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Simple Summary: Simple Summary: Nineteen geriatric dogs (aged 8-20 years) with chronic diseases,
including myxomatous mitral valve disease, chronic kidney disease, intervertebral disk disease,
cognitive dysfunction syndrome, degenerative joint disease, osteoarthritis, and progressive retinal
atrophy, were included in this retrospective study. They were divided into two groups: a control
group treated with adipose tissue-derived mesenchymal stem cells (MSCs) (n = 9) and a treatment
group receiving MSCs derived from gonadal tissue (n = 10). MSC therapies were administered
intravenously at monthly intervals, with multiple frequencies, using allogeneic MSCs. Safety was
evaluated through short-term and long-term physical exams, blood tests, imaging studies, and the
monitoring of adverse events. No clinical adverse effects were observed in the dogs treated with
gonadal tissue-derived MSCs.

Abstract: Ensuring the safety of mesenchymal stem cell (MSC) therapy is a fundamental requirement
in clinical practice. This study aimed to assess the safety of using gonadal tissue-derived MSCs
(n = 10) compared to the commonly utilized adipose tissue-derived MSCs (n = 9) in geriatric dogs
with chronic diseases. All participants received allogeneic MSC therapy, and no allergic reactions
due to allogeneic cell immunogenicity were noted. Both groups showed no adverse changes in
physical exams or hematological parameters before and after therapy. Importantly, there were no
instances of tumor formation or growth post-treatment in either group. The findings demonstrated
that dogs treated with gonadal tissue-derived MSCs experienced no clinical adverse effects. However,
clinical adverse effects were reported in one case of adipose tissue-derived MSC therapy. Despite
limitations in monitoring beyond one year and constraints due to a small and diverse patient group,
this pioneering study validates the safe use of gonadal tissue-derived MSCs in aged companion
animals. It underscores the potential of utilizing tissues from neutering procedures to advance
regenerative medicine and expand cell banks and therapy options for companion animals.

Keywords: adverse effects; aged animals; canine; elderly companion animals; geriatric dogs; gonadal
tissue; mesenchymal stem cell; regenerative medicine; safety

1. Introduction

Recent scientific advances in mesenchymal stem cell biology have stimulated the
development and application of novel stem-cell-based therapeutic strategies in numer-
ous animal diseases. Among the various types of stem cell populations, mesenchymal
stem cells (MSCs), a multipotent adult progenitor cell population that can proliferate and
differentiate into adipogenic, osteogenic, and chondrogenic lineages, have been the most
widely used stem cell type in veterinary patients due to their promising therapeutic efficacy
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and convenient harvest and isolation procedures [1]. Additionally, MSC therapy poses a
relatively low risk of tumorigenic development and fewer ethical challenges compared to
embryonic stem-cell-based therapies [2].

Since the first clinical application of bone-marrow-derived mesenchymal stem cell
(MSC) therapy, which aimed to improve the treatment outcomes of damaged tendons of
racehorses in 2003 [3], there have been remarkable advancements in MSC therapies for
treatments of various diseases in different animal species [4]. To date, the most promising
therapeutic potentials have been highlighted for the treatment of orthopedic disorders, such
as tendon injuries in horses and osteoarthritis (OA) in dogs [5-7]. Other diseases for which
MSC therapy holds promising therapeutic potential include renal, neurologic, cardiac, liver,
dental, skin, and ophthalmic disorders, as elegantly discussed elsewhere [4]. In particular,
mesenchymal stem cell therapy has been shown to be beneficial in aging and age-related
diseases [8]. Positive therapeutic outcomes of MSC therapies provide great promise for
more effective and safer management strategies for various diseases that currently have
limited treatment options.

Using gonadal tissue for mesenchymal stem cell therapy allows for easy acquisition
during neutering surgeries, eliminating the need for separate procedures to obtain tissues
as sources of MSCs. Moreover, performing autologous cell banking during neutering
may alleviate concerns regarding the immunogenic side effects associated with the use of
allogeneic cells. This highlights the importance of gonadal tissue-derived mesenchymal
stem cells, showing that discarded tissues can be repurposed into valuable materials for
regenerative medicine.

Currently, there is a lack of research on the safety of using gonadal tissue-derived
MSCs in elderly companion animals with age-related chronic diseases. Here, our aim is to
summarize the application of gonadal tissue-derived mesenchymal stem cell therapy in an
animal hospital and discuss safety concerns related to treatment progress in geriatric dogs
with chronic disease.

2. Materials and Methods
2.1. Study Population

All medical records of patients treated with MSCs were reviewed retrospectively.
Mesenchymal stem cells extracted from visceral fat and gonad tissues (ovaries and testes)
were prepared for injection into animals, with the origin and potential side effects of the
MSCs fully explained to the animal owners beforehand. During the data-collection period
from 21 November 2020 to 4 March 2023, a total of 69 patients received MSC therapy.
Among these, 19 elderly dogs with chronic diseases met the criteria for a retrospective
study and analysis. In this study, all medical records of patients treated with MSCs at the
VIP Animal Medical Center during the specified period were reviewed retrospectively.
The review procedure was approved by the Institutional Animal Care and Use Committee
(IACUC) of VIP Animal Medical Center (Protocol No. VIP-0006-SC).

Inclusion and Exclusion Criteria

Patients were selected based on similar age, disease, sex, and weight parameters.
Mesenchymal stem cell therapy was excluded for patients with severe conditions such as
tumors, cardiogenic pulmonary edema, sepsis, thromboembolism, or infectious diseases.
Furthermore, patients who were unable to undergo short-term or long-term follow-up
post-MSC therapy or who lacked the essential evaluation metrics required for this study
were excluded. As a result, out of the initial 69 dogs, 50 were excluded, yielding a final
sample size of 19 dogs.

In this study, geriatric patients aged 8 to 20 years with degenerative diseases or chronic
conditions managed for more than three months were included. The conditions comprised
myxomatous mitral valve disease (MMVD), chronic kidney disease (CKD), proteinuria,
intervertebral disk disease (IVDD), cognitive dysfunction syndrome (CDS), degenerative
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joint disease (DJD), osteoarthritis (OA), cranial cruciate ligament rupture (CCLR) and
medial patellar luxation (MPL), and progressive retinal atrophy (PRA).

Before deciding on MSC therapy, a general screening examination was conducted,
including a physical examination, blood analysis, imaging examinations, urine tests, and
other necessary tests to check for the presence of cancer. The VDI pre-stem cell panel test
with cancer panel was recommended, and MSC therapy was performed on patients whose
tumors had been excluded. In addition, we also assessed the overall health status of the
patients and identified their underlying medical conditions.

To evaluate the safety outcomes, patients who received MSC therapy at intervals of less
than one month, on three or more sessions, were targeted for a one-year monitoring period.
For tumor evaluation, physical examinations, blood tests, and imaging examinations were
conducted annually.

2.2. Tissue Collection and Cell Preparations
2.2.1. Origin Tissue Collection from Donor

We obtained adipose or gonadal tissues (testes or ovaries) that were discarded during
the neutering surgery procedures at VIP Animal Medical Center with the consent of the
owners. Donors were healthy dogs under one year of age. They were thoroughly screened
for infectious diseases and demonstrated no abnormal findings based on both blood and
imaging examinations. The process was approved by the Institutional Animal Care and
Use Committee (IACUC) of VIP Animal Medical Center (Protocol No. VIP-0004-SC).

2.2.2. MSCs Preparation (Isolation, Culture, Harvest, Dilution)
Tissue Preparation and Cell Isolation

Donor-derived tissue (testis, ovary, or adipose tissue) was extracted from a sterile
container using sterilized forceps and transferred to a tube containing 20 mL of Dulbecco’s
phosphate-buffered saline (DPBS; Thermo Fisher Scientific, Waltham, MA, USA) for pri-
mary washing. The tissue was then transferred to a Petri dish, and blood vessels and
impurities were removed as thoroughly as possible using sterilized scissors and forceps.
The impurity-free tissue was transferred to a new tube containing 20 mL of DPBS for
secondary washing. The washed tissue was then transferred to a new Petri dish and cut
into pieces approximately 1-2 mm in size using sterilized scissors until it became juicy.

