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Background and Objectives: Mesenchymal stromal cells (MSCs) have great therapeutic potential, particularly in the
process of tissue repair and immunomodulation through the secretion of biomolecules. Thus, the aim of this study
was to evaluate the hypothesis that intramuscular transplantation of allogeneic MSCs obtained from equine umbilical
cord (UC-MSCs) is safe, demonstrating that this is a suitable source of stem cells for therapeutic use.

Methods and Results: For this, UC-MSCs were cultured, characterized and cryopreserved for future transplantation
in six healthy mares. On day 0, transplantation of three million UC-MSCs diluted in Hank's Balanced Solution (HBSS)
was performed on right and left sides of the rump muscle. As a control, HBSS injections were performed caudally
in the same muscle. Muscle biopsies were obtained as a control 30 days before transplantation (D-30). The biopsies
were collected again on day 2 (left side) and day 7 (right side) post transplantation and examined histologically. All
procedures were preceded by ultrasound examination and blood sampling. Hematologic evaluation remained within
normal limits and no differences were observed between time points (p>0.05). Ultrasound examination was suggestive
of inflammation 48 hours after transplantation in both groups (control and treated). At histological evaluation it was
found only discrete inflammation signals between D-30xD2 (p<0.05) in the treated group, without differences (p>
0.05) between the groups at different time points.

Conclusions: Equine UC-MSCs under the experimental conditions did not promote severe inflammation that causes
tissue damage or lead to its rejection by the host organism and therefore has a good potential for clinical use.
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Currently there are many studies to evaluate the ther-
apy with MSCs throughout the world. The growing inter-
est in therapy with these cells is due their role in tissue
repair and host immunomodulation without causing im-
mune responses of alloreactive T cells or other effector
cells (1). One of the main MSC sources of collection in
equine clinical practice is the bone marrow (BM). MSCs
derived from bone marrow (BM-MSCs) are usually autolo-
gous and for this, the animal is subjected to BM aspira-
tion, which is invasive, painful and uncomfortable to the
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animal (2). In addition, BM-MSCs takes about four weeks
to be expanded, which makes impossible the treatment of
acute diseases in the original peak of inflammation and
makes treatment costly (3). MSCs derived from fetal mem-
branes overcome the disadvantages of other sources. Being
a non-invasive source of MSCs, fetal membranes are most
suitable for the creation of banks, allowing its stand-
ardization and providing MSCs immediately to ther-
apeutic use (4).

Research suggests that equine MSCs derived from fetal
membranes, includind the umbilical cord (UC) do not in-
duce cellular inflammatory response when administered
intradermal and intraarticular (5, 6). Most therapies use
autologous MSCs, but due to its immunomodulatory ca-
pacity, it seems perfectly feasible using allogeneic MSCs
(7). The stem cell therapies must be safe, which means
that besides not causing rejection in the host, should not
cause tumors and should be readily harvested and ex-
panded (8). Several researches have been testing the im-
munogenicity of MSCs in horses and showing their safety
in autologous and allogeneic transplants such as intra-
dermal (5), intra-articular (9), intrathecal (10) and intrale-
sional in tendon using BM and amniotic membrane cells
(11). Additionally, equine is a good experimental model
for extrapolating results to human medicine once it has
several similarities to humans when referring to muscu-
loskeletal diseases (12). Thus, this study tests the hypoth-
esis that the intramuscular transplantation of UC-MSCs
is safe for the equine experimental model with the possi-
bility of extrapolating the results and benefits to other
species, including human.

Materials and Methods

The experimental protocol (145/2013-CEUA) was ap-
proved by the ethics and welfare committee of the Sao
Paulo State University - Botucatu.

Selection and management of animals for in vivo
experimentation

Six healthy mixed breed mares, aged 6 to 12 years and
weighting between 300 and 500 kg were selected for the
transplantation of UC-MSCs. The animals were selected
by physical, hematological and ultrasound of superficial
gluteal muscle evaluations prior the experimental period,
and those with no alteration on the exams were used.

