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The two main sources of mesenchymal stem cell (MSCs) in the canine species are bone marrow (cBM-MSCs) and
adipose tissue (cAd-MSCs). The secretion of multitude bioactive molecules, included under the concept of secretome and found in the cultured medium, play a predominant role in the mechanism of action of these cells on
tissue regeneration. Although certain features of its characterization are well documented, their secretory proﬁles remain unknown. We described and compared, for the ﬁrst time, the secretory proﬁle and exosomes
characterization in standard monolayer culture of MSCs from both sources of the same donor as well as its
immunomodulatory potential. We found that despite the similarity in surface immunophenotyping and trilineage diﬀerentiation, there are several diﬀerences in terms of proliferation rate and secretory proﬁle. cAd-MSCs
have advantages in proliferative capacity, whereas cBM-MSCs showed a signiﬁcantly higher secretory production of some soluble factors (IL-10, IL-2, IL-6, IL-8, IL-12p40, IFN-γ, VEGF-A, NGF-β, TGF-β, NO and PGE2) and
exosomes under the same standard culture conditions. Proteomics analysis conﬁrm that cBM-MSCs exosomes
have a greater number of characterized proteins involved in metabolic processes and in the regulation of biological processes compared to cAd-MSCs. On the other hand, secretome from both sources demonstrate similar
immunomodulatory capacity when tested in mitogen stimulated lymphocyte reaction, but not in their exosomes
at the dose used. Considering that the use of secretome open as a new therapeutic strategy for diﬀerent diseases,
without the need to implant cells, those biological diﬀerences should be considered, when choosing the MSCs
source, for either cellular implantation or direct use of secretome for a speciﬁc clinical application.

1. Introduction
Mesenchymal stem cells (MSCs) therapy represents an important
advance in the treatment of diﬀerent pathologies both in human and
veterinary patients. In the canine species, there are numerous studies
with promising results (Villatoro et al., 2015; Villatoro et al., 2018a;
Perez-Merino et al., 2015; Harman et al., 2016), however, more
knowledge are needed to conﬁrm the expectations with these new
therapies (Fortier and Travis, 2011;Faltus and Brehm, 2016).
MSCs have been isolated from diﬀerent tissues in canine species
(Kisiel et al., 2012; Uranio et al., 2011), being bone marrow (cBM-

MSCs) and adipose tissue (cAd-MSCs) the main sources for cellular
therapy in dogs, mainly because of their ease of obtaining (de Bakker
et al., 2013). Both cell types share similar features such as morphology
and cell surface markers, but some signiﬁcant biological diﬀerences
concerning their proliferation, gene expression, diﬀerentiation capacity
and immune suppressive pathways were found (Chow et al., 2017;
Screven et al., 2014; Russell et al., 2016).
Despite its diﬀerent pleiotropic eﬀects on tissue repair, there is an
agreement that the greatest therapeutic eﬀect of the MSCs is paracrine,
through the secretion of multitude bioactive molecules included under
the general concept of secretome. This secretome, is referred to a rich
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18 and 21 days at an optical density of 490 nm using a microplate
reader (ELx800, Bio-Tek instruments).

and complex mixture of diﬀerent soluble factors (mainly growth factors, cytokines, chemokines and extracellular matrix components) and a
variety of extracellular vesicles including exosomes, microvesicles and
apoptotic bodies, and can be found in the medium where the stem cells
are cultured (conditioned medium, CM) (Konala et al., 2016; Katsuda
et al., 2013; Vizoso et al., 2017).
The use of secretome or any of its components open new therapeutic
strategies in diﬀerent diseases (Ranganath et al., 2012; Han et al., 2016;
Lener et al., 2015), without needing implant cells, presenting a promising perspective to be produced as pharmaceutical products for regenerative medicine (Maguire, 2013; Pawitan, 2014; Villatoro et al.,
2017). Therefore, more studies on the biological properties of the secretome and the MSCs secretory proﬁle from diﬀerent sources are necessary for a better understanding of their real therapeutic possibilities.
Up to now, in veterinary patients, the paracrine proﬁle and clinical use
of MSCs secretome has been very poorly studied (Harman et al., 2017).
The objectives of this study are, ﬁrstly, to characterized cBM-MSCs
and cAd-MSCs from the same donors; secondly, isolate and quantify, in
the CM, soluble factors and exosomes, analyzing their proteomic proﬁle
in both types of MSCs in standard monolayer culture conditions; and
third, in vitro evaluation of the immunomodulatory capacity of both
MSCs, and their secretome and exosomes contents.