The finely chopped tissue was sprinkled with 9 mL of MEM-alpha medium («-MEM;
Sigma-Aldrich, St. Louis, MO, USA) and 90 pL of 1% collagenase diluted solution (Sigma-
Aldrich, St. Louis, MO, USA) in a tissue dish. The minced tissue was then transferred
to a 50 mL conical tube. The conical tube was vortexed every 20 min, and the enzymatic
reaction was carried out for 2 h at 37 °C in a water bath. The solution containing the tissue
was filtered through a 100 um cell strainer (SPL Life Sciences Co., Pocheon-si, Gyeonggi-do,
Korea), and the filtrate was collected in a new tube. The strainer (100 um) was then washed
twice with 5 mL of culture medium.

When preparing the stromal vascular fraction, the cell suspension was filtered through
a 100 pm strainer followed by a 40 um strainer. The filtered cell pellet was then centrifuged
at 700x g for 10 min at room temperature. After the stromal vascular fraction (SVF) was
obtained, it was washed with DPBS at least three times. For culturing cells, the supernatant
was removed after centrifugation, and the cells were resuspended in 1 mL of culture
medium. The resuspended cells were transferred to a 100 mm culture dish with 9 mL of
culture medium and evenly distributed. The culture dish containing the cells was incubated
at 37 °C, 5% COy. After 4 h, the culture medium was changed once to remove impurities.
The culture medium was changed daily until non-MSC impurities were removed and then
changed every two days thereafter.

MSCs Subculture

Once the cell confluency reached 80% or greater, subculturing was initiated. The
media were removed from the dish through suction, followed by a wash with DPBS and
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additional suction. A total of 1 mL of trypsin/EDTA (Thermo Fisher Scientific, MA, USA)
was evenly distributed to cells in a 100 mm dish to ensure detachment reaction. The dish
containing trypsin/EDTA was then incubated at 37 °C with 5% CO, for 2 min. To promote
detachment, the plate was gently tapped parallel to the surface and examined under a
microscope to ensure complete cell detachment. Culture medium (4 mL) was added to the
dish to deactivate the trypsin/EDTA reaction, and the cells were transferred to a 50 mL
conical tube. Any remaining cells were collected through suction and transferred to the
conical tube after the addition of 5 mL of DPBS to the dish. The conical tube containing cells
was centrifuged at 1500 rpm and 4 °C for 5 min, and the supernatant was removed to leave
the cell pellet. The cell pellet was then resuspended in 2 mL of fresh culture medium, and
the cell count was determined using a hemocytometer. Finally, 1 x 10° cells were seeded in
anew 100 mm dish containing 10 mL of culture medium, and the dish was incubated at
37 °C with 5% CO;. This subculture process was repeated for passages 1-4.

Cell Harvest and Dilution

To confirm the proper confluency of cells, microscopy was employed. After suctioning
the media, the dish was washed with 5 mL of DPBS. A total of 1 mL of trypsin/EDTA
was then applied to the dish and evenly distributed to ensure adequate reaction. The dish
was then incubated at 37 °C for 2 min. Following incubation, the dish was gently tapped
parallel to the surface to facilitate the detachment of cells, which were then observed under
a microscope to ensure proper detachment. Next, 4 mL of culture medium was added to
the dish to deactivate the trypsin/EDTA reaction, and the cells were collected by gently
transferring them to a conical tube. Any remaining cells in the dish were collected by
adding 4 mL of DPBS and suctioning them into the conical tube. The collected cells were
then centrifuged at 1500 rpm, 4 °C for 5 min, and the supernatant was removed, leaving
only the cell pellet.

To perform an additional wash before injection into the patient, DPBS (5 mL) was
added to resuspend the cells. Cell counting was performed using a hemocytometer, and
Trypan blue (10 pL) was mixed with cells (10 uL) at a 1:1 ratio for counting. The DPBS and
diluted cells were centrifuged again, and the supernatant was removed. The pellet was
diluted in 0.9% normal saline at a rate of 10 mL/kg/h for 30 min based on the patient’s
body weight. For cardiac patients, a lower dilution ratio was used. The diluted MSCs were
stored at 4 °C in refrigerator until the patient was ready for treatment.

2.2.3. Cell Characterization

Gonadal and adipose tissue derived-mesenchymal stem cells had spindle-shaped
fibroblast-like morphology. To characterize MSCs, immunophenotyping was performed
using flow cytometry (BD Accuri™ C6 Plus, BD Biosciences, Franklin Lakes, NJ, USA). The
majority of cells expressed positive for CD 29 (FITC) and CD 44 (FITC), but a few cells were
negative for CD90 (PE). FITC-conjugated CD29 (antibody clone MEM-101A, Invitrogen,
MA, USA) and FITC-conjugated CD44 (antibody clone IM7, Invitrogen, Waltham, MA,
USA) were used for canine MSCs. PE-conjugated CD90 (antibody clone YKIX337.217,
Invitrogen, Waltham, MA, USA) was used for canine MSCs.

MSCs were differentiated using commercial kits for 2 weeks and identified by stain-
ing adipocytes (with Oil red O staining), osteocytes (with Alzarin Red S staining), and
chondrocytes (with Alcian blue staining) (StemPro Adipogenesis, Osteogenesis, and Chon-
drogenesis Differentiation kits, Thermo Fisher Scientific, MA, USA).

2.3. Patient Preparation and MSC Therapy

Ten dogs received gonadal tissue-derived MSC therapy in the experimental group,
while nine received adipose tissue-derived MSC injections in the control group. The
guardians were provided with written information regarding the potential adverse effects
and complications of MSC therapy, and they provided their consent. The consent form is
included in the Supplementary Materials (Supplementary S1).
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The decision to prepare cells for either allogeneic or autologous transplantation was
made in consultation with the owner. We determined the application route, injection fre-
quency and interval, passage, and number of injected cells based on the patient’s condition
and disease.

For culture of MSCs, an MSC therapy reservation was made at least 5 days in advance.
A total of 30 min of fluid therapy was administered before and after the cell therapy on the
day of treatment. The main types of fluids used were 0.9% normal saline, and the speed
was maintained at 2.5-5 mL/kg/h.

Before allogeneic MSCs therapy, chlorpheniramine maleate 0.2 mg/kg, SC, once
(Histamine, SAMU MEDIAN Co., Ltd., Seoul, Republic of Korea) was administered 30 min
before treatment to prevent immune reactions.

MSC intravenous injection was performed for approximately 20-30 min at a rate of
0.5-1 mL/min or less, and the syringe was gently rolled to ensure that the cells were fully
dispersed before injection.

Patients were monitored for over an hour for hypersensitivity reactions before re-
turning home. The patient returned for evaluation of treatment response or side effects
according to the monitoring schedules. In many cases, concurrent therapy was adminis-
tered depending on the underlying disease.

2.4. Medical Records

The patients” medical records were reviewed using an electronic charting program
(E-friends, pnV Co., Ltd., Seoul, Republic of Korea). The data were analyzed by comparing
pre- and post-one-year mesenchymal stem cell therapy. This involved assessing adverse
changes in physiological parameters and assessing tumor formation, growth, and any side
effects through physical exams, blood tests, and imaging studies.

2.5. Adverse Events

After MSC therapy, patients underwent a one-year monitoring period to assess the
occurrence of adverse events. The adverse events were recorded on a scale ranging from
0 to 3, reflecting the severity. Mild adverse effects included transient fever, local pain,
fatigue, and allergic reactions. Moderate adverse effects encompassed pulmonary edema,
gastrointestinal issues such as nausea, vomiting, and diarrhea, along with respiratory
distress, hypotension, and arrhythmias. Severe adverse effects extended to tumor formation,
thromboembolism, and even fatalities (Table 1).

Table 1. Evaluation of adverse events in MSC therapy.