Collection of umbilical Cord (UC)
Equine UC sample were collected at a Thoroughbred
farm. For this, a segment of UC of approximately 10 cm

was collected and washed with phosphate buffer saline
(PBS), pH 7.4 containing antibiotics (1%) and antimycotic
(1.2%). After, the sample was conditioned into a 50 ml
tube containing medium composed by Dulbecco's Modified
Eagle's Medium (DMEM) high glucose, 20% fetal bovine
serum (FBS), penicillin (100 IU/ml), streptomycin (100
mg/ml) and amphotericin (3 #g/ml) (Gibco, USA), stored
and transported at 5°C in a refrigerated transport system
(Botutainer®, Botupharma, Brazil).

Isolation and culture of UC-MSCs

At the laboratory, the intervascular segment of UC was
washed in PBS with penicillin/streptomycin (1%), dis-
sected for total removal of the blood vessel and fragmented
to facilitate enzymatic digestion with collagenase solution
(1 mg/ml) (Sigma, USA) at 37°C. After the digestion, the
sample was filtered through 70 «m filters (BD Bioscienses,
USA) and subsequently centrifuged with DMEM high glu-
cose at 350 g for 10 minutes. Then the supernatant was
discarded and the pellet resuspended and cultured on
maintenance medium composed by DMEM high glucose,
20% FBS, penicillin (100 IU/ml), streptomycin (100 mg/ml),
amphotericin (3 xg/ml) and amikacin (11 zg/ml) at 37.5°C
in a humidified atmosphere containing 5% CO, in air.

UC-MSCs in second passage were washed and re-
suspended slowly with cryopreservation medium (90%
FBS, 10% dimethyl sulfoxide (DMSO) (Sigma-Aldrich
Corp., USA), penicillin/streptomycin and amphotericin B)
to a final concentration of 3x10° cells/ml. The cryotubes
with cell suspensions were placed in a cryogenic container
(Mr. Frosty, Nalgene), which provides a gradual cooling
rate of —1°C/minute until —80°C. Passed 24 hours in a
—80°C freezer, the cryotubes were placed quickly in lig-
uid nitrogen.

Assays of osteogenic and adipogenic differentiation

The assays were performed according to the methodology
described by Maia et al. (13) with modifications. The osteo-
genic and adipogenic differentiation potential of UC-MSCs
was evaluated after staining with Alizarim red on the 10th
day or with Oil red on the 8th day, respectively.

Flow cytometry analysis

Immunophenotypic analysis of UC-MSCs was done in
second passage (fresh) and after cryopreservation (third
passage). The characterization was performed in a flow cy-
tometer (LSRFORTESSA, BD Bioscienses, USA) using
the monoclonal mouse anti-rat CD90 (abDSerotec, USA),
mouse anti-human CD34 (Becton Dickinson and Company,
USA), mouse anti-horse CD44 (abDSerotec, USA), mouse
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anti-horse MHC class II (abDSerotec, USA) labeled with
fluorescein isothiocyanate. During the analyzes 10,000
events were recorded, being considered positive the mark-
ers with expression greater than 2%.

Fibroblastic Colony-forming unit assay (CFU-F)

The capacity and self-renewal efficiency of UC-MSCs
was evaluated by the CFU-F assay, in triplicate, according
to the methodology described by Mensing et al. (14) with
modifications.

The UC-MSCs (second passage) were plated at a low
density (approximately 220 cells/cm’) in six wells plates
and the cultures were fixed and stained with 1% violet
crystal in 100% methanol on day 5. The stained colonies
with more than 20 cells were classified as CFU-F and
counted. The calculation of the efficiency was done using
the following formula: CFU-F efficiency=(CFU-F count-
ed/cells originally plated)x100.

Hematological and ultrasound examinations

Hematological and ultrasound examinations were per-
formed on the day of cell transplantation (D0) and at D2
and D7 after transplantation. Blood samples were col-
lected for determination of hematocrit, red blood cell
counting, hemoglobin, MCV, MCHGC, total protein, RDW,
platelets, leukocytes, segmented, lymphocytes, eosinophils,
basophils, monocytes, and fibrinogen. The values of hema-
tological variables were analyzed according to the refer-
ence values of Jain (15) and Meyer & Harvey (16).

Sonographic examinations were performed with ultra-
sound equipment (Mylab 30- The Esaote Group, Italy)
with microconvex transducer, frequency of 6.6 MHz, 70~
95% gain, depth of 7~8 cm and approximately 2.5~3.5
cm of focus. Muscular tissue was examined by ultrasound
on D0, D2 and D7 before the procedures at all times and
during the transplantation for correct positioning of the
needle.

