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Abstract: Chronic glomerulonephritis 18 a major cause of morbidity and mortality m feline chronic kidney
diseases. Mesenchymal stem cells are multipotent stem cells found in the stroma of bone marrow, adipose tissue
and umbilical cord. Mesenchymal stem cells can be induced to differentiate into a wide array of cells types
mcluding osteoblasts, chondrocytes, myocytes, adipocytes, endothelium and neurcnal cells. The effects of
mesenchymal stem cell therapy have been mvestigated i rodent chromc renal failure models mcluding genetic
disease, glomerulo-nephritis and experimentally-induced chronic kidney diseases. The purpose of this study
was to assess the feasibility of intra-renal artery mesenchymal stem cells transfer in cat with chronic glomerulo-
nephritis. Researchers, hypothesized that mesenchymal stem cells could be safely administered to cats with
chronic glomerulo-nephritis. Intra-renal artery mesenchymal stem cells imjection would improve the function
of the injected kidney. This clinical result showed the optimal direction that the patient demonstrated blood urea
nitrogen and creatinine improvement after intra-renal artery mesenchymal stem cells transfer.
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INTRODUCTION

The progression of renal disease is characterized by
the development of glomerulosclerosis and interstitial
fibrosis. Patient with end stage renal disease have
an increased risk of cardiovascular  disease
(Westerweel et al., 2007). The reduction of nephron
mass leads to hypertrophy, hyperfiltration, systemic
hypertension and glomerulosclerosis (Yokoo et al., 2007).
The structural complexity of the kidney where resident
cells need complex cellular interactions to produce urine
any attemnpt to artificially grow or repair a kidney will need
to have distinct structures including glomeruli, tubules,
interstitium and vessels (Razzaque, 2008). Tn the mammals,
partial nephrectomy stimulates hypertrophy of remaining
tissue even in the contralateral kidney but not the
generation of new nephrons (Imai and Iwatani, 2007).
However whereas the resection of an adult kidney does
not lead to the regeneration achieved in the liver the
mammalian kidney shares with the majority of organs the

ability to repopulate and repair structures that have
sustained some degree of injury (Direkze ef al., 2003). The
advancement of stem cell biology has helped in designing
stem cells as a therapeutic tool to accelerate tissue repair
(Semedo et al., 2009). Stem cell therapy is becoming a
more viable therapy for chronic kidney mjury (Brodie and
Humes, 2005, Lazzeri et al, 2007, Gross et al., 2009).
Mesenchymal stem cells are good candidates for renal
repair because nephrons are of mesenchymal origin
(Imasawa et al., 2001; Kunter et al., 2006). Stem cells were
delivered to the damaged kidney that might involve
autologous or nonautelogous stem cells from a variety of
sources (Little, 2006). Mesenchymal Stem Cells (MSCs)
commonly are defined as bone marrow Bderived
fibroblast-like cells which have some specific surface
markers can be selected by their adherence characteristics
or cell markers positive selection. MSCs have the ability
to differentiate along the three principal mesenchymal
lineages: Osteoblastic, adipocytic and chondrocytic
(Poulsom et al, 2001; Razzaque, 2008). Several studies
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have shown that the administration of Mesenchymal Stem
Cells (MSCs) leads to the amelioration of kidney
myuries (Gupta et al, 2002). Immune modulation and
anti-apoptotic effects have been associated with this
improvement, suggesting that MSCs can act through
paracrine mechanisms (Little, 2006). Researchers used
mtra-renal artery autologous MSCs imjection to halt
fibrosis m a chinic case of feline CKD. Researchers paid
attention to clinic renal function recovery after MSCs
transplantation and demonstrated that these cells could
halt the process of fibrosis with an improvement in renal
function.

MATERIALS AND METHODS

Clinical monitoring: The experimental cat had been
treated renal wemia for 1 year. The patient got worse
gradually in couple months. Clinical signs included
anorexia, appetite loss completely, vomiting, black stool
and weakness. Urmnation was normal, urine crystal
examination was negative. Fel.v, FIV and feline heart
worm were negative by TDEXX Snap kit. Chronic renal
failure was diagnosed via abdominal echography, X-ray
and blood biochemistry examinations.
therapy was recommended after histopathology and
computed tomography examinations (Fig. 1: The shapes
of both-side kidneys were shrunken (red arrow). The
density of cortex area was mcreased and medulla was
smaller. Fibrosis and clronmic nephropathy were
confirmed. There was no obstruction, crystal or mass in
ureter and urinary bladder (green arrow). Lymphocyte
mfiltration was obviously distributed in interstitial area.
Tubular enlargement and epithelium degeneration were in
mjury area widely. The fine structure of glomerulus was
disappeared (black arrow). A lot of vacuoles appeared in
the cortex area. The kidney function was damaged
seriously, resulting in uremia). The results demonstrated
chronic glomerulonephritis and kidney fibrosis. The cat
underwent physical examination and routine blood worlk
(CBC, serum biochemistry, urinalysis and determination of
UPC) prior to MSC mjection and on 7, 14, 21, 28 and
35 days after MSC injection.

Stem cell

Bone marrow aspiration: The cat was physically
exarmined for body weight, eye condition, skm appearance
and mucous CRT before anesthesia. Researchers used
atropine, xylazine (Bayer, 2.2 mg kg™ I.M) and Zoletil-50
(Virbac, 6 mg kg™ 1.M) for general anesthesia that was
maintained with an inhalation of 2% isoflurane
(Halocarbon) in the procedures. Researchers collected
10 mL of bone marrow from femurs stifle using a bone
marrow needle.