Grade Assessment Characterization Score

None No adverse events 0

Mild Transient fever, local pain, fatigue, and allergic reactions 1
Pulmonary edema, gastrointestinal disturbances such as

Moderate nausea, vomiting, and diarrhea, as well as respiratory distress, 2

hypotension, and arrhythmias
Tumor formation, thromboembolism, death, and potentially

Severe
fatal outcomes

2.6. Assessment of MSC Therapy Response

Patient outcomes were evaluated according to the criteria established in Shah K’s
study [9]. The treatment response was recorded as “Substantial” (1; excellent improve-
ment), “Positive” (2; good improvement), “No change” (3; no improvement), or “Worse”
(4; deterioration in the patients’ condition due to MSC therapy).

2.7. Statistical Analysis

Statistical analysis was performed using software GraphPad Prism Version 9 (Graph-
Pad, Inc., La Jolla, CA, USA). Numerical data were presented as mean =+ standard deviation.
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MSC therapy safety outcomes based on variables were analyzed using a two-way ANOVA.
The mean of differences was followed by a 95% confidence interval. The p-values were
indicated by * p < 0.05 and ** p < 0.01 and were considered statistically significant.

3. Results
3.1. MSC Characterization and Differentiation

Gonadal tissue-derived MSCs displayed a morphology resembling spindle-shaped,
fibroblast-like cells (Figure 1). Canine gonadal MSCs were assessed for MSC-positive
markers such as CD29, CD44, and CD90, with expression levels consistently exceeding 95%
(Figure 2). These MSCs were successfully differentiated into chondrocytes, osteoblasts, and
adipocytes, as confirmed by positive staining results (Figure 3).

Adipose tissue-derived MSCs.

“ i\\\ A

Figure 1. Morphology of gonadal and adipose tissue-derived mesenchymal stem cells. The morphol-
ogy of canine gonadal and adipose tissue-derived MSCs observed under light microscopy reveals
confluent cells exhibiting the typical spindle-like shape characteristic of MSCs, with a scale bar
indicating 200 pum.
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Figure 2. Cell surface marker expression of gonadal and adipose tissue-derived mesenchymal
stem cells. The surface marker expressions of canine gonadal and adipose tissue-derived MSCs
were depicted, with CD29, CD44, and CD90 expressions each exceeding 95%, as measured by
flow cytometry.
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Figure 3. Differentiation of gonadal and adipose tissue-derived mesenchymal stem cells. Chondro-
cytes derived from MSCs were stained with Alcian blue, osteoblasts originating from MSCs were
stained with Alizarin Red S, and adipocytes differentiated from MSCs were stained with Oil Red O.
The differentiation of canine gonadal and adipose tissue-derived MSCs into chondrogenic, osteogenic,
and adipogenic lineages was demonstrated.

3.2. Study Animals

The gonadal tissue-derived MSC group consisted of dogs from seven breeds, while the
adipose tissue-derived MSC group included dogs from six breeds (Table 2). In the gonadal
tissue-derived MSC group, the mean age was 11.40 & 3.07 years (range, 8~17 years), with a
median age of 10.5 years. The mean weight was 5.36 £ 3.35 kg (range, 2.53~11.8 kg), and
the median weight was 4 kg. There were five neutered females and five neutered males
(Table 3). In the adipose tissue-derived MSC group, the mean age was 13.67 £ 4.00 years
(range, 9~20 years), with a median age of 15 years. The mean weight was 6.56 & 7.44 kg
(range, 1.65~27 kg), and the median weight was 4.00 kg. There were six neutered females
and three neutered males (Table 3).

Table 2. Canine breed distribution in MSC therapy.

Variables Gonadal Group Adipose Group
Beagle 1 Chihuahua 1
Cocker Spaniel 1 Maltese 3
Long coat Chihuahua 3 Mixed 1
Breeds (N) Maltese 2 Poodles 2
Pomeranian 1 Weimaraner 1
Poodles 1 Yorkshire Terrier 1
Welsh Corgi 1 Chihuahua 1

Total 10 9
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Table 3. Characteristics of canine MSC therapy recipients.

Variables Gonadal Group Adipose Group
Age 11.40 £ 3.07 years 13.67 £ 4.00 years
(Mean =+ SD years, range) (range, 8~17) (range, 9~20)
Median age 10.50 years 15 years
Body weight 5.36 £ 3.35 kg 6.56 £ 7.44 kg
(Mean + SD kg, range) (range, 2.53~11.8) (range, 1.65~27)
Median body weight 4.00 kg 4.00 kg
Sex (N) Spayed female (5) Spayed female (6)
Castrated male (5) Castrated male (3)
Ovaries (6) .
MSC sources (N) Testes (4) Adipose (9)
. . Allogeneic (10) Allogeneic (9)
MSC origin (N) Autologous (0) Autologous (0)

N = Patient number.

3.3. MSC Target Disease Category

In the gonadal tissue-derived MSC group, MSC therapy was administered for various
medical conditions, including cardiovascular disease, renal disease, neurologic disease, and
orthopedic disease. In cardiovascular disease, the primary target was myxomatous mitral
valve disease (MMVD). Renal diseases primarily involved chronic kidney disease (CKD)
and proteinuria. Neurological diseases included intervertebral disk disease (IVDD) and
cognitive dysfunction syndrome (CDS). Orthopedic diseases encompassed degenerative
joint disease (DJD), osteoarthritis (OA), cranial cruciate ligament rupture (CCLR), and
medial patellar luxation (MPL). On the other hand, the adipose-derived MSC group was
applied to renal, orthopedic, cardiovascular, neurologic, and ophthalmic diseases, including
progressive retinal atrophy (PRA) (Table 4).

Table 4. Classification of canine diseases with MSC therapy.

Variables Gonadal Group Adipose Group
Cardiovascular 6 MMVD Renal disease 4 CKD
disease
Renal disease 4 CI.<D’ . Orthopedlc 3 DJD, OA
. Proteinuria disease
Disease
category Neurologic 5 IVDD, Cardiovascular 1 MMVD
(N %) disease CDS disease
Neurologic 2 IVDD,
Orthopedic DJD, OA, disease CDS
e 1 MPL, _
isease CCLR Op}}thalmlc 1 PRA
disease

* Includes patients with multiple diseases. MMVD = myxomatous mitral valve disease; CKD = chronic kid-
ney disease; IVDD = intervertebral disk disease; CDS = cognitive dysfunction syndrome; DJD = degenerative
joint disease; OA = osteoarthritis; MPL = medial patellar luxation; CCLR = cranial cruciate ligament rupture;
PRA = progressive retinal atrophy.

3.4. Classification of MSCs
3.4.1. Distribution of MSC Sources

Of 19 dogs, 10 dogs were given gonadal tissue-derived MSC therapy (6 dogs from
ovaries and 4 dogs from testes), and 9 patients underwent adipose tissue-derived MSC
therapy (Table 3).

3.4.2. Distribution of MSC Origin
All patients received allogeneic MSC infusions (Table 3).
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3.5. The Elements of MSC Application
3.5.1. Delivery Routes of MSCs
All patients received intravenous MSC infusions (Table 5).
Table 5. Elements of MSC therapy.
Variables Gonadal Group Adipose Group
Dose 6 6
(Mean - SD, cells/kg) 1.28 £0.87 x 10 1.24 +£0.33 x 10
Median dose (cells/kg) 1 x 100 1.07 x 10°
Delivery route Intravenous Intravenous
Passage P4 P4
Frequency 9.50 £ 3.35 4.44 £2.75
(Mean =+ SD, range, sessions) (range, 3~12) (range, 3~12)
Median frequency (sessions) 12 3

3.5.2. Dose and Passage of MSCs

In the gonadal tissue-derived MSC group, the average MSC count was
1.28 4 0.87 x 10° cells/kg, whereas in the adipose tissue-derived MSC group, it was
1.24 + 0.33 x 10° cells/kg. All patients were transplanted MSCs using passage 4 MSCs
(Table 5).

3.5.3. Sessions of MSCs Administration

In the gonadal tissue-derived MSC group, the mean number of treatments was
9.50 & 3.35 sessions (range, 3~12), with a median of 12 sessions. Conversely, in the adipose
tissue-derived MSC group, the mean number of treatments was 4.44 + 2.75 (range, 3~12),
with a median of 3 sessions (Table 5).

