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Abstract
Objectives  Feline chronic kidney disease (CKD) is characterized by chronic tubulointerstitial nephritis, and 
inflammation contributes to the progression of renal fibrosis. Mesenchymal stem cells (MSCs) have demonstrated 
anti-inflammatory and antifibrotic effects in rodent CKD models. However, few randomized trials evaluating the 
effectiveness of MSC therapy for diseases in companion animals have been reported. The purpose of this study 
was to evaluate the effectiveness of allogeneic MSCs for the treatment of feline CKD using a randomized, placebo-
controlled trial. 
Methods  MSCs were isolated from the cryopreserved adipose tissues of specific pathogen-free research cats 
and culture expanded. CKD cats were enrolled in a randomized, placebo-controlled, blinded one-way crossover 
clinical study. Four CKD cats were randomized to receive 2 × 106 MSCs/kg intravenously at 2, 4 and 6 weeks. Four 
CKD cats were randomized to receive placebo, with two cats crossing over to the MSC treatment group and one 
cat failing to complete the trial. Complete blood counts, chemistry and urinalysis were performed at weeks 0, 2, 
4, 6 and 8. Glomerular filtration rate (GFR) via nuclear scintigraphy and urine protein:creatinine ratio (UPC) were 
determined at weeks 0 and 8. 
Results  Six cats received three doses of allogeneic MSC culture expanded from cryopreserved adipose without 
adverse effects. No significant change in serum creatinine, blood urea nitrogen, potassium, phosphorus, GFR by 
nuclear scintigraphy, UPC or packed cell volume was seen in cats treated with MSCs. Individual changes in GFR 
were 12%, 8%, 8%, 2%, –13% and –67% in treated cats compared with 16%, 36% and 0% in placebo-treated cats. 
Conclusions and relevance  While administration of MSC culture expanded from cryopreserved adipose was not 
associated with adverse effects, significant improvement in renal function was not observed immediately after 
administration. Long-term follow-up is necessary to determine whether MSC administration affects disease 
progression in cats with CKD. 
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Introduction
Chronic kidney disease (CKD) is a common medical con-
dition in geriatric cats and is characterized histologically 
by tubulointerstitial inflammation and fibrosis, with 
subsequent progressive loss of renal function.1,2 
Currently, renal transplant is the only definitive therapy 
to improve kidney function in cats with CKD. Therefore, 
novel and effective therapeutic options are highly sought 
after to provide additional treatment options for cats suf-
fering from this disease.

Mesenchymal stem cells (MSCs) have been proposed 
as a novel treatment option for the management of CKD. 
MSCs exert potent anti-inflammatory and antifibrotic 
effects and may therefore indirectly improve renal func-
tion by reducing disease-associated inflammation and 
fibrosis through paracrine effects.3–7 Demonstrated 
immunomodulatory effects of MSCs include inhibition 
of lymphocyte proliferation and cytokine production, 
suppression of dendritic cell function and suppression 
of interferon-γ production by natural killer cells.8 In 
vitro studies have demonstrated that MSCs can produce 
growth factors, cytokines and anti-inflammatory medi-
ators, all of which could help maintain or improve renal 
function and suppress intra-renal inflammation.9–11 The 
ability of MSCs to suppress inflammation appears to be 
mediated both by secreted factors and by direct  
contact with inflammatory cells.10,11 In the majority of  
studies with experimentally induced CKD in rodents,  
administration of both adipose-derived and bone  
marrow-derived MSCs has demonstrated significant 
renoprotective effects, including reduction of intrarenal 
inflammatory infiltrate, decreased fibrosis and glomer-
ulosclerosis.3,4,6,7,12 Parameters of renal function and 
clinical health, including weight, creatinine, blood urea 
nitrogen (BUN), proteinuria, blood pressure and hema-
tocrit have also been demonstrated to improve as a 
result of MSC therapy.3,4,6,7,12 Several routes of adminis-
tration – intraparenchymal, subcapsular, intraperito-
neal, intravenous (IV) – have been explored, and all 
seem to be effective. Efficacy is thought to originate 
from paracrine effects rather than cell engraftment into 
the kidney.4,9 Multiple repeated injections of MSCs 
appear to be even more effective than single injections.3,4 
As inflammation appears to be present at all stages of 
CKD in cats, the immunomodulatory actions of MSC 
are appealing as a potential means of suppressing intra-
renal inflammation and subsequent fibrosis. Thus, MSC 
therapy may be an effective new approach to slow the 
progression of CKD and improve renal function.

