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ABSTRACT. Chronic kidney disease (CKD) is a massive global health-care problem. Cell therapy 
offers a potential treatment for CKD. The aim of this study was to investigate whether the admi-
nistration of a population of stem cells could be used to treat adriamycin (ADR)-induced glome-
rulopathy in rats, a form of CKD. We intravenously transplanted metanephric mesenchymal cells 
(MMCs) into rats treated with ADR. We also induced MMC differentiation in vitro using a medium 
derived from serum and homogenates of ADR-induced glomerulopathy rats. We detected the induc-
tion of an early epithelial phenotype (cytokeratin-18 expression) and a proximal tubule phenotype 
(vitamin D receptor expression) in vitro, and MMC-derived epithelial cells corresponding to the 
proximal tubule and glomeruli in vivo. Transplantation of MMCs after induction of glomerulopathy 
significantly increased the creatinine clearance rate (Ccr), a marker for glomerular filtration rate, but 
had no significant effect on other parameters (24-hour urinary protein excretion, serum albumin, 
total cholesterol). In addition, there was no significant difference in blood urea nitrogen or serum 
creatinine levels in rats with and without ADR administration. Our results indicate that MMCs 
might survive, engraft and differentiate into renal epithelia in vivo when transplanted into ADR-
treated rats. However, further studies are needed to determine whether MMC transplantation im-
proves renal function and causes renal repair in this model. 
 

Introduction 
 

  Chronic kidney disease (CKD) is a major glo-
bal health issue that progresses to end-stage  
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renal disease (ESRD) if untreated. Current the-
rapies for ESRD include dialysis and/or trans-
plantation; these modalities are associated with 
high morbidity. Also, there is a shortage of organ 
donors.1 Therefore, preventing progression of 
CKD and developing alternative ESRD thera-
pies are high priorities.1,2 Cell therapy represents 
one such treatment. Stem cell-based kidney re-
generation could help in reducing the incidence 
and severity of kidney disease.3,4 Prodromidi et 
al showed in a mouse model of Alport’s Syn-
drome that transplantation of whole bone mar-
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row may act as a source of extra-renal cells that 
may replace defective podocytes. This approach 
ameliorated glomerular disease, at least in part, 
by restoring glomerular-3 expression.5 Li et al 
reported that infusion of bone marrow-derived 
cells ameliorated progressive glomerulosclerosis 
in an experimental rat model, and they were 
able to produce bone marrow-derived glome-
rular endothelial and mesangial cells.6,7 These 
findings suggest that stem cells contribute to 
renal regeneration in CKD, and the ability to 
differentiate into multiple renal cell types is a 
critical step in the process. 
  The metanephric mesenchyme contains stem 
cells.8 These metanephric mesenchymal cells 
(MMCs) can differentiate into proximal epithe-
lial, distal epithelial and endothelial cells in vitro, 
and have high regenerative potential in vivo.9-11 
Moreover, because of their inherent organ-spe-
cific identity, which obviates the need for direc-
ted differentiation, MMCs are ideal for develo-
ping renal replacement therapies.12 Therefore, 
we explored the potential for MMCs to contri-
bute to functional repair in CKD using a rat 
model of adriamycin (ADR)-induced chronic 
glomerulopathy, which is characterized by pro-
gressive tubulointerstitial injury and glomerulo-
sclerosis.13-15 We first induced MMC differen-
tiation in vitro using medium derived from se-
rum and kidney homogenates from ADR-induced 
glomerulopathy rats, and then intravenously 
transplanted MMCs into rats treated with ADR 
to induce glomerulopathy. We then measured:  
a) the capacity of MMCs to differentiate into 

renal epithelia in vitro; 
b) whether MMCs could survive, migrate and 

differentiate into a renal lineage following 
transplantation into the ADR model; and 

c) whether MMCs could repair chronic renal 
lesions in ADR rats. 

 
Materials and Methods 

 
Cell culture 
  The primary MMC cultures were prepared as 
previously described.10 Briefly, embryonic kid-
ney rudiments were micro-dissected from Spra-
gue Dawley rats on day-13 of gestation. The ure-

teric buds (UBs) were removed and the remai-
ning mesenchymal cells were propagated in 
Dulbecco’s modified Eagle’s medium (DMEM; 
Gibco, Gaithersburg, MD, USA) containing 10% 
fetal bovine serum (FBS, Gibco). The cells were 
cultured at 37°C under a 5% CO2 atmosphere. 
The purity of MMCs has been described pre-
viously.10 Osteogenesis and adipogenesis were 
also performed to determine MMC multipo-
tency.16 Adipogenic differentiation medium and 
osteogenic differentiation medium were pur-
chased from Cyagen (Chicago, IL, USA). 
 
