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Introduction: Regenerative therapy for bladder diseases has been studied in 
rodent to restore bladder function after a chronic and irreversible bladder wall 
deterioration. These studies rarely demonstrate the presence of stem cells in the 
bladder. Cell-tracking after intravenous (IV) administration of stem cells enables 
to confirm the homing potential of an injury. Our objective was to assess, in 
one dog, the homing capability of autologous adipose-derived mesenchymal 
stromal/stem cells (ADMSCs) injected intravenously to an acute bladder injury.
Methods: Adipose-derived mesenchymal stromal/stem cells were isolated 
from the subcutaneous tissue of a dog and labelled. As a homing signal, a full-
thickness bladder biopsy representing an acute injury was created in this dog 
(day 0, control time). Twenty million autologous PKH26-labelled ADMSCs were 
injected in the cephalic vein on days 1, 4 and 8. Urinalysis was performed (day 
5). Bladder biopsy was repeated at the location of the previous scar to assess the 
presence of labelled ADMSCs in the bladder wall (day 10).
Results: Labelled ADMSCs were observed in the second bladder biopsy, not in the 
initial biopsy nor in urine. The only adverse event mild, self-limiting hematuria. 
Complete cell blood count, blood urea nitrogen and plasma creatinine were 
within normal limits (day 5).
Conclusion: The comparison of bladder biopsies before and after IV 
administration of autologous ADMSCs indicates that they reached the bladder 
injury. Our protocol was feasible and safe. Hematuria was probably due to the 
bladder biopsy. These results could encourage the evaluation of this protocol in 
larger cohorts of dogs.
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1 Introduction

The therapeutic role of mesenchymal stem cells (MSCs) has been 
studied after in situ administration in rodent models of bladder 
disorders, such as chemical induced cystitis (1), interstitial cystitis/
bladder pain syndrome (2), Parkinson disease (3) or spinal cord injury 
(4). In rats with partial bladder outlet obstruction, promising 
structural and functional results were obtained after intravenous (IV) 
injection of labelled MSCs (5). Intravenous administration of stem 
cells is regarded as an advantage in medical research, due to the low 
degree of invasiveness to obtain the therapeutic effect, compared to 
arterial or parenchymal injection (6). Intravenous administration also 
has the potential to treat systemic diseases (7). Due to filtering organs 
(lungs, liver, spleen), engraftment rate of MSCs after IV injection is 
expected to be lower than after arterial or parenchymal administration. 
Engraftment rate also depends on homing efficiency, MSCs survival 
within ischemic diseased tissues as well as timing and methods of 
MSCs detection (7).

To ascertain the homing of stromal/stem cells in specific tissues, 
including the target one, different tracking methods have been 
reported. Tracking methods can be tested on stromal/stem cells in 
vitro to assess their potential limitations before further experiment. 
Thus, stem cell loss due to labelling or different detection sensitivity 
and specificity have been reported (8–10). Tracking methods using 
imaging as an alternative to histological techniques, have been 
developed to avoid tissue biopsy (11, 12). In these studies, stem cells 
are labelled with a radiotracer 111In oxine (11) or with 
superparamagnetic iron oxide particles (12). More conventional 
tracking methods have been reported in dogs, such as the use of green 
fluorescent protein (GFP) (13, 14). To allow the expression of GFP by 
the MSCs, this technique requires introduction of the GFP gene into 
the cells with a vector. Other tracking techniques, like lipophilic dyes 
of the cell membrane, are also routinely used, such as CM-DiI (15) or 
PKH26 (16), and are easily detected by conventional fluorescent 
microscopy. Independently of the tracking method, determination of 
the precise timing for detection of transplanted MSCs into host 
tissues is challenging. In one study, intradermally transplanted goat-
derived MSCs were detected at the wound site even after completion 
of the healing process (14 days) in a rabbit model of cutaneous 
wound (17).

Most studies describe the use of allogenic MSCs (18–20). While 
most studies report the advantages of allogenic origin of MSCs, such 
as immunosuppressant effect (21, 22) and immediate availability (23), 
other authors point out the risk for inflammatory (24) or even 
immune response (25, 26) and rejection (27–29), as well as for delayed 
disorders related to chronic graft versus host disease, such as 
infections, secondary cancers and organ dysfunction (30). Doubts 
have raised when systemic or multiple injections (31) are required or 
when studies report no difference between allogenic and autologous 
stem cells in healthy subjects (32), while other clearly show the 
superiority of autologous stem cells in diseased patients (33). 
Moreover, transplantation of allogenic MSCs represents a risk for 
transmission of infectious diseases. These potential issues have led us 
to consider the use of autologous MSCs.

It is widely accepted that transplanted MSCs do not contribute to 
tissue repair through differentiation but rather through paracrine 
effect on host cells (34–36). In an in vitro study, it has been 
demonstrated that canine adipose-derived mesenchymal stem cells 

secrete cytokines and growth factors, the most secreted component 
being the Monocyte Chemoattractant Protein-1 (37).

Knowledge about canine autologous ADMSCs is limited. Our 
study was designed to obtain labelled autologous ADMSCs from one 
dog and to assess their homing capability following IV injection in the 
same dog after induction of acute bladder inflammation with a 
bladder biopsy. At this point, tissue regenerative potential supported 
by ADMSCs was beyond the scope of the present study phase.

We hypothesized that canine autologous labelled ADMSCs could 
be obtained and that these ADMSCs injected through IV route would 
reach an inflamed site, without critical adverse effect on the host. We 
also hypothesized that the ADMSCs would survive within the targeted 
host tissue throughout a healing period of 10 days after 
their administration.

2 Materials and methods

2.1 In vitro study

2.1.1 Isolation, culture and characterization of 
ADMSCs

Adherent and fibroblast-like cells were obtained from 
subcutaneous adipose tissue explants of a dog as previously described 
(38). These cells were characterized in order to satisfy the minimal 
criteria of the International Society for Cell Therapy (39, 40) which 
have already been described in dogs (41, 42). Briefly, cells at their third 
passage were incubated with antibodies anti-CD29 [phycoerythrin 
conjugated mouse monoclonal IgG1, BioLegend (San Diego, CA, 
USA)], anti-CD44 [phycoerythrin conjugated mouse monoclonal 
IgG1, BioLegend (San Diego, CA, USA)], anti-CD90 [phycoerythrin 
conjugated rat monoclonal IgG2b kappa, eBioscience, Thermofischer 
Scientific, (Waltham, MA, USA)] and anti-CD45 [fluorescein 
conjugated rat monoclonal IgG2b kappa, eBioscience, Thermofischer 
Scientific, (Waltham, MA, USA)]. After 1 h, cells were rinsed before 
analyze with flow cytometry.