Previous studies in cats performed by our group have 
explored the use of MSCs for treatment of feline CKD, 
but results have been variable.13,14 The purpose of this 
study was to conduct a placebo-controlled trial to assess 
the efficacy of adipose-derived allogeneic MSCs to 
improve renal function in cats with stable CKD. We 
hypothesized that repeated IV administration of MSCs 

would be well tolerated and would result in improve-
ment of renal function as measured by serum creatinine 
and glomerular filtration rate (GFR) by nuclear 
scintigraphy.

Materials and methods
Study cats
Cats with stable CKD serum creatinine (1.6–5.0 mg/dl) 
were recruited from the patient population at the 
Veterinary Teaching Hospital at Colorado State University 
(CSU). Cats were determined to have stable CKD based 
on two repeated biochemical evaluations performed at 
least 2 weeks apart and ultrasonographic evidence of 
CKD. Stability was defined as no more than a 15% change 
in serum creatinine, no uncontrolled metabolic distur-
bances, no change in medication regimen within 2 weeks 
and no clinical concerns. Pretreatment evaluation 
included complete blood count (CBC), biochemistry pro-
file, urinalysis, urine culture, blood pressure, total thy-
roxine, urine protein:creatinine ratio (UPC), feline 
leukemia/feline immunodeficiency virus serology and a 
renal ultrasound. Cats were excluded from the study if 
they had evidence of ureteroliths; pyelonephritis; ure-
teral obstruction (pelvic dilation >13 mm and/or dilated 
proximal ureters); anatomic abnormalities such as poly-
cystic kidney disease or masses; uncontrolled hyperten-
sion; or concurrent systemic disease. Administration of 
concurrent supportive therapies was allowed provided 
there were no changes in therapy 2 weeks prior to or dur-
ing the study period. The study was approved by the 
Institutional Animal Care and Use Committee at CSU 
(#11-2915A), and all owners reviewed and signed consent 
forms prior to participation in the study.

Predetermined randomization for order of treatment 
allocation was established using an online random num-
ber generator; as cats were enrolled they were assigned 
consecutively to a treatment group. Treatment group 
was blinded to the owners during the initial study phase. 
At the conclusion of the 8 week trial, the owners of cats 
that were allocated to the placebo group were given the 
option to crossover to the treatment group.

Adipose-derived MSC preparation and administration
Adipose-derived MSCs were isolated from adipose tissue 
of specific pathogen-free cats collected from a subcutane-
ous site on the ventral abdomen just caudal to the umbili-
cus, as previously described.13,15 For preparation of the 
adipose tissue for cryopreservation, the tissue was minced 
and divided into 1 g aliquots in 1 ml freezing medium (11% 
dimethyl sulfoxide, 14% MSC medium, 75% fetal bovine 
serum [FBS]), and stored in liquid nitrogen for no longer 
than 1 year prior to use. Cryopreserved adipose was then 
later thawed, immediately washed twice with Dulbecco’s 
Phosphate Buffered Saline (DPBS) and then prepared for 
culture. For isolation of the stromal vascular fraction, the 
tissue was minced and digested with 1 mg/ml collagenase 
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(Sigma-Aldrich) for 30 mins at 37°C. The sample was  
centrifuged, and the stromal vascular fraction was plated in 
MSC medium (low-glucose Dulbecco’s Modified Eagle 
Medium [DMEM], 100 U/ml penicillin, 100 µg/ml  
streptomycin, 2 µM L-glutamine, 1% essential amino acids 
without L-glutamine, 1% non-essential amino acids, 0.075% 
sodium bicarbonate [Invitrogen/Gibco] plus 15% FBS [Cell 
Generation]). The MSCs were incubated until approxi-
mately 70% confluent, with media changes every 2–3 days. 
Cells were harvested by trypsinization at passage 2–3, 
washed and resuspended in 10 ml DPBS with 200 IU hepa-
rin sulfate, and administered as a slow IV push to the 
cephalic vein over 20 mins. Cats received MSCs at weeks 2, 
4 and 6. As previous studies have indicated that some dif-
ference in immunomodulatory potential may exist between 
donors,16 all three injections received were from different 
donor cats given in a pre-randomized order. A total of three 
donor cats, all male, aged 2–7 years, were used to provide 
MSCs for the study. Placebo-control cats received 10 ml 
DPBS with 200 IU heparin administered as a slow manual 
IV push to the cephalic vein over 20 mins at weeks 2, 4  
and 6.