Cellular transplantation

Cryopreserved UC-MSCs for transplantation were
thawed 150 days after cryopreservation in a water bath at
37°C for 2 minutes. After centrifugation the cells were re-
suspended in culture medium and plated in 75 cm’ cul-
ture flasks. After cell confluence of at least 80%, UC-MSCs
were trypsinized and cell concentration and viability de-
termined by Trypan Blue exclusion (0.4%).

After sedation of animals with 10% xylazine (0.5 mg/kg,
Konig, Buenos Aires, ARG) intravenously, cell trans-
plantation (D0) was carried out in two points in the mid-
dle of the superficial gluteal muscle at right and left sides

with guided by ultrasound to determine the location and
depth of application. Three million MSCs were re-
suspended in 0.9 ml of HBSS. For transplantation, the to-
tal volume was divided in 9 points (100 1 each), and in-
jected using a ImL syringe with a 40Xx1.2 mm needle. In
two other regions of the same muscle (right and left) 0.9
ml HBSS was also administered in 9 points for the evalua-
tion of distention caused by the injection of liquid, serving
as a control group. We emphasize that all transplants were
conducted with UC-MSCs from a single donor previously
characterized as above. The use of a single donor was con-
ducted to avoid interference and variability in assessments
proposed.

Muscle biopsies

Six biopsies were performed on each superficial gluteal
muscle of every animal at different time points, as shown
in Fig. 1. The first two biopsies were made 30 days before
transplantation of MSCs (D-30), to check the integrity of
muscular fibers and absence of inflammation at both
sides. The remaining biopsies were performed after the
treatment (one at MSCs implantation region and other at
HBSS region). After 48 hours (D2) the biopsies were per-
formed on the left side and after 7 days (D7) on the right
side. Both at D2 and D7 the biopsies were performed on
the same side to avoid the inflammation caused by the
procedure.

The biopsies were performed according to Padilha et al.
(17), using a Bergstrom 6.0 (6 mm) needle for the collec-
tion of a considerable tissue sample.

The animals were sedated with 10% xylazine and anes-
thetic block was made subcutaneously with approximately
3 ml of 2% lidocaine without vasoconstrictor. After anti-
sepsis, an incision of 1 cm reaching the skin, subcutaneous
and muscle fascia was done and the biopsy needle was
inserted. The muscle tissue fragments collected were
washed with saline solution to terminate muscle con-
traction and covered by neutral talc in order to protect
the muscle architecture during cryopreservation. Each
sample was stored in a cryotube and frozen in liquid nitro-
gen, being stored at —196°C at a proper cylinder.

All transplantations and biopsies were preceded by ul-
trasound examination in addition to blood sampling for
hematological parameters. After biopsies animals were ac-
companied by clinical examination to verify the formation
of abscess or increase of volume on the region of the
incision.

Histological evaluation
A total of 36 frozen samples of muscle tissue were sub-
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Fig. 1. Scheme of UC-MSCs trans-
plantation and muscle biopsies. (A)
Location of transplanting with
UC-MSCs and HBBS. (B) Location of
biopsies performed after trans-
plantation (D2 on the left side and
D7 on the right side).

Table 1. Graduation and criteria used for semi-quantitative analysis of the parameters in histology of superficial gluteal muscle of horses

Graduation
Parameters Degree 0 Degree 1 Degree 2 Degree 3
Absent Discreet Moderate Intense
Neutrophilic infiltrate Absent 1 to 10 neutrophil by field 11 to 20 neutrophil by field >20 neutrophil by field
(400x) (400x) (400x)
Inflammatory infiltrate Absent - Discrete inflammatory cells - Multifocal distribution - Difuse distribution
- Focal distribution - Perivascular regions and - Interfascicular region
- Only perivascular region interfascicular
Degeneration/necrosis Absent 1 fiber by field (100x) 2 to 3 fiber by field (100x) >fiber by field (100x)

of myocytes

Adapted from Brasileiro et al. (18).