In addition, the cells multipotency was assessed by their ability to 
differentiate into adipogenic, chondrogenic and osteogenic cells. 
Briefly, differentiation was induced according to manufacturer’s 
guidelines [Stempro differentiation kits, Gibco, ThermoFischer 
Scientific (Waltham, MA, USA)] and following specific periods of 
culture (respectively 7, 14 and 21 days) in appropriate differentiation 
media. Ultimately, adipogenic differentiation was checked by Oil Red 
O staining (Sigma-Aldrich) for the presence of lipid droplets in the 
cytoplasm. The osteogenic differentiation was assessed by Alizarin 
Red S staining for calcium deposits in extracellular matrix (Sigma-
Aldrich). For chondrogenic differentiation, the proteoglycan-rich 
extracellular matrix was detected by Alcian Blue staining.

After a fourth passage, aliquots of these cells were prepared and 
stored in liquid nitrogen for subsequent use.

2.1.2 Stromal/stem cell labelling
ADMSCs were labelled with a red fluorescent membrane dye, 

PKH26, at low passage (less than 6) according to manufacturer 
recommendations [PKH26 Red Fluorescent cell Linker Kit, obtained 
from Sigma Aldrich (Saint Louis, MI, USA)]. Briefly, frozen cells were 
thawed, cultured until 90% confluence in 2 flasks T175, and then 
trypsinized. The detached ADMSCs were at passage 5 and were 
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washed by a serum-free medium and resuspended in 1 mL of dilution 
buffer from the manufacturer’s labelling kit. The cell suspension was 
mixed with an equal volume of the labelling solution containing 
4.10−6 M of PKH26 in the dilution buffer and incubated for 5 min at 
room temperature. After the termination of the reaction by adding 
2 mL fetal bovine serum [Gibco, ThermoFischer Scientific (Waltham, 
MA, USA)], cells were washed 3 times with the Dulbecco’s modified 
Eagle’s medium [Gibco, ThermoFischer Scientific (Waltham, MA, 
USA)] and observed by fluorescent microscopy (Figure 1). A fraction 
of PKH26 labelled cells was maintained in culture during 10 days to 
monitor their long-term stability and viability.

2.1.3 Assessment of viability
To ensure a viability rate superior to 90% before injection, living 

cells were counted after a Trypan blue staining [Invitrogen, 
ThermoFischer Scientific (Waltham, MA, USA)]. Viability was 
assessed twice: after cryopreservation and labelling, and for labelled 
cells, after 10 days in culture medium.

2.2 In vivo study

2.2.1 Dog
A healthy intact male Beagle dog of 1 year of age and weighing 

13 kg was used for the study as both the donor and recipient of the 
ADMSCs. He was born and housed at the animal facilities of the 
Faculty of Veterinary Medicine of the University of Liège. Animal 
housing, care, and experimental procedures involved in this work were 
approved by the Ethical Committee of Animal Use of the University of 
Liège (approval number 17–1924). The dog had no clinical sign of 
urinary tract disease and complete urinalysis was normal. Prior to each 
experiment, a complete physical examination of the dog was 
performed. After each biopsy, the dog was monitored for 2 days 
(appetite, micturition, physical examination) and buprenorphine 
(Dechra, England, 15 μg/kg, IV) was given every 6 h. Urinalysis 
included a dipstick test, specific gravity measurement and cytologic 
examination. Eight weeks prior to ADMSCs administration, a 

subcutaneous adipose tissue biopsy was surgically obtained from the 
ventral abdominal region under general anesthesia. As a premedication, 
the dog received methadone (0.3 mg/kg IV) and midazolam (0.2 mg/
kg IV). Anesthesia was induced with a bolus of propofol (2 mg/kg IV) 
and maintained with isoflurane in oxygen after placement of a cuffed 
endotracheal tube.

2.2.2 Creation of an acute bladder injury and 
ADMSCs administration

On day 0, serving as the baseline control time point, the dog 
underwent a full thickness biopsy of the bladder wall of approximately 
1 cm3 under general anesthesia (same protocol as previously) to induce 
the acute bladder inflammatory (Figure 2A). The following day, as well 
as on days 4 and 8 after bladder biopsy, 20×10^6 autologous PKH26-
ADMSCs were injected over 5 min in the cephalic vein. Each bolus 
was individually prepared for each injection, using previously frozen 
cells, which were thawed, cultured, and then labeled at their fifth 
passage, following the procedure described in the in vitro study. Each 
bolus of ADMSCs was prepared using a Thoma cell counting chamber. 
An excision of the bladder scar at the site of the previous bladder 
biopsy (Figure 2B) was performed on day 10 to assess the presence of 
labelled ADMSCs. The dog was monitored for potential adverse effects 
during and after each ADMSCs administration. Urinalysis and urine 
assessment for fluorescence were performed on day 5.

2.2.3 Stromal/stem cells detection in bladder 
tissue and urine

Cryosections of 10 μm were performed on the bladder biopsies 
frozen in OCT [Leica (Wetzlar, Germany)], stained with DAPI, a 
nuclear staining [Vector laboratories (Newark, CA, USA)] and 
monitored under a fluorescence microscope. After urine centrifugation 
at 300 g, supernatant of urine was discarded and sediment was spread 
on a slide and observed under a fluorescence microscope.

3 Results

3.1 ADMSCs culture, characterization and 
labeling

The in vitro culture method of 4-week duration allowed the 
harvesting, growing and long-term cryo-conservation of 
phenotypically characterized ADMSCs to enable 3 administrations of 
20 × 10^6 cells each: mesenchymal stromal/stem cell positive markers 
were expressed (CD44, CD29 and CD90) while negative marker was 
not present (CD45) (Figure 3). The cells multipotency was 
demonstrated by their ability to differentiate into adipogenic, 
chondrogenic and osteogenic cells (Figure 4). PKH26-labelled canine 
ADMSCs still displayed 20% of fluorescence after 10 days in vitro.

3.2 Tracking of the ADMSCs

Within the bladder scar, autologous PKH26-labelled ADMSCs 
were identified at day 10. They appeared as cells overlaid by a fluorescent 
punctiform labelling (Figure 5). This finding confirmed that the 
administration technique and labelling were efficient and that ADMSCs 
engraftment into the bladder injury site was possible after intravenous 

FIGURE 1

Red fluorescence of the PKH26-labelled ADMSCs in vitro, 
immediately after staining.
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injections. Fluorescence was not observed within the bladder wall on 
control time (day 0), neither in the urine when monitored on day 5.

3.3 Safety

During the whole study, the clinical exam of the dog (awareness, 
heart rate, respiratory rate, color of mucosal membranes, capillary 
refill time, pulse and abdominal palpation) was normal. The dog 

presented mild and self-limiting hematuria on days 2 and 5. Urinary 
tract ultrasonography on day 5 showed an increased thickness of the 
ventral bladder wall, with focal hyperechoic spots within the bladder 
wall. Free gas and focal steatitis were observed in the caudal abdomen. 
These abnormalities were compatible with the recent bladder biopsy 
and the presence of suture material. Complete cell blood count, blood 
urea nitrogen and plasma creatinine values were investigated on day 
5 and were within normal limits. Urinalysis was also performed on 
day 5 and showed degenerated red blood cells with absence of 

FIGURE 2

Full-thickness bladder biopsy (A). After isolation of the apex of the bladder, stay sutures were placed and a biopsy of approximately 1 cm3 was obtained 
from the apex of the bladder. Bladder lumen and mucosa were examined for any abnormality and the bladder was closed with a single continuous 
suture. Biopsy of the bladder on day 10 (B). The apex of the bladder is isolated and the scar of the previous biopsy identified. Four stay sutures are 
placed and the scar is excised. The biopsy is approximately 2 cm length by 0.5 cm width and 1 cm thick.