Characterization of MSCs
MSCs cultured from cryopreserved adipose tissue were 
characterized by surface marker expression using flow 
cytometry and a panel of cross-reactive antibodies specific 
for surface determinants expressed by MSC from other 
species. Specifically, feline MSCs were analyzed for sur-
face expression of CD44 (antimouse/human, antibody 
clone IM7; eBioscience) and CD90 (antihuman, antibody 
clone eBio5E10; eBioscience). MSCs were also assessed for 
expression of CD4 (antifeline antibody clone 3-4F4; 
SouthernBiotech) and major histocompatibility complex 
(MHC) class II (antihuman antibody clone TU39; BD 
Biosciences). Samples were analyzed using a CyAn ADP 
flow cytometer (Beckman Coulter). Approximately 10,000 
events were collected for analysis per sample.

In vitro differentiation assays were conducted to con-
firm the multipotency of feline MSCs, as assessed by their 
ability to differentiate into three cell lineages (osteoblasts, 
chondrocytes and adipocytes) that are characteristic of 
MSCs. For differentiation into adipocytes, MSCs at con-
fluency were incubated with MSC medium supple-
mented with 0.5 µM dexamethasone, 50 µM indomethacin 
and 0.5 µM 3-isobutyl-1-methylxanthine (all Sigma- 
Aldrich) for 3 weeks with media changes every 3–4 days.

Chondrogenic differentiation medium consisted of 
DMEM 1× (Cellgro) supplemented with 15% FBS (Cell 
Generation), 10 nM dexamethasone (Sigma-Aldrich),  
10 ng/ml transforming growth factor-β (R&D Systems), 
50 µg/ml ascorbic acid (Sigma-Aldrich) and 40 µg/ml 
proline (Sigma-Aldrich).

Osteogenic differentiation medium consisted of MSC 
medium supplemented with 10 nM dexamethasone,  
50 µM ascorbic acid and 20 mM β-glycerophosphate 

(Sigma-Aldrich). At the end of the differentiation period, 
cells were fixed with 10% neutral buffered formalin and 
stained with Oil Red O (Sigma-Aldrich) for the presence 
of lipid or with Alizarin red (Sigma-Aldrich) for the pres-
ence of calcium. Cell pellets from cartilage differentiation 
were harvested and placed in OCT Compound (Sakura 
Finetek) and flash frozen prior to staining with toluidine 
blue (Richard-Allan Scientific) for cartilage matrix. MSCs 
cultured in MSC medium alone under identical condi-
tions were used as differentiation controls.

Clinical monitoring
Each enrolled cat underwent physical examination, 
weighing and routine blood work consisting of CBC, 
serum biochemistry and urinalysis at weeks 0, 2, 4, 6 and 
8. Each cat had a UPC performed at weeks 0 and 8. Cats 
were monitored continuously during MSC injection for 
any signs of reaction or adverse effects. Additionally, each 
cat had a GFR by nuclear scintigraphy performed at 
weeks 0 and 8. For the scintigraphy procedure, all enrolled 
cats (MSC-treated and placebo-controlled) were sedated 
with a standard sedation protocol (butorphanol 0.2mg/kg 
IV once) at a standard time before the procedure. A single 
nuclear technician performed all of the procedures for 
each particular cat. For each procedure 1.0 mCi of Tc99m-
labeled diethylene triamine penta-acetic acid (Cardinal 
Health) was injected IV via a catheter placed in a standard 
location in each cat. Images were obtained using GE 
Millennium SPECT system applicable for small animal 
planar, whole body and single-photon emission CT imag-
ing (GE Healthcare). Three blinded board-certified radi-
ologists evaluated the GFR data, and a mean GFR value 
for each kidney, as well as a global value, was determined 
using regions of interest drawn on a summed image from 
the 1–3 mins postinjection time frame. The measurements 
calculated by the three radiologists were then averaged.

Statistical analysis
Analysis was performed using SAS Proc Mixed (SAS 9.3; 
SAS Institute). For each variable (GFR total, GFR left, 
GFR right, creatinine) the change was calculated for each 
animal taking week 8 – week 0. This change was used as 
the response variable in further analysis. A model was fit 
including treatment (placebo or MSC) and a random cat 
effect was included to account for the fact that two ani-
mals received both treatments.