2.3. Immunophenotypic characterization
Fluorescence-activated cell sorting was used to characterize cBMMSCs and cAd-MSCs at p2 as previously described by Villatoro et al.
(2015) against CD29, CD44, CD73, CD90 and STRO-1 (R&D Systems),
CD11/18, CD34 and CD45 (Miltenyi Biotech), and MHC-II (BD Pharmingen).

2.4. Multilineage diﬀerentiation
To assess the multipotentiality, MSCs were diﬀerentiated toward
adipogenic, osteogenic and chondrogenic lineages using inducting
mediums, according to the standard protocols previously reported by
Villatoro et al. (2015). Adipogenic diﬀerentiation was evaluated by oil
red O staining on days 7, 14 and 21, whereas osteogenic diﬀerentiation
was evaluated by alkaline phosphatase (ALP) activity and calcium deposition with red alizarin staining on the same dates. For chondrogenic
diﬀerentiation, a 3D pellet culture model was used. On day 21, pellets
were subjected to routine histological processing and then stained by
toluidine blue (TB), safranin O-fast green (SFG), alcian blue (AB) and
immunohistochemically for type II collagen (Col-II) (all from SigmaAldrich).

2. Materials and methods
All animal procedures were conducted by licensed veterinary surgeons. The protocols were approved by the Institutional Animal Care
and Use Committee of BIONAND (Andalusian Center for Nanomedicine
and Biotechnology) Málaga, Spain, and writing consent was obtained
from the owners.

2.5. Karyotype
cBM-MSCs and cAd-MSCs were karyotyped as previously described
by Svetlana and Stratakis, (2002), Villatoro et al. (2018b) and Calle
et al. (2018). They were cultured until semi-conﬂuence, treated with
colcemid (Thermo Fisher Scientiﬁc), stained with 2% Giemsa (Merck)
and analysed with ordinary bright-ﬁeld microscopy.

2.1. MSCs isolation
Eight diﬀerent breed healthy dogs, 4 males and 4 females, aged
between 1 and 3 years, and weight between 10 and 20 kg were employed as donors. Samples from inguinal fat pad and iliac crest bone
marrow aspirates were obtained from the same animal under general
anesthesia prior to sterilization. All animals were clinically examined
previously, subjected to a routinary hematological and biochemical
test, being free of infectious or parasitic disease symptomatology. Any
medication was administered previously at least in two months.
cAd-MSCs and cBM-MSCs were isolated and characterized as previously described by Takemitsu et al. (2012) and Villatoro et al. (2015).
Adipose tissue was digested with collagenase type II (Sigma-Aldrich)
and bone marrow aspirates were subjected to a density gradient on a
Ficoll solution (Histopaque, Sigma-Aldrich) to separate their mononuclear fractions. Cultures was carried out in standard medium conditions: Dulbecco’s modiﬁed Eagle’s medium (DMEM) containing 10%
fetal bovine serum (FBS), 2.5 mM L-glutamine, 100U/mL penicillin,
100 μg/mL streptomycin, and 1.25 μg/mL fungizone (all from SigmaAldrich). Cells were trypsinised at semi-conﬂuence and cryopreserved
in liquid nitrogen. Through subsequent subcultures, our experiments
were carried out on culture passage 2.