3.6. Adverse Effects of Gonadal Tissue-Derived MSC Therapy
3.6.1. Clinical Parameters

Only one dog reported fatigue for 1 day after adipose tissue-derived MSC therapy. No
other mild to severe adverse effects were reported in either group. No tumor formation or
growth was observed (Table 6).

Table 6. Clinical parameters of adverse effects after MSC therapy.

Variables Gonadal Group Adipose Group
None (Score 0) 10 8
Mild (Score 1) 0 1
Moderate (Score 2) 0 0
Severe (Score 3) 0 0
Total score 0 1

3.6.2. Physical Parameters

Patients with gonadal tissue-derived MSCs had no significant changes in physical
exams. No notable changes in weight, body temperature, or blood pressure were seen at 1,
3, and 12 months of monitoring in both group (Table 7).
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Table 7. Physical parameters of adverse effects after MSC therapy:.

. Gonadal Grou Adipose Grou
Variable (N = 10) P IIN -9) P
p-Value p-Value p-Value
between between between
Ttems Mean + SD (N) the Baseline and Mean + SD (N) the Baseline and Gonadal and
Each Point Each Point Adipose Group
Bodyweight, kg
Baseline 5.36 + 3.54 (10) - 6.56 + 7.89 (9) - 0.9873
1 month 5.37 + 3.48 (10) 0.9990 6.65 + 8.02 (9) 0.9743 0.9840
3 month 5.29 + 3.58 (10) 0.8134 6.55 + 7.75 (8) 0.8167 0.9914
12 month 4.86 + 3.14 (8) 0.9950 4.10 £ 2.37 (5) 0.8633 0.9932
Temperature, °C
Baseline 38.45 + 0.46 (10) - 38.48 + 0.46 (9) - 0.9999
1 month 38.36 £ 0.38 (10) 0.8974 38.19 £0.59 (9) 0.1575 0.8701
3 month 38.39 £ 0.40 (10) 0.9661 38.20 £ 0.48 (8) 0.4766 0.8376
12 month 38.31 £ 0.36 (8) 0.9012 38.38 = 0.24 (5) 0.9643 0.9980
Systolic blood pressure, mmHg
Baseline 141.30 + 18.95 (10) - 153.22 + 10.88 (9) - 0.3856
1 month 143.50 + 14.15 (10) 0.9816 149.22 + 24.80 (9) 0.8955 0.9054
3 month 138.50 + 17.00 (10) 0.9634 144.75 + 11.46 (8) 0.8911 0.8865
12 month 144.88 + 13.15 (8) 0.9959 145.00 £ 10.00 (5) 0.7726 >0.9999

3.6.3. Hematological Parameter

Blood tests (CBC, serum chemistry, and electrolytes) were conducted at 1, 3, and
12 months to monitor patient adverse effects. In the gonadal tissue-derived MSC group, a
significant change in total protein was observed at the 1-month monitoring compared to
baseline (p < 0.05) (Figure 4). In the electrolyte evaluation, a significant increase in Ca?* was
observed at 1 and 3 months (p < 0.05) (Figure 5). However, these changes in total protein
and Ca?* remained within the reference range. No other differences were observed in
serum chemistry, CBC, and electrolyte test results (Table 8). As a control group, the adipose
tissue-derived MSC group showed no significant differences in blood tests (Table 9).
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Figure 4. Periodic monitoring of proteins in the gonadal tissue-derived MSC group. Among (A) total
protein, (B) albumin, and (C) globulin, total protein level exhibited a statistically significant increase
at 1 month compared to baseline (p < 0.05). However, this change remained within the reference
range. * p < 0.05, and ns indicates no significant differences.
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Figure 5. Periodic monitoring of ionized calcium in the gonadal tissue-derived MSC group. The
ionized calcium level demonstrated a statistically significant increase at 1 and 3 months compared
to baseline (p < 0.05). However, this change remained within the reference range. * p < 0.05, and
*%

p <0.01.
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Table 8. Periodic blood test monitoring of gonadal tissue-derived MSC group.
Mean £ SD p-Value

ABlood' Category Baseline 1 Month 3 Month 12 Month Reference Unit Baseline Baseline Baseline

nalysis N) N) N) N) Range 1Month 3 Month 12 Month
Hematocrit 561?1%) ;‘éﬁ (1:) ;g'f%ﬁ) ‘é%i;; 373-61.7 % 09985  0.9467 0.8695
WBC 25.‘7'(;2(%) 161 419(3 3§2'983(1j5) ; 249;) (j;) 505-1676  K/uL 02415 08378 05619
e Neutrophils fégl(lio) 582 (j4t) 2.6i173(1j<t)) e (; 2941164  K/uL 03226 09541 07208
Lymphocytes 02573(1%) - i) 0%5(1%) s é) 105510  K/ulL 00541 01381 07999
Monocytes 09ii2($) o (f) 091"28(1%) 08 (% 0.16-112  K/uL 0532 07379  0.1291
Platelets 113_92'3(1%) o (f) 13?%9(%) oo (j;) 148484 K/uL 09919 09999  0.8775
Glucose 00 (j;) 1o (f) e (j;) " (j;) 60-120  mg/dL 09953 02242 0.1632
BUN 111?'98?1?)[) e ?2) é%éii% 2o (i) 7-27 mg/dL 0996 04453 01998
Creatinine 0?5'1790%) e (jg) 0?9'24(1%) i (?) 05-18  mg/dL 07769 09846  0.8062
ALP 115;’ 4 (jgt) o (jst) f;;; (j) 61(%; (j;) 23212 U/L 50999 03497  0.8657
ALT 12%5;?;)[ 2 g) a3 (ﬁ) 191613(;*; 10-100 U/L 50999 07767 07381
pf(‘)’tt;ln oot (jgt) o g) oo (jgt) 2‘26(71) 5282 g/dL 0.039 0.1181 09855
o Abumin o (jgt) %"f;z(; o2 (ﬁ) o (% 22-39 g/dL 07978 09588 0.815
chemistry biil;(;zib}in g 13 (:;) N/A (? ;83 (; ((]) 12 E? (::) 0.0-0.9 mg/dL N/A 0.2367 0.9551
GGT 56385’ (t) N/A 77 7229 (j;) 3442 (6) 0-10 U/L N/A 0.9439 0.7331
I U
Phosphorus o (j;) 3 '45(;; 05 B (:8t) o (f) 2568  mg/dL 09285 0.56 0.619
Amylase 07 (jg) N/A o (j;) oy (j;) 226-1063  U/L N/A 0.8887 08823
Lipase leé 28 (1[) N/A 1645553 ;) 27512'18 é) 200-1800  U/L N/A 06039 01188
AST o (j;) o 7 g) ey é) 0-50 /1 06017 09934 09939
Triglycerides 2518 9577 ;) N/A 5?32 536 ;) 57175 é) 10-100 mg/dL N/A 0.3248 0.9872
Na* é‘fﬁ $ 2%555(3 1152?; 1?57'1(;; 145-151 mmol/L 08261  0.6053 0.234
K* ddds Al ADE 4034053 3951 mmol/L 09922 02574 08142

Electrolytes 08 1%211 1?;7191 132+

Ca?* 13007 Y o o 116-140  mmol/L 00408 00029 06557
cr- 11;f3i 113+927 11;5; 112?:; 110-119  mmol/L 07373 08902  0.8872
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Table 9. Periodic blood test monitoring of adipose tissue-derived MSC group.