Results
Study cats
Seventy-one cats were screened for entry into the clinical 
trial. Cats were excluded for the following reasons: con-
current illness (n = 23), end-stage or unstable disease (n 
= 16), extensive travel required (n = 10), owners thought 
the study too complex or did not want to participate in  
a placebo-controlled trial (n = 6), anatomic renal abnor-
malities (n = 4), and fractious or too stressed by visits (n 
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= 4). Descriptive data for the eight enrolled cats are pre-
sented in Table 1. One cat was enrolled and randomized 
into the study in the placebo group, but between week 0 
and 2 the owners elected to discontinue the trial. Data 
for this cat are not presented.

Characterization of MSCs
During in vitro culture, feline MSCs were observed to 
develop into a relatively homogeneous population of 
plastic-adherent cells with fibroblast-like morphology. 
Adipose-derived MSC expressed high levels of CD44 
and CD90, and were negative for expression of CD4 and 
MHC class II, as previously reported.14 MSC cultured 
from cryopreserved fat were capable of trilineage differ-
entiation (Figure 1).

Effects of MSC administration on renal function  
in cats with CKD
Six cats received three infusions of fresh, culture-
expanded MSCs at a dose of 2 × 106 MSCs/kg body 
weight by slow IV infusion without developing clini-
cally apparent adverse effects. No significant change in 
body weight, serum creatinine (Figure 2), BUN, phos-
phorus, potassium, packed cell volume, urine specific 
gravity or UPC was observed in cats treated with MSCs. 
The UPC in CKD cats treated with MSCs was a median 
of 0.15 (range 0.1–0.3) prior to administration of MSCs 
and a median of 0.2 (range 0.1–0.3) at the conclusion of 
the study period. The UPC in placebo-treated CKD cats 
was a median of 0.1 (range 0.1–0.4) at the beginning of 

the study and a median of 0.1 (range 0.1–0.3) at the con-
clusion of the study period.

There was no statistically significant difference in 
global or individual kidney GFR values as determined 
by nuclear scintigraphy. Individual changes in global 
GFR were 12%, 8%, 8% and –67% in MSC-treated cats 
compared with 16%, 36% and 0% in placebo-treated cats 
(Figure 3). Cats that were in the placebo group and sub-
sequently crossed over to receive MSC had changes in 
global GFR of 2% and –13%, respectively, during their 
MSC treatment period. Discordant creatinine and GFR 
results were observed in one animal: the MSC-treated cat 
that experienced the greatest decrease in creatinine also 
experienced the greatest decline in GFR.

Discussion
MSCs have demonstrated significant renoprotective 
effects in rodent models of acute and chronic kidney dis-
ease, including reduction of interstitial inflammatory 
infiltrate, and reduction of fibrosis and glomerulosclero-
sis. However, few randomized trials evaluating the 
effectiveness of MSC therapy for diseases in companion 
animals have been reported. The current study therefore 
evaluated the safety and efficacy of repeated IV injec-
tions of allogeneic adipose-derived MSC for treatment of 
naturally occurring feline CKD using a randomized  
placebo-controlled study design. Key findings were that 
administration of three doses of 2 × 106 MSCs/kg (MSCs 
expanded from cryopreserved adipose to cats with CKD) 
was not associated with the development of clinically 

Table 1  Summary of demographics of cats enrolled and randomized into the intravenous allogeneic cryopreserved 
studies

Cat Group Age (years) Sex Breed IRIS CKD 
stage

Creatinine, 
mg/dl (mol/l)

Treatment

1 MSC 13 FS DSH II 2.2 (194) 2 × 106 MSCs/kg IV, three 
treatments

2 MSC 19 FS Siamese III 3.3 (292) 2 × 106 MSCs/kg IV, three 
treatments

3 MSC 10 MC DLH III 3.5 (309) 2 × 106 MSCs/kg IV, three 
treatments

4 MSC 14 MC Siamese III 4.5 (398) 2 × 106 MSCs/kg IV, three 
treatments

5 Placebo
MSC 
crossover

15 MC DLH III 3.8 (336) PBS placebo, three treatments; 
then 2 × 106 MSCs/kg IV,  
three treatments

6 Placebo 11 FS Siamese III 3.7 (327) PBS placebo, three treatments
7 Placebo

MSC 
crossover

15 MC Siamese II 2.3 (203) PBS placebo, three treatments; 
then 2 × 106 MSCs/kg IV,  
three treatments

8 Placebo   9 MC Maine 
Coon

II 2.1 (186) Owners elected not to 
participate after enrollment  
and randomization