2.6. CM production and quantiﬁcation
cBM-MSCs and cAd-MSCs were seeded in a 96 well plate at a density
of 1.5 × 106 cells/well in standard culture medium. At semi-conﬂuence, CM was collected, ﬁltered (0.20 μm ﬁlter) and stored at
−80 °C. Cell viability was evaluated with trypan blue.
Concentrations of 15 analytes were determined: chemokin
(Monocyte Chemoattractant Protein-1, MCP-1); cytokines (Interleukins:
IL-2, IL-6, IL-8, IL-10, IL-12p40, Tumor Necrosis Factor alpha: TNF-α,
Interferon gamma: IFN-γ); immune-mediators (Prostaglandin E2: PGE2,
Nitric Oxide: NO, Indoleamine 2,3-dioxygenase: IDO) and growth factors (Beta-nerve grown factor: NGF-β, Stem Cell Factor: SCF,
Transforming Growth Factor beta: TGF-β, Vascular Endothelial growth
factor A: VEGF-A). Eleven of them by the commercial Luminex kit canine cytokine 11-plex assay (Thermo Fisher Scientiﬁc), TGF-β and
PGE2 by ELISA kit (R&D) according to the manufacturers’ instructions
(Kornicka et al., 2018; Carrade and Borjesson, 2013; Lee et al., 2010;
Kang et al., 2008).
The amounts of NO metabolites were assessed using a photometric
endpoint determination method (Nitrite/Nitrate colorimetric assay kit,
Roche) (Carrade and Borjesson, 2013; Kang et al., 2008). IDO enzymatic activity was measured spectrophotometrically using its metabolite, kynurenine, as previously described by Carrade et al. (2012).
Brieﬂy, 30% trichloroacetic acid (Sigma Aldrich) was added to the CM
(previously supplemented with L-Tryptophan, Sigma Aldrich), incubated at 50 °C for 30 min, and centrifuged at 7.200 g for 5 min. Ehrlich's reagent (Sigma Aldrich) was added to the supernatant and the
optical density was measured at 490 nm (ELx800, Bio-Tek instruments).
All analytes concentrations were expressed in pg/106 cells.

2.2. MSCs proliferation: population doubling time and cell proliferation
The population doubling time (PDT) was determined in both MSCs
sources harvested at semi-conﬂuence at passages 1 (p1) and 2 (p2). It
was calculated using the formula (logN/log2)/t, where N is the number
of cells at conﬂuence divided by the initial number of cells, and t is the
number of hours in culture (Villatoro et al., 2015).
Cell proliferation was measured using MTS assay (CellTiter 96
Aqueous One Solution Cell Proliferation Assay, Promega) according to
manufacturer protocol (Villatoro et al., 2015). cBM-MSCs and cAdMSCs were seeded in a 96 well plate at a concentration of 3 × 103 cells
per well and supernatants absorbance were measured at 1, 4, 7, 11, 14,
7
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Fig. 1. MSCs proliferation and immunophenotypic characterization. (A) Comparison of population doubling time (PDT) between cBM-MSCs (dark grey) and cAdMSCs (light grey) in p1 and p2 with a mean ± standard deviation (SD). Asterisks indicate signiﬁcant diﬀerences between compared values P < 0.001 (∗∗∗). (B) Cell
metabolic activity test MTS during 21 days shows an increase of proliferative capacity of cAd-MSCs (light grey) compared to cBM-MSCs (dark grey). (C)
Immunophenotype of cBM-MSCs and cAd-MSCs against some mesenchymal and hematopoietic markers with positive expression for CD29, CD90 and STRO-1 and
negative for CD34, CD45 and MHC-II. Data presented as mean and standard error (n = 8).

visualized in the ChemiDocTM XRS + system (BioRad). As a positive
control, a protein lysate of the K562 cell line (BioRad) was used
(Munagala et al., 2016; Lobb et al., 2015; Colombo et al., 2014; Lee
et al., 2012; Mathivanan et al., 2012).

