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Abstract: Exosomes are extracellular vesicles with a diameter between 40 and 120 nm, which are
derived from all types of cells and released into all biological fluids, such as blood plasma, serum,
urine, breast milk, colostrum, and more. They contain proteins, nucleic acids (mRNA, miRNA, other
non-coding RNA, and DNA), and lipids. Exosomes represent a potentially accurate footprint of
the miRNA profile of the parental cell and can therefore be proposed as potential and sensitive
biomarkers, both in diagnosing and monitoring a variety of diseases in humans and animals. Liquid
biopsy offers itself as a non-invasive or minimally invasive, pain-free, time-saving alternative to
conventional tissue biopsy. Exosomes in both human and veterinary medicine find their major
application in neoplastic diseases, but applications in the field of veterinary cardiology, nephrology,
reproduction, parasitology, and regenerative medicine are currently being explored. Exosomes
can therefore be used as diagnostic, prognostic, and, in some cases, therapeutic tools for several
conditions. The aim of this review was to assess the current applications of exosomes in veterinary
medicine, particularly in dog and cat patients.

Keywords: exosomes; extracellular vesicles; miRNA; veterinary medicine; dog; cat; biomarkers

1. Introduction

Prokaryotic and eukaryotic cells release extracellular vesicles (EVs): among these
are the ectosomes (also recognized as microvesicles or microparticles) and exosomes [1].
Ectosomes pinch off the surface of the plasma membrane via outward budding, while
exosomes recognize an endosomal origin. Exosomes are small EVs with a size range of ~40
to 120 nm, and are carriers of bioactive molecules and are secreted by different types of cell
after the fusion of multivesicular bodies with their membrane in both physiological and
pathological conditions [2].

In 1981, Trams et al. discovered that these micro-vesicles were nothing but exfoliated
membrane vesicles containing ecto-enzymes [3], while Pan and Johnstone, in 1983, dis-
covered that sheep reticulocytes, during their maturation process, released these vesicles
while eliminating transferrin receptor (Tfr), but they were regarded as cellular waste [4].
Only in 1987 were they given the name “exosomes” [5], but we had to wait until 1996 for
their important role to be recognized by Raposo et al.: exosomes are actually mediators
of physiological pathways [6]. They are produced by all cell types in physiological and
pathological conditions and secreted in all organic fluids, such as blood plasma and serum,
urine, breast milk, colostrum, peritoneal fluid, saliva, semen, amniotic fluid, cerebrospinal
fluid, bronchoalveolar lavage, bile, synovial fluid, aqueous humors, tears, nasal secretions,
pleural effusions, and tumor ascites [7-10].

As carriers of important messages, exosomes play a crucial role in cell-to-cell commu-
nication. Exosomes reach distant target cells, where they release their cargo, represented
by proteins, DNA, RNA, microRNAs, cytokines, metabolites, and lipids. The interaction
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between exosomes and target cells is not yet clear, although the expression of specific
molecules on their membrane seems to be fundamental for the binding process [11]. How-
ever, in some cases, exosomes release their cargo outside the cell without a direct interaction,
probably following possible molecules (e.g., proteins) being able to bind cell receptors [12].
Preliminary data from a recent study also indicated that some exosomes are associated
with the surface of red blood cells and that these blood-cell-bound exosomes are also
more precise in discriminating cancer patients than cell-free exosomes circulating in the
plasma [13].

Exosomes are involved in the immune response, viral pathogenicity, pregnancy, car-
diovascular diseases, central nervous system-related diseases, and cancer progression.
These characteristics make their application possible in therapeutics and diagnostics. Engi-
neered exosomes are able to deliver therapeutic payloads (short interfering RNA, antisense
oligonucleotides, chemotherapeutic agents, and immune modulators), while exosome-
based liquid biopsy has shown its utility in diagnosing and issuing a prognosis in patients
with cancer and other diseases [14].

Exosome isolation is a current topic of research. Several techniques have been studied,
developed, and proposed: ultracentrifugation, ultrafiltration, size exclusion chromatogra-
phy (SEC), polymer precipitation, immunoaffinity chromatography, and techniques based
on microfluids. Each method carries advantages and disadvantages, and may differ in the
way the sample is preprocessed and also in the purity and the quality of the exosomes
obtained. To evaluate the quality of the harvested exosomes, several methods can be
used: electron (SEM and TEM) microscopy, atomic force microscopy (AFM), nanoparticle
tracking analysis (NTA), dynamic light scattering coupled with zeta potential determi-
nation, Western blotting, fluorescence-activated cell sorting (FACS), and enzyme-linked
immunosorbent assays (ELISA) [15-17].

