluidic instruments, also known as chips. ExoChip with the
CD63 antibody is a popular microfluidic system that
has been used to isolate exosomes (Chen et al.,
2010). Gold electrodes with the CD9 antibody
(Vaidyanathan et al., 2014), graphene oxide/polydopamine (GO/PDA), nanointerface with the CD81
antibody (Zhang et al., 2016), and a herringbone
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groove with the CD9 antibody are other microfluidic
instruments (Hisey et al., 2018). Small quantities of
sample volume, reagents, and separation time are
needed by this process (Wunsch et al., 2016). Also,
microfluidics-based isolation in conjunction with
other exosome separation methods could enrich exosomes and enhance purity (Gurunathan et al.,
2019). However, this method requires specialized
equipment that may limit its large-scale application
(Ni et al., 2020).

Exosome Identification
In order to recognize the cellular combination of
exosomes, a wide range of methods have been used,
including trypsin digestion and mass spectrometry,
Western blotting, and fluorescence-activated cell
sorting (FACS) analyzes in different cell types
(Théry et al., 2002). The identification of exosomes
is primarily dependent on morphological properties,
particle size, and signature proteins (Lässer et al.,
2012). There are various approaches to assess the
properties of exosomes (Gurunathan et al., 2019).
First, to classify exosomes specifically, scanning
electron microscopy (SEM) or transmission electron
microscopy (TEM) may be used. The exosome surface microstructure is detected by SEM, while TEM
has a maximum resolution of 0.2 nm and may expose
the internal structure and morphology of exosomes
(Wu et al., 2015). Second, the particle size and exosome concentration can be studied by nanoparticle
tracking analysis (NTA). The NAT-based detection
method is relatively easy, and the outcome can be
better quantified. Third, Western blot technology in
estimating specific marker proteins in exosomes,
such as CD63, CD8, TSG101, flotillin-1, ALIX,
CD9, CD81, and CD82, plays an important role.
Fourth, flow cytometry (FCM) through labeling targeted exosomes with specific antibodies or fluorescent dyes can be used to analyze the size of exosomes. FCM has several benefits for exosomal
analysis, including high-throughput screening and
data quantification. Also, FCM can be used to identify various exosomal subpopulations. In addition to
the mentioned techniques, atomic force microscopy,
tunable resistive pulse sensing, and dynamic light
scattering (DLS) can also be used for the detection
of exosomes (Gurunathan et al., 2019).

Anatomy of the Healthy Tendon
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The tendon is a string that is flexible but inelastic
and interposed between muscles or muscles and
bones. These anatomical structures transfer the force
produced by the muscle to the bone and allow joint
mobility (Kannus, 2000; Rowson et al., 2016). Each
muscle typically consists of two ends of the tendon,
proximal and distal. The place that attaches the tendon to the muscle is called the myotendinous
junction (MTJ), and where it connects to the bone is
called the osteotendinous junction (OTJ). Healthy
tendons are microscopically bright white and have a
glistening appearance. A healthy mature tendon is a
collection of collagen structures that join tenocytes
and are placed inside an extracellular matrix (ECM).
The paratenon is known to be the outermost layer of
the tendon and consists of elastic fibrils of collagen
types I and III and allows the tendon to move freely
toward the surrounding tissue (Killian et al., 2012).
A tendon consists of bundles of fascicles on a
macroscopic scale (1 mm to 10 mm), which are covered by connective tissues, epitenon and endotenon.
The neurovascular structure supplying the tendon is
located inside these connective tissues. The next surface of the tendon structure is composed of parallel
collagen fibrils (50 nm to 500 nm). In the following,
there are microfibrils and tropocollagen molecules
about 1.5 nm in diameter (Rio et al., 2014). Further,
65% to 80% of tendon dry mass is collagen type I
that forms the main structure of tendons. Tropocollagen is a triple helix polypeptide consisting of two
α1 and one α2 chains, which are secreted in ECM
(James et al., 2008; Sharma & Maffulli, 2008).
In tendons, collagen and tendon cells are surrounded by ECM containing 1% to 5% proteoglycans and glycoproteins, 2% elastin, and 0.2% inorganic molecules, including copper, manganese, and
calcium (Lin et al., 2004). Tendon ECM proteoglycans and glycoproteins include tenascin-C, cartilage
oligomeric matrix protein (COMP), decorin, fibromodulin, biglycan, lumican, and tenomodulin (Tnmd; Jones & Jones, 2000; Pajala et al., 2009). Proteoglycans attach to collagen fibrils through their
glycosaminoglycan (GAG) side chains to interconnect the fibrils in a parallel alignment and ensure the
gliding of collagen fibrils throughout locomotion.
They also allow for rapid diffusion and cell migration of water-soluble molecules.
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Dermatan and chondroitin sulphates are the two
main GAG components of the tendon (Sharma &
Maffulli, 2008). The glycoprotein tenascin-C is a
member of the tenascin gene family. It is abundantly
found to interact with fibronectin in the ECM of developing vertebrate embryos and bind to integrins and
components of ECM, such as collagens (Jones &
Jones, 2000; Pajala et al., 2009). The thrombospondin
family of extracellular calcium-binding proteins contains the pentameric, noncollagenous ECM protein
(COMP). It consists of a five-stranded coiled-coil
containing five similar subunits of glycoprotein, and
its 3D structure is stabilized by disulfide bonds.
COMP binds to collagen and plays a catalytic role in
the creation of tendon ECM (Rock et al., 2010).
The proteoglycans of decorin, fibromodulin, biglycan, and lumican are composed of a protein
nucleus containing leucine repeats with different
GAG chains. Decorin’s GAG chains consist of either
dermatan or sulfates of chondroitin. There are four
keratin sulphates in fibromodulin. Biglycan’s GAG
chains are made up of chondroitin or dermatan sulphates, whereas lumican’s GAG chains are made up
of keratin sulphates (Rees et al., 2009). Decorin
binds directly to type I fibrils of collagen and has
been implicated in the lateral fibrillogenesis of collagen (Yoon & Halper, 2005). Fibromodulin, biglycan, and lumican, like decorin, bind to collagen I
fibrils and take part in the collagen fibrillogenesis of
the lateral tendon (Rees et al., 2009). Tnmd is a type
II transmembrane glycoprotein with a C-terminal
anti-angiogenic domain that is expressed in tendon
tissue and is thought to be one of the primary factors
in tendon maturation (Shukunami et al., 2006).
In different tissues and organs, elastin plays an essential function. Elastin cooperates with collagen as
an essential component in ECM, mainly functioning
in elastic stretch and recoil, especially for tensile resistance, and regulates the interactions between cells
and ECM (Wu et al., 2017). Tendons and ligaments
have excellent resistance to mechanical loads due to
their special arrangement of collagen fibers. The orientation of longitudinally, transversely, and horizontally of collagen fibers offers strong buffer capacity
and rotational forces during movement. Under a light
microscope, by applying tensile forces at rest, the fibrils’ wavy pattern disappears and reaches its initial
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configuration by removing the force. The wavy configuration is not maintained by increasing stretch
forces and excessive stretching (Kannus, 2000).

hypothesis proposed that exercise-induced localized
hyperthermia could threaten tenocyte survival (Robi
et al., 2013).

Regarding the cellular content of the tendon, it
was initially considered an inactive tissue for a long
time because no cells were found in tendon tissue.
Today, various cells, such as non-committed cells
and more mature cells, have been discovered. In addition to tenocytes, a type of stem cell has been found
in the tendon. Also, there are small amounts of fat,
nerve cells, and endothelial cells in the tendon (Dex
et al., 2016). Although the structure of the tendon and its molecular composition are well described, the
exact protein signature that distinguishes it from
other musculoskeletal tissues, ligaments, or sub-variants of tendons is still questionable (Wu et al.,
2017).

The amorphous, grey-brown appearance and loss
of the glistening-white of the tendon are histological
features of tendinopathies and ruptures. Also, collagen degeneration, fiber disorientation and thinning,
hypercellularity, rounded tenocytes nuclei, increased
vascular in-growth, and a change toward fibrocartilaginous composition are visible (Rees et al., 2006;
Riley, 2008). Fibrin deposits, calcifications, and lipid accumulations are sometimes observed in tendon
degeneration (Milz et al., 2004). The tendon degeneration can be occurred due to an imbalance between
matrix decomposition and synthesis, which is caused
by a variety of stresses and mechanical loads
(Sharma & Maffulli, 2008). The imbalance of metalloproteinases and tissue inhibitors of metalloproteinases (TIMPs), which are endogenous inhibitors
of metalloproteinases, plays a key role in degeneration (Jones & Jones, 2000).