2.7. Exosomes isolation and characterization
Both type of MSCs were seeded at a density of 1.5 × 106 cells in
standard conditions until semi-conﬂuence. Then, the cultures were
washed in PBS prior to adding 20 mL of DMEM medium with 10% FBSexosomes free.
After 3 days, CM was collected and centrifuged at 13.000 g for
30 min to remove cellular debris and microvesicles. Supernatant was
centrifuged twice at 100.000 g for 60 min at 4 °C, using 70 Ti rotor in an
Optima LE-80 K ultracentrifuge (Beckman Coulter). The precipitate
(exosomes) was resuspended in PBS.
An exosomal fraction was placed on a carbon-Formwar-coated
nickel grid (Aname), ﬁxed and observed at diﬀerent magniﬁcations in
the transmission electron microscope (TEM) (Morgagni 268D electron
microscope, Philips).
Western blot (WB) analysis was carried out with 30 μg of cBM-MSCs
and cAd-MSCs exosomes previously quantiﬁed by bicinchoninic acid
(BCA) kit (Thermo Fisher Scientiﬁc), according to the manufacturer's
instructions. Proteins were separated by electrophoresis in a 10% gel
SDS-PAGE and transferred to a polyvinylidene diﬂuoride (PVDF)
membrane (Thermo Scientiﬁc Scientiﬁc). After blocking, the membrane
was incubated overnight at 4 °C with the mouse antibodies anti-ALIX
(Abcam), anti-TSG101 (Abcam) and anti-Actin (Santa Cruz
Biotechnology) and then with a secondary anti-mouse antibody
(Abcam) at room temperature. Both signals were detected using enhanced chemiluminescence (ECL, GE Healthcare Life Science) and

2.8. Exosomes proteomic analysis
To determine the exosomes proteins proﬁle, the samples were
analyzed by high resolution proteomics in accordance with the instructions provided by Central Research Support Services, SCAI at
University of Málaga. The ProteinScape 3 software (Bruker Daltonics)
coupled to Mascot 3.1 (Matrix Science) was used for the identiﬁcation
of proteins, facing the data of MS/MS against the SwissProt and NCBI nr
protein sequence databases. The following parameters were taken into
account: (1) Carbamidomethylation of the cysteines as a ﬁxed modiﬁcation, (2) Oxidation of methionines as a variable modiﬁcation, (3)
Two cut losses by trypsin, (4) Mass tolerance of 0.6 Da for precursors
and 0.5 Da for fragmented masses, (5) Signiﬁcant threshold: 0.05, (6)
Search in the same database with inverted sequences with identical
search parameters ("Peptide decoy") to estimate the number of false
positives. The MS/MS spectra with a score above the threshold deﬁned
by Mascot were validated manually. The comparative study was made
using Omics Comparator (Thermo Fisher Scientiﬁc) according to the
biological processes provided by Gene Ontology database (Haraszti
et al., 2016; Schey et al., 2015).
8
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Fig. 2. in vitro multilineage diﬀerentiation. (A) cBM-MSCs (above) and cAd-MSCs (below) treated with Oil red O staining in order to detect red lipids droplet on days
7, 14 and 21 after adipoinduction. Controls remain negative until 21 days. Arrows show lipid vacuoles generated after adipose diﬀerentiation (bars = 200 μm)
(n = 8). (B) Histochemical localization of Alkaline phosphatase activity (ALP) and Alizarin red staining of cBM-MSCs (above) and cAd-MSCs (below) at 7, 14 and 21
days. Controls remain negative until 21 days. Arrows show some of the mineralized cell aggregates (bars = 200 μm) (n = 8). (C) Histological sections of pellets from
cBM-MSCs (left) and cAd-MSCs (right) after 21 days of condroinduction. Maturation degree of tissues was assessed by TB, SFG, AB staining and type II collagen
immunohistochemistry (bars = 500 μm) (n = 8). Abbreviations: CI, Condro-Induced, TB, Toluidine Blue; SFG, Safranin O-Fast green; AB, Alcian Blue; Col-II, type IIcollagen.

inactivated with mitomycin C (Sigma-Aldrich), 150 μL of CM or 20 μg/
mL of exosomes from each MSCs source.
The plate was incubated for 72 h and the amount of stained PBMCs
was analyzed by ﬂow cytometer (Beckman Coulter). Data were evaluated with FlowJo cytometry software.