2. Exosomal Cargo

Exosomes derived from the same parent cell would be expected to contain an analo-
gous protein, nucleic acid, and lipid composition, though it has recently been shown that
the molecular composition of exosomes can differ even when the exosomes derive from
the same primary cell [1]. These microvesicles contain different biomarkers, proteins, and
lipids such as sphingomyelin, cholesterol, phosphatidylserine, and ceramide [18-23]. These
macromolecules play an important role in various pathological and physiological processes
like inflammation, angiogenesis, immune response, cell death, cancer, and neurodegenera-
tive diseases [24]. In Figure 1, we present the structure of exosomes, their content, and the
multicellular crosstalk between exosomes and different types of cell.

2.1. Proteins

The protein content of exosomes has bben quite well studied. Exosomes are rich
in various tetraspanins (CD81, CD82, CD63, CD9) [25,26]. ALIX and TSG101, which are
necessary to the formation of multivesicular bodies, are also present. It is also possible to
find clathrin, ubiquitin, and lipid raft proteins, as well as targeting adhesion molecules
and integrins. The presence of membrane trafficking and fusion proteins is very important
for uptake and infusion. In exosomes, it is also possible to find proteins related to the
specific parent cell, such as oncogenic proteins or mutant proteins which can be secreted
by cancer cells. In exosomes, the endosomal sorting complexes required for transport
(ESCRT) play an important role in biogenesis, so they are almost always present in these
extracellular vesicles. TSG101 and ALIX are involved in the biogenesis of exosomes as well:
in particular, ALIX, TS101, and HSP70 may be used as markers to successfully distinguish
exosomes from other extracellular vesicles, even though they are quite recognizable by
electron microscopy thanks to their characteristic cup shape [27,28].
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Figure 1. Exosome cross-talking. The biogenesis of exosomes begins with endocytosis to form early endosomes by inward

budding, then form late endosomes, and ultimately produce multivesicular bodies (MVBs). MVBs merge with the cell

membrane and, by exocytosis, release exosomes into the extracellular environment [1]. Exosomes modulate the recipient

cell’s gene expression by initiating cell signaling as well as intercellular transfer of the protein, lipid, and RNA cargo, not

only in a functional setting (blue exosomes in the picture) but also in cancer (gray exosomes), infectious (red exosomes),

and parasitic (yellow exosomes) diseases, gaining clinical significance because of their potential use as biomarkers or
next-generation therapeutics [11]. Abbreviations in the picture: MVB, multivesicular bodies; HSP, heat shock protein; ALIX,
ALG-2-interacting protein X; TSG101, tumor susceptibility gene 101; CD, cluster of differentiation.

Tetraspanins (CD81, CD63, CD9) and flotillin-1 are abundant in the exosomal mem-
branes and may also be considered as markers for their identification.

2.2. DNA and RNA

Being secreted by all living cells, exosomes contain biological information and also
present specific surface proteins from the parental cells, thus being more representative
than cell-free DNA [10]. Recently, Jeppesen et al. published a contradictory paper, which
claimed that dsDNA and DNA-binding histones were surprisingly absent in exosomes [29],
but not long afterwards, Yokoi et al. re-confirmed via imaging flow cytometry that dsDNA
is present in exosomes [30].

In 2006, Ratajczak et al. were the first to identify the presence of messenger RNA
in membrane drive cells isolated from embryonic stem cells [31]. In 2007, Valadi et al.
demonstrated that exosomes contain RNA, miRNAs, and small non-coding RNA. In this
study, the authors proved that these miRNAs have functional activity, giving exosomes an
important role as messengers [21].

After the publication of Valadi’s study, in 2012, Bellingham et al. and Nolte-‘t Hoen
et al., in two separate studies, used next-generation deep sequencing to profile the RNA
associated with extracellular vesicles. Since then, exosomes have been studied as potential
biomarkers for various diseases [32,33].

Small non-coding RNAs can be divided into microRNAs, which are between 18 and
25 pairs in length; piwi-interacting RNAs, which are between 26 and 31 base pairs in length;
and small nuclear RNAs, which are between 60 and 300 base pairs in length. These types
of small non-coding RNA have different cellular functions. Piwi-interacting RNAs are
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involved in epigenetic modifications, in genome integrity, and in defense transposable
elements. MicroRNAs are involved in transcriptional and post-transcriptional regulation
and in viral defense [34].

