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Case Report: Allogeneic
adipose-derived mesenchymal
stem cells for severe feline
chronic kidney disease
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Siyu Wang!?, Wanting Han?, Hailing Zhang!* and
Wenzheng Zhang?®*

!College of Life Sciences, Yantai University, Yantai, Shandong, China, 2Ainuo Companion Pet Hospital,
Qingdao, Shandong, China

A 10-year-old neutered male Ragdoll cat presented with symptoms of anorexia,
nausea, vomiting, lethargy, and progressive weight loss. Laboratory parameters and
clinical signs led to a diagnosis of International Renal Interest Society (IRIS) Chronic
Kidney Disease (CKD) Stage lll. Following basic supportive therapy, clinical symptoms
subsided, and the patient was discharged for home management. Three months
later, the cat’s condition worsened, and upon reassessment, it met the diagnostic
criteria for IRIS CKD Stage IV. After 4 months of guideline-directed supportive care
(in accordance with IRIS recommendations), there were no significant changes
in clinical symptoms or laboratory markers, and the cat continued to exhibit a
cachectic condition. Subsequently, allogeneic adipose-derived mesenchymal
stem cell (AD-MSCs) therapy (2 x 108 cells/kg) was initiated via intravenous (IV)
infusion, administered weekly for three consecutive weeks. No adverse events,
such as fever or vomiting, were observed during or after therapy. Prior to AD-
MSCs therapy, the cat’'s serum creatinine (SCr), blood urea nitrogen (BUN), and
phosphorus (P) levels were all above the normal reference ranges. Three weeks
after the final of the three AD-MSC treatments, the SCr level had returned to the
reference range for CKD Stage I, while BUN and P levels showed an improving
trend. The cat's mental status and appetite also improved. Reevaluation according
to IRIS CKD staging criteria confirmed functional enhancement from Stage IV
to Stage Il. During the subsequent follow-up period, the cat’s physical condition
improved, as shown by an increase in body weight, an improved Body Condition
Score (BCS), and the normalization of mucous membrane color. Concurrently,
laboratory results revealed a decrease in key renal biomarkers (SCr, BUN, and P)
and an amelioration of the non-regenerative anemia. This case report suggests
that allogeneic AD-MSCs have potential therapeutic efficacy in felines with end-
stage CKD, offering a new possibility for the treatment of terminal chronic kidney
disease.
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1 Introduction