2.9. Immunomodulatory potential
The capacity to inhibit the proliferation of peripheral blood mononuclear cells (PBMCs) was evaluated in both MSCs, their CMs and
exosomes (Toh et al., 2018; Tan et al., 2016; Kang et al., 2008; Lee
et al., 2010; Kim et al., 2010). The PBMCs fraction from a healthy donor
dog was separated using Ficoll-Hypaque density gradient centrifugation, stained with 4 μM 5-chloromethylﬂuorescein diacetate (CMFDA,
Cell Tracker Green Kit C2925, Thermo Fisher Scientiﬁc), stimulated
with 5 μg/mL ConA (Sigma Aldrich) and plated at a concentration of
5 × 104 cells per well in a 96 well plate. The following groups were
used in triplicate: PBMCs control; PBMCs and cBM/cAd-MSCs; PBMCs
and cBM/cAd-MSCs-CM; PBMCs and cBM/cAd-MSCs-exosomes. According to the condition it was used 1 × 104 cBM/cAd-MSCs

2.10. Statistical analysis
The data are presented as mean ± standard deviation (SD). Oneway analysis of variance (One-way ANOVA) was used for immunomodulatory assay and proliferation results, and the P-value was
adjusted using the Bonferroni method for multiple comparisons. MannWhitney Rank Sum Test was applied for CM quantiﬁcation. The degree
of signiﬁcance was established in the following ranges: P < 0.05 (*),
9
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Fig. 3. Ideogram (A) and karyotypes of cBM-MSCs (B) and cAd-MSCs (C). Ideogram represented is from cAd-MSCs, since being the same individual the ideograms are
identical.

found signiﬁcant diﬀerences (P < 0.001) when comparing PDT in p1
and p2 of both sources among themselves (Fig. 1A). The cell proliferation curve during 21 days of cBM-MSCs in p2 was slower compared to cAd-MSCs (Fig. 1B).

P < 0.01 (**) and P < 0.001(***). Data analysis was performed by
SigmaPlot 11.0 software and each test was repeated three times. For
PDT, MTS assay, immunophenotypic characterization and multilineage
diﬀerentiation, results presented are the summarized ﬁndings of all
eight animals. CM production, cytokine analysis and immunomodulatory potential were carried out in three animals of each
source. Exosomes characterization and proteomic analysis were performed out using three diﬀerent samples from conditioned medium of
each cell type.

3.2. Immunophenotyping

3. Results

The immunophenotypic proﬁles of both cell types revealed a
homogenous population of cells with positive expression for the MSCs
markers CD29, CD90 and STRO-1 and negative for the expression of
hematopoietic markers CD34, CD45, and for MHC-II (Fig. 1C).

3.1. MSCs proliferation

3.3. Multilineage diﬀerentiation

cBM-MSCs PDT in p1 was 3.13 ± 0.43 days and p2 of 3.40 ± 0.5
days, without statistically signiﬁcant diﬀerences between them. cAdMSCs PDT was 2.14 ± 0.22 and 2.29 ± 0.24 days in p1 and p2 respectively, without signiﬁcant diﬀerences between both passages. We

Both MSCs sources diﬀerentiated into all three target phenotypes
when cultured in presence of the appropriate induction medium.
Adipogenic diﬀerentiation was conﬁrmed by oil red O staining present
in the cytoplasm red lipids droplet. (Fig. 2A).
10

Veterinary Immunology and Immunopathology 208 (2019) 6–15

A.J. Villatoro et al.

Fig. 4. Cytokines and growth factors secretory proﬁle of both MSCs sources (cBM-MSCs in dark grey and cAd-MSCs in light grey). Asterisks indicate signiﬁcant
diﬀerences between compared values P < 0.05 (*), P < 0.01 (**) and P < 0.001 (***). Data presented as mean and standard error (n=3).

sources were visualized by TEM (Fig. 5B).

