
Abstract. Background/Aim: The kidney excretes waste
materials and regulates important metabolic functions, and
renal disorders constitute a significant medical problem and
can result in fatalities. In the present study, mesenchymal
stem cells derived from canine umbilical cord blood (cUCB-
MSCs) were isolated and evaluated for their ability to
improve renal function in a canine model of acute kidney
injury (AKI). Materials and Methods: The canine AKI model
was developed by i.v. injection of cisplatin and gentamycin
into 14 male beagle dogs. cUCB-MSCs were administered
into the renal corticomedullary junction following AKI
induction. Survival time, clinical signs, blood analysis and
histological parameters were analyzed. Results: The group
treated with AKI plus cUCB-MSCs had decreased blood urea
nitrogen and creatinine levels, and showed an extended life-
span and improved histological manifestations. MSCs were
detected around the tubules of these kidneys at the
histological level. Conclusion: Taken together, our findings
suggest that cUCB-MSCs could be an alternative therapeutic
agent for canine AKI.

Acute kidney injury (AKI) is a clinical disorder characterized
by the sudden loss of kidney function, which includes
excreting wastes and maintaining electrolyte and acid–base
balance and body fluid levels (1). The clinical signs of AKI
are sudden illness, vomiting, anorexia, weight loss, exercise
intolerance, and eventually death. Recently reported mortality
of AKI in dogs was 47-61% in a retrospective report (2).
Factors that induce AKI include renal ischemia, nephrotoxic
substances, infection, inflammation, and urinary tract
obstruction by calculi, tumors, or strictures (3). A frequent
cause of canine AKI is renal ischemia and exposure to
nephrotoxins (4). Classic treatment for AKI includes fluid
administration while monitoring urine output, use of diuretics
(furosemide, dopamine, vasopressin), anti-nausea agent,
gastroprotectants, phosphorus absorbent, antioxidants, sodium
bicarbonate for metabolic acidosis, antidote for nephrotoxin,
and antibiotics for infection (5). After nephron disruption, it
is difficult for patients to overcome the disease without the
aid of dialysis or renal transplantation (6-8). However, these
approaches have considerable limitations, including high cost,
difficulty in using these approaches in smaller animals owing
to low total blood volume, immunological problems, and the
low availability of donor kidneys (9, 10). Although many
dogs are brought to veterinary clinics or die due to AKI, little
research to develop an effective treatment using a canine AKI
model has been undertaken, to date. However, considering the
urgent need to develop alternative treatments, studies of this
aspect are on the rise.

In recent studies, stem cells have been suggested as
alternative agents for the treatment of various degenerative
diseases (11-13). Stem cells have distinctive characteristics:
self-renewal and the ability to differentiate into various
lineages. In particular, the use of adult stem cells for in vivo
transplantation, unlike embryonic stem cells, is not
associated with any ethical issues. Our previous study
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demonstrated the isolation and characterization of
mesenchymal stem cells derived from canine umbilical cord
blood (cUCB-MSCs) (14). Therefore, we aimed to
investigate the therapeutic effects of cUCB-MSCs in a
canine AKI model via cell transplantation. 

Materials and Methods

Isolation and culture of cUCB-MSCs. Our previous study reported
the isolation and culture of cUCB-MSCs (14). Briefly, canine
umbilical cord blood was drawn and used for the isolation of
mononuclear cells. The blood was collected in tubes that were
treated with the anti-coagulant EDTA. Blood was diluted 1:1 with
phosphate-buffered saline (PBS) (Cellgro, CA, USA). Density-
gradient centrifugation was performed using 1.078 g/ml Ficoll-
Paque (GE Healthcare, CA, USA) to collect the buffy coat layer.
Mononucleated cells were seeded into T75 cell culture flasks (Nunc,
NY, USA) at a density of 5×106 cells/ml. Three days after the cells
were seeded, they were transferred to new flasks containing half the
amount of low-glucose Dulbecco’s modified Eagle’s medium (LG-
DMEM; Gibco BRL, CA, USA) with 10% fetal bovine serum (FBS;
Gibco BRL). The adhered cells were trypsinized in preparation for
transplantation into the canine AKI model. 