Tendon Injuries
Tendon injuries, which predominantly affect the
superficial digital flexor tendon (SDFT), are one of
the most common orthopedic disorders in sport
horses and the leading cause of early retirement or
wastage (Shojaee & Parham, 2019). Tendon injuries
are divided into two categories: tendinopathy and
tendon rupture. Hyperpronation, excessive loading,
and microtrauma can all lead to tendon injuries
(Nigg, 2001). Tendinopathy is a general term that applies to a number of tendon pathologies that arise
from overuse and unnecessary mechanical loading,
causing the tissue to become unable to sustain additional stress (Lui, 2013; Sharma & Maffulli, 2005;
Wang, 2006).
Inflammation of the sheath and the subsequent destruction of the tendon body are pathophysiological
responses to tendon damage. Several theories have
discussed this process. Robi et al. (2013) described
four theories on the mechanism of tendon degeneration: (1) mechanical, (2) vascular, (3) neural, and (4)
alternative theories. The mechanical theory focuses
on the effect of overload on the tendon, which initiates the pathologic process, while the vascular theory
blames the tendon’s hypovascularity for the poor
healing response. According to the neural theory,
substance P produced by neutrally mediated mast
cell degranulation, in combination with inflammatory cascades localized around tendon vessels, may
be responsible for the disease. Finally, an alternative
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The upregulation of types I and III collagen
mRNA, change in the ratio of type III collagen
higher than type I collagen in ECM, and increase in
the levels of fibronectin, tenascin-C, GAGs, aggrcan,
and biglycan are major structural and molecular
changes in the degenerative process (Riley, 2008). In
addition, an increase in inflammatory mediators,
such as prostaglandin E2 and interleukin-1, enhanced expression of cyclooxygenase-2, growth
factors, including transforming growth factor β
(TGF-β) and platelet-derived growth factor (PDGF),
insulin-like growth factor-1 (IGF-1), and neurotransmitters, such as glutamate and substance B, are also
seen in tendinopathy (Riley, 2008; Sharma & Maffulli, 2008).
Tissue formed after tendon injury has a different
structure and composition. Degenerative tendinopathy, along with a decrease in type I collagen, leads to
a decrease in tensile strength and ability to withstand
the mechanical load, which indicates a weak tendon
(Subramanian & Schilling, 2015). Also, the expression of type III collagen in damaged tendons does
increase. In comparison to collagen type I, collagen
type III has fewer crosslinks (Jo et al., 2012; Keller
et al., 2011), and fibers are smaller and thinner with
a lower resistive ability (Eriksen et al., 2002).
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Tendon tissue produced after healing is much less
organized, which is because of a loss of structure and
a decreased mechanical strength (Wang, 2006). It is
believed that after a tendon injury, increased production of type III collagen compared to type I creates
adhesion sites, which leads to a decrease in lubrication between the tendon and adjacent tissues and
causes friction and pain (Kuo et al., 2014); these prevent the tendon from slipping and reducing its
mobility (Longo et al., 2011). Also, decreased mechanical strength, risk of rupture, and scar tissue
formation occur with increased type III collagen (Jo
et al., 2012).
Unlike apoptosis of tenocytes, which reduces cellulite (Wang et al., 2013), tendinopathy can also
exhibit hypercellularity, particularly in tendinosis
and chronic tendon pain (Andersson et al., 2011).
After the injury, cells increase their proliferation in
response to intrinsic and external signals. The morphology of these cells varies compared to healthy
tenocytes (Rolf et al., 2001). These include abnormalities in the structure of the matrix and arteries,
changes in protein composition and content, increased tenascin-C and fibronectin, and decreased
decorin expression (Keller et al., 2011).

Exosomes in Tendon Repair
Musculoskeletal injuries are very common in
racehorses and often manifest as a multifactor problem with a high economic effect on the equine
industry (De Schauwer et al., 2013; Hillmann et al.,
2016). Tendon repair involves three stages of inflammation, proliferation, and regeneration. Initially, severe inflammatory responses occur, leading to
scar formation in the later stages of tendon repair
(Thankam et al., 2018). Thus, to improve the quality
of treatment, controlling inflammation is very important. After scar healing, changes in the histology,
biochemistry, and biomechanical properties of the
tendon occur, as a result of which the tendon is unble
to return to its original strength and natural tract-ion
and may break again after injury (Cui et al., 2011).
Current treatments for tendon injury are often associated with incomplete repair or healing and
increase susceptibility to re-injury (Shojaee & Parham, 2019). None of the treatments available has
been effective in completely repairing tendon tissue.
However, one of the newest and fastest choices for
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musculoskeletal injuries in horses and other animals
is tissue engineering (Lui & Chan, 2011). The ability
of MSCs to differentiate into tenocyte cells in vivo
and in vitro suggests them as a suitable treatment for
tendon rupture, tendon growth, and improving tendon repair (Javanshir et al., 2020; Liu et al., 2017).
It has been shown that exosomes derived from
MSCs have roles like MSCs, such as repairing tissue
damage, suppressing inflammatory responses, and
modulating the immune system. Exosomes are more
stable and reservable than cells, have no chance of
aneuploidy, have a lower risk of immune rejection
after in vivo allogeneic administration, and may do
use as an alternative therapy for a variety of diseases
(Yu et al., 2014). Many studies have shown that the
primary inflammatory response to tendon injury
could be inhibited by exosomes derived from MSCs
and improve tissue healing (Ding et al., 2019; He et
al., 2019; Li et al., 2016).
Cell reproduction and migration are also essential
processes to repair tendon damage in the next stage
(Chen et al., 2018). According to Shen et al.’s findings (2020), a collagen sheet system containing
exosomes from adipose-derived stem cells enhanced
tendon regeneration by regulating macrophage inflammatory response. It has been reported that bone
marrow-MSCs (BMSCs) stimulate proliferation and
migration of tendon stem/progenitor cells (TSPCs)
through paracrine exosomes and improve the tenogenic differentiation of TSPCs as well. They also
observed that BMSCs-exosomes embedded in fibrin
glue represented a practical method that allowed the
sustained release of BMSCs-exosomes and internalization of BMSCs-exosomes by TSPCs.
In addition, BMSCs-exosomes embedded in fibrin glue significantly improved tendon regeneration
and expanded proliferation of TSPCs in vivo (Yu et
al., 2020). Yao et al. (2020) studied the effect of human umbilical cord MSC-derived exosomes (HUMSC-exosomes) on tendon adhesion––as a common
complication of tendon injury––and found that
HUMSC-exosomes reduced rat fibroblast proliferation and inhibited tendon adhesion and the
expression of fibrosis genes, including collagen type
III and α-smooth muscle actin (α-SMA) in vitro.
As it was mentioned, the primary inflammatory
response plays an important role in the process of
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tendon damage and directly affects the healing of
tendon tissue (Dagher et al., 2009). Inflammatory
macrophages (M1) can cause ECM degradation, inflammation, and cell apoptosis in many types of
tissue damage, including tendon injury (Dai et al.,
2018; Laplante et al., 2017), while anti-inflammatory macrophages (M2) regulate ECM balance and
tissue repair (Chamberlain et al., 2019). Manning et
al. (2015) showed that transfer from pro-inflammatory M1 macrophages to anti-inflammatory M2
macrophages could improve tendon injuries. Numerous studies have shown that exosomes derived from
MSCs cause cell proliferation, survival, and migration (Hu L et al., 2016; Zhang et al., 2015).
Zhang et al. (2020) also found that tendon stem
cell-derived exosomes (TSC- exosomes) enhanced
the proliferation and migration of tenocytes in a
dose-dependent manner. They also observed that
TSC-exosomes enhanced anti-inflammatory and
tendon injury repair by modulating macrophages and
related cytokines (Zhang et al., 2020). In the mouse
Achilles tendon-bone reconstruction model, mouse
BMSC-derived exosomes in the hydrogel increased
fibrocartilage in the exosome group compared to
other groups. Also, the biomechanical properties of
the tendon-bone junction significantly improved in
the exosome group (Shi et al., 2020).