The osteogenic capacity was manifested by the ALP expression and
the demonstration of calcium deposits positive to alizarin red staining.
(Fig. 2B).
For chondrogenic diﬀerentiation, the stains used conﬁrmed the
production of proteoglycans and glycosaminoglycans in the extracellular matrix, as well as the formation of collagen II. (Fig. 2C).

3.7. Proteomic analysis
The total number of peptides was performed by mass spectrometry
and analyzed using Canis lupus familiaris protein database. We found
130 proteins in cBM-MSCs exosomes (77 characterized and 53 uncharacterized) and 47 proteins in cAd-MSCs exosomes (28 characterized and 19 uncharacterized). A total of 36 proteins were detected in
common (Fig. 6). Biological processes of characterized exosomes proteins in both MSCs sources were determined by Gene Ontology parameters. One protein can be related with diﬀerent biological functions.
cBM-MSCs exosome proteins are present signiﬁcantly in a major variety
of physiological functions such as cell diﬀerentiation, cell organization
and biogenesis, cellular component and movement, metabolic process,
regulation of biological process, response to stimulus and transport
compared to cAd-MSCs exosomes. Proteins involved in cell death,
coagulation, conjugation and reproduction were not found. List of
speciﬁc proteins involved in these diﬀerent parameters are shown in
tables 1, 2 and 3 at supplementary material.

3.4. Karyotype
Karyotype analyses of both MSCs at p2 were normal with diploid
number of chromosomes (Fig. 3).
3.5. CM quantiﬁcation
Secretory proﬁle quantiﬁcation in both MSCs sources is shown in
Fig. 4. cBM-MSCs secreted signiﬁcantly higher concentrations of IL-10,
IL-2, IL-6, IL-8, IL-12p40, IFN-γ, VEGF-A, NGF-β, TGF-β and NO compared with cAd-MSCs. There are not signiﬁcant diﬀerences in MCP-1
and SCF. NO was only produced by cBM-MSCs and PGE2 was only
secreted by cAd-MSCs, whereas IDO activity and TNF-α production
were not observed in any case.
3.6. Exosomes identiﬁcation

3.8. Immunomodulatory potential

Exosome protein concentrations obtained were 7.34 μg/ 106 of cBMMSCs and 0.55 μg / 106 of cAd-MSCs (Fig. 5A). cBM-MSCs and cAdMSCs showed positive expression of TSG101 (Tumor Susceptibility
Gene 101) and ALIX markers (Fig. 5C). Presence of exosomes from both