Starting from these functions, it is possible use small non-coding RNA in human and
veterinary medicine.

Tumor cells release extracellular vesicles and exosomes as well, and it is possible to
find tumor miRNA in these vesicles. For example, through a simple blood sample, it is
possible to identify a tumor miRNA coming from any tumor in the body if we can identify
the sequences of the specific tumor [35]. Moreover, miRNA can be used to diagnose various
diseases.

2.3. Lipids

Extracellular vesicles are generally composed of a single phospholipid bilayer, but
more layers have been reported. However, all extracellular vesicles, including exosomes,
own a membrane structure, so lipids are obligate components of exosomes [36].

The composition of the exosomal membrane is similar to that of the plasma membrane,
as they are composed of cholesterol, phospholipids, glycolipids, and integral and peripheral
proteins. The major lipids present in the exosomal membrane are phosphatidyl choline,
phosphatidyl serine, phosphatidyl ethanolamine, phosphatidyl inositol, sphingomyelin,
cerebrosides, gangliosides, and cholesterol [37].

The major differences between the plasma membrane and the vesicle membrane are
the symmetric distribution of lipids in the vesicle membrane and the fact that phosphatidyl
serine is present on both sides of the vesicle membrane, internal and external. Furthermore,
the vesicle membrane has a curve that exposes the hydrophobic core to the aqueous
phase. In the exosomes, most lipid classes, including glycosphingolipids, cholesterol,
sphingomyelin, and phosphatidyl serine, are expressed more than in the plasma membrane.
Additionally, exosomes contain ceramide.

Lipids play an important role in vesicle biogenesis, transport and membrane defor-
mation processes, fission, and fusion [38]. Ceramide is synthesized from sphingomyelin
through sphingomyelinase 2 (nMase2) and, in the case of inhibition of this enzyme, pro-
teolipids and proteins released from the exosomes are reduced [39]. Conical lipids such
as phosphatidyl ethanolamine and phosphatidyl serine and lysophosphatidylcholine are
important for the shape of extracellular vesicles. Cholesterol and sphingomyelin are impor-
tant for the stabilization of membranes during fusion, while phosphatidyl ethanolamine
improves fusion efficiency.

3. Exosomes in Neoplastic Diseases

In veterinary medicine, as of today, most studies have focused on the role of exosomes
in neoplastic diseases. Exomes indeed mimic the originating cell, representing a fairly
accurate footprint of the miRNA profile of the parental cell [40,41], as shown in human
lung [42], prostatic [43], colorectal [44], and ovarian cancer [45].

Exosomes influence cancer progression (promoting or inducing neoplasia), para-
neoplastic syndromes, and the efficacy of therapy [46]. These vesicles have also been
implicated in the angiogenic remodeling of the tumor microenvironment, a critical step
in tumor growth and metastatic dissemination [47]. Exosomes promote chemoresistance
by enhancing drug resistance properties within cancer cell populations (as seen in human
colorectal cancer); chemoresistance is also mediated by horizontal transfer of exosomal
miRNAs (as seen in human breast cancer) [48,49].

Opposed to rodents, which are frequently used in experimental studies, companion
animals live in the same environment as humans, so their carcinogenesis can be influenced
by the same factors: for this reason, malignant canine mammary tumors (CMT) can be con-
sidered a study model for breast mammary cancer (BC) in human medicine. Furthermore,
exosomes are present in many biological fluids and can be used similarly to minimally
invasive liquid biopsies in veterinary medicine [50].
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In 2017, Troyer et al. demonstrated that osteosarcoma cells produce exosomes, which
have pro-tumorigenic potential in circulating T-cells obtained from healthy dogs. In
particular, these exosomes derived from osteosarcoma cells have an immunosuppressive
effect on CD4+ and CD8+, reducing their activation and proliferation. Exosomes derived
from osteoblasts have an immunosuppression effect, but not exosomes derived from
osteosarcoma cells [51].

In 2018, Brady et al. investigated the use of exosomes as biomarkers for osteosarcoma
in dogs. They studied the proteomic cargo of exosomes in dogs with osteosarcoma, in
dogs with traumatic fractures, and in healthy dogs. The authors demonstrated that it was
possible to distinguish dogs with osteosarcoma versus healthy dogs by using an analysis
of the proteomic cargo of serum exosomes. Furthermore, this diagnostic approach also
proved to be useful to exclude lung metastasis [52].