Cell labelling with green fluorescent protein (GFP). cUCB-MSCs
were labelled with GFP to enable tracking. Briefly (15), the
ViraPower Lentiviral Packaging Mix (Invitrogen, Carlsbad, CA,
USA) was used for generating lentiviruses. Lipofectamine 2000
(Invitrogen) was used for transfection of SHC003 (vector control)
(Sigma, St. Louis, MO, USA) into 293FT cells (Invitrogen). Cell
culture media were changed on the day after transfection, and
supernatants were harvested 48 and 72 h after transfection. cUCB-
MSCs were transduced with the Turbo-Green Fluorescent Protein
(GFP)-Puror (Sigma) lentivirus at a multiplicity of infection of 10.
Cell culture media were replaced with fresh culture media on the day
after transduction. For selection, puromycin (Sigma) was added to
the cell culture media at a final concentration of 3 mg/ml for 3 days.
The presence of GFP-labelled cUCB-MSCs was confirmed with
confocal laser microscopy (Eclipse TE2000; Nikon, Tokyo, Japan).

Differentiation assay using cUCB-MSCs. The multi-lineage
differentiation assay was performed as previously described (14) to
demonstrate the isolated cells were mesenchymal stem cells. Briefly,
osteogenic differentiation was conducted with osteogenic induction
medium (LG-DMEM containing 10% FBS, 100 nM dexamethasone,
50 μM ascorbic acid 2-phosphate, and 10 mM β-glycerophosphate;
all obtained from Sigma-Aldrich, St. Louis, MO, USA). After 2
weeks of induction, the cells were stained with Alizarin Red S to
confirm osteogenic differentiation; Alizarin Red S staining is
particularly associated with calcium deposition. The cells were
washed with PBS and fixed with 70% ice-cold ethanol for 1 h at
4˚C. After three washes with distilled water, the cells were stained
using 40 mM Alizarin Red S (pH 4.2; Sigma-Aldrich) for 10 min
at room temperature (22˚C). The unbound dye was rinsed-off the
cells by five washes with distilled water. 

Adipogenic differentiation was conducted with adipogenic
induction medium containing 500 μM 3-isobutyl-1-metyl-xanthine,
1 μM dexamethasone, 60 μM indomethacin, and 5 μg/ml insulin
(Sigma-Aldrich). After 3 weeks of induction, Oil Red O staining

was conducted to confirm differentiation. The cells were fixed with
10% formalin for at least 1 h and rinsed with 60% isopropanol prior
to incubation in freshly diluted Oil Red O for 10 min. 

Chondrogenic differentiation was performed with chondrocyte
differentiation medium (Lonza, Walkersville, MD, USA). The cells
(5×105 cells/tube) were added to a 15-ml polypropylene tube with
1 ml chondrocyte differentiation medium and centrifuged to obtain
a pellet. The pellet was cultured at 37˚C in a 5% CO2 incubator for
2 weeks. After differentiation, the round pellets were embedded in
paraffin and cut into 3-μm sections, which were then stained with
toluidine blue. The slide was deparaffinized and hydrated with
distilled water. The slide was immersed in toluidine blue working
solution for 1 min. For washing the unbound stain, the slide was
rinsed using distilled water and continuously dehydrated with 95%
and absolute alcohol. The slide was then cleared with xylene and
covered with a coverslip using Canada balsam mounting medium
(Sigma-Aldrich).

Design of animal study. All experiments were approved by and
followed the policies and regulations of the Laboratory Animals
Institutional Animal Care and Use Committee (IACUC) (SNU-
070627-1; Seoul National University, Seoul, Korea).

A total of 14 dogs were enrolled in this study. They were male
beagle dogs (age: 6 months to 1 year; weight: 10-15 kg) which were
adopted from a beagle dog breeder (Cheonho-aegyeon, Gyeongi,
Korea). All dogs were subjected to blood analysis to determine that
they showed normal renal function. They were caged in a room
maintained at constant temperature and provided a standard diet.

