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ABSTRACT
The suboptimal reproductive performance of repeat-breeding (RB) cows is a major challenge for the dairy industry, leading to

higher costs, prolonged calving intervals, and reduced productivity, negatively impacting herd productivity and economic

viability. Among the associated factors, endometrial degeneration stands out, characterized by the replacement of functional

tissue with fibrotic tissue, compromising uterine receptivity. In this context, regenerative therapy using mesenchymal stem

cells (MSCs) has emerged as a promising alternative. This study evaluated the effects of intrauterine MSC inoculation in RB

cows diagnosed with endometrial degeneration. Nine crossbred cows (Gyr ×Holstein) were included and underwent clinical,

cytological, microbiological, histopathological, ultrasonographic, and molecular evaluations on day 0 (pre-treatment) and day

30 (post-treatment). The results demonstrated endometrial remodeling, with fibrotic tissue replaced by loose connective

tissue, increased vascularization, and the presence of new groups of endometrial glands. Doppler ultrasonography revealed

enhanced blood flow of the endometrial mucosa and thickening of the uterine wall after therapy. qRT-PCR analysis indicated

reduced expression of pro-inflammatory cytokines (IL-1β and IL-8), suggesting modulation of the uterine environment.

Despite the observed tissue improvement and absence of adverse effects on ovarian function, none of the inseminated

cows conceived. In conclusion, MSC therapy promoted favorable changes in the endometrium and uterine environment,

although it did not result in pregnancy, highlighting the need for further studies to optimize dosage, administration route,

and therapeutic response time.

1 | Introduction

Dairy farming is a major economic activity, yet reproductive per-
formance issues can significantly impact productivity and profit-
ability [1, 2]. Reproductive inefficiency in repeat-breeding (RB)

cows, characterized by regular estrous cycles without conception,

represents a costly challenge for farmers by prolonging breeding

intervals, extending calving periods, and ultimately reducing both

calf birth rates and milk production [3–5].
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RB is one of the most prevalent reproductive disorders in dairy
cattle, defined as the failure to conceive after three ormore artificial
or natural inseminations, often without an identifiable cause [6, 7].
However, RB has been associated with various factors, including
reproductive tract infections, advanced maternal age, anatomical
abnormalities, nutritional deficiencies, hormonal imbalances,
estrus detection failures, inadequate uterine receptivity, and disrup-
tions in maternal–conceptus interaction and implantation pro-
cesses [7–16]. Additionally, previous studies have shown that
subclinical conditions, such as inflammation, may compromise
uterine health and negatively impact pregnancy rates, particularly
when polymorphonuclear (PMN) cell counts and proinflammatory
cytokine expression levels are elevated [17–19].

Among these factors, endometrial degeneration, characterized by
the replacement of functional tissue with fibrous tissue, has
received increasing attention in the literature, particularly due to
its direct association with failures in embryo implantation and
pregnancy maintenance [20, 21]. In many cases, morphological
alterations of the endometrium can only be detected through his-
topathological examination [22], making its diagnosis a challenge
in clinical practice [23]. Given the progressive and often irreversible
nature of these lesions, conventional therapeutic approaches
[24–27] show limited efficacy, highlighting the need for the devel-
opment of more effective and regenerative strategies.

In this context, regenerative medicine, through the application of
mesenchymal stem cells (MSCs), emerges as a promising alterna-
tive. MSCs are multipotent cells capable of differentiating into vari-
ous cell types and performing immunomodulatory, anti-
inflammatory, and angiogenic functions. Additionally, they are
known to secrete trophic factors that promote tissue repair, cellular
regeneration, and extracellular matrix remodeling, possessing great
potential to repair and regenerate aged or damaged tissues [28].

Research has identified stem cells within the human myome-
trium, contributing to uterine remodeling, particularly during
pregnancy [29, 30]. In veterinary medicine, studies involving
MSCs in reproductive contexts have intensified in recent years,
particularly in equine species, where cell therapy has already
demonstrated the ability to reverse chronic degenerative endome-
tritis, stimulate glandular epithelial proliferation, and improve
uterine vascularization [31]. In ruminants, however, the use of
MSCs remains incipient, with few studies exploring their practical
application in endometrial regeneration in cows suffering from
infertility associated with uterine fibrosis. Although initial results
are promising, significant challenges still persist, including the
standardization of dosage, routes of administration, therapeutic
response time, and objective evaluation of both histological and
functional outcomes.

Ongoing research in this field highlights the growing relevance of
stem cell therapy as a transformative approach to the treatment of
reproductive disorders in dairy cattle, with potential benefits for
both the dairy industry and animal welfare.

Given this context, it is pertinent to investigate the potential ofMSC
therapy in the treatment of infertility in RB cows, particularly in
those diagnosed with endometrial degeneration. The ability of
MSCs to modulate the uterine environment, reduce inflammation,
and stimulate tissue regenerationmay represent a viable alternative
for restoring endometrial function and improving reproductive
performance.

Therefore, the present study aimed to evaluate the effects of intra-
uterine inoculation of MSCs in RB cows diagnosed with endome-
trial degeneration, with the goal of contributing scientific evidence
regarding the applicability of cell therapy in the reproductive man-
agement of dairy cattle, focusing exclusively on its implications for
bovine reproduction and productivity, without the inclusion of
humane endpoints.

2 | Materials and Methods

The work has been reported in line with the ARRIVE guidelines
2.0. This work was approved by the Ethics Committee on Animal
Use of the School of Veterinary Medicine and Animal Science
(University of São Paulo; CEUA/FMVZ) with Protocol Number
CEUA 2489230217.

2.1 | Animals and Study Design

This study was conducted at the experimental research farm of
Embrapa Rondônia (Brazilian Agricultural Research Corporation,
Rondônia, Brazil; 08°48′12″ S, 63°50′56″W).A total of 10 nonlactat-
ing crossbred dairy cows (Gyr×Holstein), aged between 3 and 6
years, with a body condition score (BCS) of 3–4 on a 5-point scale
(where 1= emaciated and5= obese; Lowman et al., [32], were used.
The cows were maintained in an outdoor grazing system on Bra-
chiaria brizantha pasture with ad libitum access to mineral salt and
water.

All cows included in this study had undergonemore thanfive timed
artificial insemination (TAI) protocols without achieving preg-
nancy and were classified as repeat breeders. Selection criteria
were based on their history of reproductive failure, microbiological
and cytological analyses, and histopathological confirmation of
endometrial degeneration. These evaluations were performed
30 days before MSC treatment (Day 0; D0; untreated). The cows
then received an intrauterine infusion of MSCs, and a second uter-
ine tissue evaluation was conducted 30 days posttreatment (Day 30;
D30; treated). A separate control groupwas not established; instead,
each cow served as its own baseline, with pretreatment evaluations
serving as the comparative reference.

2.2 | Collection and Cultivation of MSCs

MSC collection and cultivation were performed by harvesting ~15
mLof bonemarrow from a healthy bovine donor. For bonemarrow
collection, the donor animal was sedated intravenously with xyla-
zine (Rompun, São Paulo, Brazil) at a dose of 0.02mg/kg. A trichot-
omy was performed in the lumbosacral region to access the iliac
crest. Following the identification of the collection site, local anes-
thesia was administered using lidocaine (Lidovet, Rio de Janeiro,
Brazil) at a dose of 5mg/kg without a vasoconstrictor in the subcu-
taneous tissue. The site was then aseptically prepared with 2%
chlorhexidine scrub (Riohex 2%, São José do Rio Preto, Brazil)
followed by alcoholic chlorhexidine (Riohex 0.5%, São José do Rio
Preto, Brazil).