The capacity to inhibit the proliferation of PBMCs was represented
in Fig. 7. Inhibitory capacity was observed for MSCs and their CMs, but
without signiﬁcant diﬀerences between both cell types. None of the
exosomes demonstrate inhibitory capacity at the dose used.
11
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most secreted component by both types of MSCs despite the large
standard deviations shown. It is a chemokine able to attract a wide
range of cells to the inﬂammatory niche where exert their immunomodulatory eﬀect, in addition to promote angiogenic activity and
reduce apoptosis (Kyurkchiev et al., 2014; Boomsma and Geenen,
2012). Additional studies would help to understand its contribution in
the initial phases of tissue repair. All cytokines detected have a proinﬂammatory proﬁle except IL-10, that is a pleiotropic cytokine with
anti-inﬂammatory eﬀect related to the induction of immune tolerance
(Kyurkchiev et al., 2014). Six cytokines (IL-10, IL-2, IL-6, IL-8, IFN-γ, IL12p40) showed a signiﬁcantly higher secretion by cBM-MSCs, highlighting IL-8, which has been shown to have potent pro-angiogenic
properties and the ability to attract and activate neutrophils
(Schinkothe et al., 2008).
Both CMs release diﬀerent growth factors related to important
biological functions as angiogenesis (VEGF-A), neurogenesis (NGF-β),
regulation and mobilization of hematopoiesis (SCF), scarring and immunomodulation (TGF-β). VEGF-A, NGF-β and TGF-β showed signiﬁcantly higher levels in cBM-MSCs-CM. The capacity of some of these
factors has been evaluated in vitro in this specie (Al Delﬁ et al., 2016).
IDO, NO and PGE2, are other notable mediators in the MSCs immunomodulatory capacity (Carrade and Borjesson, 2013). In our study,
NO was only observed in cBM-MSCs, while PGE2 was only detected in
cAd-MSCs. IDO activity was not showed in any case.
In this study, we characterized cBM-MSCs and cAd-MSCs exosomes
for the ﬁrst time. These have been analyzed by TEM to detect their
shape and size, and by WB for the expression of speciﬁc exosomal
surface protein markers such as ALIX and TSG101 (Reiner et al., 2017)
involved in exosomes biogenesis mediated by endosomal sorting complexes required for transport (ESCRT). Despite similarities in size and
markers expression, cBM-MSCs signiﬁcantly produce more exosomes
(13 times) compared to cAd-MSCs, in our experimental conditions.
In other species, exosomes containing ubiquitous common proteins
and cell-type speciﬁc proteins have been reported (Blazquez et al.,
2014). We have been able to identify 36 common proteins between
both sources, as well as diﬀerences in the number of speciﬁc proteins
(94 in cBM-MSCs exosomes and 11 in cAd-MSCs exosomes). Our proteomics results conﬁrm the highest secretory proﬁle of cBM-MSCs, since
the exosomes from this cell type have a greater number of characterized
proteins mainly involved in cell diﬀerentiation, cell organization and
biogenesis, metabolic activity, regulation of biological process, response to stimulus and transport compared to cAd-MSCs. Nonetheless,
more proteomics studies are necessary for the complete identiﬁcation of
proteins and processes and for being able to infer their therapeutic
possibilities. Recently the interest of exosomes as a therapeutic element
has increased thanks to their results in diﬀerent disease models, highlighting the need for standardization in their production and use
(Reiner et al., 2017; Lener et al., 2015). Regardless of its diﬀerent secretory proﬁle, cBM-MSCs and cAd-MSCs were roughly equivalent in
terms of their ability to suppress T cell activation, similar to the published in dogs (Chow et al., 2017; Russell et al., 2016) and other species
(Chae et al., 2017; Carrade and Borjesson, 2013). Likewise, both CMs
showed similar immunomodulatory capacity, without diﬀerences between sources and similar to other species (Pawitan, 2014).
However, canine MSCs exosomes do not have suppressive eﬀect on
the PBMCs proliferation at the dose used. New studies with other
concentrations would be interesting to determine the immunomodulatory eﬀect and therapeutics possibilities.
We demonstrated that both canine MSCs-CM under standard culture
conditions, contain diﬀerent molecules with regenerative potential and
immunomodulatory capacity, whose composition is tissue source-dependent, as it has been proposed in humans (Amable et al., 2014).
The administration of MSCs-CM in experimental models of diseases
has proven to be as eﬀective as the administration of the same MSCs,
indicating an essential participation of paracrine mechanisms.
Therefore, since the secretome contains the molecules responsible for

Fig. 5. Characterization of cBM-MSCs and cAd-MSCs exosomes. (A)
Comparative quantiﬁcation of exosomes per millions of MSCs. Asterisks indicate signiﬁcant diﬀerences between compared values P < 0.05 (*). (B)
Representative TEM images of exosomes isolated from cBM-MSCs (B1) and cAdMSCs (B2). Exosomes appear with a characteristic cup-shaped morphology and
as round well delimited vesicles. Bars, 25 nm. (C) Western blot analysis showed
a positive expression of ALIX and TSG-101 speciﬁc surface exosomal markers.
Data presented as mean and standard error (n=3).