The experimental animals were divided into three different groups.
Dogs in the AKI plus MSC group (n=3) were administered cUCB-
MSCs via the bilateral renal corticomedullary junction following
induction of AKI; dogs in the AKI plus PBS group (n=8) received a
saline injection at the same site as the AKI plus MSC group after
induction of AKI. Dogs in the non-AKI group (n=3) were not
administered any agent. Dogs were randomly allocated to one of the
three groups. After the end of experiment, all surviving AKI model
dogs were euthanized using tiletamine hydrochloride and zolazepam
hydrochloride (5 mg/kg; Zoletil; Virbac, Carros, France) and
potassium chloride (2 mmol/kg; Daihan Pharm, Seoul, Korea).

Generation of the canine AKI model. Renal damage was induced by
intravenous injection of gentamicin (15 mg/kg; ShinPoong, Ansan,
Gyeonggi, Korea) three times per day for 2 weeks, following which
a single dose of cisplatin (70 mg/m2; Boryung, Seoul, Korea) was
injected at the end of the last day of the gentamicin treatment period
(Figure 1). Inducing experimental AKI can cause permanent damage
to the kidneys, which was confirmed by clinical signs (vomiting,
anorexia, depression), serum chemistry profile (elevation of serum
blood urea nitrogen (BUN) and creatinine, normal or elevated
phosphorus, electrolyte imbalance), ultrasonography (hyperechoic
renal cortex, corticomedullar attenuation), and histological analysis
after death.

Transplantation of cUCB-MSCs. After induction of AKI, cUCB-MSCs
were administered to the AKI plus MSC group (n=3) twice (days 6 and
23). Dogs in the AKI plus PBS group (n=8) received bilateral injections
of PBS into the kidneys twice (days 6 and 23). To avoid unnecessary
contamination during cell transplantation, we placed the animals under
general anesthesia for complete immobilization, clipped the hair, and
surgically prepared the entire clipped area. General anesthesia was
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administered by injecting tiletamine hydrochloride and zolazepam
hydrochloride (Zoletil, 10 mg/kg; Virbac) into the quadriceps muscle.
Ultrasound (Sono)-guided renal injection was performed using a
microsyringe with a 1.5-inch 23-gauge needle (Figure 2). In the AKI
plus MSC group, cUCB-MSCs (1×106 cells/30 μl PBS, bilaterally)
were directly injected into one site of the renal corticomedullary
junction within each kidney. Correspondingly, to induce the same
damage caused by the injection procedure, 30 μl PBS was injected
into the same site in the AKI plus PBS group (n=8). The non-AKI
group (n=3) was not subjected to any procedure until these animals
were euthanized. At 7 weeks after induction, all animals were
euthanized and their kidneys were obtained for analysis. 

Evaluation of renal function. Renal function was assessed based on
BUN and creatinine levels (Vettest8008; IDEXX, Sungnam,
Gyeongi, Korea). Blood samples were collected two or three times
per week to determine the serum chemistry profile. The reference

range of serum BUN was 8-30 mg/dl and that of serum creatinine
was 0.5-1.5 mg/dl. Serum BUN and creatinine levels above the
reference range were considered abnormal.

Detection of transplanted cUCB-MSCs. The presence of the
administered stem cells was determined through necropsy at 51 days
after injection of cUCB-MSCs. To facilitate the detection of
transplanted cells, we generated green fluorescent protein (GFP)-
labelled cUCB-MSCs by using a lentivirus-based transfection
system. Histologically, we determined the presence of GFP-labelled
cUCB-MSCs by confocal laser microscopy (Eclipse TE2000;
Nikon). After necropsy, the kidneys were infused with a 30%
sucrose (Sigma Aldrich) solution. After the kidneys were
submerged, tissue from the kidney was collected and placed in an
embedding mold fabricated from household aluminum foil,
following which the mold was filled with fresh O.C.T. (Tissue-Tek;
Sakura Finetech Co., Ltd., USA). The mold was rapidly transferred
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Figure 2. Direct transplantation of canine umbilical cord blood-derived mesenchymal stem cells (cUCB-MSCs). A: Ultrasonographic image of the
normal kidney. B: Phosphate-buffer solution was bilaterally injected into the kidneys under ultrasonographic guidance for the acute kidney injury
(AKI)+PBS group (the yellow arrow indicates the injection needle). C: Cells were bilaterally transplanted into the kidneys for the AKI+MSC group
under ultrasonographic guidance (the blue arrow indicates the injection needle).