Bone marrow aspiration was performed using an 8-gauge, 15 cm
Komiyashiki needle inserted dorsoventrally, perpendicular to the
skin, as shown in Figure 1. Once the needle was in place, ~15mL of
bonemarrowwas aspirated using a 20mL syringe preloadedwith 1
mL of heparin (Hemofol, Itapira, Brazil) to prevent coagulation.
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The collected samples were immediately stored in a Styrofoam
container with crushed ice for preservation until further laboratory
processing. MSCs were subsequently isolated, expanded, enzymati-
cally dissociated, and cryopreserved in liquid nitrogen at the third
passage (P3).

The cell extraction procedure involved diluting bone marrow in
phosphate-buffered saline (PBS; Ambion, Waltham, MA, USA) at
a 1:1 ratio and gently layering it over Ficoll Histopaque solution
(density 1.077 g/mL; Sigma–Aldrich, St. Louis, MO, USA, Catalog
No. 10771) in equal proportions. Themixture was then subjected to
centrifugation at 400× g for 30min at 24°C to separate cells based
on their density. Themononuclear cell fraction was carefully resus-
pended in PBS and centrifuged at 720× g for 10min, followed by a

second centrifugation at the same speed for 10min. The resulting
pellet was transferred to 25 cm2 culture flasks and cultured in
DMEM/F12 medium (Gibco, Waltham, MA, USA), supplemented
with 10% fetal bovine serum (Gibco), 1% penicillin (10,000U/mL;
Agrosil PPU, Descalvado, Brazil), 10mg/mL streptomycin (Estrep-
tomicina Biofarm, Jaboticabal, Brazil), 25µg/mL amphotericin B
(Anforicin B, Itapira, Brazil), and 200mM glutamine (Gibco). The
cells were incubated at 37°C in a humidified atmosphere (100%
relative humidity) with 5% CO2. The culture medium was replaced
every 48h until 70%–80% confluence, as recommended by Smith
et al. [33].

Following the production and storage of MSCs, they were trans-
ported over a 24h period in a dry shipper (Thermo), which main-
tained a temperature below −150°C, essential for preserving cell
integrity and halting metabolic activity.

The isolated cells exhibited plastic adherence and a fibroblast-like
morphology, which are hallmark characteristics of MSCs and can
be seen in Figure 2. Furthermore, multipotency was confirmed
through differentiation assays, demonstrating their capacity to dif-
ferentiate in vitro into three mesodermal lineages: adipocytes,
osteocytes, and chondrocytes, as shown in Figure 3. The phenotypic
characterization of the cells was performed by flow cytometry using
a FACSCalibur cytometer (Becton Dickinson, San Jose, CA, USA)
operated with the CellQuest software (Becton Dickinson, San Jose,
CA, USA). The cell samples were incubated with fluorochrome-
conjugated monoclonal antibodies, as specified below: mouse anti-
human CD90–FITC, mouse antirat CD73–PE, rat antimouse
CD105–PE, mouse antidog CD34–FITC, mouse antisheep

FIGURE 1 | Mesenchymal stem cell collection, intramedullary lum-

bosacral region.

ðAÞ ðBÞ

FIGURE 2 | Representative images of bovine mesenchymal stem cell cultures showing cells adhered to plastic and displaying a fibroblast-like

morphology. (A) 10× magnification; (B) 20× magnification.

ðAÞ ðBÞ

FIGURE 3 | (Continued)
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CD45–FITC, and mouse antisheep MHC-II–FITC. To control for
nonspecific fluorescence and to adjust compensation parameters,
the isotypes anti-IgG1–PE and anti-IgG1–FITC were employed. All
labeling and acquisition procedures strictly followed the manufac-
turers’ recommendations. The selected antibody set was organized
to form an immunophenotypic panel aimed at identifying and con-
firming the typical characteristics of MSCs.

2.3 | Gynecological Evaluation and Uterine
Sampling

Cows were examined by vaginoscopy to assess and classify the
presence of vaginal discharge (VD) [34] on the day of stem cell
implantation (D0) and 30 days postimplantation (D30). For the
vaginoscopic examination, the vulva was first cleaned with a paper
towel, and a sanitized speculum was then gently inserted into the
vaginal canal. Using a light source, the cervix and vaginal canal
were carefully inspected, and any secretion present was categorized
and recorded. VD was graded on a scale from 0 to 3, where 0=
mucus, 1=mucus with flecks of pus, 2=≥50% purulent exudate,
and 3=hemorrhagic and/or purulent exudate, as adapted from
previous studies [18, 34]. None of the animals selected for this study
had VD.

For endometrial sample collection, an adapted cytological brush
was attached to the tip of conventional artificial insemination
(AI) equipment, which was covered by a disposable AI sheath
and further protected by a sanitary sheath, as previously described
[35, 36]. The apparatus was introduced via the cervix, and the cyto-
brush was rotated to collect cells from the uterine body. Immedi-
ately after sampling, the cytobrush was detached from the
apparatus and gently rolled onto a clean microscope slide, using
only half of its circumference to ensure an adequate quantity of

cellular material remained on the untouched surface for gene tran-
scription analysis. The slides were air-dried and prepared for trans-
port to the laboratory. The cytobrush was placed in a 2mL cryotube
containing 1mL of RNA later buffer and stored at −80°C for subse-
quent processing. In the laboratory, the slides were stained using a
commercial kit (Quick Panoptic, Laborclin, Pinhais, Brazil). Two
hundred cells per slide were counted under an optical microscope
(100×magnification), including PMN,mononuclear, and epithelial
cells, in order to calculate the proportion of PMNs. Animals with a
PMN count below 10%were considered free of uterine infection, as
defined by Kasimanickam et al. [37], and were the ones selected for
this study.

2.4 | Microbiological Examination

Samples for microbiological examination were obtained using the
same sampling method applied for cytology. The shaft of the gyne-
cological brush was cut to facilitate immersion in Stuart transport
medium (REMEL, Lenexa, USA) and subsequently placed in Styro-
foam with disposable ice for preservation. All materials were pro-
cessed in the Microbiology Laboratory of the University of São
Paulo in accordance with established protocols [38].

2.5 | Histopathology Examination

Uterine biopsies were performed on D0 and D30 using 65-cm-long
stainless steel Yeoman biopsy forceps (Hauptner, Solingen, Ger-
many), which were sterilized with disinfectant (CB30TA, Cravin-
hos, Brazil) and 70% alcohol after being washed with an
iodopovidone antiseptic solution. The forceps were introduced
into the uterus via the vagina, passing through the cervix into the
uterine body at the intercornual ligament region. A uterine

ðCÞ ðDÞ

ðEÞ ðFÞ

FIGURE 3 | Representative images of bovine mesenchymal stem cell differentiation. (A) Osteogenic differentiation, 10×magnification; (B) negative

control for osteogenic differentiation, 10× magnification; (C) adipogenic differentiation, 20× magnification; (D) negative control for adipogenic differ-

entiation, 20× magnification; (E) mesenchymal stem cells with chondrogenic differentiation, 20× magnification; (F) mesenchymal stem cells with

chondrogenic differentiation, 10× magnification.
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fragment, ~5mm in length, 2mm in height, and 2mm in depth,
was excised. The fragments were fixed in 10% formalin and placed
in plastic cassettes for subsequent processing. Samples were pre-
pared for microscopic evaluation according to the method
described by Meira et al. [39]. Microscopic analysis was performed
by a single pathologist who was blinded to the animals’ identities.
Histopathological evaluation of the endometrium, as seen in
Figure 4, was used to confirm the presence of endometrial degen-
eration, which was required for the classification of animals as
repeat breeders.