In 2018, Fish et al. demonstrated that CMT and BC cells released exosomes, and
these can be used like biomarkers in dogs and humans. For instance, CMT exosomes, just
like BC exosomes, expressed miRNA, especially miR-18a, miR-19a, and miR-181a. The
authors demonstrated that these exosomes play a role in cellular proliferation, neoplastic
transformation, and tumor progression [50].

In 2020, Howard et al. studied feline mammary tumors, particularly feline mammary
adenocarcinoma (FMA), as a model for triple-negative breast cancer (TNBC), a subtype of
human breast cancer which does not express estrogen receptors or progesterone receptors,
and does not overexpress human epidermal growth factor receptor 2 (HER2). Today,
the role of exosomes in TNBC and FMA is not clear, but they can be associated with
chemoresistance present in both tumors. However, other studies are needed [53].

In the last few years, studies on lymphoid tumor canine cell lines were published. In
2019, Asada et al. issued a study about the miRNA and protein profile present in exosomes
derived from canine lymphoid tumor cell lines. They demonstrated that, despite the major
RNA and proteins being similar among all cell lines, the profile of miRNA was different
between cell lines. They demonstrated that the presence of some miRNAs, especially
miR-151, miR-8908a-3p, and miR-486 and of CD82 protein was different between exosomes
derived from vincristine-resistant or vincristine-sensible cell lines [54].

In 2018, Ramos-Zayas et al. published their study about the use of exosomes for cancer
immunotherapy. In particular, the authors demonstrated that exosomes derived from
venereal tumors can stimulate the immune response in dogs when inoculated intravenously,
with therapeutical effects [55].

4. Exosomes in Non-Neoplastic Diseases

Though mainly adopted in oncology to detect early malignancy indicators or to moni-
tor metastatic potential, different non-neoplastic diseases may benefit from the developing
use of exosome and miRNAs in terms of diagnostics and disease progression monitoring,
in both scientific and clinical settings.

4.1. Cardiovascular Diseases

Exosomes from various sources have been proven to be cardioprotective. For example,
mesenchymal stem cell (MSC)-derived exosomes, when injected into the tail veins of mice
undergoing 30 min of myocardial ischemia via ligation of the coronary artery, were able to
significantly reduce infarction size after 24 h [56], while plasma-derived exosomes proved
to be cardioprotective in an acute setting against ischemia and reperfusion, both in vitro
and in vivo, with exosomal HSP70 stimulating TLR4 signaling and leading to the activation
of ERK1/2 and p38MAPK, and subsequent HSP27 phosphorylation in cardiomyocytes [57].
This also applied to cardiomyocytes-derived exosomes: when exposed to glucose starva-
tion and co-cultured with endothelial cells, neonatal rat cardiomyocytes shed numerous
exosomes containing GLUT1 and GLUT4 transporters, which enabled the uptake of glucose
and glycolysis in endothelial cells [58].
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Furthermore, various exosome-mediated therapeutic applications have been proposed
in a number of cardiovascular models [59]. The majority of the studies investigated the
cardioprotective role of different cell-derived exosomes, mostly in myocardial infarction
(MI): for example, exosomes from cardiac endothelial cells improved the ejection fraction in
rats with MI [60]. Another study showed that exosomes isolated from murine MSCs, when
injected into mice with pulmonary arterial hypertension, were able to reverse pulmonary
hypertension by modulating pulmonary vascular remodeling [61].

Both in human and veterinary patients, cardiovascular diseases are associated with
the dysregulation of miRNAs. A study by Yang and colleagues hypothesized that exosome
miRNA could discriminate healthy dogs, dogs with myxomatous mitral valve disease
(MMVD), and/or dogs with MMVD and co-existent chronic heart failure (CHF). They
attempted to compare the range of miRNA isolated from exosomes with the total plasma
miRNA to see if exosomal miRNA was more indicative of the disease. The study evaluated
changes in the circulating exosomal miRNA in dogs with MMVD (with and without CHF),
comparing them with healthy control dogs, in which a difference between young and
old dogs was found. The results showed that cfa-miR-9, cfa-miR-181c, cfa-miR-495, and
cfa-miR-599 expression exhibited changes that correlated not only with disease progression
and development of heart failure, but also correlated with the dog’s age. This finding could
be justified by the prevalence of MMVD in older dogs. This is not the first time that a
canine model has supported the evidence of exosomal miRNAs as markers of the different
stages of a disease [62].