In vitro differentiation of MMCs with ADR se-
rum and kidney cortex homogenate 
  Three female rats were intravenously treated 
with ADR (Pharmacia & Upjohn S.P.A., Milan, 
Italy).15 Briefly, the rats were injected twice, via 
the tail vein, with a single dose of ADR (0.25 
mg/100 g body weight) in saline, on days one 
and 21. Eight weeks after the second ADR in-
jection, all rats were sacrificed. Serum was col-
lected from the inferior vena cava, centrifuged 
(3000 ×g) at 4°C for 10 min, and stored at –
80°C. Renal cortices were harvested and homo-
genized in the same volume of phosphate buf-
fered saline (PBS). The suspension was centri-
fuged (1500 ×g) for 10 min and the supernatant 
was filtered with a 0.22 µm membrane (Millipore, 
Billerica, MA, USA). 
  For treatment with ADR/rat serum, the MMCs 
were seeded on coverslips in six-well plates 
(Corning, New York, OH, USA) at 1 × 105 cells/ 
mL. At 80% confluence, the culture medium was 
changed to differentiation medium (DMEM 
containing 5% FBS and 5% ADR/rat serum). 
Cells were collected at different times (on days 
3, 6 or 9) for further immunocytochemistry. 
  Before treatment with the ADR-treated cortex 
homogenate, a methyl thiazolyl tetrazolium (MTT; 
Amresco, Piscataway, NJ, USA) assay was per-
formed to determine the optimum homogenate 
concentration. The homogenate supernatant was 
added to the culture medium at (v/v) 0.1, 0.5, 
1.0, 1.5 and 3% in three parallel experiments. 
Based on the MTT assay, medium containing 
0.5% homogenate supernatant was used for later 
experiments. 
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Immunocytochemistry  
  MMCs cultivated on chamber slides were fixed 
in Carnoy’s fluid (6:3:1 ratio of absolute al-
cohol:chloroform:acetic acid) for 15 min. The 
slides were incubated at 4°C overnight with 
primary antibodies: goat polyclonal antibody to 
cytokeratin-18 (CK-18, 1:200), mouse monoclo-
nal antibody to pan-cytokeratin (CK, 1:200), 
mouse monoclonal antibody to vimentin (1:100), 
rabbit polyclonal antibody to E-cadherin (1:100), 
and rabbit polyclonal antibody to vitamin D 
receptor (VDR, 1:200). Following this, the se-
condary fluorescein isothiocyanate- or biotin-
labeled anti-goat, anti-mouse, or anti-rabbit an-
tibodies (1:200) were incubated for one hour at 
room temperature. Controls included secondary 
antibodies alone to ensure specificity. All anti-
bodies were purchased from Santa Cruz (Santa 
Cruz, CA, USA). Images from serial slides 
were acquired using a SPOT digital camera and 
ImagePro Plus 6.0 software. 
 
Western Blot analysis 
  Western blotting was performed to detect CK-
18 protein in induced MMCs, as previously 
described.17 Briefly, 50 µg of total protein was 
added per lane and the proteins were separated 
by 12% sodium dodecyl sulfate-polyacrylamide 
gel electrophoresis (SDS-PAGE) and transferred  

 
to a nitrocellulose membrane (Amersham, Pis-
cataway, NJ, USA). The membranes were incu-
bated with the primary antibody for CK-18 
(1:500, Santa Cruz) at 4°C overnight, detected 
using a peroxidase-conjugated second antibody 
(1:80,000, Santa Cruz) and visualized using an 
enhanced chemiluminescence (ECL) system 
(Amersham). Glyceraldehyde-3-phosphate dehy-
drogenase (GAPDH) (1:8,000; ProMab, Richmond, 
CA, USA) was used as an internal control. 
Band intensities were determined by ImagePro 
Plus 6.0 software. 
 
Labeling of MMCs with green fluorescence 
protein 
  MMCs were labeled with green fluorescence 
protein (GFP) by Lipofectamine 2000 (Invitrogen, 
Carlsbad, CA, USA)-mediated gene transfer. 
GFP-Escherichia coli JM109 recon (Novagen, 
USA) and Plasmid Maxi Kit (Qiagen, Valencia, 
CA, USA) were used for plasmid preparation. 
The transfection efficiency of GFP was exa-
mined under fluorescent microscopy. Five fields 
were observed in each well and a total of 200 
cells were observed in each field to calculate 
the percentage of cells expressing GFP. 
 