2.6 | Ultrasound Examinations

Ovarian structures, the diameter of the uterine horns, the presence
of content in the uterine lumen, the endometrial area, and uterine
horn characteristics were assessed using cross-sectional images
obtained with a 5MHz linear transducer in B-mode (SIUI CTS-900,
Guangdong, China) on days 0 and 30. The evaluation of uterine horn
vascularization was performed using Doppler mode (Mindray M5;
Shenzhen, China) on a scale from 1 to 4 (1=no vascularization
and 4=highly vascularized), as adapted from Ghinter and UTT
[40], Ghinter [41], and Ribeiro [42]. Measurements were obtained
from frozen images of the uterine horns, ~10 cm from the point of
uterine bifurcation. The diameter was defined as the vertical
dimension from serosa to serosa through the center of the organ.

Ultrasound examination (SIUI CTS-900, 5MHz linear transducer,
Guangdong, China) was conducted 30 days after fixed-time AI
(FTAI) for pregnancy diagnosis. Visualization of the embryonic
vesicle and detection of the embryo were used as positive criteria
for confirming pregnancy.

2.7 | Cell Implantation

The cryotubes were thawed in a water bath at 36°C and then cen-
trifuged at 161× g for 10min. Following centrifugation, the super-
natant, consisting of the cell preservation solution (PBS), was
discarded, leaving the MSC pellet. Next, 20mL of 0.9% sodium
chloride (NaCl) physiological solution was added to the tubes to
dissolve the pellet and dilute the cells.

TheMSC implantation procedure was performed after cleaning the
perineal area. The operator, wearing a sterile insemination glove,
introduced a disposable insemination pipette through the cervix
into the uterine body. To prevent contamination, the gloved hand

was placed over the tip of the pipette during its introduction into the
vagina. The pipette was connected to a syringe containing 1× 106

cells/mL, diluted in 20mL of 0.9%NaCl, via a sterile rubber connec-
tor. The plunger of the syringe was slowly depressed, administering
10mL of the cell suspension at 20 different points (sites of adminis-
tration), spaced 1 cm apart, along a horizontal line at the end of a
uterine horn. Immediately after, a second syringe containing 3mL
of 0.9% NaCl was attached to the sterile pipette and infused to
ensure the complete delivery of the cell suspension. The pipette
was then slowly withdrawn from the vagina.

2.8 | Reproductive Management

At the end of the final collection (D30), 150μg of D-cloprostenol
(PGF2α analog; Croniben, Biogénesis-Bagó, Curitiba, Brazil) was
administered intramuscularly to the 10 animals to regress the cor-
pus luteum (CL), allowing them to enter natural estrus and be
inseminated.

2.9 | RNA Isolation and cDNA Synthesis

Total RNA was extracted from cytobrush samples of the 10 cows,
both untreated and MSC-treated. Uterine cells in tubes were pel-
leted by centrifugation at 2000× g for 10min at 4°C. The superna-
tant (600μL) was discarded, and 600μL of 1% β-mercaptoethanol
was added before total RNA was extracted according to the com-
mercial kit protocol (PureLink RNA Mini Kit, Thermo Fisher Sci-
entific, Carlsbad, CA). The purity and quantity of RNA were
assessed using a NanoDrop 2000 spectrophotometer (Thermo
Fisher Scientific, USA). The RNA was treated with DNase I (Invi-
trogen, Thermo Fisher Scientific, USA) before reverse transcription
(RT) to remove possible genomic DNA contamination.

For cDNA synthesis, the Anchored Oligo primer (dT) 23 (Sig-
ma–Aldrich, USA) was incubated with the treated total RNA at
70°C for 10min, as described by themanufacturer. The RT reaction
was performed using the High-Capacity cDNA kit (Applied Biosys-
tems, USA) according to the protocol described by the manufac-
turer, in a final volume of 20 μL/reaction, using the following
conditions: 25°C for 10min, 37°C for 120min, and 85°C for 5
min. The synthesized cDNA was subsequently quantified by spec-
trophotometry (NanoDrop 2000 spectrophotometer; ThermoFisher
Scientific, USA) to assess the RT reaction efficiency and was stored
at −80°C until quantitation assays were conducted.

Lamina
propria 

Epithelium

ðAÞ

Glands

Fibrin around
the gland

ðBÞ

FIGURE 4 | Glandular endometrial tissue of repeat breeder cows; the black arrow indicates fibrin around the gland (A). Connective tissue in the

uterine parenchyma of repeat breeder cows (B).
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2.10 | Quantitative Real-Time Polymerase Chain
Reaction (qRT-PCR)

qRT-PCR was used to assess the relative abundance of mRNAs in
the cytobrush samples andwas performed by an operator blinded to
the cytology results. The Perfecta SsoFast EvaGreen Supermix Kit
(Bio-Rad Laboratories Inc., USA) was used according to the man-
ufacturer’s instructions to perform qRT-PCR analysis of the relative
abundance of the mRNA associated with regulation of cell prolifer-
ation in the uterus: estrogen receptor α (ESR1), estrogen receptor β
(ESR2), P4 receptor (PGR), growth factors that regulate cellular
proliferation–epidermal growth factor receptor (EGFR), heparin-
binding EGF-like growth factor (HBEGF), patched homolog 2
(PTCH2), collagen type IV α1 (COL4A1), cytokine expression (IL-
1β and IL-8), glyceraldehyde-3-phosphate dehydrogenase
(GAPDH), and β-actin (ACTB). Briefly, 10 μL of Perfecta SsoFast
EvaGreen master mix for iQ (2x), 1 μL of the appropriate primer
set, as documented in Table 1, at 10 μM, 250 ng/μL of cDNA

template, and 4 μL of water were added for a final reaction
volume of 20 μL. The reaction was performed in the Bio-Rad
CFX96 detection system (Bio-Rad Laboratories Inc., Singapore)
using the following program: 1 cycle at 95°C for 5 s, 39 cycles at
95°C for 5 s, and 60°C for 20 s, and a melting curve standardized
from a variable annealing temperature ramp from 65 to 95°C
with an increase of 0.5°C every 5 s. Samples were amplified in
duplicate, and a melting curve was completed after each PCR
reaction to ensure fluorescence quantification was specific to a
single PCR product. Both no-template and no-reverse transcrip-
tase controls were utilized to verify the DNA-free status of the
negative control samples.

The changes in gene transcription were calculated by the
2-ΔΔCT method [43] using the selected reference genes (β-actin
and GAPDH). The first control sample was expressed as 1.0 by
this equation, and all other samples were calculated in relation to
this value. Afterward, the results in the control (untreated) were

TABLE 1 | Primer sequences for quantitative real-time polymerase chain reaction (qRT-PCR) amplification of mRNA.

