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Chronic degenerative endometritis (CDE) is an important cause of fertility problems in
older mares. It is estimated that 30% of mares breeding are over 18 years old and the high
value of their progeny encourages the use of these animals in assisted reproduction pro-
cedures. Currently, cell-based therapies are broadly used in human and veterinary
regenerative medicine and have been showed a good effect on the treatment of liver
fibrosis. Thus, the present study aimed to evaluate the feasibility and safety of endometrial
injection of autologous bone marrow MSCs in mares. Mares were examined by transrectal
ultrasound and the endometrial stem cells injections performed during diestrous, using
injection needles coupled to a teflon catheter through the biopsy channel of a flexible
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Mare endoscope. After treatment clinical evaluations (heart reat, respiratory rate, staining of the
Fibrosis mucosa, capillary refill time, body temperature and lameness score) were performed daily

during seven days. The intrauterine fluid and endometrial edema was evaluated before, 24
and 48 hours after the procedure by ultrasonographic exams and the inflammatory infil-
trate (polymorphonuclear cells and mononuclear cells) and degree of fibrosis by histo-
logical evaluations before (D0) and 15 (D15), 30 (D30) and 60 (D60) days after endometrial
injections. The results were evaluated by Kolmogorov-Smirnov and Kruskal-Wallis test
followed by Dunn test and for fertility rates was used Chi-square, considering a 5% sig-
nificance level. Neither clinical alteration was observed in mares after treatment, as well as,
intrauterine fluid and endometrial edema were not detected in any mare before and after
cell therapy. After cell therapy, significantly more PMNs were found in D15 biopsies,
however, these cells were not observed in D30 and D60 biopsies. No worsening on the
histological architecture after treatment was observed in any mare. In conclusion, the
results of this study showed that endometrial hysteroscopic injections of stem cells in
mares is a safe procedure.

© 2016 Elsevier Inc. All rights reserved.

1. Introduction to obtain a larger number of offsprings to these animals.

However, a high percentage of these old mares have

It is estimated that 30% of mares breeding are over 18-
year olds [1], and the high value of their progeny encour-
ages the use of these animals in embryo transfer programs,
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fertility problems related to age. In this context, chronic
degenerative endometritis (CDE) is an important cause to
fertility problems in these mares [2,3].

Chronic degenerative endometritis is a degenerative
alteration of uterine glands and surrounding stroma,
characterized by a periglandular and stromal endometrial
fibrosis, including glandular alterations in the fibrotic foci
[4]. The periglandular arrangement of myofibroblasts and
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extracellular matrix deposition is important characteristics
of CDE [5]. Endometrial fibrosis is a progressive condition,
which tends to worsen with age [6].

Currently, cell-based therapies are broadly used in
human and veterinary regenerative medicine [7-9]. In
equines, such therapies aim to use stem cells to recover
cartilage [10] and tendinous tissues [11], demonstrating
numerous biological properties of mesenchymal stem cells
(MSCs). In particular, one recent study demonstrated that
stem cells infused into the uterine lumen became estab-
lished in the periglandular area of the uterine endome-
trium [12], showing that stem cell therapy is a promising
alternative for endometrial fibrosis and others uterine
diseases in mares because of the high capacity for self-
regeneration, the low immunogenicity, and the paracrine,
anti-inflammatory, immunomodulatory, antiapoptotic, and
neuroprotective effects of MSCs [13]. Moreover, other
studies reported that MSCs transplantation has a good ef-
fect on the treatment of liver fibrosis [14-17].

Thus, the present study aimed to evaluate the feasibility
and safety of endometrial injection of autologous bone
marrow MSCs in mares.

2. Materials and Methods
2.1. Animals

Sixteen crossbred mares, aging 15-24 years, weighing
between 350 and 500 kg, from the Department of Animal
Reproduction and Veterinary Radiology, Sdo Paulo State
University, UNESP Botucatu, SP/Brazil were used. All animals
showed good body condition (6.0-8.0) according to Hen-
neke et al [ 18], with areproductive history of subfertility and
endometrium classified as grades II-b and III on histology,
characterized by moderate to severe degenerative process
according to the classification proposed by Kenney and Doig
[19]. Mares were feed with 2.0 kg of concentrated balanced
grain, water, and mineral salt ad libitum.

2.2. MSC Harvesting, Culture, and Processing

Bone marrow aspiration puncture was performed ac-
cording to the modified methodology described by Barreira
and Alves [20]. The animals remained standing were
sedated with 0.5 mg/kg xylazine (Sedazine, Fort Dodger,
USA), and a local anesthetic blockade (10-mL lidocaine
hydrochloride, Xylestesin, Cristalia, Brazil) was performed
on the puncture site. The puncture was performed on the
fifth sternebra using a bone marrow biopsy needle for
equines (Jamshidid model, 8-mm gauge, and 12 cm length).
Bone marrow aspiration was performed using two 20-mL
syringes, containing Dulbecco’s phosphate-buffered saline
(5 mL) and heparin (1 mL) at 5,000 IU/mL. After harvesting,
the bone marrow was filtered and centrifuged at 400g for
10 minutes to remove the serum and fat.