FIGURE 3

Adipose-derived mesenchymal stromal/stem cells characterization. X-axis, left: Phycoerythrin (PE) mean fluorescence intensity within the ADMSCs 
labelled with CD90 (green line), CD29 (red line) and CD44 (blue line) antibodies. X-axis, right: Fluorescein isothiocyanate (FITC)-A mean fluorescence 
intensity within CD45 (dashed line)-labelled ADMSCs. Black lines (left and right) correspond to negative controls. Cell count (y-axis, left and right).
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fluorescent cells, bacteria, or inflammatory cells. Thus, hematuria was 
attributed to the recent bladder surgery and probably not related to 
the IV administration of ADMSCs.

Five years after completion of the study, the dog was still bright 
and alert and no abnormality was detected on routine thoracic 
radiographs, abdominal ultrasonography and electrocardiogram.

4 Discussion

The novelty of the present study phase relies on the autologous 
nature of the ADMSCs and their IV administration in several boluses 

in a dog. This species is gaining popularity in the field of regenerative 
therapy research. Indeed, conditions that naturally develop in dogs 
and cats and resemble diseases in humans such as osteoarthritis, 
inflammatory bowel disease and atopic dermatitis can be used as 
disease models for stem cell studies (43).

Intravenous administration of MSCs is reported to have lower 
efficiency and specificity compared to intra-arterial or parenchymal 
administration, but it is less invasive and consequently, easily 
transposable for clinical purposes (44). Moreover, a systemic injection 
not only mimics the migration route of the endogenous stem cells to 
the target site, but it also has the potential to improve the 
immunomodulatory effects of the MSCs (45). The main drawback of 

FIGURE 4

In vitro ADMSCs differentiation. Differentiation into adipogenic (A, O Red Oil, staining lipid droplets in red, 200x magnification), chondrogenic (B, Alcian 
blue, staining sulphated proteoglycans deposits in blue, 200x magnification,) and osteogenic (C, Alizarin red, showing a red colored matrix, 100x 
magnification) cells.

FIGURE 5

Red fluorescence of the PKH26-labelled ADMSCs in the target tissue. Fluorescence is identified within the bladder wall, in the scar of the previous 
biopsy (DAPI staining for nucleus localization, overlaid with the red fluorescent same picture to identify PKH26-labelled ADMSCs).
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IV injection is pulmonary trapping, which reduces the number of cells 
available for the target organ. To optimize the pulmonary passage, 
more cells should be administered and several boluses are encouraged 
(46). Indeed, rats with myocardial infarction had better long term 
cardiac function when 4 injections of MSCs were performed 
compared to 2 injections (47). On the contrary, no significant benefit 
was observed for canine atopic dermatitis after a single IV injection of 
autologous ADMSCs (48). This led some authors to suggest that 
pulmonary trapping makes questionable the therapeutic benefit of 
stem cells after IV injection (46) while others point out the potential 
benefit for pulmonary diseases (49). However, reports of clinical 
benefit may be explained by the differences between cell lines that can 
display variable susceptibility to the adverse environment of blood 
stream and xenobarrier, as well as variable capacity to express 
integrins, that are necessary for cell diapedesis and parenchymal 
engraftment (44). Another explanation may be a phenomenon of 
redistribution of the cells to other organs after lung entrapment, due 
to homing of the MSCs (11).

Our objective was to assess the homing capability of autologous 
ADMSCs to a bladder lesion following IV injection, and not to 
confirm pulmonary and splenic trapping, since this phenomena have 
already been confirmed after three IV administrations of canine 
allogenic adipose-derived mesenchymal stem cells (50) in a dog with 
induced spinal cord injury. Therefore, pulmonary and splenic biopsies 
were not performed in the present study to prevent unnecessary 
morbidity. Our findings confirmed that IV boluses of autologous 
PKH26-labelled ADMSCs administered on days 1, 4 and 8 allowed to 
find these cells in a bladder injury created on day 0. We were also able 
to find these cells into the linea alba (surgical approach to access the 
bladder) of the same dog (data not shown). This supports the logic of 
systemic dilution of the ADMSCs towards any injured site after 
intravenous administration and justifies a posteriori our protocol of 
multiple IV injections of high dose of ADMSCs.

Mesenchymal stromal/stem cells IV administration necessitates 
their tracking to ascertain that they reach the target organ. We chose 
to use PKH26 as labelling tracker. It has been used on human 
mesenchymal stromal cells with no effect on proliferation and 
attachment (51). Cell labelling also enables quantification of the 
engraftment (52). Other methods of labelling have shown to rapidly 
decrease within 24 h post injection (53) and ideal timing for cells 
detection is unknown. It may vary depending on labelling agent and 
cell type, origin, age and other factors. In our study, we did not detect 
ADMSCs in the urine, but we may have missed them due to 
unrepeated and unregular checks following injection. Indeed, it was 
not the scope of the study to elucidate the future of the ADMSCs after 
engraftment, so our protocol did not include several urine inspections 
for fluorescence. In a study, cell labelling with PKH26 resulted in a 
significant reduction of detection during the first days post 
transplantation, to reach approximately 40% of fluorescence intensity 
at day 10 and less than 5% after 42 days (54). In another study, 
identification of PKH26-labelled MSCs in host tissues was still 
possible 14 days after transplantation (17). Since we did not perform 
sequential samples of the bladder, we were not able to monitor the 
evolution of the labelling marker throughout the 10 days of the study. 
However, being aware of the progressive reduction of labelling 
intensity and due to our different mode of administration (IV and not 
parenchymal), we chose a high frequency of ADMSCs administration 
in order to enhance our chance to catch their presence into the 

targeted bladder tissue at the termination of the experimental period. 
Thus, we confirmed that PKH26-labelled cells can still be observed in 
the target tissue 10 days after initial administration.