Feline chronic kidney disease (CKD), characterized by persistent structural or functional
renal abnormalities for more than 3 months in cats, is the most common metabolic condition
in feline medicine (1). Epidemiological studies indicate that CKD is more prevalent in felines
than in canines, with a particular susceptibility in older populations, although it can occur in
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cats of all ages (2). Ragdoll cats exhibit increased vulnerability to
kidney diseases (3). A study of a randomly selected feline population
revealed that the overall prevalence of CKD could be as high as 50%,
rising to 80.9% in geriatric cats aged 15 to 20 years (4). In addition to
its high prevalence, CKD poses a significant threat to feline survival.
Furthermore, a study on feline mortality in England reported that
kidney disease is the second most common cause of death in cats of
all ages (12.1%) and the leading cause of mortality in cats aged 5 years
and older (13.6%) (5). The principal histological features that drive the
progression of CKD include glomerulosclerosis, tubulointerstitial
inflammation, atrophy, and fibrosis (2, 6, 7). Using the International
Renal Interest Society (IRIS) staging system, feline CKD is categorized
into Stages I-IV based on serum creatinine concentrations, with
further classification involving urine protein-to-creatinine ratio
(UPC) and systolic blood pressure (SBP) (8). Histopathological
findings confirm the increasing intensification of tubulointerstitial
fibrosis and glomerulosclerosis in advanced stages, particularly during
Stages III-IV (9). Currently, there are no widely recognized curative
drugs for feline CKD. Therefore, management options are primarily
limited to supportive and symptomatic care, aimed at improving the
quality of life of affected cats and slowing disease progression (10, 11).
Treatment options include conventional therapies and renal
replacement therapies (9). However, the veterinary sector confronts
two primary challenges: the lack of established pharmacological
dosing protocols (12) and limited access to renal replacement
therapies (11). These treatment constraints lead to insufficient clinical
intervention, markedly diminishing the quality of life in cats afflicted
by CKD. Recent studies emphasize mesenchymal stem cells (MSCs)
as promising therapeutic agents due to their complex biological
features, including anti-inflammatory, immunomodulatory, anti-
apoptotic, antioxidant, anti-fibrotic, pro-angiogenic, and autophagy-
regulating actions (13-15). MSCs are adult stem cells characterized by
their ability to self-renew and differentiate into many lineages,
commonly extracted from bone marrow, umbilical cord, adipose
tissue, and various other sources (16, 17). The predominant sources
employed are bone marrow-derived mesenchymal stem cells
(BM-MSCs), umbilical cord-derived mesenchymal stem cells
(UC-MSCs), and adipose-derived mesenchymal stem cells
(AD-MSCs) (18). In comparison to other MSC types, AD-MSCs
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exhibit superior accessibility, increased proliferative capability,
reduced immunogenicity, and a lack of ethical issues (19-21). In
human clinical trials, MSC-based treatments demonstrate acceptable
safety profiles and tolerability, with rising evidence of efficacy in
enhancing clinical parameters (22-24). Research in veterinary
medicine has concentrated on the uses of MSCs across several
diseases. In felines, AD-MSCs have been studied for the treatment of
chronic gingivostomatitis (25), chronic enteropathy (26, 27), asthma
(28), ophthalmic disorders (29), and renal illnesses (30). Recent
studies further validate the safety and feasibility of MSC treatment in
felines with CKD (31-33). Nonetheless, clinical evidence assessing the
safety and efficacy of allogeneic AD-MSCs for feline chronic kidney
disease is still scarce. This case study involved the intravenous infusion
of allogeneic AD-MSCs to a feline patient with CKD who had ongoing
clinical deterioration despite adherence to IRIS guideline-
recommended treatment procedures.

In August 2023, a 10-year-old neutered male Ragdoll cat presented
with anorexia, nausea, vomiting, lethargy, and progressive weight loss.
On physical examination, the cat weighed 6.3 kg with a body condition
score (BCS) of 5/9 and had pale mucous membranes. Laboratory
findings revealed a serum creatinine (SCr) of 280 pumol/L (reference
interval: 71-212 pmol/L) and a blood urea nitrogen (BUN) of
16.8 mmol/L (reference interval: 5.7-12.9 mmol/L)
( , 53). The cat was diagnosed with IRIS CKD
Stage III. Following basic supportive therapy, the cat’s clinical signs
subsided, and its weight stabilized at 5.7 kg. The cat was discharged for
home management in mid-November.

In late June 2024, a physical examination, diagnostic imaging, and
serum biochemistry were performed. The physical examination
revealed a body weight of 4.6 kg, a body condition score (BCS) of 1/9,
and pale mucous membranes. Diagnostic imaging identified an
enlarged left kidney (4.55 cm), an atrophied right kidney (3.25 cm),
thickened, hyperechoic cortices, and a loss of corticomedullary
differentiation ( ,B). Serum biochemistry showed an SCr of
799 pmol/L, BUN > 46.4 mmol/L, and phosphorus (P) > 5.20 mmol/L
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(reference range: 1.00-2.42 mmol/L) (Supplementary Tables S1, S3).
The treatment plan for the hospitalized patient consisted of lactated
Ringer’s solution (200 mL SC every 24 h), maropitant (1.0 mg/kg SC
every 24 h), telmisartan (1.0 mg/kg PO every 24 h), and darbepoetin
alfa (1.0 pg/kg SC every 7 days), in addition to a renal prescription diet
and nutraceuticals. Despite the use of IRIS guideline-recommended
therapy, the cat’s SCr, BUN, and P levels remained persistently above
their normal physiological reference ranges. The patient’s physical and
mental status continued to be poor, with no improvement noted on
physical examination or in biochemical markers. Therefore, with the
owner’s consent, MSC therapy was initiated to reduce further renal
damage from chronic kidney disease, alleviate clinical signs, and
improve the patient’s quality of life.