The material obtained by centrifugation was resus-
pended in a 1:1 ratio in high-glucose Dulbecco’s Modified
Eagle Medium (DMEM) containing L-glutamine without
serum (Gibco, USA) and transferred to another 15-mL tube
containing four mlof Ficoll-Paque density gradient (density
1.077 g/mL—Amersham Biosciences) (Ficoll:medium

dilution in a 1:1 ratio). These samples were then centri-
fuged at 400g for 40 minutes at room temperature.

The halo located at the Ficoll-cell interface, which con-
tained the MSCs, was resuspended in high-glucose DMEM
medium. Material was centrifuged two more times at 400g
for 10 minutes to completely remove the Ficoll. The pellet
was resuspended in 1 mL DMEM medium containing 10%
fetal bovine serum (FBS), and the cells were counted in a
Neubauer chamber. The cells were then plated in 25-cm?
flasks, containing 5 mL high-glucose DMEM 10% FBS (Gibco,
USA), 100 IU/mL penicillin, 100 ug/mL streptomycin (Pen
Strep, Gibco, USA), and 3.0 pg/mL amphotericin B (Fungi-
zone, Gibco, USA) and kept in a drying oven at 37.5°C and a
5% CO, humidified atmosphere. The growth medium was
changed every 4 to 5 days, and replating was performed
when a subconfluence of approximately 80% was reached.

2.3. Evaluation of MSC Viability

After obtaining cells at confluence, the medium was
removed, and the cells were washed with Hanks’ Balanced
Salt Solution (HBSS, Gibco, USA). Then, 2 mL of trypsin
(TrypLE Express, Gibco, USA), preheated at 37°C for 5 mi-
nutes, was added. The culture flask was mechanically stir-
red, the content was poured into a graduated tube, and
1 mL high-glucose DMEM 10% FBS was added. The cells
were then centrifuged at 400g for 10 minutes, the super-
natant was discarded, and the pellet was homogenized in
new cell growth medium.

Cell viability was estimated using the Trypan blue
(Gibco, USA) dye exclusion technique, diluting the cells in
the staining medium at a 1:1 ratio. Analysis of cell viability
was performed in a Neubauer chamber. The structures
stained blue were classified as damaged cells, and those
that were not stained were classified as intact cells.

The cells were plated at a concentration of 1x10° cells
per culture flask, and 5 mL of the previously described
growth medium was added.

2.4. Characterization of MSCs

The characterization of the MSCs at the primary culture
was performed. The cells were resuspended in a concen-
tration of 1x10° cells/mL and marked with the superficial
marker mouse antihorse CD44:FITC (MCA1082F, ABD
Serotec, USA) used as positive marker and a rat marker
antidog CD34:FITC (MCA2411F, ABD Serotec, USA) used as
negative marker. The analyses were performed in flow cy-
tometer (FACSCalibur BDTM115, BD, USA).

In order to check the origin of the MSCs isolated in
primary culture, its differentiation in cells of mesodermic
tissue was performed (bone cells, chondrocyte, and
adipocyte). To induce the differentiation to the osteogenic
lineage, Mesenchymal Stem Cell Osteogenesis Kit (Chem-
icon, Cat.SCR028) was used. To confirm these differentia-
tion, the cells were marked with a solution of “Alizarin
Red.” The differentiation of the MSCs in the adipogenic
lineage was induced using Mesenchymal Stem Cell Adipo-
genesis Kit (Chemicon, Cat.SCR020), then confirmed with
the cells marker “Oil Red O.” To differentiate the MSCs to
the chondrogenic lineage, the STEMPRO Chondrogenesis
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Differentiation Kit (A10071-01) was used; these chon-
drocyte differentiation was confirmed marking the cells
with “Alcian blue.”

2.5. Stem Cell Hysteroscopic Injection

Each mare served as their own control to reduce a
sampling effect on data analysis, and the moment before
endometrial injection of stem cells was considerate as a
control.

Mares were examined by rectal palpation and trans-
rectal ultrasound once daily, and the endometrial injection
of stem cells was performed during diestrous, showing no
endometrial edema, uterine tone, and a visible corpus
luteum in one of their ovaries. After endometrial stem cell
injection, all mares were treated every 7 days with 1.5 g
progesterone (IM) (BioRelease LAP4300, BetLabs, Lex-
ington, KY) until 60 days after stem cells injection, to
maintain a standard evaluation of the endometrial biopsies.