While cell labelling allowed us to validate our hypotheses 
regarding homing to the target tissue of autologous ADMSCs 
following IV administration, identifying cells into the targeted organ 
does not demonstrate that differentiation or paracrine activity will 
occur (55). In this study phase in one dog, we did not intent to assess 
the therapeutic efficiency of the ADMSCs. Rather, we were aware of 
any potential adverse reactions. Adverse reactions were not observed 
within the 10 days of the study period and until 5 years later. We 
noticed a mild self-limiting hematuria within the 10 days of the study 
period, most probably due to the surgical bladder biopsy that to the 
administration of PKH26 autologous ADMSCs. Adverse reactions 
have been reported after IV injection of allogenic or xenogenic 
stromal/stem cells. Sudden death was observed in mice after human 
stem cell administration, however this was attributed to accidental 
rapid injection as it was not observed with slow infusion (56). In dogs, 
reported adverse reactions are variable, which make unclear whether 
causality can directly be attributed to the MSCs, to the recipient 
individual or to any other step of the protocol. In a study on 9 healthy 
adult dogs receiving IV unlabeled allogenic bone-marrow derived 
MSCs at different dosages, vomiting, increased respiratory and heart 
rates and increased body temperature were observed in one dog. In 
the same study, histological changes in the lungs and variations in the 
white blood cell count were observed in 4 dogs, while 
electrocardiogram and coagulation status remained unchanged (20). 
In our study, we did not observe these changes during the physical 
examination of the dog, nor in its white blood cell count. In diseased 
dogs, pain and inflammation at the injection site were reported in one 
of 4 dogs after IV injection of allogenic adipose-derived mesenchymal 
stem cells (57), while this was not observed in our dog. In another 
study, several injections of allogenic adipose-derived mesenchymal 
stem cells in a puppy affected by canine parvovirus did not cause 
adverse reaction (58). Other studies have also reported the absence of 
adverse reaction after allogenic stem cell transplantation, whether 
injections were multiple (18) or single (53), whether the cells were 
labelled (53) or not (59), whether the dogs had a localized pathology 
(18, 19, 59) or were healthy (53). In our study, the absence of short-
term systemic adverse reaction illustrates the safe use of PKH26 
autologous ADMSCs through IV route in that dog, but it may also be 
related to the healthiness of the dog, so caution should be taken when 
considering specific conditions. Additionally, we obtain data about 
long term safety in the dog of the present study. Indeed, stem cells may 
affect chromosomal stability, as well as metastasis of existing tumors 
(60). While arrhythmogenicity and tumorigenesis have been 
advocated as potential long term adverse effects of MSCs use (61, 62), 
the dog of the present study was still healthy 5 years after the study: 
thoracic radiographs, abdominal ultrasonography and 
electrocardiogram did not show evidence of any abnormality.

Autologous administration of MSCs is recommended to reduce 
the risk of immune rejection by the host but also to reduce the risk of 
transferring infectious agents (63). While the risk of host rejection is 
of major interest when multiple injections are planned, allogenic 
MSCs are usually considered as immunoprivileged, but this 
necessitates to be tested in clinical trials of repeated injections (64). 
Cryopreservation of canine autologous adipose-derived mesenchymal 
stem cells of 12 months duration has been shown to preserve stemness 
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features (65), which encourages autologous use. A benefit of using 
autologous MSCs may rely on clinical effect. In patients with ischemic 
cardiomyopathy, clinical improvement was preferentially observed in 
autologous versus allogenic group of patients receiving bone-marrow 
derived MSCs, while alloimmune reaction was observed in less than 
5%, was mild and not acute (reported as an increase in panel reactive 
antibodies 6 months after stem cell administration) (66). However, 
this argument is contradicted by a review that reported no difference 
in the therapeutic efficacy between allogenic and autologous MSC 
administration (62). In our study, the advantages of using autologous 
versus allogenic stromal/stem cells were multiple: it allowed us to 
reduce the number of dogs to a single one (donor and host) while 
optimizing our chance to get results without any potential rejection of 
the cells, even with repeated administrations.

The main limitation of our study is the use of one single dog. We 
did not enroll a control dog with a sham injection because it would 
not have helped us to accept or reject our study hypothesis. We did not 
want to enroll many dogs as for a controlled study, being aware of 
potential debilitating side effects for the dogs or failure of ADMSCs 
homing. The present research is also a pilot study for a second study, 
in which the homing of autologous ADMSCs to a bladder injury after 
multiple IV injections will be a prerequisite. In this larger study, the 
emphasis will be put on the therapeutic effect of the ADMSCs, less on 
their homing and engraftment success. Other limitations encountered 
in previous studies have also been encountered in our protocol. Firstly, 
the choice of adipose tissue has an evident effect in the differentiation 
potential of the ADMSCs (67). We selected adipose tissue as the tissue 
of origin of MSCs because of its abundance throughout the body and 
ease of access when obtained from the subcutaneous fat (63) compared 
to visceral origin (68). Another interest of adipose origin (compared 
to bone marrow origin) is a potential better ability of the cells to 
maintain their undifferentiated state and to self-renew (40). Moreover, 
ADMSCs can be prepared more rapidly, compared with longer times 
of expansion and complicated isolation procedures if bone marrow or 
skeletal muscle are selected as donor sites of MSCs (60). Secondly, the 
optimal dose of MSCs, timing and method of delivery to obtain a 
therapeutic effect are unknown and may vary with species, tissues, and 
organs (45). For potential future clinical transposition, we elected for 
an IV administration. We chose a high dose of ADMSCs in each bolus, 
similar to IV dosages of 1,3 × 106 cells per kilogram body weight (48) 
or 1 to 2 × 106 cells per kilogram body weight (18) previously reported, 
and we performed early and frequent administrations of ADMSCs 
after the bladder injury. Finally, the objective of this pilot phase was 
not to study the bladder healing process in a single dog, nor to assess 
the future of the ADMSCs after engraftment. Therefore, we did not 
perform any specific analysis on the scar nor on the rest of the bladder.

5 Conclusion

PKH26-labeled ADMSCs were obtained from the subcutaneous 
adipose tissue of a healthy adult dog. Isolation and labelling of these 
cells did not affect their homing capacity. Indeed, after three IV 
injections of 20×10^6 cells each, the cells were detected in the bladder 
wall of the same dog at the level of a recent biopsy site. A recent 
inflammation, created by a tissue biopsy, is an effective stimulus to 
home the ADMSCs to the bladder, even after IV injection and the 

potential consecutive lung or spleen trapping. Whether homing is 
emphasized by the use of autologous cells remains uncertain.

While these findings will need to be confirmed on a larger number 
of dogs, the results of this pilot study suggest that the use of autologous 
MSCs and their administration through an IV route could be 
considered in a larger population of dogs to pursue investigations on 
stromal/stem cell effects after engraftment at the injured target site.

Data availability statement

The original contributions presented in the study are included in 
the article/supplementary material, further inquiries can be directed 
to the corresponding author.

Ethics statement

The animal study was approved by Ethical Committee of Animal 
Use of the University of Liège. The study was conducted in accordance 
with the local legislation and institutional requirements.

Author contributions

MP: Writing  – original draft, Data curation, Investigation, 
Writing  – review & editing. NA: Writing  – review & editing, 
Methodology. OW: Methodology, Writing – review & editing. JP: 
Methodology, Writing – review & editing. SN: Conceptualization, 
Writing – review & editing. AH: Conceptualization, Writing – review 
& editing, Funding acquisition.

Funding

The author(s) declare that financial support was received for the 
research and/or publication of this article. This research was supported 
by the Fonds Spéciaux pour la Recherche Facultaires (reference 3328, 
October 2017).

Conflict of interest

The authors declare that the research was conducted in the 
absence of any commercial or financial relationships that could be 
construed as a potential conflict of interest.

Generative AI statement

The author(s) declare that no Gen AI was used in the creation of 
this manuscript.