Gene
Gene
ID

Primer
direction Primer sequence (5’ -3’)

Amplicon
length, bp OBS

P4 receptor PGR Forward GCCGCAGGTCTACCAGCCCTA 199 Regulation of cell
proliferation in the

uterus
Reverse GTTATGCTGTCCTTCCATTGCCCTT

Estrogen receptor α ESR1 Forward CAGGCACATGAGCAACAAAG 82 Regulation of cell
proliferation in the

uterus
Reverse TCCAGCAGCAGGTCGTAGAG

Estrogen receptor β ESR2 Forward TCACGTCAGGCACGCCAGTAAC 155 Regulation of cell
proliferation in the

uterus
Reverse CACCAGGTTGCGCTCAGACCC

Patched 2 PTCH2 Forward CATCCTGCTGCTGTGTACTT 87 Cell proliferation
EmbryogenesisReverse ATCGCCAGGACCAGTACTAT

Epidermal growth factor
receptor

EGFR Forward ATGCTCTATGACCCTACCAC 178 Growth factor cell

Reverse TTCCGTTACAAACTTTGCCA

Heparin-binding EGF-like
growth factor

HBEGF Forward CATCCACGGAGAATGCAAATAC 181 Growth factor cell

Reverse CAGCAGACAGACGGATGATAG

Collagen, type IV, α 1 COL4A1 Forward CACGGCTACTCTTTGCTCTAC 102 Membrane
componentReverse GAAGGGCATGGTACTGAACTT

Interleucin −1 Beta IL-1β Forward AGCATCCTTTCATTCATCTTTGAAG — Cytokines

Reverse CCTGTCATCTTCGAAACGTCCTCCGA

Interleucin - 8 IL-8 Forward TGCTTTTTTGTTTTCGGTTTTTG
AACAGGCACTCGGGAATCCT

— Cytokines

Reverse TAATCTTGCAACCCTCACCTGCTGGC

Interleucin - 10 IL-10 Forward AGAACCACGGGCCTGACAT
AGCTCACTGAAGACTCTCTTCACCTT

— Cytokines

Reverse TTCTGCCCTGCGAAAACAAGAGCAA

Glyceraldehyde-3-phosphate
dehydrogenase

GAPDH Forward GCCATCAATGACCCCTTCAT 69 Reference genes

Reverse TGCCGTGGGTGGAATCA

Actin β ACTB Forward GGATGAGGCTCAGAGCAAGAGA 77 Reference genes

6 of 14 Stem Cells International, 2026
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averaged, and all other outputs were divided by the mean value of
the relative abundance in the control group to yield the fold change
of the genes of interest compared to the control group [44].

2.11 | Statistical Analysis

The statistical analysis was performed using the GraphPad Prism 8
software. The statistical premises of the parametric analysis were
verified by the Shapiro–Wilk and Bartlett tests; the null hypothesis
was rejected in both; thus, parametric analysis guidelineswere used
to infer more accurately the results. In order to prove the difference
between the treatments, an analysis of variance (ANOVA) was
used, reaffirmed by the two-way t-test. Pregnancy per AI was ana-
lyzed using the chi-square test. The Mann–Whitney test was used
for the analysis of relative abundances of mRNA. A significant level
of 5% was considered for all tests performed.

3 | Results

After evaluating 10 cows, a total of nine were selected, four of them
primiparous animals. These animals had undergone an average of
six AIs, either following natural estrus or induced through hor-
monal protocols, and were consequently classified as repeat
breeders.

3.1 | Collection and Cultivation of MSCs

Cells from all three sources displayed fibroblast-like morphology
and adhered to plastic, consistent with MSC characteristics, as
observed in Figure 2. Bone marrow–derived cells adhered after
~5 days and reached~ 80% confluence within 20 days.

Chondrogenic differentiation was confirmed after 21 days by
Alcian Blue and Toluidine Blue staining, which revealed a
proteoglycan-rich extracellular matrix and chondrocyte-like cells,
as shown in Figure 3E.

Osteogenic differentiation was also observed after 21 days and con-
firmed by Alizarin Red staining of calcium deposits, whereas con-
trol cells showed no mineralization, as shown in Figure 3A.

Adipogenic differentiation appeared as small foci at the plate
periphery. Despite some cell death following induction,

adipogenesis was confirmed by the morphological shift from
spindle-shaped to polygonal cells, observed in Figure 3C, and
the presence of cytoplasmic lipid droplets stained with Oil
Red O.

3.2 | Immunophenotypic Characterization

The immunophenotypic analysis of the bovine bone marrow–
derived cells demonstrated a profile consistent with the phenotype
ofMSCs. The expression of the characteristic positiveMSCmarkers
was confirmed, as shown in the histograms in Figure 1. It was
observed that 47% of the cells were positive for CD90 (Figure 5D),
75.6% expressed CD105 (Figure 5E), and 74.2% were marked for
CD73 (Figure 5F). Each marker exhibited a clear fluorescence shift
relative to the isotype control, confirming specific staining and
indicating the presence of a mesenchymal phenotype. In contrast,
the expression of hematopoietic and immunological markers
expected to be negative in the standard MSC phenotype was mini-
mal, as shown in Figure 2. Only 0.97% of the cells were positive for
CD34 (Figure 6D), 0.69% for CD45 (Figure 6E), and 0.58% for
MHC-II (Figure 6F). These findings demonstrate low or absent
expression of markers associated with hematopoietic lineages and
antigen-presenting cells, reinforcing the typical nonimmunogenic
nature ofMSCs. Taken together, the data confirm that the analyzed
cell population displays the immunophenotypic profile expected for
MSCs, characterized by positive expression of CD73, CD90, and
CD105, and absence of CD34, CD45, and MHC-II. This profile,
combined with the morphology observed in the scatter gates, vali-
dates themesenchymal identity of the isolated cells. In contrast, the
expression of hematopoietic and immunological markers expected
to be negative in the standard MSC phenotype was minimal, as
shown in Figure 2. Only 0.97% of the cells were positive for CD34
(Figure 6D), 0.69% for CD45 (Figure 6E), and 0.58% for MHC-II
(Figure 6F). Thesefindings demonstrate low or absent expression of
markers associated with hematopoietic lineages and antigen-
presenting cells, reinforcing the typical nonimmunogenic nature
of MSCs. Taken together, the data confirm that the analyzed cell
population displays the immunophenotypic profile expected for
MSCs, characterized by positive expression of CD73, CD90, and
CD105, and absence of CD34, CD45, and MHC-II. This profile,
combined with the morphology observed in the scatter gates, vali-
dates the mesenchymal identity of the isolated cells.
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FIGURE 5 | (Continued)
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3.3 | Microbiological Examination

The results of the microbiological examination did not indicate a
high bacterial load. Only bacilli were isolated and identified. There

was no growth of Fusobacterium necrophorum or Trueperella pyo-
genes, ruling out bacterial infection as a likely cause of reproductive
failure.
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FIGURE 5 | Phenotypic analysis of positive mesenchymal stem cell (MSC) markers in bovine cells by flow cytometry. (A–C) Dot plots (FSC× SSC)

showing the gated cell population corresponding to a mesenchymal phenotype, representing 71.2%, 67.5%, and 66.7% of total cells, respectively. (D–F)

Fluorescence histograms illustrating the expression of the characteristic positive MSCmarkers: CD90 (47.0%), CD105 (75.6%), and CD73 (74.2%). A clear

fluorescence shift relative to isotype controls is observed, confirming specific labeling.
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FIGURE 6 | Analysis of negative markers for bovine MSCs by flow cytometry. (A–C) Dot plots (FSC× SSC) showing the gated cell population with

morphological features consistent withMSCs, representing 71.3%, 69.1%, and 70.5% of the acquired cells. (D–F) Histograms showingminimal expression

of hematopoietic and immunological markers: CD34 (0.97%), CD45 (0.69%), and MHC-II (0.58%). The absence of significant fluorescence confirms the

expected MSC profile, characterized by low immunogenicity and lack of hematopoietic features.
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3.4 | Ultrasound Examinations

The dimensions and color Doppler findings of the right and left
uterine horns are presented in Table 2.

Cows on D0 had smaller diameters of the right and left uterine
horns (p>0:05) than on D30. No significant difference was
observed between the right and left uterine horns (p<0:05) at
any of the time points evaluated, both on D0 and D30. However,
when comparing D0 and D30, an increase in the vascularization of
the endometrial mucosa and thickening of the uterine wall were
noted following the inoculation of MSCs, indicating a positive
response to the treatment.

Eight cows from the study were inseminated but did not have a
positive pregnancy (0/8).