jected to histological processing in cross sections of 4 xm
thickness in a cryostat (Leica Microsystems, Wetzlar,
Germany), extended onto glass slides and staining with
hematoxylin and eosin (HE). For evaluation of histological
parameters, the slides were observed in a light microscope
(Axio Imager Al - Carl Zeiss, Oberkochen, GER) in a mag-
nification of 100 to 400X, coupled to a digital camera
(AxiocamMRc - Carl Zeiss, Oberkochen, GER) and eval-
uated by Axiovision Software Rel. version 4.6 (Carl Zeiss,
Oberkochen, GER). The qualitative morphological analysis
included the evaluation of the presence and type of in-
flammatory infiltrate, neutrophilic infiltrate, degener-
ation/necrosis of fibers and presence or absence of fibrosis.

The semi-quantitative analysis was done based on the
tissue components described above (with exception of fib-
rosis) and graduated as absent (grade 0), mild (grade 1),

moderate (grade 2) and heavy (grade 3) as shown in Table
1. The values for neutrophil infiltration and degener-
ation/necrosis of myocytes were found by calculating the
arithmetic mean of the number of cells counted in five
fields per slide, similar to the methodology described by
Brasileiro et al. (18). The evaluation of the degree of in-
tensity of the inflammatory infiltrate was performed ac-
cording to the pattern of distribution.

Data analysis

Data concerning hematological parameters were pre-
sented descriptively as mean and standard deviation, the
CFU-F assay as mean and histological evaluation as
median. Statistical analysis of hematological effect was
done with the aid of the Sigma Plot software program for
Windows version 11.0 (Systat Software, Inc., Erkrath,
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GER). Variables that did not pass the normality test
(Kolmogov-Smirnov) were analyzed by One Way Repeated
Measures Analysis of Variance. Tukey Test was used for
all pairs of multiple comparison, adopting p<0.05 as
significant. For histological evaluation, the variables were
analyzed using the Mann-Whitney test, adopting p<0.05
as significant.

Results

Collection, isolation and culture of UC-MSCs

The use of umbilical cord for the isolation and culture
of MSCs proved to be easy to obtain, without causing
stress, pain and complications to the mare and foal. The
isolation protocol was effective and a small portion of the
sample was enough to obtain the desired cell concen-
tration. The fibroblastoid morfology presented by
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UC-MSCs was observed within 24 hours of culture and
confluence of at least 80% on the seventh day of primary
culture when subcultures were done.

Potential to differentiate into mesodermal lineages
The differentiation potential of UC-MSCs was demon-
strated by the positive response to osteogenic and adipo-
genic differentiation. In osteogenic differentiation it could
be observed the deposit of large amounts of extracellular
matrix rich in calcium confirmed by the positive staining
with Alizarim red. In adipogenic differentiation it could be
observed the presence of large amounts of lipid droplets in
the cytoplasm evidenced by positive staining with Oil red.

Immunophenotypic profile and CFU-F
Immunophenotypic analysis of UC-MSCs before and af-
ter cryopreservation revealed high expression of CD44
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Fig. 2. Immunophenotypic analysis by flow cytometry of the markers CD34, CD44, CD90 and MHC-I of fresh UC- MSCs (A, C, E, G)
and after cryopreservation (B, D, F, H). (A, B) Representative histograms of marker CD34 fresh (A) and after cryopreservation (B). (C, D)
Representative histograms of marker CD44 (C) fresh and after cryopreservation (D). (E, F) Representative histograms of marker CD90 (E)
fresh and after cryopreservation (F). (G, H) Representative histograms of marker MHCII (G) fresh and after cryopreservation (H).
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marker (99.2 and 92.6% respectively) and negative or low-
er expression for MHC-II (2.6 and 1.4%) and CD34 (0.7
and 0.60% respectively) as shown on Fig. 2. The average
value for the number of colonies at CFU-F assay was 129
and the value of efficiency, 6.45%. The test proved that
the UC-MSCs have the ability to generate fibroblast colo-
nies grown from single cells.

UC-MSCs transplantation

The cells transplanted were characterized immunpheno-
typically and presented optimal differentiation to meso-
dermal lineages, besides presenting fibroblastoid morphol-
ogy and adhesion to plastic as described above. The aver-
age of viability of UC-MSCs transplanted after thawing in
the six animals was 77.71%.