Any alternative text (alt text) provided alongside figures in this 
article has been generated by Frontiers with the support of artificial 
intelligence and reasonable efforts have been made to ensure accuracy, 
including review by the authors wherever possible. If you identify any 
issues, please contact us.

https://doi.org/10.3389/fvets.2025.1644746
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org


Porato et al.� 10.3389/fvets.2025.1644746

Frontiers in Veterinary Science 08 frontiersin.org

Publisher’s note

All claims expressed in this article are solely those of the authors 
and do not necessarily represent those of their affiliated 

organizations, or those of the publisher, the editors and the 
reviewers. Any product that may be evaluated in this article, or 
claim that may be made by its manufacturer, is not guaranteed or 
endorsed by the publisher.

References
	1.	Lee, SW, Ryu, CM, Shin, JH, Choi, D, Kim, A, Yu, HY, et al. The therapeutic effect 

of human embryonic stem cell-derived multipotent mesenchymal stem cells on 
chemical-induced cystitis in rats. Int Neurourol J. (2018) 22:S34–45. doi: 10.5213/
inj.1836014.007

	2.	Ryu, CM, Yu, HY, Lee, HY, Shin, JH, Lee, S, Ju, H, et al. Longitudinal intravital 
imaging of transplanted mesenchymal stem cells elucidates their functional integration 
and therapeutic potency in an animal model of interstitial cystitis/bladder pain 
syndrome. Theranostics. (2018) 8:5610–24. doi: 10.7150/thno.27559

	3.	Soler, R, Füllhase, C, Hanson, A, Campeau, L, Santos, C, and Andersson, KE. Stem 
cell therapy ameliorates bladder dysfunction in an animal model of Parkinson disease. 
J Urol. (2012) 187:1491–7. doi: 10.1016/j.juro.2011.11.079

	4.	Salehi-pourmehr, H, Rahbarghazi, R, Mahmoudi, J, Roshangar, L, Chapple, CR, 
Hajebrahimi, S, et al. Intra-bladder wall transplantation of bone marrow mesenchymal 
stem cells improved urinary bladder dysfunction following spinal cord injury. Life Sci. 
(2019) 221:20–8. doi: 10.1016/j.lfs.2019.02.011

	5.	Al-Saikan, B, Ding, J, Tredget, E, and Metcalfe, P. Benefits of mesenchymal stem 
cells after partial bladder outlet obstruction. Can Urol Assoc J. (2016) 10:E1–6. doi: 
10.5489/cuaj.3257

	6.	Shigematsu, K, Takeda, T, Komori, N, Tahara, K, and Yamagishi, H. Hypothesis: 
intravenous administration of mesenchymal stem cells is effective in the treatment of 
Alzheimer’s disease. Med Hypotheses. (2021) 150:110572–3. doi: 10.1016/j.
mehy.2021.110572

	7.	Karp, JM, and Leng Teo, GS. Mesenchymal stem cell homing: the devil is in the 
details. Cell Stem Cell. (2009) 4:206–16. doi: 10.1016/j.stem.2009.02.001

	8.	Popov, AL, Savintseva, IV, Kozlova, TO, Ivanova, OS, Zhukov, IV, Baranchikov, AE, 
et al. Heavily Gd-doped non-toxic cerium oxide nanoparticles for MRI labelling of stem 
cells. Molecules. (2023) 28:1165. doi: 10.3390/molecules28031165

	9.	Andrzejewska, A, Jablonska, A, Seta, M, Dabrowska, S, Walczak, P, Janowski, M, 
et al. Labeling of human mesenchymal stem cells with different classes of vital stains: 
robustness and toxicity. Stem Cell Res Ther. (2019) 10:187. doi: 10.1186/
s13287-019-1296-8

	10.	Lequeux, C, Oni, G, Mojallal, A, Damour, O, and Brown, SA. Adipose derived stem 
cells: efficiency, toxicity, stability of BrdU labeling and effects on self-renewal and 
adipose differentiation. Mol Cell Biochem. (2011) 351:65–75. doi: 10.1007/
s11010-011-0712-x

	11.	Kraitchman, DL, Tatsumi, M, Gilson, WD, Ishimori, T, Kedziorek, D, Walczak, P, 
et al. Dynamic imaging of allogeneic mesenchymal stem cells trafficking to myocardial 
infarction. Circulation. (2005) 112:1451–61. doi: 10.1161/
CIRCULATIONAHA.105.537480

	12.	Wang, HH, Wang, YXJ, Leung, KCF, Au, DWT, Xuan, S, Chak, CP, et al. Durable 
mesenchymal stem cell labelling by using polyhedral superparamagnetic iron oxide 
nanoparticles. Chem Eur J. (2009) 15:12417–25. doi: 10.1002/chem.200901548

	13.	Ryu, HH, Lim, JH, Byeon, YE, Park, JR, Seo, MS, Lee, YW, et al. Functional 
recovery and neural differentiation after transplantation of allogenic adipose-derived 
stem cells in a canine model of acute spinal cord injury. J Vet Sci. (2009) 10:273–84. doi: 
10.4142/jvs.2009.10.4.273

	14.	Mokbel, A, El-Tookhy, O, Shamaa, AA, Sabry, D, Rashed, L, and Mostafa, A. 
Homing and efficacy of intra-articular injection of autologous mesenchymal stem cells 
in experimental chondral defects in dogs. Clin Exp Rheumatol. (2011) 29:275–84.

	15.	Weir, C, Morel-Kopp, MC, Gill, A, Tinworth, K, Ladd, L, Hunyor, SN, et al. 
Mesenchymal stem cells: isolation, characterisation and in vivo fluorescent dye tracking. 
Heart Lung Circ. (2008) 17:395–403. doi: 10.1016/j.hlc.2008.01.006

	16.	Ude, CC, Shamsul, BS, Ng, MH, Chen, HC, Norhamdan, MY, Aminuddin, BS, 
et al. Bone marrow and adipose stem cells can be tracked with PKH26 until post staining 
passage 6 in in vitro and in vivo. Tissue Cell. (2012) 44:156–63. doi: 10.1016/j.
tice.2012.02.001

	17.	Pratheesh, MD, Gade, NE, Nath, A, Dubey, PK, Sivanarayanan, TB, Madhu, DN, 
et al. Evaluation of persistence and distribution of intra-dermally administered PKH26 
labelled goat bone marrow derived mesenchymal stem cells in cutaneous wound healing 
model. Cytotechnology. (2017) 69:841–9. doi: 10.1007/s10616-017-0097-0

	18.	Olsen, A, Johnson, V, Webb, T, Santangelo, K, Dow, S, and Duerr, F. Evaluation of 
intravenously delivered allogeneic mesenchymal stem cells for treatment of elbow 
osteoarthritis in dogs: a pilot study. Vet Comp Orthop Traumatol. (2019) 32:173–81. doi: 
10.1055/s-0039-1678547

	19.	Petchdee, S, and Sompeewong, S. Intravenous administration of puppy deciduous 
teeth stem cells in degenerative valve disease. Vet World. (2016) 9:1429–34. doi: 
10.14202/vetworld.2016.1429-1434