Discussion
Tendon injuries, as one of the most common musculoskeletal diseases, still have no definitive cure.
Hence, it can cause great economic loss, especially
in the horse industry. Accordingly, the advent of tissue engineering as one of the fastest and newest
therapies can be promising. In recent years, the use
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of exosomes instead of cells has been considered due
to their role in intercellular communication in many
physiological and pathological processes. Exosomes
and mother cells have similar functions, with antiinflammatory, anti-apoptotic, tissue repair, and immune regulatory functions. In addition, using
exosomes as a non-cellular, non-surgical treatment
option is easier and less time-consuming than cell
therapy.
Compared to the whole-cell therapy of MSCs, the
cell-free therapy of MSC-derived exosomes is well
tolerated and has low immunogenicity and greater
potential in the clinical field. However, this method
has its own limitations, including separation, purification, and small amount. As noted in this review,
experimental data from the repair of damaged tendons with exosomes derived from MSCs are so
promising and support them as biological repair
agents for tendon injuries. However, due to the proteomic and genomic complexities of exosomes, this
treatment is still in preclinical research and optimization phase. In order to reach their full potential and
become a suitable treatment option, their possible
mechanisms and exact combinations need to be further investigated.

Acknowledgments
Authors would like to thank all scientists who
shared their findings and results for improving our
knowledge on the role of exosomes in tendon repair.

Conflict of Interest
The authors declared that there is no conflict of
interest.

References
Abels, E. R., & Breakefield, X. O. (2016). Introduction to
extracellular vesicles: biogenesis, RNA cargo selection, content, release, and uptake. Cellular and
Molecular
Neurobiology,
36(3),
301-312.
[DOI:10.1007/s10571-016-0366-z] [PMID] [PMCID]
Akers, J. C., Gonda, D., Kim, R., Carter, B. S., & Chen, C.
C. (2013). Biogenesis of extracellular vesicles (EV):
exosomes, microvesicles, retrovirus-like vesicles, and
apoptotic bodies. Journal of Neuro-oncology, 113(1),

Iran J Vet Med., Vol 15, No 3 (Summer 2021)

1-11. [DOI:10.1007/s11060-013-1084-8]
[PMCID]

[PMID]

Alvarez, M. L., Khosroheidari, M., Ravi, R. K., & DiStefano, J. K. (2012). Comparison of protein, microRNA,
and mRNA yields using different methods of urinary
exosome isolation for the discovery of kidney disease
biomarkers. Kidney International, 82(9), 1024-1032.
[DOI:10.1038/ki.2012.256] [PMID]

267

MSC-derived Exosomes in Tendon Injury Treatment

Andaloussi, S. E., Mäger, I., Breakefield, X. O., & Wood,
M. J. (2013). Extracellular vesicles: biology and
emerging therapeutic opportunities. Nature Reviews
Drug
Discovery,
12(5),
347-357.
[DOI:10.1038/nrd3978] [PMID]
Andersson, G., Backman, L. J., Scott, A., Lorentzon, R.,
Forsgren, S., & Danielson, P. (2011). Substance P accelerates hypercellularity and angiogenesis in tendon
tissue and enhances paratendinitis in response to Achilles tendon overuse in a tendinopathy model. British
Journal of Sports Medicine, 45(13), 1017-1022.
[DOI:10.1136/bjsm.2010.082750] [PMID]
Badimon, L., Suades, R., Fuentes, E., Palomo, I., & Padró,
T. (2016). Role of platelet-derived microvesicles as
crosstalk mediators in atherothrombosis and future
pharmacology targets: a link between inflammation,
atherosclerosis, and thrombosis. Frontiers in Pharmacology, 7, 293. [DOI:10.3389/fphar.2016.00293]
[PMID] [PMCID]
Balaj, L., Atai, N. A., Chen, W., Mu, D., Tannous, B. A.,
Breakefield, X. O., & Maguire, C. A. (2015). Heparin
affinity purification of extracellular vesicles. Scientific
Reports, 5(1), 1-15. [DOI:10.1038/srep10266] [PMID]
[PMCID]
Batrakova, E. V., & Kim, M. S. (2015). Using exosomes,
naturally-equipped nanocarriers, for drug delivery.
Journal of Controlled Release, 219, 396-405.
[DOI:10.1016/j.jconrel.2015.07.030]
[PMID]
[PMCID]
Boriachek, K., Masud, M. K., Palma, C., Phan, H. P.,
Yamauchi, Y., Hossain, M. S. A., & Shiddiky, M. J.
(2019). Avoiding pre-isolation step in exosome analysis: direct isolation and sensitive detection of exosomes
using gold-loaded nanoporous ferric oxide nanozymes.
Analytical
Chemistry,
91(6),
3827-3834.
[DOI:10.1021/acs.analchem.8b03619] [PMID]
Bruno, S., Tapparo, M., Collino, F., Chiabotto, G., Deregibus, M. C., Soares Lindoso, R., ... & Camussi, G.
(2017). Renal regenerative potential of different extracellular vesicle populations derived from bone marrow
mesenchymal stromal cells. Tissue Engineering Part
A, 23(21-22),
1262-1273.
[DOI:10.1089/ten.tea.2017.0069] [PMID] [PMCID]
Chen, C., Skog, J., Hsu, C. H., Lessard, R. T., Balaj, L.,
Wurdinger, T., & Irimia, D. (2010). Microfluidic isolation and transcriptome analysis of serum
microvesicles. Lab on a Chip, 10(4), 505-511.
[DOI:10.1039/B916199F] [PMID] [PMCID]

Fahimeh Fahimi Trouski et al.

Chen, Q., Liang, Q., Zhuang, W., Zhou, J., Zhang, B., Xu,
P., & Song, G. (2018). Tenocyte proliferation and migration promoted by rat bone marrow mesenchymal
stem cell-derived conditioned medium. Biotechnology
Letters, 40(1), 215-224. [DOI:10.1007/s10529-0172446-7] [PMID]
Clegg, P. D. (2012). Musculoskeletal disease and injury,
now and in the future. Part 2: tendon and ligament injuries. Equine Veterinary Journal, 44(3), 371-375.
[DOI:10.1111/j.2042-3306.2012.00563.x] [PMID]
Cui, H., He, Y., Chen, S., Zhang, D., Yu, Y., & Fan, C.
(2019). Macrophage-derived miRNA-containing exosomes induce peritendinous fibrosis after tendon injury
through the miR-21-5p/Smad7 pathway. Molecular
Therapy-Nucleic
Acids,
14,
114-130.
[DOI:10.1016/j.omtn.2018.11.006] [PMID] [PMCID]
Cui, Q., Wang, Z., Jiang, D., Qu, L., Guo, J., & Li, Z.
(2011). HGF inhibits TGF-β1-induced myofibroblast
differentiation and ECM deposition via MMP-2 in
Achilles tendon in rat. European Journal of Applied
Physiology,
111(7),
1457-1463.
[DOI:10.1007/s00421-010-1764-4] [PMID]
Dakin, S. G. (2017). A review of the healing processes in
equine superficial digital flexor tendinopathy. Equine
Veterinary
Education,
29(9),
516-520.
[DOI:10.1111/eve.12572]
De Schauwer, C., Van de Walle, G. R., Van Soom, A., &
Meyer, E. (2013). Mesenchymal stem cell therapy in
horses: useful beyond orthopedic injuries? Veterinary
Quarterly,
33(4),
234-241.
[DOI:10.1080/01652176.2013.800250] [PMID]
Dex, S., Lin, D., Shukunami, C., & Docheva, D. (2016).
Tenogenic modulating insider factor: Systematic assessment on the functions of tenomodulin gene. Gene,
587(1), 1-17. [DOI:10.1016/j.gene.2016.04.051]
[PMID] [PMCID]
Ding, J., Wang, X., Chen, B., Zhang, J., & Xu, J. (2019).
Exosomes derived from human bone marrow mesenchymal stem cells stimulated by deferoxamine
accelerate cutaneous wound healing by promoting angiogenesis. BioMed Research International, 2019.
[DOI:10.1155/2019/9742765] [PMID] [PMCID]
Eriksen, H. A., Pajala, A., Leppilahti, J., & Risteli, J.
(2002). Increased content of type III collagen at the
rupture site of human Achilles tendon. Journal of Orthopaedic
Research,
20(6),
1352-1357.
[DOI:10.1016/S0736-0266(02)00064-5]
Erwig, L. P., & Henson, P. M. (2008). Clearance of apoptotic cells by phagocytes. Cell Death & Differentiation,

268

Iran J Vet Med., Vol 15, No 3 (Summer 2021)

Fahimeh Fahimi Trouski et al.
15(2),
243-250.
[PMID]

[DOI:10.1038/sj.cdd.4402184]