The method chosen for the UC-MSCs transplantation
was safe, did not cause infection and discomfort to the
animal. It also provided a better distribution of MSCs in
the demarcated region of muscle tissue.

Hematological evaluation

Hematologic variables (hematocrit, erythrocytes, hemo-
globin, MCV, MCHC, total protein, RDW, platelets, leu-
kocytes, segmented, lymphocytes, eosinophils, basophils,
monocytes and fibrinogen) remained within the normal
standard for equine species in all evaluations after trans-
plantation of UC-MSCs, and differences (p>0.05) were
not observed for the variables studied between time points
(D-30, DO, D2 and D7). The mean and standard error of
the principal hematological parameters evaluated are
shown in Table 2.

Ultrasound examination

Compared to the normal muscle observed in DO, the su-
perficial gluteal muscle in D2 was heterogeneous, with the
presence of hypo echogenic regions, with poorly defined

and irregular borders in both groups (treated and control).
The images generated at D2 suggested the presence of
edema and possible inflammatory reactions related to in-
jections performed on DO0. At D7 the signals of edema
were reduced and the hypo-echogenic regions observed
previously diminished (Fig. 3) indicating resolution of
inflammation. The image patterns observed were similar
in the region that received MSCs or only HBSS, for both
moments (D2 and D7).

Muscle biopsies

All biopsies were performed without difficulty and after
the procedure, the animals showed normal behavior and
no abscess or a volume increase was reported according
to clinical examination.

Histological evaluation

Data about semi-quantitative evaluation of the tissue re-
sponse to transplant of equine UC-MSCs in the superficial
gluteal muscle are shown in Table 3. In the control group
it was observed absence of mononuclear infiltrate (median=
0) in all time points (D2 to D7) without difference (p>
0.05) when compared to treated group in which the me-
dian of the degree of mononuclear infiltration was 0.5 at
D2 and at D7. The median intensity level in the histo-
logical evaluation of degeneration/myocyte necrosis was
zero as well as for the parameter fibrosis, which was ab-
sent in all groups and moments. Differences (p>0.05) be-
tween times points were not observed for any of the
variables.

Comparing the time points it was observed difference
(p<0.05) only in neutrophil infiltrate between the time
D-30 (right side - biopsy before treatment) and D2, in
which median value of 0.2 (D-30) and 0.6 on treated group
(D2).

Figs. 4 and 5 showed photomicrographs of histological

Table 2. Values of erythrocytes, hemoglobin, hematocrit, total plasma protein, leukocyte count, fibrinogen and platelets obtained from
animals studied at all moments. Data are presented as mean and standard error

Moment Erit Hb Ht TPP Leuk<3)cyte Fibrinogen Platelets
(107 £L) (g/dL) (%) (g/dL) (x107/ 1) (mg/dL) (Plat./ L)
D-30 6.8+0.23 10.96+0.67 31.6+1.47 6.76+0.20 8.23+0.67 300+44.72 185833 +18481
DO 7.36+0.28 12.36+0.49 35.16+1.30 7+0.19 7.916+0.64 366.66+33.33 180033 +12946
D2 7.56+0.14 12.53+0.39 34.66+0.84 6.66+0.15 8.16+0.62 266.66+42.16 182516+16376
D7 7.45+0.25 12.48+0.44 35.16+1.07 6.7+0.08 8.13+0.29 240+36.51 185833+8092

Erit: erythrocytes; Hb: hemoglobin; Ht: hematocrit; TPP: total plasma protein; Plat.: platelets.
D-30=30 days before UC-MSCs transplantation; DO=cell transplantation; D2=48 hours after UC-MSCs transplantation; D7 =seven days

after UC-MSCs transplantation.