3.5 | Gynecological Evaluation and Uterine
Sampling

The proportion of PMN cells in the uterus is shown in Table 1.
There was no difference (p<0:05) in the proportion of PMN cells
on D0 (2%) and D30 (0%).

3.6 | Histopathology Examination

Histopathological analysis of uterine tissues, shown in Figure 7, at
D0 revealed predominantly dense and diffuse fibrosis, observed in
eight of nine samples (88.9%). Among these, four samples exhibited
dense, diffuse fibrosis with mild vacuolization of the columnar
endometrial epithelium, while three additional samples also pre-
sented dilated and congested blood vessels, mild edema, and occa-
sional eosinophilic leukocytes. Secretory phase characteristics—
including luminal secretion and glandular dilation—were identi-
fied in one sample. One fragment showed mixed fibrosis patterns,
with both loose and dense areas, and one sample contained insuffi-
cient tissue for complete assessment.

At D30 (after infusion), the mucosa showed marked remodeling,
characterized by increased vascularization, enlargement and prolif-
eration of endometrial glands, and neovascularization within the
superficial lamina propria. The connective tissue in this region
appeared loose rather than denselyfibrotic, suggesting partial rever-
sal of fibrosis. No significant difference in BCS was observed
between D0 and D30 (p>0:05; shown in Table 2).

TABLE 2 | Mean values and standard deviation of the variables body

condition score (BCS), left uterine horn, right uterine horn, color Doppler

scale, and endometrial cytology in 9 animals subjected to stem cell treat-

ment, assessed in two different periods with a 30-day interval.

Variables analysed
Day 0

MeanÆ SD
Day 30

MeanÆ SD

BCS, (1–5) 4,0Æ 0,27 3,75Æ 0,28

Left uterine horn, (cm) 1,73Æ 0,31 1,89Æ 0,23

Right uterine horn, (cm) 1,66Æ 0,29 2,18Æ 0,35∗

Color doppler signs (1–4) 1,00Æ 1,33 2,0Æ 0,71

Endometrial cytology, % 2,00Æ 6,00 0,0Æ 0,44
∗Significant difference between moments Day 0 and Day 30 through the
paired Student’s test (p<0:05), in the same line.

ðAÞ ðBÞ

ðCÞ ðDÞ

FIGURE 7 | (Continued)
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3.7 | QRT-PCR

The relative abundance of PGR, ESR1, ESR2, PTCH2, EGFR,
HBEGF, COL4A1, IL-1β, IL-8, and IL-10 mRNA is depicted in
Figure 8. There was no difference in the control (β-actin and
GAPDH) Ct values between days D0 and D30 (p¼ 0:9; 25.1 and
25.0 in cows from D30 and D0, respectively). The consistency of
the abundance of β-actin and GAPDH mRNA confirms their
suitability as reference genes. Relative abundance of mRNA tran-
scripts for PGR, ESR1, ESR2, EGFR, HBEGF, COL4A1, IL-10,

and PTCH2 did not change among collections (p<0:05). The
relative abundance of mRNA transcripts for IL-1β and IL-8 was
greater (p¼ 0:08 and p¼ 0:04, respectively) in D0 than in D30.

4 | Discussion

Endometrial degeneration is characterized by an excessive prolifer-
ation of connective tissue surrounding endometrial glands [45], a
phenomenon corroborated in the present study, where dense

ðEÞ ðFÞ

FIGURE 7 | Photomicrography of endometrial mucosa of repeat breeder cows. (A) First biopsy, cow 39. Diffuse dense fibrosis of endometrial

mucosa. (B) Second biopsy, 30 days after mesenchymal stem cell therapy, cow 39. Mucosa was replaced by soft stroma with few gland units and an

increased number and size of vessels. (C) Image B at higher magnification. (D) First biopsy, cow 73. Dense diffuse fibrosis. (E) Second biopsy of cow 100.

Lamina propria was replaced by soft tissue with an increased number of vessels. (F) Second biopsy of cow 104. Few endometrial glands in soft tissue with

an increased number and size of vessels. Hematoxylin and eosin.
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FIGURE 8 | Relative abundance of mRNA transcription in uterine endometrial tissues of repeat breeder cows treated and untreated with mesen-

chymal stem cells.
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connective tissue around the glands was observed, potentially
impairing their function. When comparing pre- and postcell ther-
apy data, a significant change in uterine diameter was observed in
both uterine horns. Several hypotheses may explain this phenome-
non. First, hormonal influences cannot be ruled out, as physiologi-
cal uterine alterations naturally occur during the reproductive cycle
[46]. Second, delayed uterine involution may be a contributing
factor. Slama et al. [47] demonstrated that uterine infections can
predispose cattle to increased uterine diameter and prolonged puer-
peral involution. Mateus et al. [48] further reported that delayed
involution negatively impacts reproductive performance. However,
in the present study, this hypothesis was dismissed, as cytological
evaluation conducted 30 days posttreatment did not reveal any
uterine disease indicators.

An alternative explanation for the increased uterine diameter
relates to findings by Gutierrez [49], who reported that MSC ther-
apy in pulmonary fibrosis initially induced an inflammatory
response, followed by tissue repair andfibrosis reduction. However,
our findings indicate that MSC therapy reduced IL-1β and IL-8
expression after 30 days, suggesting a shift toward a less inflamma-
tory uterine environment. Inflammation plays a critical role in
uterine receptivity and fertility, as excessive immune activation
can impair embryo implantation and endometrial function. Previ-
ous research has demonstrated that elevated levels of proinflam-
matory cytokines, particularly IL-1β and IL-8, are associated with
lower pregnancy per AI rates in cattle [17]. This correlation likely
results from the detrimental effects of chronic inflammation on
endometrial integrity, vascularization, and immune tolerance, all
of which are essential for successful conception and pregnancy
maintenance.

All animals in this study exhibited normal estrous cyclicity, as they
were subjected to AI protocols. Ultrasound evaluations confirmed
the presence of key reproductive structures, including vascularized
CL, which is essential for estrous identification [49, 50]. Endome-
trial alterations can influence ovarian function and disrupt cyclicity
[51]; however, Fu et al. [52] demonstrated a positive correlation
between MSC therapy and ovarian functionality. In the present
study, no adverse effects on ovarian function were observed, as
all animals entered estrus and were inseminated after the experi-
ment. Despite this, pregnancy was not achieved. This outcomemay
reflect factors not directly assessed in this study, such as the optimal
timing of insemination relative to tissue repair, the possibility that
the 30-day interval was insufficient for complete functional recov-
ery, or undetected hormonal or molecular abnormalities that con-
tinued to compromise fertility. As a pioneering trial, the single
intrauterine dose of 106 cells was chosen based on feasibility
and prior pilot data, but further research is necessary to estab-
lish the most effective dose, number of applications, and inter-
val between therapy and breeding.

AlthoughMSCs are widely recognized for their regenerative poten-
tial, particularly in tissue repair, their application in repeat breeder
cows remains unexplored. In mares with endometritis, MSC ther-
apy has shown promising results in endometrial regeneration [53,
54]. Gattegno-Ho et al. [53] observed thatMSCs actively participate
in tissue remodeling and healing processes, while Vassena et al.
[45] reported that MSC therapy enhances the proliferation of
endogenous progenitor cells, thereby increasing tissue regenera-
tion capacity [55].

Studies indicate that the treatment of endometritis in mares and
cows employs cell doses ranging from 106 to 108 [56, 57]. However,
there is still no scientific consensus regarding the standardization of
the optimal cell number for treatment, and protocols are generally
based on the outcomes of pilot studies. In our study, a single dose of
106 cells was administered. Based on the interpretation of our
results, it is possible to suggest that higher doses may be more
effective, as reported in other studies in which 107 cells [56] and
2× 107 cells [57] were applied, demonstrating a proven anti-
inflammatory effect when administered via the intrauterine route.