Fauré, J., Lachenal, G., Court, M., Hirrlinger, J., Chatellard-Causse, C., Blot, B., ... & Sadoul, R. (2006).
Exosomes are released by cultured cortical neurones.
Molecular and Cellular Neuroscience, 31(4), 642-648.
[DOI:10.1016/j.mcn.2005.12.003] [PMID]
Fevrier, B., Vilette, D., Archer, F., Loew, D., Faigle, W.,
Vidal, M., & Raposo, G. (2004). Cells release prions in
association with exosomes. Proceedings of the National Academy of Sciences, 101(26), 9683-9688.
[DOI:10.1073/pnas.0308413101] [PMID] [PMCID]
Friedl, P., Vischer, P., & Freyberg, M. A. (2002). The role
of thrombospondin-1 in apoptosis. Cellular and Molecular Life Sciences CMLS, 59(8), 1347-1357.
[DOI:10.1007/s00018-002-8512-9] [PMID]
Gaspar, D., Spanoudes, K., Holladay, C., Pandit, A., &
Zeugolis, D. (2015). Progress in cell-based therapies
for tendon repair. Advanced Drug Delivery Reviews,
84,
240-256.
[DOI:10.1016/j.addr.2014.11.023]
[PMID]
Ghosh, A., Davey, M., Chute, I. C., Griffiths, S. G., Lewis,
S., Chacko, S., & Ouellette, R. J. (2014). Rapid isolation of extracellular vesicles from cell culture and
biological fluids using a synthetic peptide with specific
affinity for heat shock proteins. PloS one, 9(10),
e110443.
[DOI:10.1371/journal.pone.0110443]
[PMID] [PMCID]
Giusti, I., D'Ascenzo, S., & Dolo, V. (2013). Microvesicles
as potential ovarian cancer biomarkers. BioMed Research
International,
2013.
[DOI:10.1155/2013/703048] [PMID] [PMCID]
Gurunathan, S., Kang, M. H., Jeyaraj, M., Qasim, M., &
Kim, J. H. (2019). Review of the isolation, characterization, biological function, and multifarious
therapeutic approaches of exosomes. Cells, 8(4), 307.
[DOI:10.3390/cells8040307] [PMID] [PMCID]
Harding, C., Heuser, J., & Stahl, P. (1983). Receptor-mediated endocytosis of transferrin and recycling of the
transferrin receptor in rat reticulocytes. The Journal of
Cell
Biology,
97(2),
329-339.
[DOI:10.1083/jcb.97.2.329] [PMID] [PMCID]
He, J., Wang, Y., Sun, S., Yu, M., Wang, C., Pei, X. &
Zhao, W. (2012). Bone marrow stem cells‐derived microvesicles protect against renal injury in the mouse
remnant kidney model. Nephrology, 17(5), 493-500.
[DOI:10.1111/j.1440-1797.2012.01589.x] [PMID]

Iran J Vet Med., Vol 15, No 3 (Summer 2021)

Iranian Journal of Veterinary Medicine
He, X., Dong, Z., Cao, Y., Wang, H., Liu, S., Liao, L. &
Li, B. (2019). MSC-derived exosome promotes M2 polarization and enhances cutaneous wound healing.
Stem
Cells
International,
ID
7132708.
[DOI:10.1155/2019/7132708] [PMID] [PMCID]
Hillmann, A., Ahrberg, A. B., Brehm, W., Heller, S., Josten, C., Paebst, F., & Burk, J. (2016). Comparative
characterization of human and equine mesenchymal
stromal cells: a basis for translational studies in the equine model. Cell Transplantation, 25(1), 109-124.
[DOI:10.3727/096368915X687822] [PMID]
Hisey, C. L., Dorayappan, K. D. P., Cohn, D. E., Selvendiran, K., & Hansford, D. J. (2018). Microfluidic
affinity separation chip for selective capture and release of label-free ovarian cancer exosomes. Lab on a
Chip,
18(20),
3144-3153.
[DOI:10.1039/C8LC00834E] [PMID]
James, R., Kesturu, G., Balian, G., & Chhabra, A. B.
(2008). Tendon: biology, biomechanics, repair, growth
factors, and evolving treatment options. The Journal of
Hand
Surgery,
33(1),
102-112.
[DOI:10.1016/j.jhsa.2007.09.007] [PMID]
Javanshir, S., Soltani, F. Y., Dowlati, G., Parham, A., &
Naderi-Meshkin, H. (2020). Induction of tenogenic
differentiation of equine adipose-derived mesenchymal stem cells by platelet-derived growth factor-BB
and growth differentiation factor-6. Molecular Biology
Reports, 47(9), 6855-6862. [DOI:10.1007/s11033020-05742-7] [PMID]
Jo, C. H., Kim, J. E., Yoon, K. S., & Shin, S. (2012). Platelet-rich plasma stimulates cell proliferation and
enhances matrix gene expression and synthesis in
tenocytes from human rotator cuff tendons with degenerative tears. The American Journal of Sports
Medicine,
40(5),
1035-1045.
[DOI:10.1177/0363546512437525] [PMID]
Johnstone, R. M., Adam, M., Hammond, J. R., Orr, L., &
Turbide, C. (1987). Vesicle formation during reticulocyte maturation. Association of plasma membrane
activities with released vesicles (exosomes). Journal of
Biological
Chemistry,
262(19),
9412-9420.
[DOI:10.1016/S0021-9258(18)48095-7]
Jones, F. S., & Jones, P. L. (2000). The tenascin family of
ECM glycoproteins: structure, function, and regulation
during embryonic development and tissue remodeling. Developmental Dynamics: an Official Publication
of the American Association of Anatomists, 218(2),
235-259.
[DOI:10.1002/(SICI)10970177(200006)218:23.0.CO;2-G]

269

MSC-derived Exosomes in Tendon Injury Treatment

Kalra, H., Drummen, G. P., & Mathivanan, S. (2016). Focus on extracellular vesicles: introducing the next small
big thing. International Journal of Molecular Sciences,
17(2), 170. [DOI:10.3390/ijms17020170] [PMID]
[PMCID]
Kannus, P. (2000). Structure of the tendon connective tissue. Scandinavian Journal of Medicine and Science in
Sports, 10(6), 312-320. [DOI:10.1034/j.16000838.2000.010006312.x] [PMID]
Keller, T. C., Hogan, M. V., Kesturu, G., James, R.,
Balian, G., & Chhabra, A. B. (2011). Growth/differentiation factor-5 modulates the synthesis and expression
of extracellular matrix and cell-adhesion-related molecules of rat Achilles tendon fibroblasts. Connective
Tissue
Research,
52(4),
353-364.
[DOI:10.3109/03008207.2010.534208] [PMID]
Khatun, Z., Bhat, A., Sharma, S., & Sharma, A. (2016).
Elucidating diversity of exosomes: biophysical and
molecular characterization methods. Nanomedicine,
11(17), 2359-2377. [DOI:10.2217/nnm-2016-0192]
[PMID]
Killian, M. L., Cavinatto, L., Galatz, L. M., & Thomopoulos, S. (2012). The role of mechanobiology in tendon
healing. Journal of Shoulder and Elbow Surgery,
21(2), 228-237. [DOI:10.1016/j.jse.2011.11.002]
[PMID] [PMCID]
Koliha, N., Wiencek, Y., Heider, U., Jüngst, C., Kladt, N.,
Krauthäuser, S., ... & Wild, S. (2016). A novel multiplex bead-based platform highlights the diversity of
extracellular vesicles. Journal of Extracellular Vesicles, 5(1), 29975. [DOI:10.3402/jev.v5.29975]
[PMID] [PMCID]
Konala, V. B. R., Mamidi, M. K., Bhonde, R., Das, A. K.,
Pochampally, R., & Pal, R. (2016). The current landscape of the mesenchymal stromal cell secretome: a
new paradigm for cell-free regeneration. Cytotherapy,
18(1),
13-24.
[DOI:10.1016/j.jcyt.2015.10.008]
[PMID] [PMCID]
Konoshenko, M. Y., Lekchnov, E. A., Vlassov, A. V., &
Laktionov, P. P. (2018). Isolation of extracellular vesicles: general methodologies and latest trends. Biomed
Research
International,
2018.
[DOI:10.1155/2018/8545347] [PMID] [PMCID]
Kuo, S. M., Chang, S. J., Wang, H. Y., Tang, S. C., &
Yang, S. W. (2014). Evaluation of the ability of xanthan gum/gellan gum/hyaluronan hydrogel membranes
to prevent the adhesion of postrepaired tendons. Carbohydrate
Polymers,
114,
230-237.
[DOI:10.1016/j.carbpol.2014.07.049] [PMID]

270

Fahimeh Fahimi Trouski et al.