Adipose tissue was aseptically obtained from a 9-month-old
healthy Ragdoll donor cat (Figure 2A), exhibiting normal
hematological parameters and negative results for infectious disease
screening. The samples were rinsed three times with phosphate-
buffered saline (PBS, Servicebio, China) and then deposited into
centrifuge tubes containing PBS with 1% penicillin-streptomycin
(P/S, Gibco, USA) before being transferred to a laminar flow hood.
The adipose tissue was consecutively submerged in three centrifuge
tubes containing 75% ethanol for 3 s each, then transferred to a Petri
plate containing PBS for clot removal. The treated adipose tissue was
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subsequently transferred to new centrifuge tubes, to which PBS was
added and gently inverted for mixing prior to discarding the PBS. The
washing method was conducted for ten cycles. The adipose tissue was
placed into new centrifuge tubes with sterile forceps and dissected into
0.5-1 mm’® fragments using surgical scissors. Type I collagenase
(1 mg/mL; Sigma-Aldrich, USA) was then introduced, followed by
incubation in a 37°C water bath with continuous agitation for 45 min
to promote digestion. After digestion, an equivalent volume of
complete medium was added to neutralize enzymatic activity. The
complete medium was prepared using Dulbecco’s modified Eagle’s
medium (DMEM; BasalMedia Technologies, China) as the base,
supplemented with 10% fetal bovine serum (FBS; Excell, China), 1%
penicillin-streptomycin (P/S), and basic fibroblast growth factor
(bFGF; 5 ng/mL; Sino Biological, China). The cell suspension was
subjected to extensive pipetting until the fibrous aggregates were fully
dissociated and then filtered through a 100 um cell strainer
(pluriSelect, Germany) to remove any remaining undigested tissue
pieces and cellular clumps. Following centrifugation, the cellular pellet
was resuspended in the prepared DMEM complete medium and
aseptically cultured in 6-well plates under controlled conditions
(37°C, 5% CO, environment) for 7 days, with two medium exchanges
conducted throughout the incubation period. Cell cultures were
maintained until adherent cells reached 70-80% confluence, after
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Feline adipose tissue and characterization of AD-MSCs. (A) Feline adipose tissue. (B) x50 magnification; (C) X100 magnification; (D) x200
magnification; feline AD-MSCs show a spindle-shaped morphology. (B—D) Scale bars, 100 pm. (E=I) The FCM analysis has shown that feline AD-MSCs
highly expressed CD29, CD44, CD90, and CD105 but did not express CD34. (J) Adipogenic differentiation, evaluated using Oil Red O staining.

(K) Osteogenic differentiation, evaluated using Alizarin Red staining. (L) Chondrogenic differentiation, evaluated using Alcian Blue staining. (J—L) Scale
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which subculturing was performed. Cells were cryopreserved after five
successive passages.

Microscopic analysis of MSCs revealed a typical spindle-shaped,
fibroblast-like appearance (Figures 2B-D). The characteristics of the
feline adipose-derived cells were investigated via flow cytometry to
verify their classification as mesenchymal stem cells (MSCs). The
following directly conjugated antibodies were utilized: phycoerythrin
(PE) conjugated against CD29 (antibody clone TS2/16, 303004,
BioLegend, USA), fluorescein isothiocyanate (FITC) conjugated
against CD44 (antibody clone IM7, MA1-10229, Invitrogen, USA), PE
conjugated against CD90 (antibody clone 5E10, 555596, BD
Biosciences, USA), and PE conjugated against CD34 (antibody clone
1H6, 559369, BD Biosciences, USA). For CD105 phenotyping, an
indirect labeling technique was utilized: cells were initially treated
with an unconjugated CD105 antibody (clone SN6, 14-105782,
Invitrogen, USA), followed by a PE-conjugated goat anti-mouse IgG
F(ab’), fragment secondary antibody (12-4010-82, Invitrogen, USA).
The isotype controls comprised PE-conjugated Mouse IgG1, k Isotype
Control (clone MOPC-21, 555,749, BD Biosciences, USA), FITC-
conjugated Rat IgG2b kappa Isotype Control (clone eB149/10H5,
11-4,031-82, Invitrogen, USA) and unconjugated Mouse IgG1 kappa
Isotype Control (clone P3.6.2.8.1, 14-4,714-82, Invitrogen, USA).
Cells were examined utilizing a CytoFLEX flow cytometer (Beckman
Coulter, USA), and the data were assessed with Flow]Jo software (Tree
Star, USA) (Figures 2E-I). When cultivated in certain differentiation
medium, the MSCs exhibited trilineage differentiation potential into
adipocytes, osteoblasts, and chondrocytes (Figures 2J-L).