Figure 1. Schematic overview of the experiment. The canine acute kidney injury model was induced by administration of gentamicin and cisplatin
for two weeks. Transplantation with mesenchymal stem cells derived from canine umbilical blood was performed two times on day 6 and day 23.
All animals were euthanized on day 51. 



into the block, covered in cellophane and aluminum foil, and stored
at −70˚C. Serial sections were obtained and stained with Hoechst
33238 (1 mg/ml) diluted 1:100 in PBS for nuclear staining and
GFP-labelled cUCB-MSCs were counted.

Histological examination of the kidneys. After the experiment, the
kidneys were harvested and fixed with 10% buffered formalin. The
fixed tissues were embedded in paraffin wax and 4-μm sections
were stained with hematoxylin and eosin (H&E) by standard
procedures for histological examination, following which the
sections were observed under a light microscope. In order to avoid
subjective bias, histological evaluation for the degree of kidney
damage was performed by a blinded pathologist.

Statistical analysis. All data were analysed using IBM SPSS
Statistics 21.0 (IBM corp., Armonk, NY, USA) or GraphPad Prism
6 Software (GraphPad Inc., San Diego, CA, USA). Survival rate
was analyzed with the log-rank test for trend. Statistical analysis of
serum BUN and creatinine was performed by t-test. All data
obtained from independent experiments are presented as
mean±standard error of the mean (SEM). 

Results

Characterization of cUCB-MSCs. cUCB-MSCs were labelled
with GFP to enable tracking (Figure 3A and B). After confirming
the successful preparation of GFP-positive cUCB-MSCs with
fluorescence microscopy, the cells were used for cell
transplantation. To characterize cUCB-MSCs, differentiation
assays were performed under specific differentiation
conditions. During chondrogenic differentiation induction, we
confirmed pellet formation at the bottom of the polypropylene
tube. The pellet was ovoid and opaque (Figure 3C). The pellet
was positively stained with toluidine blue (Figure 3D).
Alizarin Red S staining was used to detect osteogenic
differentiation, which positively stains calcium deposits.
Basal culture medium (LG-DMEM with 10% FBS) was used
as the control condition. After differentiation, we observed
positive Alizarin Red S staining (Figure 3E and F) under
osteogenic differentiation but not under the control conditions
(Figure 3G and H). Oil Red O staining, which detects fatty
droplets, was used to detect adipogenic differentiation. The
fatty droplets were detected under adipogenic differentiation
conditions (Figure 3I and J) but not under control conditions
(Figure 3K and L). 

in vivo 31: 1115-1124 (2017)

1118

Figure 3. Characterization of canine umbilical cord blood-derived
mesenchymal stem cells (cUCB-MSCs). A, B: cUCB-MSCs labelled with
green fluorescent protein (GFP). A: Fluorescent microscopic image, B:
merge with a light microscopic image, scale bar=100 µm. C, D:
Chondrogenic induction: C: Pellet formation, aggregated to form a
round shape. The white arrow indicates a pellet. D: Toluidine blue
staining of chondrogenic pellets. The stained tissue showed a typical
cartilaginous tissue phenotype. Scale bar=100 μm. E–H: Osteogenic
induction: E, F: cUCB-MSCs grown in osteogenic induction medium.
Differentiated cells stained strongly with Alizarin Red S, unlike control
cells (G, H): scale bar=50 μm. I, J: Adipogenic induction. cUCB-MSCs
grown in adipogenic induction medium. Differentiated cells stained
strongly with Oil Red O, unlike control cells (K, L): scale bar=50 μm.
I-L: cUCB-MSCs grown in maintenance medium: scale bar=50 μm.