IRIS = International Renal Interest Society; CKD = chronic kidney disease; MSC = mesenchymal stem cell; FS = female spayed; MC = male 
castrated; DSH = domestic shorthair; DLH = domestic longhair; IV = intravenous; PBS = phosphate-buffered saline
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apparent adverse effects. Also, we did not detect a sig-
nificant treatment effect (either positive or negative) on 
renal function in the 6 weeks after MSC treatment.

Previous clinical trials from our research group assess-
ing MSC therapy in feline CKD have had variable 
results.13,14 For example, we found that intrarenal injec-
tions of MSCs appeared safe in CKD cats and resulted in 
mild improvement in renal parameters. In another study, 
we determined that repeated IV injections of cryopre-
served MSCs in CKD cats resulted in mild improvement 
in renal parameters in some cats but it was questionable 
if the degree of improvement was clinically relevant. The 
clinical trials that have been performed by our research 
group were designed to emulate the time frame of rodent 
studies, which is generally short; improvements in clin-
icopathologic parameters are typically seen in the weeks 
subsequent to MSC administration, and rodents are  

sacrificed by 2–5 weeks for histopathologic analysis.3–5,7,12 
Notably, none of the studies we have conducted in cats 
with CKD have replicated the efficacy of MSC treatment 
reported in rodent models of experimentally induced 
CKD within this time frame.3–5,7

One explanation for differing results of MSC therapy 
in cats with CKD is that the chronic nature of feline CKD 
makes these patients quite different from rodents with 
experimentally induced disease. The 5/6 nephrectomy 
model in rats is a commonly used method of experimen-
tally inducing CKD and has been shown to induce histo-
pathologic changes consistent with CKD.17 One major 
difference between such models and MSC studies in cats 
with naturally occurring CKD is that in the majority of 
rodent studies the MSCs are administered a short period 
of time after surgical manipulation. For example, time 
frames for MSC administration range from immediately 

Figure 1  Mesenchymal stem cells (MSCs) cultured from cryopreserved adipose were capable of trilineage differentiation.  
(a) MSCs formed intracellular lipid vacuoles (stained pink with Oil Red O) when incubated in adipocytic differentiation media 
for 21 days. (b) MSCs stained positive for calcium with alizarin red following differentiation into osteocytic phenotype after 21 
days of incubation in differentiation media. (c) Cryosection of pellets of cartilage matrix (stained with toluidine blue) formed by 
MSCs when exposed to chondrocytic differentiation media for 21 days

Figure 2  Serum creatinine values for cats that received three 
doses of 2 × 106 mesenchymal stem cells/kg intravenously 2 
weeks apart. No significant difference in creatinine was detected

Figure 3  Results of glomerular filtration rate (GFR) 
determined by nuclear scintigraphy at 0 and 8 weeks for 
cats that received 2 × 106 mesenchymal stem cells/kg 
intravenously at weeks 2, 4 and 6
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after nephrectomy (two studies),5,7 to 1 day later (two 
studies)3,18 and 2 weeks later.4 Two recent studies evalu-
ated the effect of MSC administered 6 weeks after surgical 
manipulation; both studies demonstrated improvement 
in renal functional parameters and amelioration of fibro-
sis, even when MSCs were given after inflammation and 
fibrosis was already established.19,20 However, 6 weeks is 
still a much shorter time frame than is typical in feline 
CKD patients. In most cases, cats that present to the clini-
cal trials service to participate in MSC studies have a sev-
eral year history of CKD. Although previous studies in 
rodent models demonstrate impressive potential, the 
results of these models should be evaluated with care as 
administration of MSCs soon after surgical partial 
nephrectomy is likely not representative of long-standing, 
naturally occurring disease. Therefore, it needs to be con-
sidered that MSCs may not be as effective in an environ-
ment of long-standing inflammation and fibrosis, and 
further studies are needed to explore this question.