Our study employed only a single application, and research addres-
singmultiple applications remains scarce. This is an important point
to be explored in future studies to assess whether repeated admin-
istrations favor themaintenance of the anti-inflammatory effect due
to the paracrine action of the cells. In buffaloes with endometritis,
treatment with two applications yielded favorable clinical results
[57], suggesting that further studies are warranted to determine
whether this approach could also improve pregnancy rates.

When considering other regenerative therapies, platelet-rich plasma
(PRP) has demonstrated modulatory effects on uterine inflamma-
tion, improving the inflammatory process in cows [58] and mares
[59]. However, studies combining MSCs with PRP indicate that PRP
may induce undesirable effects on endometrial cells [60]. For exam-
ple, in an in vitro study using conditioned medium derived from
MSCs isolated from equine umbilical cord Wharton’s jelly, a protec-
tive effect on endometrial cells was observed even after LPS chal-
lenge. The conditioned medium prevented the deleterious effects of
LPS, maintained cell viability, and suppressed PGE-2 production,
suggesting its therapeutic potential in modulating endometrial
inflammation.

Conversely, PRP exerted detrimental effects on endometrial cells,
including reduced cell viability, increased production of reactive oxy-
gen species (ROS), and induction of PGE-2 secretion, without a sig-
nificant effect on IL-10 production [61]. These findings indicate that,
in this context, PRP alone may not be beneficial for the treatment of
endometrial inflammation.

The limitations of this study include the complexity of MSC isola-
tion and expansion, which require specialized personnel and infra-
structure, as well as the logistical and financial constraints inherent
to in vivo trials in large animals, where sample sizes and observa-
tion periods are limited. Additionally, although a separate control
group was not included, a paired-sample design was intentionally
used so that each cow served as its own control, allowing direct
comparison of pre- and posttreatment uterine conditions while
minimizing interindividual variation. This approach effectively
demonstrated histological and molecular regeneration.

5 | Conclusions

This study provides histological and molecular evidence that intra-
uterine MSC therapy promotes endometrial regeneration in repeat
breeder cows characterized by uterine fibrosis. Thirty days after
treatment, the replacement of dense fibrotic tissue by loose connec-
tive tissue, increased vascularization, and reduced expression of
proinflammatory cytokines (IL-1β and IL-8) collectively indicated
a favorable remodeling of the uterine environment. These findings
confirm the regenerative potential ofMSCs in bovine endometrium
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and support their use as a novel therapeutic tool for improving
uterine health.

Nevertheless, the absence of pregnancies following treatment high-
lights that endometrial regeneration alone may not guarantee res-
toration of fertility. As a pioneer trial, this work demonstrates
feasibility but also reveals key barriers, including the need for stan-
dardized cell dosage, multiple applications, and long-term
evaluation.

Future studies should focus on protocol optimization and expand
the follow-up period to determine whether the histological regen-
eration observed here translates into improved conception rates.
Despite its limitations, this study establishes foundational evidence
that MSC therapy can induce structural and molecular regenera-
tion of the bovine endometrium and opens new perspectives for
regenerative approaches in reproductive management of repeat
breeder cows.

Nomenclature

ACTB: β-Actin

AI: Artificial insemination

ANOVA: Analysis of variance

BCS: Body condition score

cDNA: Complementary DNA

COL4A1: Collagen type IV α1

D0: Day 0, untreated

D30: Day 30, treated

DMEM/F12: Dulbecco’s modified eagle medium/nutrient mixture F-12

DNase I: Deoxyribonuclease I

EGFR: Epidermal growth factor receptor

ESR1: Estrogen receptor α

ESR2: Estrogen receptor β

GAPDH: Glyceraldehyde-3-phosphate dehydrogenase

HBEGF: Heparin-binding EGF–like growth factor

IL-1β: Interleukin-1 beta

IL-8: Interleukin 8

mRNA: Messenger RNA

MSCs: Mesenchymal stem cells

PBS: Phosphate-saline buffer

PGR: P4 receptor

PGF2α: Prostaglandin F2α

PMN: Polymorphonuclear cells

PTCH2: Patched homolog 2

qRT-PCR: Quantitative real-time polymerase chain reaction

RB: Repeat-breeding

RT: Reverse transcription

TAI: Timed artificial insemination

VD: Vaginal discharge

CL: Corpus luteum.

Author Contributions

Bruno Leonardo Mendonça Ribeiro conducted fieldwork and was a major
contributor in writing the manuscript. Joice Fülber developed stem cells.
Mario Augusto Reyes Aleman conducted fieldwork. Luiz Francisco
Machado Pfeifer performed the study of immunology. Jéssica de Souza
Andrade performed the study of immunology. Elizângela Mírian Moreira
performed the study of immunology. Renata Reis da Silva performed the
study of immunology. Raquel Yvonne Arantes Baccarin participated in the
development of stem cells. Lilian Rose Marques de Sá performed a histo-
pathological analysis of the uterus. Lilian Gregory idealized and supervised
the project.

Acknowledgments

The authors declare that they have not used AI−generated work in this
manuscript.

Funding

No funding was received for this manuscript.

Disclosure

All authors read and approved the final manuscript.

Ethics Statement

The Local Ethics Committee on the Use of Animals (CEUA) approved the
project named “Evaluation of alternative treatments for the control of uter-
ine infections in cattle” and all of the procedures performed in the experi-
ment described in this manuscript (Protocol 2489230217) in the meeting of
10/18/2018.

Consent

The authors have nothing to report.

Conflicts of Interest

The authors declare no conflicts of interest.

Data Availability Statement

All data generated or analyzed during this study are included in this pub-
lished article.

References

1. P. F. Lopes, R. P. Reis, and L. C. T. Yamaguchi, “Custos e Eescala de
Produção na Pecuária Leiteira: Estudo nos Principais Estados Produtores
do Brasil,” Revista De Economia e Sociologia Rural 45, no. 3 (2007): 567–
590.

2. Y. T. Gröhn and P. J. Rajala-Schultz, “Epidemiology of Reproductive
Performance in Dairy Cows,” Animal Reproduction Science 60-61 (2000):
605–614.

3. S. LeBlanc, “Economics of Improving Reproductive Performance in
DairyHerds,” inWCDSAdvances in Dairy Technology, 19, (2007): 201–214.

4. S. Thakur, M. Singh, and N. K. Vasishta, “Study on Etiology of “Repeat
Breeding” inHimachal Pradesh,” Punjab Veterinary Journal 4 (2006): 27–29.

5. R. R. C. Mello, “Perdas Reprodutivas em Fêmeas Bovinas,”
Agropecuaria Cientifica no Semiarido 10, no. 4 (2015): 07–23.

6. F. López-Gatius and I. Garcia-Ispierto, “Treatment With an Elevated
Dose of the GnRH Analogue Dephereline in the Early Luteal Phase
Improves Pregnancy Rates in Repeat-Breeder Dairy Cows,” Theriogenol-
ogy 155 (2020): 12–16.

7. A. S. A. Hassaneen, M. S. Rawy, E. Yamanokuchi, et al., “Use of
Platelet Lysate for in-Vitro Embryo Production and Treatment of Repeat
Breeding in Cows,” Theriogenology 210 (2023): 199–206.

12 of 14 Stem Cells International, 2026

 4162, 2026, 1, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1155/sci/8863818, W

iley O
nline L

ibrary on [07/02/2026]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



8. A. Ali, A. K. Abdel-Razek, R. Derar, H. A. Abdel-Rheem, and
S. H. Sehata, “Forms of Reproductive Disorder in Cattle and Buffaloes in
Middle Egypt,” Reproduction in Domestic Animals 44, no. 4 (2009): 580–
586.