Cryopreserved AD-MSCs were thawed and cultured until the
adherent cells reached 80-90% confluence. The cells were then
harvested by digestion with TrypLE™ Express enzyme (1X, Red;
Gibco, USA) and subsequently washed with PBS to remove culture
residues. Next, the cells were resuspended in 1mL of a Cell
Refrigeration Preservation Premix (Selcell, China), which is free of
dimethyl sulfoxide (DMSO) and animal-derived components. The cell
suspension was immediately transferred to a sterile vial and stored
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protected from light at 2-8°C, with the requirement for infusion
within 24 h. Prior to infusion, the cell suspension was drawn and
added to an infusion bottle containing 50 mL of saline. The final dose
of 8.8x10° cells/50 mL (equivalent to 2x 10° cells/kg) was
administered as a slow intravenous infusion over 60 min via an
intravenous (IV) catheter. To mitigate the risk of infusion reactions,
the cat was premedicated with dexamethasone (0.5 mg/kg). Vital signs
were continuously monitored throughout the infusion and for 30 min
post-infusion, with observation extended to 24h. No adverse
reactions, such as fever or vomiting, were observed during or after the
treatment. One week after the first stem cell injection, the SCr was
731 pmol/L. One week after the second injection, it decreased to
636 pmol/L, and 1 week after the third injection, it further reduced to
495 pmol/L. Three weeks after the final injection, the SCr level
dropped to 204 pmol/L, returning to the reference range for CKD
Stage II (Figure 3A). The BUN and P levels, which were consistently
above the normal reference range before treatment, also showed a
positive trend of improvement. Three weeks after the third stem cell
injection, the BUN level decreased to 24 mmol/L, and the P level fell
to 2.73 mmol/L (Figures 3B,C). The patients mental status and
appetite improved throughout the treatment period. Physical
examination revealed that the cat’s body weight recovered to 5 kg, the
BCS improved to 3/9, and the mucous membrane color returned to
pink. Based on the laboratory data and clinical presentation, the
patient was determined to have improved from CKD Stage IV to Stage
II. During the subsequent follow-up period, multidimensional
assessments including physical examination (PE), complete blood
(CBO),
(Supplementary

count and serum biochemistry were conducted

S1-S3).  The
improvements across multiple key parameters: in physical

Tables assessments revealed
examination, both body weight and body condition score (BCS)
increased and mucous membrane color returned to normal; serum
biochemistry showed a decrease in the levels of creatinine, urea
nitrogen, and phosphorus; and the complete blood count reflected an

amelioration of the severe renal anemia. This clinical course is
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Serum creatinine, BUN, and phosphorus dynamics in a cat with chronic kidney disease during long-term conventional therapy and subsequent AD-
MSCs treatment. (A) Serum creatinine (SCr) concentration over time (umol/L). (B) Blood urea nitrogen (BUN) concentration over time (mmol/L).

(C) Serum phosphorus (P) concentration over time (mmol/L). The yellow shaded area indicates the period of AD-MSCs treatment. The encircled
numbers ®-® on the figure represent measurements taken at the following time points: ® before the first injection (baseline); @ before the second
injection; ® before the third injection; @ 1 week after the third injection; ® 3 weeks after the third injection. Asterisks (*) indicate values that reached the
upper limit of the instrument’s detection range. Day 0 was defined as the day treatment commenced upon the cat’s initial hospitalization in August
2023, serving as the baseline for the clinical timeline. a, b, and c indicate the time points of the first, second, and third mesenchymal stem cell
infusions, respectively.
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consistent with a positive response to the therapy and suggests a
favorable safety profile, as no significant adverse reactions were
observed. Therefore, this case highlights the therapeutic potential of
this regimen and provides a valuable reference for future studies on
similar cases.