All intrauterine procedures were performed with ster-
ilized equipment and the examiner wearing disposable
palpation glove. For all intrauterine procedures, mares
were restrained in examination stocks, and the perineum
was aseptically scrubbed with a mild detergent, rinsed with
clean water two times, and dried with paper towels. The
mares were maintained on quadrupedal position, physi-
cally restrained, and sedated with detomidine (20 pgkg, IV;
Dormosedan, Pfizer Animal Health Inc, Exton, PA). The
administration of stem cells into the uterus was performed
using injection needles coupled to a teflon catheter
(GF252213, GFE do Brasil LTDA., Brazil) through the biopsy
channel of a 2 meters flexible endoscope (Series 160
Olympus, Olympus Optical do Brasil Ltda, Brazil) (Fig. 1)
connected with an endoscopy camera (Olympus OTV-S6,
Olympus Optical do Brasil Ltda, Brazil). The endoscope
was passed manually through the cervix into the uterine
body. The uterus was insufflated with nonsterilized air to
allow visualization of the entire endometrial surface. A
concentration of 12 x 10° stem cells diluted in 6 mL of PBS
was used. Then, injections of 0.5 mL of the cell solution (1 x
108 stem cells) were administered at 12 different sites 1 cm
apart approximately, following a horizontal line from the
extremity of one uterine horn to the other (Figs. 2 and 3).

Fig. 2. Diagram showing the points to endometrial stem cell application.

2.6. Sampling Strategy

2.6.1. Clinical Evaluations

Before and after treatment, physical examinations were
performed daily during 7 days, to evaluated possible sys-
temic effects caused by stem cells hysteroscopic injection.
For that were evaluated heart rate, respiratory rate, staining
of the mucosa, capillary refill time, body temperature, and
lameness score [21].

2.6.2. Ultrasonographic Evaluations

Transrectal ultrasound evaluations were performed
before, 24, and 48 hours after cell therapy, for endometrial
edema and intrauterine fluid accumulation observation.
Absence or presence of fluid was recorded to detect the
presence and measuring of uterine fluid accumulated in the
region of the bifurcation of the uterine horns. The column
of intrauterine fluid was measured in millimeters (mm).
Endometrial edema was classified as grades 0 to 3 ac-
cording to McCue et al [22].

2.6.3. Uterine Biopsy

Uterine biopsies were performed before (DO) and 15
(D15), 30 (D30), and 60 (D60) days after stem cells injec-
tion. Uterine biopsies were taken with alligator jaw biopsy
forceps from the base of one uterine horn, using standard

Fig. 1. (A) Injection needles coupled to a teflon catheter. (B) Sequence of a teflon catheter exposition in the biopsy channel of the endoscope and the needle

exposition.
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Fig. 3. Sequence of endometrial stem cell application: (A) showing the needle exposition; (B) needle inserted in the endometrium; (C) stem cell injection; and (D)

local engorgement after injection.

procedures [23], fixed in Bouin’s solution for 24 hours and
were then kept in 70% ethanol before paraffin embedding.

2.6.4. Histology

Biopsies were embedded in paraffin, and specimen for
histology was cut at a thickness of 5 um and stained with
H&E [23]. Samples evaluations were performed by an
experience investigator without the samples identification,
for to blind evaluator, using a light microscope (1,000x).

Samples of DO and D60 were evaluated according to their
degree of fibrosis as proposed by Kenney and Doig [19] and
observed if there was worsening on the endometrial archi-
tecture after treatment. The inflammatory infiltrate was
observed in all samples (DO, D15, D30, and D60) on four
randomly selected fields with intact blood vessels, intact
epithelia, and no biopsy artifacts and classified using the
criteria described by Maia et al [24]| with some modifica-
tions. For the presence of polymorphonuclear cells (PMNs)
and mononuclear cells in the stratum compactum and
luminal epithelium, scores from 0 to 4 were established: 0,
none inflammatory infiltrate (any PMN per field); 1, slight

inflammatory infiltrate (<4 PMNs per field); 2, slight to
moderate (between 4 and 10 PMNs per field); 3, moderate
(between 10 and 30 PMN:s per field); 4, severe inflammatory
infiltrate (>30 PMNs per field).

2.7. Statistical Analysis

Dates of inflammatory infiltrate were evaluated using
Kolmogorov-Smirnov normality test, to test its Gaussian
distribution. Parametric continuous dates were compared
for analysis of variance followed by the Tukey test and
nonparametric dates, for Kruskal-Wallis test followed by
the Dunns test. Significant differences were considered
when P < .05.

3. Results
3.1. Viability and Characterization of the MSCs

The MSCs exhibited a fibroblastic morphology, with an
average time of adherence to the culture plate of 5 days and
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an average confluence time of 22 days (2.6 x 107 cells at
confluence). Cell viability, as evaluated by Trypan blue
staining, was 95%. Based on the immunophenotyping
evaluation at the first passage, there was average staining
for CD44 (91.43%) and staining for CD34 (8.44%).