9. S. B. Patel, K. K. Hadiya, and D. B. Chavan, “Incidence of
Reproductive Disorders in Cattle and Buffaloes in Kaira District of
Gujarat,” Indian Journal of Field Veterinarians 3 (2007): 15–17.

10. S. K. Sah and T. Nakao, “Characteristics of Repeat Breeding Buffaloes
in Nepal,” Journal of Reproduction and Development 52, no. 3 (2006): 335–
341.

11. O. I. Azawi, A. J. Ali, and E. H. Lazim, “Pathological and Anatomical
Abnormalities Affecting Buffalo Cows Reproductive Tracts in Mosul,”
Iraqi Journal of Veterinary Sciences 22, no. 2 (2008): 59–67.

12. A. F. de Mendonça Júnior, A. P. Braga, A. P. M. dos S. Rodrigues,
L. E. M. de Sales, and H. C. de Mesquita, “Minerais: Importância de uso
na Dieta de Ruminantes,” Revista Acta de Ciências e Saúde 7, no. 1 (2011).

13. J. R. C. Junqueira and A. A. Alfieri, “Falhas da Reprodução na
Pecuária Bovina de Corte com Enfase Para Causas Infecciosas,” Semina:
Ciências Agrárias 27, no. 2 (2006): 289–298.

14. V. S. Machado, W. A. Knauer, M. L. S. Bicalho, G. Oikonomou,
R. O. Gilbert, and R. C. Bicalho, “A Novel Diagnostic Technique to
Determine Uterine Health of Holstein Cows at 35 Days Postpartum,”
Journal of Dairy Science 95, no. 3 (2012): 1349–1357.

15. R. H. Alvarez, “Problemas Reprodutivos no pós-Parto de Vacas
Leiteiras,” (2009).

16. R. Sartori and M. R. Mollo, “Influência da Ingestão Alimentar na
Fisiologia Reprodutiva da Vaca,” Revista Brasileira de Reprodução Animal
31, no. 2 (2007): 197–204.

17. J. de S. Andrade, E. M. Moreira, G. M. da Silva, et al., “Uterine Health
and Fertility of Timed AI Postpartum Nelore Beef Cows Raised in the
Amazon Biome,” Livestock Science 249 (2021): 104528.

18. I. M. Sheldon, G. S. Lewis, S. LeBlanc, and R. O. Gilbert, “Defining
Postpartum Uterine Disease in Cattle,” Theriogenology 65, no. 8 (2006):
1516–1530.

19. D. Dadarwal, C. Palmer, and P. Griebel, “Mucosal Immunity of the
Postpartum Bovine Genital Tract,” Theriogenology 104 (2017): 62–71.

20. T. A. Snider, C. Sepoy, and G. R. Holyoak, “Equine Endometrial
Biopsy Reviewed: Observation, Interpretation, and Application of
Histopathologic Data,” Theriogenology 75, no. 9 (2011): 1567–1581.

21. R. O. Wallchili, “Endometrial Biopsy in Mares Under Nonuniform
Breeding Management Conditions: Prognostic Value and Relationship
With Age,” The Canadian Veterinary Journal-Revue Veterinaire
Canadienne 31 (1990): 379–384.

22. C. H. W. Debois and J. E. Manspeaker, “Endometrial Biopsy of the
Bovine,” in Current Therapy in Theriogenology: Diagnosis, Treatment and
Prevention of Reproductive Diseases in Animals, 2nd ed., ed. D. Morrow,
(Saunders WB, 1986): 424–426.

23. B. N. Bonnett, S. W. Martin, V. P. Gannon, R. B. Miller, and
W. G. Etherington, “Endometrial Biopsy in Holstein Friesian Dairy Cows
II. Correlations Between Histological Criteria,” Canadian Journal of
Veterinary Research 55, no. 2 (1991): 162–167.

24. M. R. Carvalho, A. M. Ferreira, W. F. De Sá, and G. M. F. Cruz,
“Eficiência Comparativa dos Tratamentos Intrauterinos Para Endome-
trite Bovina,” in Pesquisa de Gado de Leite- CNPGL, 5, 1982): 976.

25. E. Grunert, E. H. Birgel, and W. G. Vale, Patologia e Clínica da
Reprodução dos Animais Mamíferos Domésticos: Ginecologia (Varela,
2005).

26. T. Goshen and N. Y. Shpigel, “Evaluation of Intrauterine Antibiotic
Treatment of Clinical Metritis and Retained Fetal Membranes in Dairy
Cows,” Theriogenology 66, no. 9 (2006): 2210–2218.

27. K. N. Galvão, M. Frajblat, S. B. Brittin, W. R. Butler, C. L. Guard, and
R. O. Gilbert, “Effect of Prostaglandin F2Alpha on Subclinical Endometritis
and Fertility in Dairy Cows,” Journal of Dairy Science 92, no. 10 (2009):
4906–4913.

28. B. S. Monteiro, A. P. B. Borges, C. M. F. Rezende, and E. F. Delgado,
“Terapia Celular em Reparação óssea - Aplicação Clínica de células-
Tronco Mesenquimais,” Ciência Veterinária nos Trópicos 11, no. S2
(2008): 95–100.

29. M. Ono, W. Qiang, V. A. Serna, et al., “Role of Stem Cells in Human
Uterine Leiomyoma Growth,” PLoS ONE 7, no. 5 (2012): e36935.

30. T. Maruyama, M. Ono, and Y. Yoshimura, “Somatic Stem Cells in the
Myometrium and in Myomas,” Seminars in Reproductive Medicine 31,
no. 1 (2013): 077–081.

31. L. I. Mambelli, R. C. Mattos, G. H. Z. Winter, et al., “Changes in
Expression Pattern of Selected Endometrial Proteins Following Mesenchy-
mal Stem Cells Infusion in Mares with Endometrosis,” PLoS ONE 9, no. 6
(2014): e97889.

32. B. G. Lowman, N. Scott, and S. Somerville, “Condition Scoring of
Cattle,” in The Edinburgh School of Agriculture, Bulletin no. 6, East of
Scotland College of Agriculture, (1976).

33. R. K. W. Smith, M. Korda, G. W. Blunn, and A. E. Goodship,
“Isolation and Implantation of Autologous Equine Mesenchymal Stem
Cells From Bone Marrow Into the Superficial Digital Flexor Tendon as a
Potential Novel Treatment,” Equine Veterinary Journal 35, no. 1 (2003):
99–102.

34. S. Pleticha, M. Drillich, and W. Heuwieser, “Evaluation of the
Metricheck Device and the Gloved Hand for the Diagnosis of Clinical
Endometritis in Dairy Cows,” Journal of Dairy Science 92, no. 11 (2009):
5429–5435.

35. E. J. Williams, D. P. Fischer, D. U. Pfeiffer, et al., “Clinical Evaluation
of PostpartumVaginalMucus Reflects Uterine Bacterial Infection and the
Immune Response in Cattle,” Theriogenology 63, no. 1 (2005): 102–117.

36. B. Cardoso, M. L. Oliveira, G. Pugliesi, E. O. S. Batista, and
M. Binelli, “Cytobrush: A Tool for Sequential Evaluation of Gene
Expression in Bovine Endometrium,” Reproduction in Domestic Animals
52, no. 6 (2017): 1153–1157.

37. R. Kasimanickam, T. F. Duffield, R. A. Foster, et al., “Endometrial
Cytology and Ultrasonography for the Detection of Subclinical
Endometritis in Postpartum Dairy Cows,” Theriogenology 62, no. 1-2
(2004): 9–23.