3 Discussion

Chronic kidney disease in cats is characterized by its irreversible
progression and gradual onset, often evading early detection due to
the absence of distinct clinical symptoms in the initial stages, resulting
in diagnoses at more advanced phases (9). As a significant contributor
to morbidity and mortality in older felines (5), current management
strategies focus on palliative care, which includes fluid therapy (34,
35), antiemetic and orexigenic treatments (36, 37), blood pressure
control, reduction of proteinuria (38), management of anemia (39),
and regulation of hyperphosphatemia through dietary phosphate and
protein restriction (40-43). Although these interventions may
temporarily improve the quality of life, their inability to change the
disease’s pathophysiology, prevent functional decline, or restore
nephron structure underscores the limitations of treatment. Renal
replacement therapies encompass kidney transplantation (44, 45),
peritoneal dialysis (46, 47), and hemodialysis (48, 49).

Nonetheless, these methodologies present significant challenges
in veterinary therapeutic practice, including ethical dilemmas, high
costs, technological complexities, and the management of long-term
comorbidities. Consequently, the development of innovative
therapeutic strategies—particularly mechanism-targeted interventions
such as stem cell-based therapies—has become a central focus in
contemporary research (50-52).

MSCs show great potential in regenerative medicine for the
treatment of feline diseases (53-56). For example, they have been used
to treat conditions such as chronic gingivostomatitis, chronic
enteropathy, asthma, ophthalmic disorders, and kidney disease. The
therapeutic mechanisms of MSCs predominantly encompass two
principal routes. The initial process is directed differentiation, in
which a fraction of MSCs migrates to damaged renal tissues,
proliferates, and differentiates into renal cells to replace the injured
populations (57, 58). Nonetheless, the effectiveness of this method is
limited by inadequate homing efficiency to renal locations and
suboptimal post-transplant survival rates (59-61). An alternative
mechanism entails MSCs providing renoprotective effects chiefly via
paracrine secretion of various bioactive factors, such as vascular
endothelial growth factor (VEGF), fibroblast growth factor (FGF),
hepatocyte growth factor (HGF), insulin-like growth factor (IGF),
transforming growth factor-beta (TGF-J3), and interleukin-10 (IL-10).
These mediators collectively facilitate renal epithelial cell proliferation,
angiogenesis, anti-apoptotic mechanisms, anti-inflammatory
responses, and anti-fibrotic activities (62, 63).

Adipose tissue is the predominant source of MSCs owing to their
plentiful availability, little immunogenicity, and ethical acceptability,
with AD-MSCs exhibiting distinct advantages in clinical applications
(64, 65). AD-MSCs display a distinctive spindle-shaped fibroblast-like
appearance and possess significant proliferation capability in vitro (66,
67). Immunophenotypic profiling verifies that feline AD-MSCs
exhibit classical MSC surface markers (CD29, CD44, CD90, and
CD105) and do not express the hematopoietic lineage marker CD34

Frontiers in Veterinary Science

10.3389/fvets.2025.1632324

(21, 68, 69), along with possessing multipotent differentiation
capabilities. Although the therapeutic efficacy of AD-MSCs has been
thoroughly established in rat disease models, its applicability for feline
CKD has not been adequately explored in veterinary medicine.

The treatment protocol in this study was primarily based on key
previous findings by Quimby et al. Their 2013 study demonstrated
(70) that multiple intravenous infusions of culture-expanded
AD-MSCs derived from cryopreserved adipose tissue have a good
safety profile, whereas the direct use of cryopreserved cells may induce
adverse reactions. Subsequently, their 2016 randomized, placebo-
controlled trial (32) further established the clinical safety of a 2 x 10°
cells/kg dose administered via multiple intravenous infusions.
Although these studies did not observe significant short-term
improvements in renal function, they laid the foundation for the safe
application of AD-MSCs. Therefore, this study adopted a protocol of
three intravenous infusions of AD-MSCs at a dose of 2 x 10° cells/kg,
administered once weekly.