Generation of canine AKI models. Dogs with experimentally
induced AKI showed clinical symptoms such as vomiting,
dehydration, and weight loss, while dogs in the non-AKI
group were healthy. Serum concentrations of BUN and
creatinine increased after AKI was induced in the AKI plus
PBS group and the AKI plus MSC group, in contrast to the
non-AKI group.

Survival rate in the AKI plus MSC group versus the AKI plus
PBS control group. During the experiment, survival rate was
determined to evaluate the effect of cell transplantation. At
the end of the experiment (day 51), all animals in the cUCB-
MSC-treated AKI group (n=3) were alive, whereas only one
animal in the AKI plus PBS group (n=8) survived. In the
AKI plus PBS group, a six dogs died, two each on day 15,
33, and 41; one further animal died on day 47. Thus, the
survival rate increased when the dogs were treated with
cUCB-MSCs (Figure 4; p=0.007, log-rank test for trend).

Evaluation of renal function based on BUN and creatinine
levels. To determine whether cUCB-MSCs could ameliorate
renal dysfunction, cell transplantation into the renal
corticomedullary junction was performed in the AKI plus
MSC group, and the levels of serum BUN and creatinine
were evaluated (Figure 5). After administration of
gentamicin and cisplatin, the levels of BUN and creatinine
increased continuously. On day 6, we performed the first
administration of cUCB-MSCs into the renal
corticomedullary junction of the AKI plus MSC group. At
the same time, the AKI plus PBS group received PBS. After
the first administration of cUCB-MSCs, levels of BUN and
creatinine decreased in the AKI plus MSC group but not in
the AKI plus PBS group. On day 23, the cUCB-MSC-treated
AKI group received the second administration of cUCB-
MSCs, whereas the AKI plus PBS group received PBS; after
the second injection, levels of BUN and creatinine steadily
decreased until the end of the experiment.

Comparing the highest value after induction of AKI and
the last value to determine the effect of cUCB-MSC, both
BUN and creatinine differed significantly (Figure 5B and D)
(p=0.0485 and p=0.0121, respectively, Mann-Whitney test).

The administration of cUCB-MSCs improved renal
excretory function, which was verified by the levels of serum
BUN and creatinine in the canine AKI model.

Histological examination of the kidneys. At the end of the
experiment, kidneys were harvested for histological analysis.
In the AKI plus PBS group, the kidneys had a pale and rough
surface (Figure 6A) compared to the kidneys of the non-AKI
group (Figure 6C). However, histological examination
showed that in the AKI plus MSC group, the kidneys showed
less damaged than those from the AKI plus PBS group
(Figure 6B), which exhibited distinctive renal lesions. We

observed degenerative and necrotic lesions (tubular necrosis,
shedding of tubular epithelial cells, and glomerular necrosis)
in both the cortex and the medulla (Figure 6D-O). For the
description of these lesions, we classified their severity into
four categories: null, mild, moderate, and severe. Regarding
tubular necrosis, the cUCB-MSC-treated AKI group had
moderate lesions whereas the AKI plus PBS group had
severe ones, exhibiting global cystic change of tubular tissue
and massive interstitial leukocyte infiltration. Shedding of
tubular epithelial cells was mild to moderate in the AKI plus
MSC group but severe in the AKI plus PBS group.
Regarding glomerular necrosis, the AKI plus PBS group had
moderately damaged glomeruli which kept their structural
integrity more intact than the severe findings of the AKI plus
PBS group. These results showed that administration of
cUCB-MSCs improved the renal lesions that appeared in the
canine AKI model. 

Engraftment of GFP-labelled cUCB-MSCs in the AKI plus
MSC group. To determine the presence of cUCB-MSCs in
the kidneys of the AKI plus MSC group, we detected the
presence of GFP-labelled cells by using confocal laser
microscopy (Figure 7). GFP-positive cells were found in the
kidneys of the AKI plus MSC group (Figure 7B, C, E and
F). Most of the GFP-positive cells were detected around the
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Figure 4. Survival rate in the acute kidney injury (AKI)+mesenchymal
stem cell (MSC) group (n=3) versus the AKI+phosphate buffer solution
(PBS) group (n=8) and non-AKI group (n=3). Survival rate was
measured from day 0 to day 51 (the end point of the experiment).
Statistical analysis of survival rate was performed by log-rank test for
trend (p=0.007).



tubules of these kidneys. Such cells were only detected in
the cortex of the kidneys of the AKI plus MSC group (mean
± standard error of the mean=1.4828±0.2136%). The kidneys
of the AKI plus PBS and non-AKI groups did not show
GFP-positive cells (Figure 7G-J). 