Lässer, C., Eldh, M., & Lötvall, J. (2012). Isolation and
characterization of RNA-containing exosomes. Journal of Visualized Experiments, (59), e3037.
[DOI:10.3791/3037] [PMID] [PMCID]
Lee, K., Shao, H., Weissleder, R., & Lee, H. (2015).
Acoustic purification of extracellular microvesicles.
ACS
Nano,
9(3),
2321-2327.
[DOI:10.1021/nn506538f] [PMID] [PMCID]
Li, P., Kaslan, M., Lee, S. H., Yao, J., & Gao, Z. (2017).
Progress in exosome isolation techniques.
Theranostics, 7(3), 789. [DOI:10.7150/thno.18133]
[PMID] [PMCID]
Li, X., Liu, L., Yang, J., Yu, Y., Chai, J., Wang, L., & Yin,
H. (2016). Exosome derived from human umbilical
cord mesenchymal stem cell mediates MiR-181c attenuating burn-induced excessive inflammation.
EBioMedicine,
8,
72-82.
[DOI:10.1016/j.ebiom.2016.04.030]
[PMID]
[PMCID]
Liga, A., Vliegenthart, A. D. B., Oosthuyzen, W., Dear, J.
W., & Kersaudy-Kerhoas, M. (2015). Exosome isolation: a microfluidic road-map. Lab on a Chip, 15(11),
2388-2394. [DOI:10.1039/C5LC00240K] [PMID]
Lin, T. W., Cardenas, L., & Soslowsky, L. J. (2004). Biomechanics of tendon injury and repair. Journal of
Biomechanics, 37(6), 865-877. [DOI:10.1016/j.jbiomech.2003.11.005] [PMID]
Longo, U. G., Lamberti, A., Maffulli, N., & Denaro, V.
(2011). Tissue engineered biological augmentation for
tendon healing: a systematic review. British Medical
Bulletin, 98(1), 31-59. [DOI:10.1093/bmb/ldx003]
[PMID]
Lui, P. P. Y. (2013). Histopathological changes in tendinopathy-potential roles of BMPs?. Rheumatology,
52(12),
2116-2126.
[DOI:10.1093/rheumatology/ket165] [PMID]
Lui, P. P. Y., & Chan, K. M. (2011). Tendon-derived stem
cells (TDSCs): from basic science to potential roles in
tendon pathology and tissue engineering applications.
Stem Cell Reviews and Reports, 7(4), 883-8.
[DOI:10.1007/s12015-011-9276-0] [PMID]
Koch, T. G., Berg, L. C., & Betts, D. H. (2009). Current
and future regenerative medicine-principles, concepts,
and therapeutic use of stem cell therapy and tissue engineering in equine medicine. The Canadian
Veterinary Journal, 50(2), 155.97.
Martínez, M. C., & Freyssinet, J. M. (2001). Deciphering
the plasma membrane hallmarks of apoptotic cells:

Iran J Vet Med., Vol 15, No 3 (Summer 2021)

Fahimeh Fahimi Trouski et al.
phosphatidylserine transverse redistribution and calcium entry. BMC Cell Biology, 2(1), 1-11.
[DOI:1186/1471-2121-2-20] [PMID] [PMCID]
McNamara, R. P., Caro-Vegas, C. P., Costantini, L. M.,
Landis, J. T., Griffith, J. D., Damania, B. A., &
Dittmer, D. P. (2018). Large-scale, cross-flow based
isolation of highly pure and endocytosis-competent extracellular vesicles. Journal of Extracellular Vesicles,
7(1),
1541396.
[DOI:10.1080/20013078.2018.1541396]
[PMID]
[PMCID]
Milz, S., Tischer, T., Buettner, A., Schieker, M., Maier,
M., Redman, S., ... & Benjamin, M. (2004). Molecular
composition and pathology of entheses on the medial
and lateral epicondyles of the humerus: a structural basis for epicondylitis. Annals of the Rheumatic
Diseases,
63(9),
1015-1021.
[DOI:10.1136/ard.2003.016378] [PMID] [PMCID]
Miranda, K. C., Bond, D. T., Levin, J. Z., Adiconis, X.,
Sivachenko, A., Russ, C., ... & Russo, L. M. (2014).
Massively parallel sequencing of human urinary exosome/microvesicle RNA reveals a predominance of
non-coding RNA. PloS one, 9(5), e96094.
[DOI:10.1371/journal.pone.0096094]
[PMID]
[PMCID]
Ni, Z., Zhou, S., Li, S., Kuang, L., Chen, H., Luo, X., ... &
Chen, L. (2020). Exosomes: roles and therapeutic potential in osteoarthritis. Bone Research, 8(1), 1-18.
[DOI:10.1038/s41413-020-0100-9] [PMCID]
Nigg, B. M. (2001). The role of impact forces and foot pronation: a new paradigm. Clinical Journal of Sport
Medicine, 11(1), 2-9. [DOI:10.1097/00042752200101000-00002] [PMID]
Pajala, A., Melkko, J., Leppilahti, J., Ohtonen, P., Soini,
Y., & Risteli, J. (2009). TenascinC and type I and III
collagen expression in total Achilles tendon rupture.
An immunohistochemical study. Histology and Histopathology.
Pugholm, L. H., Revenfeld, A. L. S., Søndergaard, E. K.
L., & Jørgensen, M. M. (2015). Antibody-based assays
for phenotyping of extracellular vesicles. BioMed Research
International,
2015.
[DOI:10.1155/2015/524817] [PMID] [PMCID]
Raposo, G., & Stoorvogel, W. (2013). Extracellular vesicles: exosomes, microvesicles, and friends. Journal of
Cell
Biology,
200(4),
373-383.
[DOI:10.1083/jcb.201211138] [PMID] [PMCID]
Rechavi, O., Erlich, Y., Amram, H., Flomenblit, L., Karginov, F. V., Goldstein, I., & Kloog, Y. (2009). Cell

Iran J Vet Med., Vol 15, No 3 (Summer 2021)

Iranian Journal of Veterinary Medicine
contact-dependent acquisition of cellular and viral nonautonomously encoded small RNAs. Genes &
Development,
23(16),
1971-1979.
[DOI:10.1101/gad.1789609] [PMID] [PMCID]
Rees, J. D., Wilson, A. M., & Wolman, R. L. (2006). Current concepts in the management of tendon disorders.
Rheumatology, 45(5), 508-521. [DOI:10.1093/rheumatology/kel046] [PMID]
Rees, S. G., Dent, C. M., & Caterson, B. (2009). Metabolism of proteoglycans in tendon. Scandinavian Journal
of Medicine & Science in Sports, 19(4), 470-478.
[DOI:10.1111/j.1600-0838.2009.00938.x] [PMID]
Reiner, A. T., Witwer, K. W., Van Balkom, B. W., De
Beer, J., Brodie, C., Corteling, R. L., ... & Lim, S. K.
(2017). Concise review: developing best‐practice models for the therapeutic use of extracellular vesicles.
Stem Cells Translational Medicine, 6(8), 1730-1739.
[DOI:10.1002/sctm.17-0055] [PMID] [PMCID]
Revenfeld, A. L. S., Bæk, R., Nielsen, M. H., Stensballe,
A., Varming, K., & Jørgensen, M. (2014). Diagnostic
and prognostic potential of extracellular vesicles in peripheral blood. Clinical Therapeutics, 36(6), 830-846.
[DOI:10.1016/j.clinthera.2014.05.008] [PMID]
Riley, G. (2008). Tendinopathy- from basic science to
treatment. Nature Clinical Practice Rheumatology,
4(2), 82-89. [DOI:10.1038/ncprheum0700] [PMID]
Rio, E., Moseley, L., Purdam, C., Samiric, T., Kidgell, D.,
Pearce, A. J. & Cook, J. (2014). The pain of tendinopathy: physiological or pathophysiological?. Sports
Medicine, 44(1), 9-23. [DOI:10.1007/s40279-0130096-z] [PMID]
Robbins, P. D., & Morelli, A. E. (2014). Regulation of immune responses by extracellular vesicles. Nature
Reviews
Immunology,
14(3),
195-208.
[DOI:10.1038/nri3622] [PMID] [PMCID]
Robi, K., Jakob, N., Matevz, K., & Matjaz, V. (2013). The
physiology of sports injuries and repair processes. Current Issues in Sports and Exercise Medicine, 43-86.
[DOI:10.5772/54234]
Rock, M. J., Holden, P., Horton, W. A., & Cohn, D. H.
(2010). Cartilage oligomeric matrix protein promotes
cell attachment via two independent mechanisms involving CD47 and αVβ3 integrin. Molecular and
Cellular
Biochemistry,
338(1),
215-224.
[DOI:10.1007/s11010-009-0355-3] [PMID] [PMCID]
Rolf, C. G., Fu, B. S. C., Pau, A., Wang, W., & Chan, B.
(2001). Increased cell proliferation and associated expression of PDGFR β causing hypercellularity in