3.2. Clinical Evaluations

Neither clinical alteration was observed in mares after
treatment. All mares showed normal clinical patterns, and
no horse lameness was observed in any mare.

3.3. Ultrasonographic Examinations

Changes on intrauterine fluid and endometrial edema
were not detected in any mare before and after cell therapy
(P > .05).

3.4. Histology

In histological evaluations, any mare showed a wors-
ening on the histological architecture after treatment. In DO
(before cell therapy), a light infiltrate of PMNs was
observed in the stratum compactum. After cell therapy,
significantly (P < .05) more PMNs were found in D15 bi-
opsies; however, these cells were not observed (P < .05) in
D30 and D60 biopsies. The infiltrated on endometrium of
mononuclear cells in endometrial biopsies did not differ (P
> .05) between moments of biopsies (Fig. 4).

4. Discussion

The MSCs used in this study exhibited fibroblastoid
morphology during the in vitro culture process, and this
finding is consistent with the characteristics of mesen-
chymal cells, as demonstrated by Oshima et al [25]. The
protocol used in the present study to isolate MSCs was
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effective, resulting in the recovery of cells that presented
after culture staining for monoclonal antibodies to CD44
(92.03%—mesenchymal cells) and staining for CD34
(7.97%—hematopoietic cells), a result similar to the find-
ings of Kern et al [26] and Zhu et al [27]. The staining of
MSCs for CD34 and CD44 by flow cytometry in domesti-
cated animals is possible due to the availability of specific
monoclonal antibodies [28]. However, because of the low
availability of specific antibodies for equine for CD44,
canine antibodies were used in the present study, for which
cross-reactivity was observed in previous studies [29].
Therefore, the MSCs from both present and previous
studies [27,30] were similarly characterized according to
negative staining for CD34 and positive staining for CD44,
as well as their capacity for adherence to the culture plate.
In the cell differentiation test, the MSCs obtained from the
bone marrow were capable of differentiating into chon-
drogenic, adipogenic, and osteogenic cell lineage, which
confirms the results observed by Lima-Neto [29].

The absence of clinical alterations after stem cells
endometrial injections shows that this procedure is safety.
It agreeing with others studies using intraarticular
administration of MSCs [31,32], intratendinous stem cells
injection [33], multiple intravenous injections of MSCs [34],
or intrathecal transplantation [13] that did not observe
modification of clinical standards after procedures.

According to Ferrer [35], mares with delayed uterine
clearance have in a significantly higher intrauterine fluid
24 hours but not 48 hours after hysteroscopic. However,
fluid accumulation or endometrial edema was not observed
in this study after hysteroscopic procedures.

The endometrial architecture did not worsen in mares
after treatment with stem cells. Some studies [12,36]
showed that the local use of stem cells into the uterus is
beneficial to the endometrial architecture, confirming our
observations that endometrial stem cells injections did not
cause an increase of uterine fibroses. These findings are

3,0

2,5

2,0

15

10

0,5

Grade of inflammatory infiltration

0,0

DO D15

D30

- 4= NMononuclear

== PMNs

D60

Fig. 4. Inflammatory infiltrate in biopsies before (D0), 15 (D15), 30 (D30), and 60 (D60) days after endometrial stem cell injections. Different superscript letters

(¥ are significantly different (P < .05).
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strengthened by the fact that the treatment with stem cells
also benefits in tissue recovery tendon and bone-joint in-
juries in horses [10,11,32,33,37-42]. Likewise, a slight
infiltration of PMNs 15 days after stem cells injections oc-
curs in this study, suggesting a local reaction to MSCs in-
jection. Del Bue [43] using allogeneic adipose-derived MSC
mixed with autologous platelet-rich plasma for treatment
of tendinitis in horses observed a mild edema and
increased injection site pain in 50% of the horses, 2 days
after treatment. The authors proposed that intratendinous
stem cell injection elicits mild tissue inflammation. Carrade
et al [32] also observed that the main adverse effects
related with intraarticular stem cell therapy in horses are
also a transient inflammation. This mild tissue inflamma-
tory infiltration was also observed in equine tendon at days
10 and 34 after MSC injection [33]. However, in our study,
this inflammatory process was not present any more
30 days after MSCs injection.

Based on the results of the present study, we can
conclude that endometrial injections of MSC are a safe
procedure and the inflammatory response was short term,
self-limiting and did not result in any consistent, clinically,
or uterine disturb. These data provide essential preliminary
information from which prospective clinical trials can be
developed to determine the efficacy of this treatment for
uterine diseases. Preliminary results using stem cells
[12,36] for treatment of endometrial fibrosis encourage
further research in mares with this pathology.
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