Mean + SD p-Value
ABlood' Category Baseline 1 Month 3 Month 12 Month Reference Unit Baseline Baseline Baseline
nalysis N) N) N) N) Range 1Month 3 Month 12 Month

Hematocrit ¢ é) N (ﬁ) 2.75?,8(; ‘;%8(; 37.3-61.7 % 08496  >0.9999  0.8889

WBC 3&26(; ;?éi;; 17_19'22(;; 2%974(; 505-1676  K/uL 06965  0.6861 0.3765

cpe  Neutrophils o0 é) 58 (j;) o (j;) 7o (?) 29-11.64  K/uL 06604 05776 0.352
Lymphocytes oo é) o2 (?) o (j;) e é) 105510  K/uL 0522 09959  0.8897
Monoeytes o/ ét) o é) o (:St) o (ﬁ) 0.16-1.12  K/uL 09997 05926 03974
Platelets 2 (ﬁ) 2L (% o (jg) o (; 148484  K/uL  099%7 01362  0.9306
Glucose |27 (j;) o ?;) s ﬂ(g) 0 (?) 60-120  mg/dL 09984 09939 09584

BUN e (; o ;) 28'7?; e é) 7-27 mg/dL 07318 09997 02581

Creatinine | 55 (:St) iggi% o (jSE) 050 (?) 05-18  mg/dL 09276  0.9982 0.86

ALP 13264@) opo (jst) 111789 ° (jSE) 3(3)3?(55) 23212 U/L 09327  0.9405 0.115
ALT S (j;) % i( 5’1'91 one (is) o7 g) 10-100 U/L 05806 06918 09998
pf(‘)’tteailn 07. '% (j;) 3 ‘514 (?) 66 (i5)0'52 ﬁf; (?) 52-8.2 g/dL 0.7865 0.6627 0.9444
sorum | Albumin 02 (j;) o é) o (:St) oo (ﬁ) 2239 g/dL 09251 03949 03004
chemistry biﬂ‘r’lﬂn g_ gg (jg) 19 585 (; 00_ '0281 g) ((])_ 1341 (f) 0.0-0.9 mg/dL  0.9004 0.733 0.991
GGT i ?;) ore (jg) o ?;) o (j) 0-10 U/L 09276 09812  0.1444
IR G U

Phosphorus >+ (j;) e (ﬁ) s (jg) o (?) 2568  mg/dL 09168  0.6009 0.191
Amylase 0 (i6) R (ﬂ;) By (ﬂ;) B (j) 2261063  U/L 08725 08249  0.0631
Lipase e é) s (f) 20 (j) zg??ﬁz) 200-1800  U/L  >09999 09962 09781
AST 39'3(35[ Voo (j) S (j) o (i) 0-50 U/1 09147 09734  0.8229
Triglycerides 43112 (i()) 3?55? ?Z) 3325(25 1;583 a) 10-100 mg/dL 0.5832 0.8017 0.2828
Na* 12%7(% ffsgi) é?gé"*(; ?272'3(3 145151 mmol/L 0993 09972  0.6714
—— K* 61*_'52% (E) (‘i{sj (z) %6272 E) %’2252 (E) 3951  mmol/L 04296 01949 09979
Ca?* 0057 ooe()  012()  ois@ L6140 mmol/L 09998 09986 04783
cr- nsis 1674 74+ S E g0 009 pnol/L 08779 04756 0.8899

449 (7) 6.75 (7) 5.13 (5) 111.5 (4)

3.7. Therapeutic Outcomes of MSC Therapy
The patients were scored by veterinarians based on the criteria for MSC therapy

outcomes. There were 11 cases of excellent improvement, 5 cases of good improvement,
and 3 cases of no improvement (Supplementary S2).

4. Discussion

The advancement of veterinary medicine has extended the lives of companion ani-
mals, leading to a growing population of elderly companion animals, which has become
a commonplace occurrence in modern society [10-12]. Age-related diseases are now ac-
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knowledged as a distinct medical domain, pushing for advancements in medicine beyond
conventional treatment limitations. As a result, regenerative medicine is steadily expanding
to cater to the aging population [13]. MSC therapy remains one of the most prominent
fields in regenerative medicine, offering low side effects and systemic effects, making it a
promising option for elderly patients with multiple diseases.

Mesenchymal stem cells operate on the fundamental principle of promoting cellular
regeneration and repair, with capabilities for anti-inflammatory and immunomodulatory
effects [14]. Approaching aging pathologically involves the interaction between chronic
inflammation and resultant cellular dysfunction, perpetuating a cycle of aging [15]. There-
fore, focusing on anti-inflammatory therapy is crucial for mechanisms of aging prevention
and age-related disease treatment [16]. Therefore, we need to view the application of MSCs
positively in the treatment of age-related diseases.

Human and mouse studies investigated the differences in gonadal tissue-derived
MSCs compared to other MSCs. Human putative ovarian-MSCs demonstrated multi-
lineage differentiation capacity, with lower expression of Aminopeptidase N (ANPEP/CD13)
compared to BM-MSCs and dermal fibroblasts [17]. The reduced ANPEP expression atten-
uated tumor cell proliferation and migration [18]. Human testes-derived MSCs showed
a longer lifespan and higher proliferation rate compared to bone marrow-derived MSCs,
which may offer advantages in MSC therapy preparation and patient treatment [19]. Mouse
testes-derived MSCs have been shown to reach therapeutically necessary levels with high
cell yield and proliferation rates in early passages [20]. Therefore, the superior proliferation
capacity of gonadal MSCs offers advantages in both preparation and therapy for patients.

Testes and ovaries, being gonadal tissues, have long been targets for medical interven-
tion. Within the realm of MSC research, various types of MSCs, including those derived
from bone marrow, adipose tissue, and placenta, have been employed to address condi-
tions such as testicular degeneration and ovarian insufficiency [21,22]. However, studies
utilizing testis and ovary as sources of MSCs are exceedingly rare. Research on gonadal
tissue-derived MSCs is primarily limited to in vitro cell isolation, differentiation, and char-
acterization in human and mouse studies. To date, no large-scale clinical studies involving
these MSCs in actual patient populations have been reported. Therefore, our aim is to
validate the suitability of gonadal tissue as a source of MSCs by assessing the safety of
treatment in elderly canine patients.

In this study, mesenchymal stem cells were derived from fat or gonadal tissue dis-
carded during neutering surgery in dogs under one year of age at a veterinary hospital.
According to previous studies, the injection of allogeneic MSCs into dogs has been widely
reported [23]. Notably, studies comparing cell potency based on donor age have shown
that MSCs harvested from older donors exhibit significantly reduced potency compared to
those from younger donors [24,25]. Consequently, for this study, which targeted diseased
dogs aged 8 years and older, all patients received allogeneic MSC therapy.

The VIP treatment system for supplying MSCs to patients is well-established, provid-
ing MSCs from a variety of tissues, not limited to fat. Thus, a retrospective analysis was
conducted to confirm the safety of such treatments.

The safety of MSC therapy is a crucial prerequisite. Human adipose MSCs, up to
passage 12, show no genetic alterations. In SCID mice, intravenous injections of low,
medium, and high doses of MSCs over 13 weeks revealed no toxicities or adverse reactions.
Similarly, high-dose injections in nude mice for 26 weeks showed no tumorigenesis [26].
Prior studies have affirmed the absence of tumor-associated risks with mesenchymal stem
cells [27].

Previous clinical studies in dogs have reported various adverse effects following MSC
therapy, but these have primarily consisted of minor or transient side effects. First, localized
injections resulted in adverse effects in several studies. In one dog, temporary exacerbation
at the injection site was reported following multiple attempts at the intra-articular injection
of autologous adipose-derived MSCs for hip joint arthritis [28]. Swelling was observed
for several days in two of the joints that received local injection therapy with allogeneic
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adipose-derived MSCs and hyaluronic acid for elbow dysplasia and osteoarthritis [29]. In a
study of allogeneic neonatal MSC injections for osteoarthritis in multiple joints, mild and
immediate self-limiting inflammatory joint reactions were observed in 5 out of 22 joints
injected [30]. On the other hand, reported cases of systemic signs include a MUO patient
who received autologous BM MSC injection and experienced temporary hyperthermia 24 h
post-injection [31].