There is a growing body of literature supporting the 
theory that MSCs are adversely affected by uremia.20–24 
Recent studies have documented that MSCs obtained 
from uremic rats have reduced proliferation in culture, 
loss of regenerative potential, premature senescence, 
decreased capacity to induce angiogenesis and an altered 
secretome.20–23 Uremic effects also have been docu-
mented in vitro as a reduced capacity of MSCs from ure-
mic individuals to ameliorate renal damage in 
experimentally induced CKD in comparison with MSCs 
from healthy rats.20,21 Observations have been mixed as 
to whether this affects both bone marrow-derived and 
adipose-derived MSC. However, one study offers evi-
dence that adipose-derived MSCs are not as susceptible 
to uremic effects as bone marrow-derived MSCs.25 
Although there is a concern regarding the effects of ure-
mia on MSC function, clinical trials performed with allo-
geneic adipose-derived MSC should circumvent these 
concerns and give the best opportunity for efficacy. This 
information does imply, however, that uremic patients 
are not the best MSC source; a concern for autologous 
MSC therapy. Little data have been gathered on whether 
MSCs transplanted into a uremic recipient environment 
will become compromised. The success of MSC in pallia-
tion of acute kidney injury and CKD in rodent models 
argues against this being an issue. Based on the currently 
available data, the effect of the uremic environment 
seems less likely to be the explanation for lack of short-
term efficacy seen in the current clinical trial; however, 
an adverse effect on MSCs when placed in a uremic envi-
ronment cannot be entirely ruled out.

An unexpected finding in this study was that dis-
cordant serum creatinine and GFR results were 
observed in one cat: the MSC-treated cat that experi-
enced the greatest improvement in creatinine also 

experienced the greatest decline in GFR. In addition to 
improved creatinine, this cat gained weight during the 
clinical trial and was thought by the owner to have 
done very well clinically, making this result unexpected 
and difficult to explain. Every effort was made to 
decrease variability between GFR studies. Studies were 
performed on the same day of the week, at the same 
time of day, with the same sedation protocol and tech-
nician. However, the potential for inherent variability 
in the GFR process, the analysis of the images or day-
to-day changes in the physiology of the patient still 
exists. Daily variability in GFR by nuclear scintigraphy 
has been previously evaluated, but not in cats with 
CKD. In a previous study in normal young dogs, daily 
variability was as much as 25%. However, this is prob-
ably not applicable to animals with CKD due to 
impaired autoregulatory mechanisms.26 Our group pre-
viously gained some information on variability in CKD 
cats by performing GFR studies 1 week apart. In these 
cats GFR varied by as much as 28% (average 9.6%).13 
Taking these factors into account, GFR likely has to 
change by >20% to be considered a real change in 
response to a treatment effect. This inherent variability 
still does not explain the cat with a –67% change that 
experienced improvement based on serum creatinine, 
weight and clinical signs.

Over the course of our 6 year feline stem cell program, 
approximately 50 GFR studies have been performed, 
and only three technical failures have occurred in that 
time. On one occasion the machine broke down and took 
some time and effort to repair; once the isotope was not 
labeled by the supplier properly; and once the g camera 
head orientation was set wrong. In all cases it was imme-
diately obvious that a technical problem had occurred. 
In the case of the cat in the present study, after careful 
scrutiny, no plausible explanation for the discordant 
result could be identified. This brings into question the 
value of measurement of renal function by this method-
ology as it requires the patient to be sedated, is expen-
sive and is not a technique routinely used in clinical 
practice for patient assessment.

Although this was a randomized, blinded, placebo-
controlled study, a limitation of this study was the small 
number of enrolled cats. Enrollment was difficult owing 
to the strict exclusion criteria and the study design of 
50:50 ratio placebo to treatment, with placebo cats receiv-
ing the same number of procedures and sedation events, 
which was unpopular with owners. The latter was ame-
liorated by allowing placebo cats to cross over to the 
treatment group. Without definitive evidence of 
improvement in renal function during the study time 
frame, and the possibility that the stress of procedures 
outweighed therapeutic benefit, the decision was made 
to halt the study to move in a different direction.
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Conclusions
Repeated IV injection of allogeneic MSCs expanded 
from cryopreserved adipose in cats with CKD was not 
associated with side effects; however, no discernible 
immediate improvement in renal function was appreci-
ated compared with placebo. Long-term follow-up of 
patients that have received MSC injections will be neces-
sary to determine if a delayed effect is appreciated. 
Additional studies are needed to determine if MSCs can 
be prepared or administered in alternative ways to 
increase efficacy.
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