Differences (p<0.05) between moments were not observed for any of the variables.
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Fig. 3. Sonograms of equine superficial gluteal muscle at DO, D2 and D7 moments. (A) DO. Region that did not received UC-MSCs/HBSS
injection. Note the arrangement of the muscle fibers of a healthy tissue. (B) Needle image (yellow arrow) being guided by ultrasound
at a depth of about 2 cm. (C) D2. Muscles with heterogeneous aspect (red ellipse) and presence of hypo echogenic regions (yellow arrow),
after UC-MSCs injection. (D) D7. Improved aspect of the muscles with the presence of discrete hypoechoic regions permeated at the muscle

fibers (red ellipse).

findings at all time points and groups. Muscle fibers pre-
served histologically were juxtaposed, each one sur-
rounded by an endomysium (Fig. 4), arranged in fascicles
delimited by perimysium (Fig. 4). Between this mem-
branes blood capillaries (Fig. 4) were observed. In all 36
analyzed biopsies, inflammatory infiltrate was noticed in
three biopsies from control group (one at D2 and two at
D7) and in six biopsies from treated group (three on each
moment). At D-30, six biopsies revealed discreet in-
flammatory process. The result of the histological analysis
of the slides revealed degeneration and necrosis of the
muscle fibers in only one field of four biopsies from the
total of 36 analyzed. In addition, three were in the control
group, one at D2 and two in D7, demonstrating that de-
generation and necrosis fibers occurred even without the
presence of UC-MSCs. Degeneration (Fig. 5) and necrosis
(Fig. 5) of muscle fibers were indicated by the increase

of sarcoplasmic eosinophilia and nuclear pyknosis were
noticed. Moreover, the edema was represented by the in-
creased space between damaged muscle fibers.

Discussion

In the present study equine UC-MSCs showed a positive
expression of the markers CD44, CD90 as well as the ab-
sence or lower expression of the markers CD34 and
MHCII in the moments studied. This feature is consistent
with other studies conducted with various sources of
MSCs in equine species (19-22). The reduction on CD90
expression after cryopreservation may be due a larger
changes on the epitopes of this antigen after cryopre-
servation, once that the expression observed for the other
markers remained similar in the moments studied. The
absence or lower expression for the marker MHC-II at the
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Table 3. Results of semi-quantitative evaluation of the tissue response to transplant of equine UC-MSCs in the superficial gluteal muscle
of horses

Neutophilic infiltrate  Mononuclear infiltrate Degeneration/necrosis Fibrosis I.mmature muscle
of the myocytes fibers/Regenerated
Moment

Left Righ Left Right Left Right Left Right Left Right
muscle tmuscle muscle muscle muscle muscle muscle muscle muscle muscle

D-30 0 0.2* 1 0 0 0 0 0 0 0
Control Treated Control Treated Control Treated Control Treated Control Treated

D2 0 0.6* 0 0.5 0.16 0.16 0 0 0 0

D7 0.3 0.6 0 1 0.3 0 0 0 0 0

Results are presented as median. Classification of intensity: Degree 0: Absent; Degree 1: Discreet; Degree 2: Moderate; Degree 3: Intense.
Differences (p<0.05) between the control and treated group were not observed for the variables between moments. (*) Indicate significant
differences in the same row. At the time point D-30, the expression left and right muscle indicates the two biopsies regions performed
30 days before treatment.

Treated Control

Fig. 4. Photomicrographs of biopsied
superficial gluteal muscle without
histological changes. (A, B) Moment
D-30. (C) Moment D2, treated. (D)
Moment D2, control. (E) Moment
D7, treated. (F) Moment D7, control.

end of the second culture and after cryopreservation ob- average values were higher (49.84%). Additionally, the
tained at our study differs from the results obtained by positive response to the osteogenic and adipogenic differ-
Schnabel et al. (23) with equine BM-MSCs in which the entiation observed at our study was also reported by
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Treated

Corradetti et al. (19) and Barberini et al. (24) also in
UC-MSCs.

Hematological and ultrasound examinations were per-
formed to complement and consolidate the low im-
munogenicity of UC-MSCs after transplantation. Muscle
tissue is one of the softest tissues better adapted to ultra-
sonography and allows the evaluation of inflammation
(25) demonstrated by an image in which muscle fibers be-
come hyperechogenic and the presence of exudate turns
the fibro-adipose septa on hypoechoic (26).

In our findings of ultrasound evaluation, the assessment
made in D2 suggesting acute inflammation with reso-
lution on D7 seems to be related to trauma (needle in-
sertion and volume of liquid injected), since no difference
was observed between the regions that received the
UC-MSCs and the ones receiving only HBSS.