There have been reports of adverse events with unclear associations with MSCs. In a
study of autologous olfactory mucosal stem cell injection for acute spinal cord injury, 3 out
of 23 treated animals and 1 out of 11 control animals died due to factors including suspected
disseminated intravascular coagulation, urinary tract infection, and thoracic hemorrhage.
However, the relationship between MSC treatment and death remained unclear based on
postmortem examinations [32]. In a study on chronic Chagas cardiomyopathy, autologous
bone marrow-derived MSCs were injected into the right and left coronary arteries [33].
During the procedure, one animal experienced malignant irreversible arrhythmia and
died. An autopsy revealed air embolism and myocardial infarction. Another animal died
14 days after the procedure, although no abnormalities were found during the autopsy.
Although no prior medical history was documented, the possibility of paroxysmal ar-
rhythmias as the cause of death was considered [33]. The arrhythmias are characteristic
of Chagas cardiomyopathy, and the association between MSC therapy and mortality was
ambiguous [34].

In this study, adipose tissue-derived MSCs, which have been widely used, were
selected as the control group. The aim was to evaluate the safety of gonadal tissue-derived
MSC therapy by comparing it with adipose-derived MSCs. All patients in this study
received allogeneic mesenchymal stem cell therapy, and no hypersensitivity reactions due
to allogeneic cell immunogenicity were observed. There were no adverse changes beyond
the normal reference range in physical examinations and hematological monitoring before
and after MSC therapy in both groups. Clinical adverse effects were not observed in the
gonadal tissue-derived MSC therapy group. However, in the adipose tissue-derived MSC
group, one case of fatigue was reported for 1-2 days after treatment. Additionally, no
instances of neoplasm occurrence or growth were observed within one year. Consequently,
it can be concluded that gonadal tissue-derived MSCs are as safe for patient treatment as
adipose tissue-derived MSCs.

Following gonadal tissue-derived MSC administration, statistically significant in-
creases in Ca?* levels were observed at 1 and 3 months, and in total protein levels at
1 month, all within the normal range. Previous studies have suggested a link between
Ca?* and MSCs [35,36]. Ca?* is known to play a crucial role in the signaling, proliferation,
self-renewal, and differentiation of MSCs [35,37,38]. Furthermore, in clinical therapy, MSCs
migrate to damaged tissue or organs through a homing effect, leading to interactions be-
tween MSCs and the vascular endothelium of the target tissue [39]. Increased intracellular
Ca?* regulates migratory signaling (FAK/Rho GTPase), ultimately enhancing cell migration
and thus the efficiency of MSC therapy [40]. However, there have been no studies confirm-
ing changes in Ca?* when MSCs are administered to animal models or patients. Although
this study does not provide insight into the mechanism, it suggests the need for further
research to understand the implications of increased calcium levels after MSC therapy.
More investigation is necessary to assess its impact on future treatments. This study noted
an increase in total protein levels following gonadal tissue-derived MSC treatment. Total
protein comprises albumin and globulin [41]. Dehydration can lead to elevated albumin
levels, while in pathological states such as infection or chronic inflammation, the activation
of the host inflammatory response can stimulate immunoglobulin production, leading to
an increase in globulin levels [42]. The statistical significance of albumin and globulin
levels was assessed after gonadal tissue-derived MSC therapy, but no significant differences
were found between baseline, short-term, and long-term measurements. Therefore, further
research is needed to investigate the underlying cause of the observed increase in total
protein levels.
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As a minimum effort to ensure safe and effective treatment, we have developed a
precise treatment process. Establishing standardization in the administration of MSCs to
companion animals is of paramount importance. Various conditions for standardizing
MSC administration have been documented in previous studies [24,43-47]. Drawing upon
these studies, we have implemented standardized protocols for MSC treatment, including
criteria for the age and passage number of MSCs, the characteristics of tissue donors, and
the dosage of MSC administrations. Furthermore, we have developed and strictly adhered
to our own quality control tests and MSC therapy protocols.

This study has several limitations. The retrospective design limited our ability to
precisely control for patient and control group conditions. Additionally, our capacity to
monitor adverse effects was constrained to a one-year post-MSC therapy period within a
small patient group. The broad spectrum of diseases targeted within a limited sample size
also introduces constraints regarding disease specificity. Future prospective studies with
larger sample sizes, longer follow-up periods, and more stringent controls are necessary to
validate our findings and address these limitations.

Nevertheless, this represents a pioneering investigation in veterinary medicine to
clinically employ gonadal tissue-derived MSCs. Building upon this foundation, it has
been ascertained that gonadal tissue-derived MSCs can be safely administered to aged
companion animals with chronic conditions.

5. Conclusions

Consequently, this research not only validates the utilization potential of tissues
procured during neutering procedures as valuable assets in regenerative medicine but also
forecasts significant contributions to the expansion of cell banks and MSC therapy medicine
for companion animals.

Supplementary Materials: The following supporting information can be downloaded at:
https:/ /www.mdpi.com/article/10.3390/ani14142134/s1, Supplementary S1: VIP AMC MSC Ther-
apy Consent Form; Supplementary S2: Patients” information for canine gonadal and adipose tissue-
derived MSC therapy.

Author Contributions: Conceptualization, S.-Y.J. and J.-H.A.; methodology, S.-Y.J. and ].-H.A; soft-
ware, S.-Y.J.; validation, S.-Y.]J., J.-H.A. and H.-Y.Y.; formal analysis, S.-Y.J. and J.-H.A.; investigation,
S.-YJ., S.-SK. and J.-H.A.; resources, S.-Y.J., S.-S.K. and ]J.-H.A.; data curation, S.-Y.J. and J.-H.A.;
writing—original draft preparation, S.-Y.J.; writing—review and editing, S.-Y.J., J.-H.A. and H.-Y.Y,;
visualization, S.-Y.]J.; supervision, S.-Y.J., J.-H.A. and H.-Y.Y.; project administration, S.-Y.J. All authors
have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The review procedure of the retrospective study was ap-
proved by the Institutional Animal Care and Use Committee (IACUC) of the VIP Animal Medical
Center (Protocol No. VIP-0006-SC and date of approval 5 April 2023).

Informed Consent Statement: Informed consent was obtained from all dog owners involved in
the study.

Data Availability Statement: Data will be made available upon request.

Conflicts of Interest: The authors declare no conflicts of interest.

1.  Via, A.G,; Frizziero, A.; Oliva, F. Biological properties of mesenchymal Stem Cells from different sources. Muscles Ligaments

Tendons J. 2012, 2, 154-162.

2. Dias, LE,; Pinto, P.O.; Barros, L.C.; Viegas, C.A.; Dias, L.R.; Carvalho, PP. Mesenchymal stem cells therapy in companion animals:
Useful for immune-mediated diseases? BMC Vet. Res. 2019, 15, 358. [CrossRef]

3. Black, L.L.; Gaynor, J.; Gahring, D.; Adams, C.; Aron, D.; Harman, S.; Gingerich, D.A.; Harman, R. Effect of adipose-derived
mesenchymal stem and regenerative cells on lameness in dogs with chronic osteoarthritis of the coxofemoral joints: A randomized,
double-blinded, multicenter, controlled trial. Vet. Ther. 2007, 8, 272-284.


https://www.mdpi.com/article/10.3390/ani14142134/s1
https://doi.org/10.1186/s12917-019-2087-2

Animals 2024, 14,2134 17 of 18

10.
11.

12.
13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.
24.

25.

26.

27.

28.

29.

30.