38. L. R. Trabulsi and F. Alterthum, “Microbiologia,” São Paulo (2008).

39. E. B. S. Meira Jr., L. C. S. Henriques, L. R. M. Sá, and L. Gregory,
“Comparison of Ultrasonography and Histopathology for the Diagnosis of
Endometritis in Holstein-Friesian Cows,” Journal of Dairy Science 95,
no. 12 (2012): 6969–6973.

40. O. J. Ginther and M. D. Utt, “Doppler Ultrasound in Equine
Reproduction: Principles, Techniques, and Potential,” Journal of Equine
Veterinary Science 24, no. 12 (2004): 516–526.

41. O. J. Ginther, Ultrasonic Imaging and Animal Reproduction: Color-
Doppler Ultrasonography (Equiservices Publishing, 2007).

42. B. L. M. Ribeiro, “Avaliação do útero Bovino com Endometrite
Utilizando a Técnica de Ultrassonografia Doppler [dissertation],”
Faculdade de Medicina Veterinária e Zootecnia, Universidade de São
Paulo (2016).

43. K. J. Livak and T. D. Schmittgen, “Analysis of Relative Gene
Expression Data Using Real-Time Quantitative PCR and the 2−ΔΔC(T)

Method,” Methods 25, no. 4 (2001): 402–408.

44. M. M. Masternak, K. A. Al-Regaiey, M. M. D. R. Lim, et al., “Effects
of Caloric Restriction and Growth Hormone Resistance on the Expression
Level of Peroxisome Proliferator-Activated Receptors Superfamily in
Liver of Normal and Long-Lived Growth Hormone Receptor/Binding

Stem Cells International, 2026 13 of 14

 4162, 2026, 1, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1155/sci/8863818, W

iley O
nline L

ibrary on [07/02/2026]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



Protein Knockout Mice,” The Journals of Gerontology: Series A 60, no. 11
(2005): 1394–1398.

45. R. Vassena, C. Eguizabal, B. Heindryckx, et al., “Stem Cells, Stem
Cells in Reproductive Medicine: Ready for the Patient?” Human
Reproduction 30, no. 9 (2015): 2014–2021.

46. H. T. Gier and G. B. Marion, “Uterus of the Cow After Parturition:
Involutional Changes,” American Journal of Veterinary Research 29, no. 1
(1968): 83–96.

47. H. Slama, D. Vaillancourt, and A. K. Goff, “Pathophysiology of the
Puerperal Period: Relationship Between Prostaglandin E2 (PGE2) and
Uterine Involution in the Cow,” Theriogenology 36, no. 6 (1991): 1071–
1090.

48. L. Mateus, L. L. Da Costa, F. Bernardo, and J. R. Silva, “Influence of
Puerperal Uterine Infection on Uterine Involution and Postpartum
Ovarian Activity in Dairy Cows,” Reproduction in Domestic Animals 37,
no. 1 (2002): 31–35.

49. S. D. Gutierrez-Nibeyro, “Commercial Cell-Based Therapies for
Musculoskeletal Injuries in Horses,” Veterinary Clinics of North America:
Equine Practice 27, no. 2 (2011): 363–371.

50. C. C. Barbosa and L. D. M. Silva, “Ultrassonografia Doppler Para
Avaliação Reprodutiva De fêmeas,” Revista Brasileira de Reprodução
Animal 36, no. 4 (2012): 220–224.

51. H. Kindahl, K. Odensvik, S. Aiumlamai, and G. Fredriksson, “Utero-
Ovarian Relationships During the Bovine Postpartum Period,” Animal
Reproduction Science 28, no. 1–4 (1992): 363–369.

52. X. Fu, Y. He, C. Xie, and W. Liu, “Bone Marrow Mesenchymal Stem
Cell Transplantation Improves Ovarian Function and Structure in Rats
With Chemotherapy-Induced Ovarian Damage,” Cytotherapy 10, no. 4
(2008): 353–363.

53. D. Gattegno-Ho, S. A. Argyle, and D. J. Argyle, “Stem Cells and
Veterinary Medicine: Tools to Understand Diseases and Enable Tissue
Regeneration and Drug Discovery,” The Veterinary Journal 191, no. 1
(2012): 19–27.

54. R. P. Arruda, L. W. O. Souza, E. C. C. Celeghini, and F. A. C. Souza,
“Tratamento das Endometrites em éguas. Anais do I SIMEQ,” Curitiba
(PR) (2003): 3–13.

55. J. Chan, F. Vilella, S. K. Dey, and C. Simon, “Molecular Interplay in
Successful Implantation,” in Ten Critical Topics in Reproductive Medicine,
(S. Sanders, Science/AAA, 2013): 44–48.

56. F. Navarrete, F. Saravia, G. Cisterna, et al., “Assessment of the Anti-
Inflammatory and Engraftment Potential of Horse Endometrial and
Adipose Mesenchymal Stem Cells in an In Vivo Model of Post Breeding
Induced Endometritis,” Theriogenology 155 (2020): 33–42.

57. V. Bhaskar, S. Saini, S. Ansari, et al., “Allogenic Adipose Derived
Mesenchymal Stem Cells are Effective Than Antibiotics in Treating
Endometritis,” Scientific Reports 13, no. 1 (2023): 11280.

58. M. G. Marini, C. Perrini, P. Esposti, et al., “Effects of Platelet-Rich
Plasma in a Model of Bovine Endometrial Inflammation In Vitro,”
Reproductive Biology and Endocrinology 14, no. 1 (2016): 58.

59. L. G. T. M. Segabinazzi, I. F. Canisso, G. Podico, et al., “Intrauterine
Blood Plasma Platelet-Therapy Mitigates Persistent Breeding-Induced
Endometritis, Reduces Uterine Infections, and Improves Embryo
Recovery in Mares,” Antibiotics 10, no. 5 (2021): 490.

60. P. A. Vishnyakova, A. V. Khalyavkin, A. V. Koroleva, et al., “Effects
of Platelet-Rich Plasma on Mesenchymal Stem Cells Isolated From Rat
Uterus,” International Journal of Molecular Sciences 21, no. 22 (2020):
8639.

61. C. Del Prete, E. Attolini, B. Merlo, et al., “Post-Insemination Infusion of
Wharton’s Jelly Mesenchymal Stromal/Stem Cells-Derived Conditioned
Medium: A Novel Approach for Improving Pregnancy Outcomes in Problem
Mares,” Veterinary Sciences 12, no. 5 (2025): 4825.

14 of 14 Stem Cells International, 2026

 4162, 2026, 1, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1155/sci/8863818, W

iley O
nline L

ibrary on [07/02/2026]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense


	Regenerative Potential of Mesenchymal Stem Cells for Enhancing Uterine Health and Fertility in Repeat Breeder Dairy Cows
	1. Introduction
	2. Materials and Methods
	2.1. Animals and Study Design
	2.2. Collection and Cultivation of MSCs
	2.3. Gynecological Evaluation and Uterine Sampling
	2.4. Microbiological Examination
	2.5. Histopathology Examination
	2.6. Ultrasound Examinations
	2.7. Cell Implantation
	2.8. Reproductive Management
	2.9. RNA Isolation and cDNA Synthesis
	2.10. Quantitative Real-Time Polymerase Chain Reaction (qRT-PCR)
	2.11. Statistical Analysis

	3. Results
	3.1. Collection and Cultivation of MSCs
	3.2. Immunophenotypic Characterization
	3.3. Microbiological Examination
	3.4. Ultrasound Examinations
	3.5. Gynecological Evaluation and Uterine Sampling
	3.6. Histopathology Examination
	3.7. QRT-PCR

	4. Discussion
	5. Conclusions