271

MSC-derived Exosomes in Tendon Injury Treatment

Fahimeh Fahimi Trouski et al.

patellar tendinosis. Rheumatology, 40(3), 256-261.
[DOI:10.1093/rheumatology/40.3.256] [PMID]

Molecular
Sciences,
21(18),
6466.
[DOI:10.3390/ijms21186466] [PMID] [PMCID]

Rowson, D., Knight, M. M., & Screen, H. R. (2016). Zonal
variation in primary cilia elongation correlates with localized biomechanical degradation in stress deprived
tendon. Journal of Orthopaedic Research, 34(12),
2146-2153.
[DOI:10.1002/jor.23229]
[PMID]
[PMCID]

Spees, J. L., Lee, R. H., & Gregory, C. A. (2016). Mechanisms of mesenchymal stem/stromal cell function.
Stem Cell Research & Therapy, 7(1), 1-13.
[DOI:10.1186/s13287-016-0363-7] [PMID] [PMCID]

Sharma, P., & Maffulli, N. (2005). Tendon injury and tendinopathy: healing and repair. Journal of Bone and
Joint
Surgery,
87(1),
187-202.
[DOI:10.2106/JBJS.D.01850]
Sharma, P., & Maffulli, N. (2008). Tendinopathy and tendon injury: the future. Disability and Rehabilitation,
30(20-22),
1733-1745.
[DOI:10.1080/09638280701788274] [PMID]
Sharma, P., Ludwig, S., Muller, L., Hong, C. S., Kirkwood, J. M., Ferrone, S., & Whiteside, T. L. (2018).
Immunoaffinity‐based isolation of melanoma cell‐derived exosomes from plasma of patients with
melanoma. Journal of Extracellular Vesicles, 7(1),
1435138.
[DOI:10.1080/20013078.2018.1435138]
[PMID] [PMCID]
Shen, H., Yoneda, S., Abu‐Amer, Y., Guilak, F., & Gelberman, R. H. (2020). Stem cell‐derived extracellular
vesicles attenuate the early inflammatory response after tendon injury and repair. Journal of Orthopaedic
Research, 38(1), 117-127. [DOI:10.1002/jor.24406]
[PMID] [PMCID]
Shi, Y., Kang, X., Wang, Y., Bian, X., He, G., Zhou, M.,
& Tang, K. (2020). Exosomes derived from bone marrow stromal cells (BMSCs) enhance tendon-bone
healing by regulating macrophage polarization. Medical Science Monitor: International Medical Journal of
Experimental and Clinical Research, 26, e923328-1.
[DOI:10.12659/MSM.923328]
Shojaee, A., & Parham, A. (2019). Strategies of tenogenic
differentiation of equine stem cells for tendon repair:
current status and challenges. Stem Cell Research &
Therapy, 10(1), 1-13. [DOI:10.1186/s13287-0191291-0] [PMID] [PMCID]
Shukunami, C., Takimoto, A., Oro, M., & Hiraki, Y.
(2006). Scleraxis positively regulates the expression of
tenomodulin, a differentiation marker of tenocytes. Developmental
Biology,
298(1),
234-247.
[DOI:10.1016/j.ydbio.2006.06.036] [PMID]
Sidhom, K., Obi, P. O., & Saleem, A. (2020). A review of
exosomal isolation methods: is size exclusion chromatography the best option?. International Journal of
272

Subramanian, A., & Schilling, T. F. (2015). Tendon development and musculoskeletal assembly: emerging roles
for the extracellular matrix. Development, 142(24),
4191-4204. [DOI:10.1242/dev.114777] [PMID]
[PMCID]
Thankam, F. G., Roesch, Z. K., Dilisio, M. F., Radwan, M.
M., Kovilam, A., Gross, R. M., & Agrawal, D. K.
(2018). Association of inflammatory responses and
ECM disorganization with HMGB1 upregulation and
NLRP3 inflammasome activation in the injured rotator
cuff tendon. Scientific Reports, 8(1), 1-14.
[DOI:10.1038/s41598-018-27250-2]
[PMID]
[PMCID]
Théry, C., Witwer, K. W., Aikawa, E., Alcaraz, M. J., Anderson, J. D., Andriantsitohaina, R. & Jovanovic‐
Talisman, T. (2018). Minimal information for studies
of extracellular vesicles 2018 (MISEV2018): a position statement of the International Society for
Extracellular Vesicles and update of the MISEV2014
guidelines. Journal of Extracellular Vesicles, 7(1),
1535750.
[DOI:10.1080/20013078.2018.1535750]
[PMID] [PMCID]
Théry, C., Zitvogel, L., & Amigorena, S. (2002). Exosomes: composition, biogenesis and function. Nature
Reviews
Immunology,
2(8),
569-579.
[DOI:10.1038/nri855] [PMID]
Vaidyanathan, R., Naghibosadat, M., Rauf, S., Korbie, D.,
Carrascosa, L. G., Shiddiky, M. J., & Trau, M. (2014).
Detecting exosomes specifically: a multiplexed device
based on alternating current electrohydrodynamic induced nanoshearing. Analytical Chemistry, 86(22),
11125-11132. [DOI:10.1021/ac502082b] [PMID]
Van Weeren, P. R., & Back, W. (2016). Musculoskeletal
disease in aged horses and its management. Veterinary
Clinics: Equine Practice, 32(2), 229-247.
[DOI:10.1016/j.cveq.2016.04.003] [PMID]
Wang, A., Breidahl, W., Mackie, K. E., Lin, Z., Qin, A.,
Chen, J., & Zheng, M. H. (2013). Autologous tenocyte
injection for the treatment of severe, chronic resistant
lateral epicondylitis: a pilot study. The American Journal of Sports Medicine, 41(12), 2925-2932.
[DOI:10.1177/0363546513504285] [PMID]

Iran J Vet Med., Vol 15, No 3 (Summer 2021)

Fahimeh Fahimi Trouski et al.
Wang, J. H. C. (2006). Mechanobiology of tendon. Journal
of
Biomechanics,
39(9),
1563-1582.
[DOI:10.1016/j.jbiomech.2005.05.011] [PMID]
Wang, Y., He, G., Guo, Y., Tang, H., Shi, Y., Bian, X., &
Tang, K. (2019). Exosomes from tendon stem cells
promote injury tendon healing through balancing synthesis and degradation of the tendon extracellular
matrix. Journal of Cellular and Molecular Medicine,
23(8),
5475-5485.
[DOI:10.1111/jcmm.14430]
[PMID] [PMCID]

Iranian Journal of Veterinary Medicine
Molecular
Sciences,
15(3),
4142-4157.
[DOI:10.3390/ijms15034142] [PMID] [PMCID]
Yu, H., Cheng, J., Shi, W., Ren, B., Zhao, F., Shi, Y., &
Ao, Y. (2020). Bone marrow mesenchymal stem cellderived exosomes promote tendon regeneration by facilitating the proliferation and migration of
endogenous tendon stem/progenitor cells. Acta Biomaterialia,
106,
328-341.
[DOI:10.1016/j.actbio.2020.01.051] [PMID]

Wang, Z., Wu, H. J., Fine, D., Schmulen, J., Hu, Y., Godin,
B., & Liu, X. (2013). Ciliated micropillars for the microfluidic-based isolation of nanoscale lipid vesicles.
Lab
on
a
Chip,
13(15),
2879-2882.
[DOI:10.1039/c3lc41343h] [PMID] [PMCID]

Zarovni, N., Corrado, A., Guazzi, P., Zocco, D., Lari, E.,
Radano, G., & Chiesi, A. (2015). Integrated isolation
and quantitative analysis of exosome shuttled proteins
and nucleic acids using immunocapture approaches.
Methods,
87,
46-58.
[DOI:10.1016/j.ymeth.2015.05.028] [PMID]