Voga, M.; Adamic, N.; Vengust, M.; Majdic, G. Stem Cells in Veterinary Medicine—Current State and Treatment Options. Front.
Vet. Sci. 2020, 7, 278. [CrossRef]

Gugjoo, M.B.; Amarpal, A ; Sharma, G.T. Mesenchymal stem cell basic research and applications in dog medicine. J. Cell. Physiol.
2019, 234, 16779-16811. [CrossRef]

Armitage, A.J.; Miller, ] M.; Sparks, T.H.; Georgiou, A.E.; Reid, J. Efficacy of autologous mesenchymal stromal cell treatment for
chronic degenerative musculoskeletal conditions in dogs: A retrospective study. Front. Vet. Sci. 2023, 9, 1014687. [CrossRef]
Mocchi, M; Dotti, S.; Bue, M.D.; Villa, R.; Bari, E.; Perteghella, S.; Torre, M.L.; Grolli, S. Veterinary Regenerative Medicine for
Musculoskeletal Disorders: Can Mesenchymal Stem /Stromal Cells and Their Secretome Be the New Frontier? Cells 2020, 9, 1453.
[CrossRef]

Peng, Y.; Huang, S.; Cheng, B.; Nie, X.; Enhe, J.; Feng, C.; Fu, X. Mesenchymal stem cells: A revolution in therapeutic strategies of
age-related diseases. Ageing Res. Rev. 2013, 12, 103-115. [CrossRef]

Shah, K.; Drury, T.; Roic, I.; Hansen, P.; Malin, M.; Boyd, R.; Sumer, H.; Ferguson, R. Outcome of Allogeneic Adult Stem Cell
Therapy in Dogs Suffering from Osteoarthritis and Other Joint Defects. Stem Cells Int. 2018, 2018, 7309201. [CrossRef]

McCune, S.; Promislow, D. Healthy, Active Aging for People and Dogs. Front. Vet. Sci. 2021, 8, 655191. [CrossRef]

Guo, J.; Huang, X,; Dou, L.; Yan, M.; Shen, T,; Tang, W.; Li, ]. Aging and aging-related diseases: From molecular mechanisms to
interventions and treatments. Signal Transduct. Target. Ther. 2022, 7, 391. [CrossRef]

Dias-Pereira, P. Morbidity and mortality in elderly dogs—A model for human aging. BMC Vet. Res. 2022, 18, 457. [CrossRef]
Liu, B.; Qu, J.; Zhang, W.; Izpisua Belmonte, J.C.; Liu, G.H. A stem cell aging framework, from mechanisms to interventions. Cell
Rep. 2022, 41, 111451. [CrossRef]

Ayala-Cuellar, A.P; Kang, ].H.; Jeung, E.B.; Choi, K.C. Roles of Mesenchymal Stem Cells in Tissue Regeneration and Immunomod-
ulation. Biomol. Ther. 2019, 27, 25-33. [CrossRef]

Baechle, J.J.; Chen, N.; Makhijani, P.; Winer, S.; Furman, D.; Winer, D.A. Chronic inflammation and the hallmarks of aging. Mol.
Metab. 2023, 74, 101755. [CrossRef]

Chung, H.Y.; Kim, D.H.; Lee, EK; Chung, KW.; Chung, S.; Lee, B.; Seo, A.Y.; Chung, ]. H.; Jung, Y.S.; Im, E.; et al. Redefining
Chronic Inflammation in Aging and Age-Related Diseases: Proposal of the Senoinflammation Concept. Aging Dis. 2019, 10,
367-382. [CrossRef]

Stimpfel, M.; Cerkovnik, P.; Novakovic, S.; Maver, A.; Virant-Klun, I. Putative mesenchymal stem cells isolated from adult human
ovaries. | Assist. Reprod. Genet. 2014, 31, 959-974. [CrossRef]

Terauchi, M.; Kajiyama, H.; Shibata, K.; Ino, K.; Nawa, A.; Mizutani, S.; Kikkawa, F. Inhibition of APN/CD13 leads to suppressed
progressive potential in ovarian carcinoma cells. BMC Cancer 2007, 7, 140. [CrossRef]

Gonzalez, R.; Griparic, L.; Vargas, V.; Burgee, K.; SantaCruz, P; Anderson, R.; Schiewe, M.; Silva, F; Patel, A. A putative
mesenchymal stem cells population isolated from adult human testes. Biochem. Biophys. Res. Commun. 2009, 385, 570-575.
[CrossRef]

Rahman, M. Isolation, Propagation and Characterization of Mouse Testis-Derived Mesenchymal Stromal Cells. Ph.D. Thesis, The
American University in Cairo, AUC Knowledge Fountain, New Cairo, Egypt, 2015.

Ismail, H.Y,; Hussein, S.; Shaker, N.A.; Rizk, H.; Wally, Y.R. Stem Cell Treatment Trials for Regeneration of Testicular Tissue in
Laboratory Animals. Reprod. Sci. 2023, 30, 1770-1781. [CrossRef]

Li, Z.; Zhang, M.; Tian, Y,; Li, Q.; Huang, X. Mesenchymal Stem Cells in Premature Ovarian Insufficiency: Mechanisms and
Prospects. Front. Cell Dev. Biol. 2021, 9, 718192. [CrossRef]

Kang, M.H.; Park, H.M. Challenges of stem cell therapies in companion animal practice. J. Vet. Sci. 2020, 21, e42. [CrossRef]
Lee, J.; Lee, K.S.; Kim, C.L,; Byeon, ].S.; Gu, N.Y.; Cho, L.S.; Cha, S.H. Effect of donor age on the proliferation and multipotency of
canine adipose-derived mesenchymal stem cells. J. Vet. Sci. 2017, 18, 141-148. [CrossRef]

Taguchi, T.; Borjesson, D.L.; Osmond, C.; Griffon, D.]. Influence of Donor’s Age on Immunomodulatory Properties of Canine
Adipose Tissue-Derived Mesenchymal Stem Cells. Stem Cells Dev. 2019, 28, 1562-1571. [CrossRef]

Ra, ].C.; Shin, L.S.; Kim, S.H.; Kang, S.K.; Kang, B.C.; Lee, H.Y.; Kim, YJ.; Jo, J.Y.; Yoon, E.J.; Choi, H.].; et al. Safety of Intravenous
Infusion of Human Adipose Tissue-Derived Mesenchymal Stem Cells in Animals and Humans. Stem Cells Dev. 2011, 20,
1297-1308. [CrossRef]

Jeung, S.; Kim, S.; Ah, J.; Seo, S.; Jan, U.; Lee, H.; Lee, ].I. Exploring the Tumor-Associated Risk of Mesenchymal Stem Cell Therapy
in Veterinary Medicine. Animals 2024, 14. [CrossRef]

Vilar, ].M.; Batista, M.; Morales, M.; Santana, A.; Cuervo, B.; Rubio, M.; Cugat, R.; Sopena, J.; Carrillo, ]. M. Assessment of the
effect of intraarticular injection of autologous adipose-derived mesenchymal stem cells in osteoarthritic dogs using a double
blinded force platform analysis. BMC Vet. Res. 2014, 10, 143. [CrossRef]

Kriston-Pal, E.; Czibula, A.; Gyuris, Z.; Balka, G.; Seregi, A.; Stikosd, F,; Stith, M.; Kiss-Téth, E.; Haracska, L.; Uher, E,; et al.
Characterization and therapeutic application of canine adipose mesenchymal stem cells to treat elbow osteoarthritis. Can. J. Vet.
Res. 2017, 81, 73-78.

Cabon, Q.; Febre, M.; Gomez, N.; Cachon, T.; Pillard, P.; Carozzo, C.; Saulnier, N.; Robert, C.; Livet, V.; Rakic, R ; et al. Long-Term
Safety and Efficacy of Single or Repeated Intra-Articular Injection of Allogeneic Neonatal Mesenchymal Stromal Cells for
Managing Pain and Lameness in Moderate to Severe Canine Osteoarthritis Without Anti-inflammatory Pharmacological Support:
Pilot Clinical Study. Front. Vet. Sci. 2019, 6, 10. [CrossRef]


https://doi.org/10.3389/fvets.2020.00278
https://doi.org/10.1002/jcp.28348
https://doi.org/10.3389/fvets.2022.1014687
https://doi.org/10.3390/cells9061453
https://doi.org/10.1016/j.arr.2012.04.005
https://doi.org/10.1155/2018/7309201
https://doi.org/10.3389/fvets.2021.655191
https://doi.org/10.1038/s41392-022-01251-0
https://doi.org/10.1186/s12917-022-03518-8
https://doi.org/10.1016/j.celrep.2022.111451
https://doi.org/10.4062/biomolther.2017.260
https://doi.org/10.1016/j.molmet.2023.101755
https://doi.org/10.14336/AD.2018.0324
https://doi.org/10.1007/s10815-014-0254-8
https://doi.org/10.1186/1471-2407-7-140
https://doi.org/10.1016/j.bbrc.2009.05.103
https://doi.org/10.1007/s43032-022-01152-1
https://doi.org/10.3389/fcell.2021.718192
https://doi.org/10.4142/jvs.2020.21.e42
https://doi.org/10.4142/jvs.2017.18.2.141
https://doi.org/10.1089/scd.2019.0118
https://doi.org/10.1089/scd.2010.0466
https://doi.org/10.3390/ani14070994
https://doi.org/10.1186/1746-6148-10-143
https://doi.org/10.3389/fvets.2019.00010