	20.	Kang, MH, and Park, HM. Evaluation of adverse reactions in dogs following 
intravenous mesenchymal stem cell transplantation. Acta Vet Scand. (2014) 56:8. doi: 
10.1186/1751-0147-56-16

	21.	Zhang, J, Huang, X, Wang, H, Liu, X, Zhang, T, Wang, Y, et al. The challenges and 
promises of allogeneic mesenchymal stem cells for use as a cell-based therapy. Stem Cell 
Res Ther. (2015) 6:234. doi: 10.1186/s13287-015-0240-9

	22.	Qian, X, An, N, Ren, Y, Yang, C, Zhang, X, and Li, L. Immunosuppressive effects 
of mesenchymal stem cells-derived exosomes. Stem Cell Rev Rep. (2021) 17:411–27. doi: 
10.1007/s12015-020-10040-7

	23.	Al-Daccak, R, and Charron, D. Allogenic benefit in stem cell therapy: cardiac 
repair and regeneration. Tissue Antigens. (2015) 86:155–62. doi: 10.1111/tan.12614

	24.	Owens, SD, Kol, A, Walker, NJ, and Borjesson, DL. Allogeneic mesenchymal stem 
cell treatment induces specific alloantibodies in horses. Stem Cells Int. (2016) 2016:1–8. 
doi: 10.1155/2016/5830103

	25.	Berglund, AK, Fortier, LA, Antczak, DF, and Schnabel, LV. Immunoprivileged no 
more: measuring the immunogenicity of allogeneic adult mesenchymal stem cells. Stem 
Cell Res Ther. (2017) 8:288. doi: 10.1186/s13287-017-0742-8

	26.	Ankrum, JA, Ong, JF, and Karp, JM. Mesenchymal stem cells: immune evasive, not 
immune privileged. Nat Biotechnol. (2014) 32:252–60. doi: 10.1038/nbt.2816

	27.	Schmidt, WM, Perera, ND, Buadi, FK, Hayman, SR, Kumar, SK, Dispenzieri, A, 
et al. Long-term outcomes of allogeneic stem cell transplant in multiple myeloma. Blood 
Cancer J. (2023) 13:126. doi: 10.1038/s41408-023-00900-z

	28.	Bangolo, A, Amoozgar, B, Zhang, L, Nagesh, VK, Sekhon, I, Weissman, S, et al. 
Impact of allogeneic stem cell transplant on safety and outcomes of chimeric antigen 
receptor T cell (CAR-T) therapy in patients with multiple myeloma (MM). J Clin Med. 
(2024) 13:6207. doi: 10.3390/jcm13206207

	29.	Liberatore, C, Fioritoni, F, and Di Ianni, M. Allogeneic stem cell transplantation 
in multiple myeloma: is there still a place? Front Oncol. (2024) 14:1402106. doi: 10.3389/
fonc.2024.1402106

	30.	Mohty, B, and Mohty, M. Long-term complications and side effects after allogeneic 
hematopoietic stem cell transplantation: an update. Blood Cancer J. (2011) 1:e16–6. doi: 
10.1038/bcj.2011.14

	31.	Joswig, AJ, Mitchell, A, Cummings, KJ, Levine, GJ, Gregory, CA, Smith, R, et al. 
Repeated intra-articular injection of allogeneic mesenchymal stem cells causes an 
adverse response compared to autologous cells in the equine model. Stem Cell Res Ther. 
(2017) 8:42. doi: 10.1186/s13287-017-0503-8

	32.	Colbath, AC, Dow, SW, Hopkins, LS, Phillips, JN, McIlwraith, CW, and 
Goodrich, LR. Allogeneic vs. autologous intra-articular mesenchymal stem cell injection 
within normal horses: clinical and cytological comparisons suggest safety. Equine Vet J. 
(2020) 52:144–51. doi: 10.1111/evj.13136

	33.	Chen, J m, Huang, Q y, Chen, W h, Lin, S, and Shi, Q y. Clinical evaluation of 
autologous and allogeneic stem cell therapy for intrauterine adhesions: a systematic 
review and meta-analysis. Front Immunol. (2022) 13:899666. doi: 10.3389/
fimmu.2022.899666

	34.	Gharaibeh, B, Lavasani, M, Cummins, JH, and Huard, J. Terminal differentiation 
is not a major determinant for the success of stem cell therapy - cross-talk between 
muscle-derived stem cells and host cells. Stem Cell Res Ther. (2011) 2:31. doi: 
10.1186/scrt72

	35.	Song, M, Heo, J, Chun, JY, Bae, HS, Kang, JW, Kang, H, et al. The paracrine effects 
of mesenchymal stem cells stimulate the regeneration capacity of endogenous stem cells 
in the repair of a bladder-outlet-obstruction-induced overactive bladder. Stem Cells Dev. 
(2014) 23:654–63. doi: 10.1089/scd.2013.0277

	36.	Vizoso, F, Eiro, N, Cid, S, Schneider, J, and Perez-Fernandez, R. Mesenchymal stem 
cell Secretome: toward cell-free therapeutic strategies in regenerative medicine. Int J Mol 
Sci. (2017) 18:1852. doi: 10.3390/ijms18091852

	37.	Villatoro, AJ, Alcoholado, C, Martín-Astorga, MC, Fernández, V, Cifuentes, M, 
and Becerra, J. Comparative analysis and characterization of soluble factors and 
exosomes from cultured adipose tissue and bone marrow mesenchymal stem cells in 
canine species. Vet Immunol Immunopathol. (2019) 208:6–15. doi: 10.1016/j.
vetimm.2018.12.003

	38.	Shikh Alsook, MK, Gabriel, A, Piret, J, Waroux, O, Tonus, C, Connan, D, et al. 
Tissues from equine cadaver ligaments up to 72 hours of post-mortem: a promising 
reservoir of stem cells. Stem Cell Res Ther. (2015) 6:253. doi: 10.1186/
s13287-015-0250-7