Wu, F., Nerlich, M., & Docheva, D. (2017). Tendon injuries: basic science and new repair proposals. EFORT
Open Reviews, 2(7), 332-342. [DOI:10.1302/20585241.2.160075] [PMID] [PMCID]

Zeringer, E., Barta, T., Li, M., & Vlassov, A. V. (2015).
Strategies for isolation of exosomes. Cold Spring Harbor
Protocols,
2015(4),
pdb-top074476.
[DOI:10.1101/pdb.top074476] [PMID]

Wu, Y., Deng, W., & Klinke II, D. J. (2015). Exosomes:
improved methods to characterize their morphology,
RNA content, and surface protein biomarkers. Analyst,
140(19), 6631-6642. [DOI:10.1039/C5AN00688K]
[PMID] [PMCID]

Zhang, M., Liu, H., Cui, Q., Han, P., Yang, S., Shi, M., &
Li, Z. (2020). Tendon stem cell-derived exosomes regulate inflammation and promote the high-quality
healing of injured tendon. Stem Cell Research & Therapy, 11(1), 1-15. [DOI:10.24966/SRDT-2060/100047]
[PMID] [PMCID]

Wunsch, B. H., Smith, J. T., Gifford, S. M., Wang, C.,
Brink, M., Bruce, R. L., & Astier, Y. (2016). Nanoscale lateral displacement arrays for the separation
of exosomes and colloids down to 20 nm. Nature Nanotechnology,
11(11),
936-940.
[DOI:10.1038/nnano.2016.134] [PMID]
Yang, D., Zhang, W., Zhang, H., Zhang, F., Chen, L., Ma,
L., & Wang, T. (2020). Progress, opportunity, and perspective on exosome isolation-efforts for efficient
exosome-based theranostics. Theranostics, 10(8),
3684. [DOI:10.7150/thno.41580] [PMID] [PMCID]
Yao, Z., Li, J., Wang, X., Peng, S., Ning, J., Qian, Y., &
Fan, C. (2020). MicroRNA-21-3p engineered umbilical cord stem cell-derived exosomes inhibit tendon
adhesion. Journal of Inflammation Research, 13, 303.
[DOI:10.2147/JIR.S254879] [PMID] [PMCID]
Yoon, J. H., & Halper, J. (2005). Tendon proteoglycans:
biochemistry and function. Journal of Musculoskeletal
Neuronal Interactions, 5(1), 22-34.

Zhang, P., He, M., & Zeng, Y. (2016). Ultrasensitive microfluidic analysis of circulating exosomes using a
nanostructured graphene oxide/polydopamine coating.
Lab
on
a
Chip,
16(16),
3033-3042.
[DOI:10.1039/C6LC00279J] [PMID] [PMCID]
Zhang, X., Wang, X., Zhu, H., Kranias, E. G., Tang, Y.,
Peng, T. & Fan, G. C. (2012). Hsp20 functions as a
novel cardiokine in promoting angiogenesis via activation of VEGFR2. PloS one, 7(3), e32765.
[DOI:10.1371/journal.pone.0032765]
[PMID]
[PMCID]
Zhou, Y. G., Mohamadi, R. M., Poudineh, M., Kermanshah, L., Ahmed, S., Safaei, T. S. & Kelley, S. O.
(2016). Interrogating circulating microsomes and exosomes using metal nanoparticles. Small, 12(6), 727732. [DOI:10.1002/smll.201502365] [PMID]

Yu, B., Zhang, X., & Li, X. (2014). Exosomes derived
from mesenchymal stem cells. International Journal of

Iran J Vet Med., Vol 15, No 3 (Summer 2021)

273

Iranian Journal of Veterinary Medicine
ISSN Online 2252-0554

10.22059/IJVM.2021.322050.1005168

Abstracts in Persian Language
ﻣﺠﻠﻪ ﻃﺐ داﻣﯽ اﯾﺮان ،1400 ،دوره  ،15ﺷﻤﺎره 274-259 ،3

اﮔﺰوزومﻫﺎي ﺳﻠﻮلﻫﺎي ﺑﻨﯿﺎدي ﻣﺰاﻧﺸﯿﻤﯽ در درﻣﺎن آﺳﯿﺐﻫﺎي ﺗﺎﻧﺪوﻧﯽ ﺣﯿﻮاﻧﺎت :ﻣﺮوري ﺑﺮ ﺟﺪاﺳﺎزي و
ﮐﺎرﺑﺮد آﻧﻬﺎ

ﻓﻬﯿﻤﻪ ﻓﻬﯿﻤﯽ ﺗﺮوﺳﮑﯽ ،1ﻋﺒﺎس ﭘﺮﻫﺎم

*1،2

 1ﺑﺨﺶ ﻓﯿﺰﯾﻮﻟﻮژي ،ﮔﺮوه ﻋﻠﻮم ﭘﺎﯾﻪ ،داﻧﺸﮑﺪه داﻣﭙﺰﺷﮑﯽ ،داﻧﺸﮕﺎه ﻓﺮدوﺳﯽ ﻣﺸﻬﺪ ،ﻣﺸﻬﺪ ،اﯾﺮان

 2ﮔﺮوه ﺗﺤﻘﯿﻘﺎﺗﯽ ﺑﯿﻮﻟﻮژي ﺳﻠﻮلﻫﺎي ﺑﻨﯿﺎدي و ﭘﺰﺷﮑﯽ ﺑﺎزﺳﺎﺧﺘﯽ ،ﭘﮋوﻫﺸﮑﺪه ﻓﻨﺎوري زﯾﺴﺘﯽ ،داﻧﺸﮕﺎه ﻓﺮدوﺳﯽ ﻣﺸﻬﺪ ،ﻣﺸﻬﺪ ،اﯾﺮان