A 2015 study on mice with doxorubicin-induced dilated cardiomyopathy showed that
subjects receiving MSC-derived exosomes showed improved heart function and decreased
apoptosis and fibrosis [63]. Beaumier et al. aimed to identify the changes in EV-miRNA
expression in dogs receiving doxorubicin (DOX), a chemotherapeutic agent with generally
irreversible dose-dependent cardiotoxicity. Changes in the expression of miRNA was then
correlated with serum cardiotroponin I (cTnl) measurements and the echocardiographic,
electrocardiographic, and histological findings. The results showed that four miRNAs were
differentially expressed after the administration of DOX: miR-107, miR-146a, miR-181d,
and miR-502. They found a downregulation of miR-107 and miR-146a, as well as an up-
regulation of miR-502, after just two doses of DOX, as seen in pediatric patients treated
with DOX. Specifically, upregulation of miR-502 was detected before any significant cTnl
and echocardiographic changes were seen. On the other hand, miR-181d upregulation
was only detected in patients with a decreased left ventricle ejection fraction. This partic-
ular miRNA inhibited leukemia inhibitory factor (LIF); LIF has cardioprotective effects.
In conclusion, EV-miRNAs strongly showed potential as a DOX-induced cardiotoxicity
biomarker and should drive the clinician’s choice of treatment, as well as the choice of
early cardioprotective strategies during chemotherapy [64].

4.2. Reproductive Health

Assisted reproductive techniques (ARTs) are currently available, well-known, and
widely used in large animals, whereas in the canine species, the unique features of the
reproductive physiology in bitches bring some limitations. The dog is the only mammal in
which the ovarian follicles release an immature oocyte in prophase I—requiring 48/72 h to
complete maturation in the oviduct—as well as being the only domestic animal in which the
follicle undergoes preovulatory luteinization. The environment surrounding the immature
oocyte gives it the majority of the sources needed for its metabolism, meaning that valid
communication between cells is necessary for correct oocyte development. A high number
of proteins in the EVs present in canine oviductal fluid have recently been discovered: the
main functions of these EV-related proteins are aiding sperm—oocyte binding, allowing
fertilization, and promoting embryo development. The biological function of oviduct-
derived exosomes has been studied in pigs, cows, and rats, while in the canine species, we
know from previous studies that exosomes play a role in the cumulus—ocyte interaction.
A review by Lee and Saadeldin investigated the properties of canine EVs. Since oocyte
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maturation happens in the oviduct, the study concluded that EV-related miRNAs are
present in the oviductal fluid. The review found the EVs to be potential candidates for
regulating oocyte maturation in canine reproduction [65]. To support this hypothesis, a
recent study reported that treating cat sperm with oviductal-derived exosomes improved
sperm motility [66].

In canine reproduction, semen from male dogs is often cryopreserved to overcome the
obstacles to natural breeding in some breeds, live animal transportation and trade. The
freezing process, however, can alter the morphology of the sperm, damaging the plasma
and acrosomal membranes and resulting in lower post-thaw sperm fertilizing capability.
The hypothesis of a study by Qamar was that supplementation with exosomes from canine
adipose-derived mesenchymal stem cells (Ad-MSCs) was able to repair the sperm that
were damaged in the freezing process. They showed that the supplementation increased
the post-thaw mobility and the percentage of live sperm, even if no statistically significant
difference was found from the controls. Nonetheless, exosomal-treated sperm had high
percentage of intact plasma and acrosome membranes when compared with the controls,
as well as significant higher motility and viability [67].

Exosomes have been found in human milk, as well in milk from cows, goats, pigs,
buffaloes, pandas, wallabies, horses, camels, and rodents. Among the forementioned
species, the most abundant miRNAs have been found in humans, pigs, cows, and pan-
das, with human milk and cattle milk sharing up to 95% of their miRNA [8,68]. Milk
exosomes have been proven to resist the gastrointestinal environment of the newborn,
therefore reaching the intestinal cells intact and promoting the immunomodulatory effects
and boosting epithelial cell growth of that location, thus stimulating development of the
newborn’s gastrointestinal tract [49,69]. Villatoro et al. recently highlighted the abundant
presence of exosomes in canine colostrum milk. Exosomes were also shown to be able
to interact with mesenchymal stem cells (MSCs), inducing a different secretory profile
based on the source of the MSCs: adipose tissue or bone marrow. Exosomes, furthermore,
exercised an antioxidant function on canine fibroblasts, which play a part in the maturation
of the respiratory system, protecting the newborn from a large number of ROS-mediated
pathologies in the early stages of life [70].