Discussion

MSCs can exhibit self-renewal and multi-lineage
differentiation, which are distinctive characteristics and have
been reported to be present in various tissues such as bone
marrow, umbilical cord blood, and adipose tissue (16). These
stem cells have many advantages in cell therapy, including

immune privilege and absence of associated ethical issues.
In humans, it is well known that umbilical cord blood
represents a major source of stem cells. Indeed, there have
been several reports on the characteristics of stem cells (16,
17) and clinical trials evaluating the therapeutic effects of
umbilical cord blood-derived stem cells on various
degenerative diseases (18-20). Our previous studies
demonstrated the isolation of cUCB-MSCs (14) and reported
on clinical trials evaluating the therapeutic effect of these
cells on degenerative diseases (21).

In the present study, we established a canine AKI model
for studying degenerative kidney diseases induced by
chemical toxins. To date, the rodent model was commonly
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Figure 5. Blood urea nitrogen (BUN) and creatinine levels. A: BUN levels were measured throughout the experimental period. B: The highest value
after induction of acute kidney injury (AKI) and the last value of BUN were compared. C: Creatinine levels were measured throughout the
experimental period. D: The highest value after inducing AKI and the last value of creatinine were compared. Data for the AKI+phosphate-buffer
solution (PBS) group (n=8) and AKI+mesenchymal stem cell (MSC) group (n=3) are shown, those for the non-AKI group are not shown. *Statistical
analysis was performed by the Mann-Whitney test (BUN: p=0.0485, creatinine: p=0.0121).



used and reported on extensively in the context of renal
failure research (22, 23). Nevertheless, it is necessary to
establish a canine model for clinical applications. To
establish the canine AKI model, artificial renal failure is
induced by medical or mechanical methodology.
Gentamicin-induced AKI is one of the most well-established
models in dogs (24, 25). The most well-known adverse effect
of gentamicin is the accumulation of renal tubular toxin in
proximal tubular cells; the toxin interferes with electrolyte
and water reabsorption and causes cellular necrosis and
detachment from basement membranes, which result in cast
formation and ultimately tubular obstruction (9). However,
induction of renal failure using gentamicin usually results in
a high mortality rate. Another nephrotoxic chemical,
cisplatin, is known to cause maximal tubular necrosis (26),
although the underlying mechanism is unclear. Usually, AKI
induced by cisplatin recovers spontaneously within about 2
weeks (27). The combination of gentamicin and cisplatin is
expected to cause permanent damage to the kidney in
addition to lowering mortality. In our model, the induction
time was 2 weeks, and most of the dogs were sacrificed

within 7 weeks after induction of kidney injury (at 7 weeks
after induction: survival rate=12.5%). We believe that this
new AKI model could contribute to veterinary nephrology
research. 

BUN is an indicator of renal disease. The concentration of
BUN is controlled by maintaining the balance between urea
formation and urinary excretion; therefore, these levels may
increase owing to elevated urea reabsorption caused by
prolonged renal retention due to decreased glomerular flow rate
(28). Creatinine is a muscular metabolic product. As a more
precise indicator of renal function than BUN, creatinine is a
significant criterion of the severity of renal failure (29-31).
Some retrospective studies in dogs showed that the severity of
AKI is strongly related to the serum creatinine level. Serum
creatinine higher than 10 mg/dl was associated with failure to
recover from AKI (4). In another human retrospective report,
the outcome of AKI was correlated to AKI stage, defined by
serum creatinine level (32). In the present study, serum BUN
and creatinine levels of the cUCB-MSC-treated AKI group
decreased after MSC transplantation compared with those
observed in the AKI plus PBS group. Although the expression
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Figure 6. Histological manifestation of the kidneys after transplantation of canine umbilical cord blood-derived mesenchymal stem cell (cUCB-
MSC) into dogs with induced acute kidney injury (AKI). At day 51, all dogs were euthanized, and their kidneys were harvested for histological
examination.  A-C: Gross features of the kidneys. D-I: The renal cortex at low (D, E, F) and at high (G, H, I) magnification. J-O: The renal medulla
at low (J- L) and at high (M-O) magnification. White arrows indicate the renal glomerulus.