	39.	Dominici, M, Le Blanc, K, Mueller, I, Slaper-Cortenbach, I, Marini, FC, Krause, DS, 
et al. Minimal criteria for defining multipotent mesenchymal stromal cells. The 

https://doi.org/10.3389/fvets.2025.1644746
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org
https://doi.org/10.5213/inj.1836014.007
https://doi.org/10.5213/inj.1836014.007
https://doi.org/10.7150/thno.27559
https://doi.org/10.1016/j.juro.2011.11.079
https://doi.org/10.1016/j.lfs.2019.02.011
https://doi.org/10.5489/cuaj.3257
https://doi.org/10.1016/j.mehy.2021.110572
https://doi.org/10.1016/j.mehy.2021.110572
https://doi.org/10.1016/j.stem.2009.02.001
https://doi.org/10.3390/molecules28031165
https://doi.org/10.1186/s13287-019-1296-8
https://doi.org/10.1186/s13287-019-1296-8
https://doi.org/10.1007/s11010-011-0712-x
https://doi.org/10.1007/s11010-011-0712-x
https://doi.org/10.1161/CIRCULATIONAHA.105.537480
https://doi.org/10.1161/CIRCULATIONAHA.105.537480
https://doi.org/10.1002/chem.200901548
https://doi.org/10.4142/jvs.2009.10.4.273
https://doi.org/10.1016/j.hlc.2008.01.006
https://doi.org/10.1016/j.tice.2012.02.001
https://doi.org/10.1016/j.tice.2012.02.001
https://doi.org/10.1007/s10616-017-0097-0
https://doi.org/10.1055/s-0039-1678547
https://doi.org/10.14202/vetworld.2016.1429-1434
https://doi.org/10.1186/1751-0147-56-16
https://doi.org/10.1186/s13287-015-0240-9
https://doi.org/10.1007/s12015-020-10040-7
https://doi.org/10.1111/tan.12614
https://doi.org/10.1155/2016/5830103
https://doi.org/10.1186/s13287-017-0742-8
https://doi.org/10.1038/nbt.2816
https://doi.org/10.1038/s41408-023-00900-z
https://doi.org/10.3390/jcm13206207
https://doi.org/10.3389/fonc.2024.1402106
https://doi.org/10.3389/fonc.2024.1402106
https://doi.org/10.1038/bcj.2011.14
https://doi.org/10.1186/s13287-017-0503-8
https://doi.org/10.1111/evj.13136
https://doi.org/10.3389/fimmu.2022.899666
https://doi.org/10.3389/fimmu.2022.899666
https://doi.org/10.1186/scrt72
https://doi.org/10.1089/scd.2013.0277
https://doi.org/10.3390/ijms18091852
https://doi.org/10.1016/j.vetimm.2018.12.003
https://doi.org/10.1016/j.vetimm.2018.12.003
https://doi.org/10.1186/s13287-015-0250-7
https://doi.org/10.1186/s13287-015-0250-7


Porato et al.� 10.3389/fvets.2025.1644746

Frontiers in Veterinary Science 09 frontiersin.org

International Society for Cellular Therapy position statement. Cytotherapy. (2006) 
8:315–7. doi: 10.1080/14653240600855905

	40.	Takemitsu, H, Zhao, D, Yamamoto, I, Harada, Y, Michishita, M, and Arai, T. 
Comparison of bone marrow and adipose tissue-derived canine mesenchymal stem 
cells. BMC Vet Res. (2012) 8:150. doi: 10.1186/1746-6148-8-150

	41.	Kisiel, AH, McDuffee, LA, Masaoud, E, Bailey, TR, Esparza Gonzalez, BP, and 
Nino-Fong, R. Isolation, characterization, and in vitro proliferation of canine 
mesenchymal stem cells derived from bone marrow, adipose tissue, muscle, and 
periosteum. Am J Vet Res. (2012) 73:1305–17. doi: 10.2460/ajvr.73.8.1305

	42.	Vieira, NM, Brandalise, V, Zucconi, E, Secco, M, Strauss, BE, and Zatz, M. 
Isolation, characterization, and differentiation potential of canine adipose-derived stem 
cells. Cell Transplant. (2010) 19:279–89. doi: 10.3727/096368909X481764

	43.	Hoffman, AM, and Dow, SW. Concise review: stem cell trials using companion 
animal disease models. Stem Cells. (2016) 34:1709–29. doi: 10.1002/stem.2377

	44.	Lundberg, J, Södersten, E, Sundström, E, Le Blanc, K, Andersson, T, Hermanson, O, 
et al. Targeted intra-arterial transplantation of stem cells to the injured CNS is more effective 
than intravenous administration: engraftment is dependent on cell type and adhesion 
molecule expression. Cell Transplant. (2012) 21:333–43. doi: 10.3727/096368911X576036

	45.	Liu, S, Zhou, J, Zhang, X, Liu, Y, Chen, J, Hu, B, et al. Strategies to optimize adult 
stem cell therapy for tissue regeneration. Int J Mol Sci. (2016) 17:982. doi: 10.3390/
ijms17060982

	46.	Fischer, UM, Harting, MT, Jimenez, F, Monzon-Posadas, WO, Xue, H, Savitz, SI, et al. 
Pulmonary passage is a major obstacle for intravenous stem cell delivery: the pulmonary 
first-pass effect. Stem Cells Dev. (2009) 18:683–92. doi: 10.1089/scd.2008.0253

	47.	Guo, S, Zhang, Y, Zhang, Y, Meng, F, Li, M, Yu, Z, et al. Multiple intravenous 
injections of valproic acid-induced mesenchymal stem cell from human-induced 
pluripotent stem cells improved cardiac function in an acute myocardial infarction rat 
model. Biomed Res Int. (2020) 2020:1–13. doi: 10.1155/2020/2863501

	48.	Hall, M, Rosenkrantz, W, Hong, J, Griffin, C, and Mendelsohn, C. Evaluation of 
the potential use of adipose-derived mesenchymal stromal cells in the treatment of 
canine atopic dermatitis: a pilot study. Vet Ther. (2010) 11:E1–E14.

	49.	Fishman, JE, Kim, GJ, Kyeong, NY, Goldin, JG, and Glassberg, MK. Intravenous 
stem cell dose and changes in quantitative lung fibrosis and DLCO in the AETHER trial: 
a pilot study. Eur Rev Med Pharmacol Sci. (2019) 23:7568–72. doi: 10.26355/
eurrev_201909_18877

	50.	Kim, Y, Jo, S, Kim, WH, and Kweon, OK. Antioxidant and anti-inflammatory 
effects of intravenously injected adipose derived mesenchymal stem cells in dogs with 
acute spinal cord injury. Stem Cell Res Ther. (2015) 6:229. doi: 10.1186/
s13287-015-0236-5

	51.	Kelp, A, Abruzzese, T, Wohrle, S, Frajs, V, and Aicher, WK. Labeling mesenchymal 
stromal cells with PKH26 or VybrantDil significantly diminishes their migration, but 
does not affect their viability, attachment, proliferation and differentiation capacities. J 
Tissue Sci Eng. (2017) 8:199. doi: 10.4172/2157-7552.1000199

	52.	Karantalis, V, Suncion-Loescher, VY, Bagno, L, Golpanian, S, Wolf, A, Sanina, C, 
et al. Synergistic effects of combined cell therapy for chronic ischemic cardiomyopathy. 
J Am Coll Cardiol. (2015) 66:1990–9. doi: 10.1016/j.jacc.2015.08.879

	53.	Spriet, M, Hunt, GB, Walker, NJ, and Borjesson, DL. Scintigraphic tracking of 
mesenchymal stem cells after portal, systemic, intravenous and splenic adminstration 
in healthy beagle dogs. Vet Radiol Ultrasound. (2015) 56:327–34. doi: 10.1111/vru.12243

	54.	Polzer, H, Volkmer, E, Saller, MM, Prall, WC, Haasters, F, Drosse, I, et al. Long-
term detection of fluorescently labeled human mesenchymal stem cell in vitro and in 
vivo by semi-automated microscopy. Tissue Eng Part C Methods. (2012) 18:156–65. doi: 
10.1089/ten.tec.2011.0275