4.3. Renal Diseases

Urine is a non-invasively accessible biofluid, and renal, bladder, urethral, and prostate
diseases, including neoplastic diseases, may benefit from the diagnostic prospect offered
by exosomes. Every urothelial cell normally sheds exosomes in the urine, making urinary
exosome-derived miRNA a valid tool for monitoring the health of the urinary tract, as it
is hypothesized that changes in its physiological condition may be reflected in changes
in the miRNA composition of urine [9,71], thus supporting their potential use as early
diagnostic biomarkers for kidney diseases. Ichii and colleagues investigated the urinary
exosome-derived miRNA profile of kidneys in dogs and cats, and found a total of 277,
276, 295, and 297 miRNAs in the feline renal cortex and medulla, and in the canine renal
cortex and medulla, respectively. In veterinary medicine, blood urea nitrogen (BUN) and
creatinine (Cr) are universally acknowledged as renal function markers, though they tend
to increase when a large part of the kidney is lost and cannot discriminate the injured
part of the kidney involved. A previous study from the same group highlighted that the
glomerulus tends to be the most commonly afflicted section in canine kidneys, while the
tubulointerstitial region is predominantly affected in cats. The authors then focused on
identifying novel markers that could function both as disease indicators and therapeutic
targets in patients with chronic kidney disease. They performed the study both in dogs
and cats. In dogs, miR-26a, miR-146a, miR-486, miR-21a, and miR-10a/b were selected as
candidate microRNAs. In particular, urinary exosome-derived miR-26a and miR-10a/b
were significantly decreased in dogs with kidney disease, and miR-26a levels had a negative
correlation with worsened renal function than other miRNAs. In addition, miR-26a and
miR-21a were proven to indicate glomerular and tubulointerstitial damage, respectively.
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As for cats, let-7b, let-7f, miR-10a, miR-10b, miR-21a, miR-22, miR-26a, miR-27b, miR-146a,
miR-181a, miR-191, and miR-486a were identified as biomarker candidates. In particular,
let-7b, miR-22, and miR-26a significantly decreased in cats with early kidney disease. Thus,
the authors identified that urinary exosome-derived microRNAs in dogs and cats may
represent a novel diagnostic tool and their levels could indicate an impairment in renal
function, though further studies are necessary for the application of urinary exosome-
derived miRNAs to the clinical field [72-74].

4.4. Parasitic Diseases

During L. donovani infection in a murine model, exosomes released by the protozoa,
containing the glycoprotein gp63, are responsible for the impairment the immune host
response and also reduce the expression of miR-122, a marker for liver impairment. In 2020,
Di Loria et al. evaluated the expression of exosomal miR-122, a marker of liver impairment
involved in cholesterol metabolism, in leishmaniotic dogs. The authors detected liver
dysfunction was associated with a reduction in circulating miR-122 in leishmaniotic dogs,
strengthening the hypothesis that Leishmania parasites regulate this specific exosomal
miRNA through gp63, even in dogs [75].

4.5. Orthopaedics and Regenerative Medicine

In veterinary medicine, as opposed to the reality in human medicine, regenerative
medicine via the use of mesenchymal stromal cells (MSCs) is a delicate topic. The main ther-
apeutic effect of mesenchymal cell therapy must be attributed to the so-called secretome, a
variety of factors secreted by MSCs, mainly composed of cytokines, chemokine, growth
factors, and extracellular vesicles. It has been hypothesized that extracellular vesicles alone
may be able to heal injuries and tissue damage: this would overcome the practical difficul-
ties we encounter in veterinary medicine regarding the use of stem cell-based protocols.
Nonetheless, this approach is recent and still in the early stages of research [76]. El-Tookhy
et al. experimentally induced wounds in six dogs and investigated the exosome’s role in
wound healing by treating them with exosomal fluid. The results were positive: in dogs
treated with exosomes, versus the group treated only with PBS, the healing process was
improved both in quality and time, as demonstrated by photographic and histopathological
evaluation, thus underlining the efficacy and safety of exosome therapy in wound repair.
This may allow veterinarians to prevail over the limitations associated with the use of cell
implantation [77]. Exosomes, in addition, are easy to harvest in large quantities and easy to
store, particularly through a lyophilization process. EVs are considered a new therapeutic
tool particularly in joint and musculoskeletal disorders, such as osteoarthritis, tendon and
ligament injuries, and intervertebral disk degeneration [76].