Hematological parameters are important in the analysis
of safety in using allogeneic MSCs since it allows evalua-
tion of leukocyte response, which results in alteration
changes of the leucogram during acute inflammation. Our
results showed that the application of horse UC-MSCs in-
to muscle tissue in the conditions performed in this ex-
periment did not incite systemic inflammatory response.
In a recent work, Kol et al. (27) made multiple intra-
venous injections of allogeneic adipose-derived mesen-
chymal stem cells (AT-MSCs) and BM-MSCs. Clinical
evaluation revealed no adverse signals and no effect in

Control . .
Fig. 5. Photomicrographs of super-

ficial gluteal muscle biopsies with
signals of mild inflammation. (A)
Treated group at moment D2: In-
flammatory infiltrate composed most-
ly of macrophages, and rare neutro-
phils. Degeneration (arrowhead) and
necrosis (arrow) of muscle fibers in-
dicated by the increase of sarcoplas-
mic eosinophilia and nuclear pyk-
nosis were noticed. (B) Control group
at moment D2: Interfascicular in-
flammatory infiltrate composed by
macrophages and rare lymphocytes.
Degenerated muscle fibers (arrow-
head). (C) Treated group at moment
D7: Inflammatory infiltrate involving
the collagenous stroma (perimysium).
(D) Control group at moment D7:
Photomicrograph showing discrete
perivascular inflammatory infiltrate
composed by macrophages and dis-
crete lymphocytes, associated with
interfascicular edema.

hematological parameters. However, the dosage of CD8+
cells by flow cytometry was increased in horses that re-
ceived BM-MSCs transplantation, revealing a response
without changes the clinical parameter considered normal.
This did not occur with the animals that received
AT-MSCs, indicating that the heterogeneity of BM-MSCs
may induce small hematological changes.

The presence of a discreet inflammation on histological
analysis after 48 hours from the application of UC-MSCs,
with resolution by D7 is an expected found once it is com-
mon to observe inflammatory cells after transplantation of
various cell types. In a study of horse intra-articular allo-
geneic BM-MSCs transplantation made by Pigott et al. (9)
inflammatory reaction was observed 48 hours after appli-
cation, but ceased in a range between 7 and 28 days
spontaneously. The authors compared the allogeneic, ge-
netically modified allogeneic and xenogeneic cells; and de-
spite the degree of inflammation was higher in allogeneic
and xenogeneic groups, in all the groups a certain degree
of inflammation was observed, corresponding to the acute
phase of injury.

In a similar study, Carrade et al. (19) injected intra-
dermally MSCs from autologous and allogeneic UC and
evaluated histologically the inflammatory process 48
hours, 72 hours and 7 days after application. Analysis
showed a similarly tissue response between autologous and
allogeneic MSCs injections, with a peak occurring 48
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hours after transplantation and a solution of the process
at 7 days, indicating a self-limiting response.

In the experiment conducted by Gala et al. (28), the au-
thors demonstrated the induction of inflammatory re-
sponse with autologous BM-MSCs into muscle tissue of
rats with the hypothesis that MSCs cultured in vitro un-
dergo phenotypic changes during extracorporeal handling
and become immunogenic. These published findings in-
dicate that it is common the reaction of the body when
any biological material is inserted into an animal, both by
the presence of the material used as by the manipulation,
mainly because it was not administered any anti-in-
flammatory on this type of procedure.

In our study, the inflammatory infiltrate was also ob-
served in the control group, allowing us to conclude that
factors other than the presence of UC-MSCs incited a
mild response, such as multiple injections during
application. The inflammatory infiltrate, when present, was
mostly perivascular and focal, indicating that the tissue re-
sponse was not severe and would be resolved independently,
not blocking the therapeutic use of UC-MSCs.

With the results obtained in the present experiment it
was possible to conclude that the application of equine
UC-MSCs to the superficial gluteus muscle do not cause
significant inflammation that curse on tissue injury or re-
jection by the host organism. Therefore, the use of these
cells in the therapy for focal osteomuscular injuries seems
to be safe with a good potential for clinical use. In addi-
tion, to our knowledge, since there are no studies evaluat-
ing the immunogenicity of equine UC-MSCs in muscle tis-
sue in vivo, the results should contribute significantly to
the development of new cell therapies in horses. We also
highlight the possibility of extrapolating our results to oth-
er species, since the horse is an exemplary experimental
model for studies of the musculoskeletal system.
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