Animals 2024, 14,2134 18 of 18

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

Zeira, O.; Asiag, N.; Aralla, M.; Ghezzi, E.; Pettinari, L.; Martinelli, L.; Zahirpour, D.; Dumas, M.P.; Lupi, D.; Scaccia, S.; et al.
Adult autologous mesenchymal stem cells for the treatment of suspected non-infectious inflammatory diseases of the canine
central nervous system: Safety, feasibility and preliminary clinical findings. J. Neuroinflamm. 2015, 12, 181. [CrossRef]

Granger, N.; Blamires, H.; Franklin, R.J.M.; Jeffery, N.D. Autologous olfactory mucosal cell transplants in clinical spinal cord
injury: A randomized double-blinded trial in a canine translational model. Brain 2012, 135, 3227-3237. [CrossRef]

Sousa, M.G.; Paulino-Junior, D.; Pascon, ].P.E.; Pereira-Neto, G.B.; Carareto, R.; Champion, T.; Camacho, A.A. Cardiac function in
dogs with chronic Chagas cardiomyopathy undergoing autologous stem cell transplantation into the coronary arteries. Can. Vet.
J. 2011, 52, 869-874.

Nunes, M.C.P; Beaton, A.; Acquatella, H.; Bern, C.; Bolger, A.F; Echeverria, L.E.; Dutra, W.O.; Gascon, ].; Morillo, C.A; Oliveira-
Filho, J.; et al. Chagas Cardiomyopathy: An Update of Current Clinical Knowledge and Management: A Scientific Statement
From the American Heart Association. Circulation 2018, 138, €169—209. [CrossRef]

Ahamad, N.; Singh, B.B. Calcium channels and their role in regenerative medicine. World ]. Stem Cells 2021, 13, 260-280. [CrossRef]
Kawano, S.; Shoji, S.; Ichinose, S.; Yamagata, K.; Tagami, M.; Hiraoka, M. Characterization of Ca2+ signaling pathways in human
mesenchymal stem cells. Cell Calcium 2002, 32, 165-174. [CrossRef]

Lee, M.N.; Hwang, H.-S.; Oh, S.-H.; Roshanzadeh, A.; Kim, J.-W.; Song, ].H.; Kim, E.-S.; Koh, J.-T. Elevated extracellular calcium
ions promote proliferation and migration of mesenchymal stem cells via increasing osteopontin expression. Exp. Mol. Med. 2018,
50, 1-16. [CrossRef]

Parrington, J.; Tunn, R. CaZ* signals, NAADP and two-pore channels: Role in cellular differentiation. Acta Physiol. 2014, 211,
285-296. [CrossRef]

Kariminekoo, S.; Movassaghpour, A.; Rahimzadeh, A.; Talebi, M.; Shamsasenjan, K.; Akbarzadeh, A. Implications of mesenchymal
stem cells in regenerative medicine. Artif. Cells Nanomed. Biotechnol. 2016, 44, 749-757. [CrossRef]

Zhang, Y.; Yan, J.; Xu, H.; Yang, Y.; Li, W.; Wu, H,; Liu, C. Extremely low frequency electromagnetic fields promote mesenchymal
stem cell migration by increasing intracellular Ca?* and activating the FAK/Rho GTPases signaling pathways in vitro. Stem Cell
Res. Ther. 2018, 9, 143. [CrossRef]

Busher, J.T. Serum Albumin and Globulin. In Clinical Methods: The History, Physical, and Laboratory Examinations, 3rd ed; Walker,
H.K., Hall, W.D., Hurst, ].W., Eds.; Butterworths: Boston, MA, USA, 1990.

Tothova, C.; Nagy, O.; Kovac, G. Serum proteins and their diagnostic utility in veterinary medicine: A review. Veter. Med. 2016, 61,
475-496. [CrossRef]

Lee, K.S.; Kang, HW.; Lee, H.T.; Kim, H.J.; Kim, C.L.; Song, ].Y.; Lee, KW.; Cha, S.H. Sequential sub-passage decreases the
differentiation potential of canine adipose-derived mesenchymal stem cells. Res. Vet. Sci. 2014, 96, 267-275. [CrossRef] [PubMed]
Dominici, M.; Blanc, K.L.; Mueller, I.; Slaper-Cortenbach, I.; Marini, F.C.; Krause, D.S.; Deans, R.].; Keating, A.; Prockop, D.J.;
Horwitz, E.M. Minimal criteria for defining multipotent mesenchymal stromal cells. The International Society for Cellular
Therapy position statement. Cytotherapy 2006, 8, 315-317. [CrossRef] [PubMed]

Kabat, M.; Bobkov, I.; Kumar, S.; Grumet, M. Trends in mesenchymal stem cell clinical trials 2004-2018: Is efficacy optimal in a
narrow dose range? Stem Cells Transl. Med. 2020, 9, 17-27. [CrossRef] [PubMed]

Gugjoo, M.B; Pal, A ; Sharma, G.T. Dog Mesenchymal Stem Cell Basic Research and Potential Applications. In Mesenchymal Stem
Cell in Veterinary Sciences; Gugjoo, M.B., Pal, A., Eds.; Springer: Downtown Core, Singapore, 2020; pp. 213-282.

Baranovskii, D.S.; Klabukov, I.D.; Arguchinskaya, N.V.; Yakimova, A.O.; Kisel, A.A.; Yatsenko, E.M.; Ivanov, S.A.; Shegay, P.V,;
Kaprin, A.D. Adverse events, side effects and complications in mesenchymal stromal cell-based therapies. Stem Cell Investig. 2022,
9, 7. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1186/s12974-015-0402-9
https://doi.org/10.1093/brain/aws268
https://doi.org/10.1161/CIR.0000000000000599
https://doi.org/10.4252/wjsc.v13.i4.260
https://doi.org/10.1016/S0143416002001240
https://doi.org/10.1038/s12276-018-0170-6
https://doi.org/10.1111/apha.12298
https://doi.org/10.3109/21691401.2015.1129620
https://doi.org/10.1186/s13287-018-0883-4
https://doi.org/10.17221/19/2016-VETMED
https://doi.org/10.1016/j.rvsc.2013.12.011
https://www.ncbi.nlm.nih.gov/pubmed/24447790
https://doi.org/10.1080/14653240600855905
https://www.ncbi.nlm.nih.gov/pubmed/16923606
https://doi.org/10.1002/sctm.19-0202
https://www.ncbi.nlm.nih.gov/pubmed/31804767
https://doi.org/10.21037/sci-2022-025
https://www.ncbi.nlm.nih.gov/pubmed/36393919

	Introduction 
	Materials and Methods 
	Study Population 
	Tissue Collection and Cell Preparations 
	Origin Tissue Collection from Donor 
	MSCs Preparation (Isolation, Culture, Harvest, Dilution) 
	Cell Characterization 

	Patient Preparation and MSC Therapy 
	Medical Records 
	Adverse Events 
	Assessment of MSC Therapy Response 
	Statistical Analysis 

	Results 
	MSC Characterization and Differentiation 
	Study Animals 
	MSC Target Disease Category 
	Classification of MSCs 
	Distribution of MSC Sources 
	Distribution of MSC Origin 

	The Elements of MSC Application 
	Delivery Routes of MSCs 
	Dose and Passage of MSCs 
	Sessions of MSCs Administration 

	Adverse Effects of Gonadal Tissue-Derived MSC Therapy 
	Clinical Parameters 
	Physical Parameters 
	Hematological Parameter 

	Therapeutic Outcomes of MSC Therapy 

	Discussion 
	Conclusions 
	References