levels of BUN and creatinine were not within the reference
range, this result was remarkable considering the fact that
cisplatin/gentamicin-induced renal failure led to a high
mortality. We measured serum BUN and creatinine levels in
the renal function test, although various other parameters
indicative of renal function may be determined, e.g. inulin
clearance test, creatinine clearance test, and analysis of urinary

biomarkers (e.g. neutrophil gelatinase-associated lipocain,
kidney injury molecule-1, N-acetyl-β-D-glucosaminidase) (33-
35). For a more accurate evaluation of renal function, one of
the supplementary methods mentioned above may be
performed as well; however, monitoring serum BUN and
creatinine levels alone is quite an accurate measure of renal
function and a meaningful method in a clinical setting (6, 36). 
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Figure 7. Detection of transplanted mesenchymal stem cells in the kidneys of dogs with and without acute kidney injury (AKI). Cell transplantation
with green fluorescent protein (GFP)-labelled canine umbilical blood-derived mesenchymal stem cells (cUCB-MSCs) was confirmed by confocal
laser microscopy. Hoechst 33238 stained the nuclei in all kidneys. GFP-positive cells were detected in tubules in the AKI+MSC group (A–F, white
arrows indicate GFP-positive cells, scale bar=50 μm). The kidneys of the AKI+PBS and l groups did not show the presence of GFP-positive cells
(G–J, scale bar=50 μm). 



The survival rate was the major difference between the
AKI plus MSC group and the AKI plus PBS group; up to the
end of the experiment, no mortality was recorded in the AKI
group treated with cUCB-MSCs.

The transplanted cUCB-MSCs, which were labelled with
GFP, were detected by confocal laser microscopy. Most
GFP-positive cells were observed in the tubules of the
kidneys of the cUCB-MSC-treated AKI group. We also
confirmed that the kidneys of the AKI plus PBS and non-
AKI groups did not show GFP-positive cells. To investigate
the mechanism underlying the therapeutic effects of cUCB-
MSCs in the AKI plus MSC group, we conducted H&E
staining during histopathological analysis. Damage,
including necrosis of tubules and the glomerulus and
shedding of tubular epithelial cells, was less in the cUCB-
MSC-treated AKI group than in the AKI plus PBS group.
We cautiously suggest that the transplanted MSCs might
differentiate in the impaired renal tissue, regarding the
effect of MSC administration and identification of renal-
entrapped MSCs. 

The results obtained in this study contradict those in
another report that showed the non-therapeutic effects of
MSC transplantation in an ovine model of renal injury
(37). Considering other reports, the mechanism by which
cUCB-MSCs contribute to ameliorating renal failure in
the present study could be related to the MSC secretome
or prevention of progressive pathology or
transdifferentiation of MSCs (38, 39). Contrary to the
results of another report that stated that transplanted
MSCs were not detected in the kidneys of AKI-induced
rats (39), the present study demonstrated that MSCs were
located in the kidney. This discrepancy may be attributed
to the route of MSC administration; in the other report,
intracarotid injection was used, whereas we directly
injected MSCs into the renal corticomedullary junction.
Many reports have shown that systemically administered
MSCs move through the circulation and are eventually
retained at the lung Biodistribution research using an
immunodeficient animal model showed a high proportion
of MSCs localized in the lungs (40). For this reason, we
decided to use the renal corticomedullary junction as the
route of injection, as it could also hold the cells. 

We believe that the findings of this study could
contribute to the understanding of the therapeutic effects of
cUCB-MSCs in a canine AKI model. This is the first time
that positive therapeutic effects of cUCB-MSC
transplantation have been demonstrated in a canine AKI
model. 
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