	55.	Caplan, AI. Mesenchymal stem cells: time to change the name! Stem Cells Transl 
Med. (2017) 6:1445–51. doi: 10.1002/sctm.17-0051

	56.	Ra, JC, Shin, IS, Kim, SH, Kang, SK, Kang, BC, Lee, HY, et al. Safety of intravenous 
infusion of human adipose tissue-derived mesenchymal stem cells in animals and 
humans. Stem Cells Dev. (2011) 20:1297–308. doi: 10.1089/scd.2010.0466

	57.	Rhew, SY, Park, SM, Li, Q, An, JH, Chae, HK, Lee, JH, et al. Efficacy and safety of 
allogenic canine adipose tissue-derived mesenchymal stem cell therapy for insulin-
dependent diabetes mellitus in four dogs: a pilot study. J Vet Med Sci. (2021) 83:592–600. 
doi: 10.1292/jvms.20-0195

	58.	Luo, H, Li, D, Chen, Z, Wang, B, and Chen, S. Manufacturing and banking canine 
adipose-derived mesenchymal stem cells for veterinary clinical application. BMC Vet 
Res. (2021) 17:96. doi: 10.1186/s12917-021-02791-3

	59.	Pérez-Merino, EM, Usón-Casaús, JM, Duque-Carrasco, J, Zaragoza-Bayle, C, 
Mariñas-Pardo, L, Hermida-Prieto, M, et al. Safety and efficacy of allogeneic adipose tissue-
derived mesenchymal stem cells for treatment of dogs with inflammatory bowel disease: 
endoscopic and histological outcomes. Vet J. (2015) 206:391–7. doi: 10.1016/j.tvjl.2015.07.023

	60.	Kim, JH, Lee, HJ, and Song, YS. Treatment of bladder dysfunction using stem cell or 
tissue engineering technique. Korean J Urol. (2014) 55:228–38. doi: 10.4111/kju.2014.55.4.228

	61.	Karantalis, V, and Hare, JM. Use of mesenchymal stem cells for therapy of cardiac 
disease. Circ Res. (2015) 116:1413–30. doi: 10.1161/CIRCRESAHA.116.303614

	62.	Shi, Y, Su, J, Roberts, AI, Shou, P, Rabson, AB, and Ren, G. How mesenchymal stem 
cells interact with tissue immune responses. Trends Immunol. (2012) 33:136–43. doi: 
10.1016/j.it.2011.11.004

	63.	Gimble, JM, and Guilak, F. Adipose-derived adult stem cells: isolation, 
characterization, and differentiation potential. Cytotherapy. (2003) 5:362–9. doi: 
10.1080/14653240310003026

	64.	Traverse, JH. Is there a role for intravenous stem cell delivery in nonischemic 
cardiomyopathy? Circ Res. (2017) 120:256–8. doi: 10.1161/CIRCRESAHA.116.310342

	65.	Martinello, T, Bronzini, I, Maccatrozzo, L, Mollo, A, Sampaolesi, M, Mascarello, F, 
et al. Canine adipose-derived-mesenchymal stem cells do not lose stem features after a 
long-term cryopreservation. Res Vet Sci. (2011) 91:18–24. doi: 10.1016/j.rvsc.2010.07.024

	66.	Hare, JM, Fishman, JE, Gerstenblith, G, DiFede Velazquez, DL, Zambrano, JP, 
Suncion, VY, et al. Comparison of allogeneic vs autologous bone marrow–derived 
mesenchymal stem cells delivered by transendocardial injection in patients with 
ischemic cardiomyopathy: the POSEIDON randomized trial. JAMA. (2012) 
308:2369–79. doi: 10.1001/jama.2012.25321

	67.	Requicha, JF, Viegas, CA, Albuquerque, CM, Azevedo, JM, Reis, RL, and 
Gomes, ME. Effect of anatomical origin and cell passage number on the stemness and 
osteogenic differentiation potential of canine adipose-derived stem cells. Stem Cell Rev 
Rep. (2012) 8:1211–22. doi: 10.1007/s12015-012-9397-0

	68.	DePompeo, CM, Giassetti, MI, Elnaggar, MM, Oatley, JM, Davis, WC, and 
Fransson, BA. Isolation of canine adipose-derived mesenchymal stem cells from 
falciform tissue obtained via laparoscopic morcellation: a pilot study. Vet Surg. (2020) 
49:O28–37. doi: 10.1111/vsu.13267

https://doi.org/10.3389/fvets.2025.1644746
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org
https://doi.org/10.1080/14653240600855905
https://doi.org/10.1186/1746-6148-8-150
https://doi.org/10.2460/ajvr.73.8.1305
https://doi.org/10.3727/096368909X481764
https://doi.org/10.1002/stem.2377
https://doi.org/10.3727/096368911X576036
https://doi.org/10.3390/ijms17060982
https://doi.org/10.3390/ijms17060982
https://doi.org/10.1089/scd.2008.0253
https://doi.org/10.1155/2020/2863501
https://doi.org/10.26355/eurrev_201909_18877
https://doi.org/10.26355/eurrev_201909_18877
https://doi.org/10.1186/s13287-015-0236-5
https://doi.org/10.1186/s13287-015-0236-5
https://doi.org/10.4172/2157-7552.1000199
https://doi.org/10.1016/j.jacc.2015.08.879
https://doi.org/10.1111/vru.12243
https://doi.org/10.1089/ten.tec.2011.0275
https://doi.org/10.1002/sctm.17-0051
https://doi.org/10.1089/scd.2010.0466
https://doi.org/10.1292/jvms.20-0195
https://doi.org/10.1186/s12917-021-02791-3
https://doi.org/10.1016/j.tvjl.2015.07.023
https://doi.org/10.4111/kju.2014.55.4.228
https://doi.org/10.1161/CIRCRESAHA.116.303614
https://doi.org/10.1016/j.it.2011.11.004
https://doi.org/10.1080/14653240310003026
https://doi.org/10.1161/CIRCRESAHA.116.310342
https://doi.org/10.1016/j.rvsc.2010.07.024
https://doi.org/10.1001/jama.2012.25321
https://doi.org/10.1007/s12015-012-9397-0
https://doi.org/10.1111/vsu.13267

	Tracking of autologous adipose-derived mesenchymal stromal/stem cells after intravenous administration: a pilot study in a dog with induced acute bladder injury
	1 Introduction
	2 Materials and methods
	2.1 In vitro study
	2.1.1 Isolation, culture and characterization of ADMSCs
	2.1.2 Stromal/stem cell labelling
	2.1.3 Assessment of viability
	2.2 In vivo study
	2.2.1 Dog
	2.2.2 Creation of an acute bladder injury and ADMSCs administration
	2.2.3 Stromal/stem cells detection in bladder tissue and urine

	3 Results
	3.1 ADMSCs culture, characterization and labeling
	3.2 Tracking of the ADMSCs
	3.3 Safety

	4 Discussion
	5 Conclusion

	References