)درﯾﺎﻓﺖ ﻣﻘﺎﻟﻪ 25 :ﻓﺮوردﯾﻦ ﻣﺎه  ،1400ﭘﺬﯾﺮش ﻧﻬﺎﯾﯽ 23 :ﺧﺮداد ﻣﺎه (1400

ﭼﮑﯿﺪه
آﺳﯿﺐﻫﺎي ﺗﺎﻧﺪوﻧﯽ ﺑﺨﺶ ﻋﻤﺪه اي از آﺳﯿﺐﻫﺎي اﺳﮑﻠﺘﯽ ﻋﻀﻼﻧﯽ در ﺣﯿﻮاﻧﺎت ،ﺑﻪ وﯾﮋه در اﺳﺐ را ﺷﺎﻣﻞ ﻣﯽﺷﻮد .ﺗﺎﮐﻨﻮن ،ﻫﯿﭻ درﻣﺎن ﺟﺎﻣﻌﯽ ﺑﺮاي اﯾﻦ ﻋﺎرﺿﻪ
ﻣﻌﺮﻓﯽ ﻧﺸﺪه اﺳﺖ و ﺑﯿﺸﺘﺮ درﻣﺎنﻫﺎ ﺑﺮ ﮐﻨﺘﺮل درد ﺗﻤﺮﮐﺰ دارﻧﺪ .ﺑﺎ ﺗﻮﺟﻪ ﺑﻪ ﻣﺰاﯾﺎﯾﯽ ﮐﻪ اﮔﺰوزومﻫﺎ در ﻣﻘﺎﯾﺴﻪ ﺑﺎ روشﻫﺎي ﻣﺒﺘﻨﯽ ﺑﺮ ﺳﻠﻮل درﻣﺎﻧﯽ و اﺛﺮات ﺧﻮد
ﺳﻠﻮلﻫﺎي ﺑﻨﯿﺎدي ﻣﺰاﻧﺸﯿﻤﯽ ﺑﺮ روي ﺗﺮﻣﯿﻢ ﺑﺎﻓﺘﯽ دارﻧﺪ ،اﮔﺰوزومﻫﺎي ﺳﻠﻮلﻫﺎي ﺑﻨﯿﺎدي ﻣﺰاﻧﺸﯿﻤﯽ ﺑﻪﻋﻨﻮان ﯾﮏ ﮔﺰﯾﻨﻪ درﻣﺎﻧﯽ ﻣﻨﺎﺳﺐ در ﺗﺮﻣﯿﻢ آﺳﯿﺐﻫﺎي
ﺗﺎﻧﺪوﻧﯽ ﻣﻄﺮح اﺳﺖ .ﻫﺪف اﯾﻦ ﻣﻘﺎﻟﻪ ﻣﺮور ﭘﺮوﺗﮑﻞﻫﺎي ﻣﺨﺘﻠﻒ ﺟﺪاﺳﺎزي اﮔﺰوزومﻫﺎ از ﺳﻠﻮلﻫﺎي ﺑﻨﯿﺎدي ﻣﺰاﻧﺸﯿﻤﯽ و ﻧﻘﺶ آﻧﻬﺎ در ﺗﺮﻣﯿﻢ ﺿﺎﯾﻌﺎت ﺗﺎﻧﺪوﻧﯽ
ﺣﯿﻮاﻧﺎت ،ﺑﻪ وﯾﮋه در اﺳﺐ اﺳﺖ .در درﻣﺎن اﺧﺘﻼﻻت ﺗﺎﻧﺪوﻧﯽ ،اﮔﺰوزومﻫﺎ ﻧﺴﺒﺖ ﺑﻪ ﺳﻠﻮلﻫﺎ ﭘﺎﯾﺪارﺗﺮ ﻫﺴﺘﻨﺪ ،ﭘﺲ از ﺗﺠﻮﯾﺰ آﻟﻮژﻧﯿﮏ ﺧﻄﺮ دﻓﻊ اﯾﻤﻨﯽ ﮐﻤﺘﺮي
دارﻧﺪ و ﻣﯽﺗﻮاﻧﻨﺪ ﺑﻪ ﻋﻨﻮان ﯾﮏ درﻣﺎن ﺟﺎﯾﮕﺰﯾﻦ ﻣﻨﺎﺳﺐ اﺳﺘﻔﺎده ﺷﻮﻧﺪ .اﮔﺰوزومﻫﺎي ﻣﺸﺘﻖ از ﺳﻠﻮلﻫﺎي ﺑﻨﯿﺎدي ﻣﺰاﻧﺸﯿﻤﯽ ﻣﻨﺎﺑﻊ ﻣﺨﺘﻠﻒ ﺑﺎﻋﺚ ﺗﺤﺮﯾﮏ ﺗﮑﺜﯿﺮ
و ﻣﻬﺎﺟﺮت ﺗﻨﻮﺳﯿﺖﻫﺎ و ﻓﯿﺒﺮوﺑﻼﺳﺖﻫﺎ ﻣﯽﺷﻮﻧﺪ؛ ﻣﻮﺟﺐ ﺗﻨﻈﯿﻢ آراﯾﺶ ﻓﯿﺒﺮﻫﺎي ﮐﻼژن ،ﺗﻌﺪﯾﻞ ﭘﺎﺳﺦﻫﺎي اﻟﺘﻬﺎﺑﯽ و ﻋﻤﻠﮑﺮد ﻣﺎﮐﺮوﻓﺎژﻫﺎ ﻣﯽﺷﻮﻧﺪ؛ از ﭼﺴﺒﻨﺪﮔﯽ
ﺟﻠﻮﮔﯿﺮي ﻣﯽﮐﻨﻨﺪ و ﺑﻪ ﻃﻮر ﮐﻠﯽ ﺗﺎﻧﺪونﻫﺎي آﺳﯿﺐ دﯾﺪه را ﺗﺮﻣﯿﻢ ﻣﯽﮐﻨﻨﺪ .در درﻣﺎن اﺧﺘﻼﻻت ﺗﺎﻧﺪوﻧﯽ ،اﮔﺰوزومﻫﺎ ﻧﺴﺒﺖ ﺑﻪ ﺳﻠﻮلﻫﺎ ﭘﺎﯾﺪارﺗﺮ ﻫﺴﺘﻨﺪ ،ﭘﺲ
از ﺗﺠﻮﯾﺰ آﻟﻮژﻧﯿﮏ ﺧﻄﺮ دﻓﻊ اﯾﻤﻨﯽ ﮐﻤﺘﺮي دارﻧﺪ و ﻣﯽﺗﻮاﻧﻨﺪ ﺑﻪ ﻋﻨﻮان ﯾﮏ درﻣﺎن ﺟﺎﯾﮕﺰﯾﻦ ﻣﻨﺎﺳﺐ اﺳﺘﻔﺎده ﺷﻮﻧﺪ .اﮔﺰوزومﻫﺎي ﻣﺸﺘﻖ از ﺳﻠﻮلﻫﺎي ﺑﻨﯿﺎدي
ﻣﺰاﻧﺸﯿﻤﯽ ﻣﻨﺎﺑﻊ ﻣﺨﺘﻠﻒ ﺑﺎﻋﺚ ﺗﺤﺮﯾﮏ ﺗﮑﺜﯿﺮ و ﻣﻬﺎﺟﺮت ﺗﻨﻮﺳﯿﺖﻫﺎ و ﻓﯿﺒﺮوﺑﻼﺳﺖﻫﺎ ﻣﯽﺷﻮﻧﺪ؛ ﻣﻮﺟﺐ ﺗﻨﻈﯿﻢ آراﯾﺶ ﻓﯿﺒﺮﻫﺎي ﮐﻼژن ،ﺗﻌﺪﯾﻞ ﭘﺎﺳﺦﻫﺎي اﻟﺘﻬﺎﺑﯽ
و ﻋﻤﻠﮑﺮد ﻣﺎﮐﺮوﻓﺎژﻫﺎ ﻣﯽﺷﻮﻧﺪ؛ از ﭼﺴﺒﻨﺪﮔﯽ ﺟﻠﻮﮔﯿﺮي ﻣﯽﮐﻨﻨﺪ و ﺑﻪ ﻃﻮر ﮐﻠﯽ ﺗﺎﻧﺪونﻫﺎي آﺳﯿﺐ دﯾﺪه را ﺗﺮﻣﯿﻢ ﻣﯽﮐﻨﻨﺪ .اﮔﺰوزومﻫﺎ ﺑﻪ دﻟﯿﻞ دارا ﺑﻮدن
ﭘﺮوﺗﺌﯿﻦﻫﺎ و ﻣﻮاد ژﻧﺘﯿﮑﯽ و ﺣﻤﻞ آﻧﻬﺎ ،در ارﺗﺒﺎط ﺳﻠﻮلﻫﺎ ﺑﺎ ﯾﮑﺪﯾﮕﺮ دﺧﯿﻞ ﻫﺴﺘﻨﺪ .اﺳﺘﻔﺎده از اﮔﺰوزومﻫﺎي ﺳﻠﻮلﻫﺎي ﺑﻨﯿﺎدي ﻣﺰاﻧﺸﯿﻤﯽ ﺑﻪ دﻟﯿﻞ ﻧﮕﻬﺪاري
آﺳﺎن ﺗﺮ و ﮐﺎﻫﺶ ﺧﻄﺮ ﭘﺲ زدن ﺗﻮﺳﻂ ﺳﯿﺴﺘﻢ اﯾﻤﻨﯽ ﺑﺪن و ﮐﺎﻫﺶ اﺣﺘﻤﺎل ﺑﺮوز آﻧﻮﭘﻠﻮﺋﯿﺪي در ﻣﻘﺎﯾﺴﻪ ﺑﺎ روشﻫﺎي ﻣﺒﺘﻨﯽ ﺑﺮ ﺳﻠﻮل ،ﺑﻪ ﻋﻨﻮان ﯾﮏ ﮔﺰﯾﻨﻪ
درﻣﺎﻧﯽ ﻣﻄﻠﻮب ﻣﻄﺮح ﻫﺴﺘﻨﺪ.
واژهﻫﺎي ﮐﻠﯿﺪي :وزﯾﮑﻮلﻫﺎي ﺧﺎرج ﺳﻠﻮﻟﯽ ،ﺗﮑﻨﯿﮏﻫﺎ ،ﺗﺮﻣﯿﻢ ﺑﺎﻓﺘﯽ ،اﺳﺐ ،راﻫﺒﺮدﻫﺎي درﻣﺎﻧﯽ

ﻧﻮﯾﺴﻨﺪة ﻣﺴﺌﻮل :ﻋﺒﺎس ﭘﺮﻫﺎم ،ﺑﺨﺶ ﻓﯿﺰﯾﻮﻟﻮژي ،ﮔﺮوه ﻋﻠﻮم ﭘﺎﯾﻪ ،داﻧﺸﮑﺪه داﻣﭙﺰﺷﮑﯽ ،داﻧﺸﮕﺎه ﻓﺮدوﺳﯽ ﻣﺸﻬﺪ ،ﻣﺸﻬﺪ ،اﯾﺮان
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