5. Conclusions and Future Prospective

The current applications of exosomes in veterinary medicine reviewed in this study
are listed in Table 1.

With the evolution of tailored medicine, conventional solid biopsy has been gradually
giving way to liquid biopsy, which provides a promising platform for non-invasive diagno-
sis and prognosis. Undoubtedly, exosomes play an important role in various physiological
and pathological processes, and therefore could be potential tools for clinical applications.
However, the embryonic development of exosome research, especially in the modern-day
veterinary field, still presents some barriers between basic research and clinical practice.
Standardization of the classification and extraction methods of exosomes for a minimal
concentration of the different body liquids is still needed. Moreover, the simultaneous
detection of more molecules carried by exosomes could be able to refine their role as
biomarkers in the diagnostic field. Additionally, the biological safety of exosomes must
be confirmed before clinical use when these vesicles are used in therapy. The therapeutic
potential of exosomes that are tailored to carry other types of cargo (e.g., siRNA) has
been investigated recently in experimental animals [78], generating multiple clinical trials
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registered for diseases such as cancer, wound healing, stroke, and diabetes. In particular,
exosomes were obtained from animal cells (mesenchymal stromal cells, dendritic cells, and
plasma) and also from plant cells [79]. Research conducted in pigs has shown that the
scaling up of exosome production for use in humans is achievable, while lyophilization can
be used to preserve exosomal cargo bioactivity. Translational medicine from experimental
animals, but also involving companion animals (which frequently represent an animal
model for human diseases), is essential for further development in human medicine, but
could offer a fast approach to a new exosome-based therapy in veterinary medicine.

Table 1. Overview of the current applications of exosomes in veterinary medicine.

Field Dlse'ase.or Species Sample Isolation Characterization Use Reference
Application
Oncology Osteosarcoma Canine Cell culture Centrifugation NTA ! Prognostic [52]
Diagnostic
Oncology Osteosarcoma Canine Serum Centrifugation NTA and [53]
prognostic
Oncology CMT 2 Canine Cell culture Centrifugation TEM 3 Diagnostic [51]
Oncology FAM * Feline / / / Diagnostic [54]
Oncology L}lrlilr};l}gcrnd Canine Cell culture Centrifugation NTA Diagnostic [55]
Cell culture
Oncology  Venereal tumor Canine from Centrifugation TEM Therapeutic [56]
biopsies
. MMVD °-CHF . Sequential Flow cytometry, . .
Cardiology 5 Canine Plasma ultracentrifugation TEM, NTA Diagnostic [63]
. Doxorubicin . Size-exclusion . .
Cardiology cardiotoxicity Canine Plasma chromatography TEM Diagnostic [65]
Canine
Reproductive Semen . adipose- Invitrogen Total
health preservation Canine derived Exosome Isolation TEM / [68]
MSCs 7
. Evaluation of .
Reproductive . . . Western blotting,
health Colost?um Canine Colostrum  Ultracentrifugation TEM / [72]
quality
Total Exosome
Canine Isolation or Immunoblottin;
Nephrology CKD 8 . Urine miRCURY 9 & Diagnostic [74,75]
feline . SEM
Exosome Isolation
Kit Cells
Flow cytometry,
(TEM), dynamic
Parasitology =~ Leishmaniasis Canine Serum ExoQuick light scattering Prognostic [77]
and zeta
potential
determinations
Orthopedics
and regen- Wounds Canine MSCs Ultracentrifugation Cytoﬂuorlrpetrlc Therapeutic [79]
erative analysis
medicine

1 NTA: nanoparticle tracking analysis; 2 CMT: canine mammary tumor; > TEM: transmission electron microscopy;  FAM: feline mammary
adenocarcinoma; > MMVD: myxomatous mitral valve disease; 6 CHF: congestive heart failure; 7 MSCs: mesenchymal stem cells; 8 CDK:
chronic kidney disease; * SEM: scanning electron microscopy.
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