Mesenchymal Stem Cell (MSC) culture and cell delivery:
Bone marrow (10 mL) was aspirated from the femur stifle
under general anesthesia. Bone marrow was prepared as
described through RBC lysis and Lymphoprep separation
(Axis-shield). Cells were cultured in low-glucose
Dulbecco’s modified Eagle’s medium (Invitrogen) with
10% FBS and 1% pemcillin-streptomycin and incubated at
37°C m a humidified atmosphere with 5% CO,. After
5 days of culturing, non-adherent cells were removed
and adherent cells were incubated with CD 271-PE
antibodies for 10 min followed by capture with anti-PE
microbeads for 15 min at 4°C (Zhang et af., 2004). A
MACS apparatus was used to collect the magnetically
labeled cells which were then cultured in DMEM
(Invitrogen) with 10% MSC-qualified FBS (Invitrogen)
and 1% pemcillin-streptomycin and incubated at 37°C
in a humidified atmosphere with 3% CO,. After 7 days in
culture, 15x10" cells were collected for transplantation.
One mtra-renal artery MSC mjection was chose for cells

Fig. 1: a) Computed tomography examinations and b)
histopathelogic demonstrated
chronic glomerulonephritis and kidney fibrosis

examinations
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transplantation (Kunter et ., 2007). The BUN, creatinine
and UP/UC ratio were measured to monitor the kidney
function mmprovement.

RESULTS AND DISCUSSION

Mesenchymal stem celland cell delivery: CD-271 positive
MSCs were purified from femur stifle aspiration. These
cells have a 10-100 higher proliferative capacity
compared to M3Cs isolated by plastic adherence. After
purification and extension, 15x10* cells were collected
for transplantation. MS3Cs were prepared in 1 mL of
low-glucose Dulbecco’s modified Eagle’s medium
(Invitrogen) with 1% penicillin-streptomycin. One intra-
renal artery MSC injection was chose for cells
transplantation.

Monitoring of CBC, serum biochemistry before and after
MSCs transplantation: The patient showed recovery after
received MSC transplantation during 6 weeks. BUN was
decreased from 113-67 mg dI.™" in 2 weeks. The spirit of
patient was improved. BUN value was maintained
from 90-67 mg dL™' in 4 weeks. The value of serum
creatimne was improved too. Creatimne value was
decreased from 12-6.6 mg dL.~". CKD caused patient
anemia the condition was improved after MSCs
transplantation. PCV was mamtained between 14-17%
(Fig. 2: There was only one mtra-renal artery myjection.
The condition persisted 4 weeks. The curve of creatinine
and PCV values before and after MSCs transplantation.
Creatinine value was decreased to 6.6 mg dL ™" after MSCs
transplantation. The improvement persisted 3 weeks.
The curve of PCV wvalues before and after MSCs
transplantation. The condition was mamtained between
13-17% after MSCs transplantation).

Chronic glomerulonephritis 15 a major cause of
morbidity and mortality in feline and human Chronic
Kidney Diseases (CKD) (Mohandas and Segal, 2010).
Kidney transplentation 1s the only choice for CKD
patients to recovery or long-term dialysis to mamtain
(Tmai and Twatani, 2007) but the chance is rare and
induced rejection side-effect. Stem cell therapy provides
another opportunity for chronic kidney disease patients
(Zerbini et al., 2006). In this case study, researchers used
autologous MSCs to repair or regenerate the damaged
kidney tissue. In resulting, researchers found the clinical
conditions were inproved no matter on BUN, creatinine or
patient spirit. The Urine Creatimne (UC) was measured
before and after stem cell implantation. The UC is also
improved from 53-36 mg dI.~" but the UP (Urine Protein)
remained at 21 mg dL " after stem cells transplantation.
The UP/C ratio did not improve from 0.4-0.6. The effect

lasted 4 weeks after one infra-renal artery injection. Partial
nephrectomy stimulates hypertrophy of remaining tissue
but not the generation of new nephrons. Kidney owns the
ability to repopulate and repair structures that have
suffered pathologic mjury. This process, termed cellular
repair, can promote proliferation of neighboring cells
(Lattle, 2006). As a result, the kidney can undergo
significant remodeling in response to acute damage
(Lazzeri et al, 2007). However, autologous MSCs
transplantation seems to have a limited potential for
structural repair or true regeneration. Since, the kidney
has the ability to following MSCs
transplantation. Results showed the potential use of stem

regenerate

cell therapy i accelerating regenerative accelerating
regenerative processes and improve climcal function
of end-stage renal failure. Mesenchymal stem
can differentiate into various renal cells mcluding
mesangial cells, tubular epithelial cells and podocytes
(Sugimoto et al., 2006). Most of the chronic renal diseases

cells
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Fig. 2: a) The curve of BUN; b) PCV and creatinine values
before and after MSCs transplantation. BUN
values were decreased from 113-67 mg dL™
after MSCs transplantation (M creatinine, [:
PCV, I : cell implantation)
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usually progress to irreversible renal failure. Stem cell
therapy has potential in renal regenerative medicine and
can be used to change the course of renal diseases to
delay the progression of end-stage lkidney failure
(Terrier et al., 2006). Several possible mechanisms exist by
which treatment with MSCs lead to this improvement.
MSCs may secrete cytokines or growth factors to achieve
this ability. Evidence suggests that a paracrine action is
the most likely mechanism (Kunter et al., 2006; Imai and
Twatani, 2007). In general, this clinical trial demonstrated
the possibility of chronic glomerulonephritis repair by
autologous MACs transplantation. There was only one
intra-renal artery injection. It is expected to operate the
multi-ijection n the same case or other pathway could be
tried in future research.

CONCLUSION

This clinical trial provides important evidences
that autologous mesenchymal stem cells therapy
demonstrated the improvement of kidney function in
feline CKD. The novel findings provide important new
insights into the therapy of chronic kidney failure with
stem cell transplantation.
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