This case report describes clinical improvement in a cat with
severe chronic kidney disease (CKD) following treatment with
allogeneic mesenchymal stem cells (MSCs). No acute side effects were
observed after three MSC injections. The 10-year-old male Ragdoll cat
showed a decreasing trend in serum creatinine (SCr), blood urea
nitrogen (BUN), and phosphorus (P) levels, along with improvements
in mentation and appetite. Based on laboratory data and clinical
presentation, the cat's CKD stage improved from IRIS Stage IV to
Stage II. These findings suggest that MSC therapy may represent a
potential therapeutic approach for end-stage CKD.

In assessing the therapeutic results of this case, essential inquiries
arise: @ Considering the restricted effectiveness of traditional
medication in influencing CKD indicators, which bioactive
constituents of AD-MSCs primarily facilitate their renoprotective
effects? @ Current research indicates that in the treatment of feline
diseases, minimal dosages of mesenchymal stem cells (1 x 10° cells/kg)
have restricted effectiveness, whereas elevated doses (4-5 x 10° cells/
kg) yield enhanced therapeutic results but may entail some side
consequences (71). Establishing dynamic dose-adjustment techniques
for MSCs based on disease stages to enhance the efficacy-safety balance
remains a significant problem. ® This example utilized intravenous
MSC delivery, resulting in significant therapeutic benefits. Although
intravenous injection is the predominant administration route, the
“first-pass effect” considerably diminishes the percentage of cells that
effectively engraft in damaged renal tissues. The suboptimal renal
homing and engraftment efficiency is a significant obstacle to achieving
optimal therapeutic efficacy. Would localized delivery methods—such
as direct renal cortical (72), renal artery (73), or intraperitoneal (74)
injection—improve target-site bioavailability and therapeutic efficacy?

This case report possesses numerous limitations. This single-case
study lacks an adequate sample size to substantiate the therapeutic
efficacy of MSC therapy. Secondly, although the paracrine mechanisms
of MSCs were examined in light of existing research, this study did not
explore the specific molecular pathways that underlie these
mechanisms in the present context. Finally, a key limitation of this
study is its open-label design, in which both the evaluating
veterinarian and the cat’s owner were aware that stem cell therapy was
being administered. This design carries an inherent risk of bias,
particularly in the assessment of subjective outcomes such as appetite,
mental status, and behavior. The observed improvements in these
areas may have been influenced by the caregiver placebo effect.
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Therefore, future studies should incorporate blinded assessment to
provide a more objective evaluation of these subjective parameters.
This case illustrates that AD-MSCs therapy was associated with
improvement in essential renal function indicators (SCr, BUN, and P
levels) in a feline CKD patient while also enhancing mental status and
appetite, underscoring the therapeutic potential of stem cell-based
interventions for end-stage CKD management. Future study should
emphasize the following avenues: ® Increasing sample numbers with
controlled trial designs that include long-term follow-up to clarify the
enduring therapeutic efficacy and prolonged detrimental effects of
AD-MSCs therapy in chronic renal disease. @ Recent studies
demonstrate that preconditioning procedures augment the therapeutic
efficacy of MSCs. Hypoxic preconditioning and melatonin
pretreatment have demonstrated the ability to enhance the paracrine
capacity of MSCs (75, 76). Future research should concentrate on
examining innovative preconditioning techniques while thoroughly
assessing the safety and efficacy characteristics of preconditioned
MSC populations. ® In comparison to MSCs, extracellular vesicles
produced from MSCs (MSC-EVs)
immunogenicity and tumorigenic potential, signifying a potentially

demonstrate reduced
cell-free treatment strategy. Nonetheless, their function in kidney
transplantation is inadequately defined and necessitates additional
research. @ MSC therapy exhibits stage-dependent therapeutic
effectiveness in CKD management, with maximum results achieved
when intervention commences in the early stages of the disease.
Nonetheless, their therapeutic efficacy may be limited in advanced
CKD, highlighting the necessity to discover predictive biomarkers for
monitoring disease progression to facilitate earlier CKD identification.

This case report illustrates that allogeneic AD-MSCs have innovative
therapeutic potential for the treatment of severe CKD in feline patients.
These findings warrant thorough assessment and methodical inquiry to
clarify their applicability in CKD treatment strategies.
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