4. Discussion
The paracrine action of MSCs plays a fundamental role in almost all
the eﬀects attributed to these cells, therefore the identiﬁcation of their
secreted factors is necessary to understand their therapeutic activity
(Visozo et al., 2017; Lener et al., 2015). As far as we know, this is the
ﬁrst study comparing quantiﬁed soluble factors and exosomes secreted
by cBM-MSCs and cAd-MSCs, from the same animal donors in standard
monolayer culture. Our results showed that, despite the similarity in
immunophenotyping and trilineage diﬀerentiation (Bearden et al.,
2017; Screven et al., 2014), there are signiﬁcant diﬀerences in proliferation and secretory behavior, according to the analyzed parameters. cAd-MSCs proliferation rates were signiﬁcantly higher compared to cBM-MSCs (Russell et al., 2016). In both cases, they
maintained a normal karyotype at the considered passage. In regenerative medicine, the limited proliferation capacity of MSCs is an
important aspect to consider in order to obtain the necessary number of
cells for its therapeutic use.
Regarding the secretory proﬁle, both cells types share 12 of 15
quantiﬁed factors, but with diﬀerences in concentration. MCP-1 was the
12
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Fig. 6. Proteomic proﬁle of exosomes
derived from CM. (A) Venn diagram
showing the number of proteins detected in exosomes from cBM-MSCs
(dark grey), cAd-MSCs (light grey)
conditioned medium or in common
(white numbers). (B) Comparison of
biological processes in characterized
exosomes proteins identiﬁed only in
cBM-MSCs (dark grey) or cAd-MSCs
(light grey) and in common (black
stripes) of both tissue sources determined by Gene Ontology parameters
(n = 3). One protein can be related
with diﬀerent biological functions.
Total number of exosomes proteins is
the sum of each MSCs source and their
common proteins.

On the other hand, intensive production of secretome would be
possible through controlled laboratory conditions, providing a convenient source of bioactive factors, which could be evaluated in a similar way to conventional drugs. In the future, it could be modiﬁed in
its composition for speciﬁc cellular eﬀects, through diﬀerent strategies
already consolidated such as cultivation in hypoxia, molecular priming,
tridimensional culture, etc. (Vizoso et al., 2017; Ranganath et al.,
2012).
From our data and considering diﬀerences (better cAd-MSCS proliferative capacity or higher cBM-MSCs secretory proﬁle of some factors), the secretome, for its regenerative, pro-angiogenic and immunomodulatory potential could beneﬁt certain canine pathologies.
Since the dog is an interesting preclinical model that naturally suﬀers
from certain pathologies similar to those of humans, the translation of
their results with these therapies should be very useful in human
medicine (Hoﬀman and Dow, 2016).
However, new studies to select the most appropriate MSCs-CM for
its components according to the pathology to be treated, doses, administration route, as well as its safety and clinical eﬃcacy, would be
necessary for its use as a therapeutic element in canine species.
Although our study has a limitation due to the small sample size of
animal donors and the restriction by the lack of available reagents for
the canine species, we believe that our work is a ﬁrst step in this direction.

Fig. 7. Immunomodulatory potential. Number of stained PBMCs after treatment with both MSCs sources (cBM-MSCs in dark grey and cAd-MSCs in light
grey), their CMs and exosomes. A decrease in the number of stained PBMCs was
observed after direct treatment with cells from both tissue sources and their
conditioned media, but this was not observed in the case of exosomes. Data
presented as mean and standard error (n = 3). P < 0.05 (*), P < 0.01 (**)
and P < 0.001 (***).

the therapeutic action of the MSCs in appreciable quantities, and given
its ease of production, scaling and storage, its therapeutic use could
have advantages over the cells themselves. This would also eliminate
aspects of safety potentially associated with the transplantation of
living and proliferating cells, such as immune compatibility, tumorigenicity and the transmission of infections (Makridakis et al., 2013;
Villatoro et al., 2017).

5. Conclusion
Despite their similarity in certain features and immunomodulatory
potential, both MSCs demonstrate, under standard culture conditions, a
similar secretion proﬁle, highlighting that cBM-MSCs presented a
13
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higher production capacity in some evaluated factors and the exosomes
content.
Therefore, secretome of both type of cells could be good candidate
for a possible clinical use in the canine species, considering the clinical
application before choosing the source of MSC, since their characteristics condition it.
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