 

 
 

Figure 1. Osteogenesis and adipogenesis of MMCs in vitro.  
After incubation for 3 weeks in osteogenic differentiation medium or adipogenic differentiation medium, 
the cells were round or irregular in shape. Osteogenesis (a) and adipogenesis (b) were visualized with 
Alizarin Red S and Oil Red-O staining, respectively (400×).  
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In vivo phenotypes of MMCs in ADR-induced 
glomerulopathy (double immunofluorescence 
staining) 
  To determine whether MMCs had acquired a 
renal cell phenotype after injection into ADR-
treated rats, three rats with ADR-induced glome- 
rulopathy (2 months after the second ADR in-
jection) were transplanted with GFP-labeled 
MMCs. To parallel the in vitro induction, some 
rats were sacrificed one week after MMC in-
jection. Renal tissues were embedded in opti-
mum cutting temperature compound, snap frozen 
in liquid nitrogen, and stored at –80°C until use. 
Epithelial cells derived from MMCs were iden-
tified by double staining for GFP and the epi-
thelial specific marker CK. Frozen sections (3 
µm thick) were fixed in ice-cold acetone for 10 
min, permeabilized and stained with anti-GFP 
(1:200; Abcam, Cambridge, UK) and anti-CK  

 
(1:200; Santa Cruz), with species-specific se-
condary antibodies were (Invitrogen) conjugated 
to fluorescein isothiocyanate or propidium iodide. 
Samples were assessed visually for GFP and 
CK using a fluorescence microscope (Olympus 
BX51, Tokyo, Japan). As a negative control, 
primary antibodies were replaced with PBS. 
 
Transplantation of MMCs into ADR glomerulo-
pathy rats 
  We used 36 female Sprague Dawley rats wei-
ghing 200–220 g in this study. The animals were 
studied in compliance with institutional regula-
tions. The rats were housed at a constant tempe-
rature with a 12-hour light/dark cycle and fed a 
standard diet. The animals were randomly divi-
ded into three groups as follows:  
a.) ADR glomerulopathy (ADR group, n = 15): 

as described above, the rats were injected 

 

 
 

Figure 2. Induction of CK-18, an epithelial expression marker, in MMCs in vitro. 
Representative photomicrographs of immunofluorescent staining of MMCs induced for 3, 6 or 9 days in 
medium supplemented with ADR/rat serum (a), renal cortex homogenate (e), normal rat serum (b), or renal 
cortex homogenate (f). Standard culture medium consisting of DMEM with 10% FBS was used as a control 
(c and g) (400×). Western blotting was performed to detect CK-18 expression and its relative abundance 
was determined as the densitometric ratio of CK-18/GAPDH (d and h). Values are means ± SE (n = 3). 
#P < 0.05 versus medium containing normal rat serum or homogenate at the same time. 
##P < 0.01 versus medium containing normal rat serum or homogenate at the same time. 
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with 0.25 mg ADR/100 g body weight in 2 
mL of saline on days 1 and 21, followed by 
an injection with 2 mL of PBS eight weeks 
after the second dose of ADR;  

b.) ADR glomerulopathy plus MMC transplan-
tation (ADR–MMCs group, n = 15); at eight 
weeks after the second ADR administration, 
the animals were injected via the tail vein 
with 5–7 × 106 MMCs in 2 mL of PBS; 

c.) control group (n = 6): the rats were injected 
twice with 2 mL of saline followed by an 
injection of 2 mL of PBS at eight weeks 
after the second administration of saline. 

  Twenty-four–hour urine samples were collec-
ted one week before ADR administration and 
every four weeks after the second ADR admi-
nistration to measure 24-hour urinary protein 
(UP) and creatinine (Ucr). During urine collec-
tion, the rats were housed for 24-hours in me-
tabolic cages with access to water only. All ani-
mals were sacrificed 16 weeks after the second 
ADR injection by intra-peritoneal injection of  

 
10% chloraldurat (3.5 mL/100 g). Blood was 
collected after a 24-hour fast by inferior vena 
caval puncture. Serum was stored at –4°C and 
used to measure serum albumin (ALB), total 
cholesterol (TCH), blood urea nitrogen (BUN) 
and serum creatinine (Scr) levels. Biochemical 
parameters were measured using an automated 
biochemistry analyzer (Beckman, Fullerton, CA, 
USA). The creatinine clearance rate (Ccr) was 
determined using the conventional clearance 
formula, Ccr (mL/min) = Ucr (µmol/mL) × V 
(urine flow rate, mL/min)/Scr (µmol/mL). 

 
Statistical Analysis 

 
  In vitro studies were repeated at least three 
times. All results are expressed as means ± stan-
dard error of the mean. Statistical significance 
was determined using Student’s t test or one-
way analysis of variance. P < 0.05 was con-
sidered statistically significant. 

 

 
 

Figure 3. Induction of VDR in MMCs in vitro.  
Representative photomicrographs of immunohistochemistry staining for MMCs induced for 3, 6 or 9 days in 
medium supplemented with ADR/rat serum (a), renal cortex homogenate (e), normal rat serum (b), or renal 
cortex homogenate (f). Standard culture medium consisting of DMEM with 10% FBS was used as a control 
(c). Quantitative analysis of VDR expression (d and h). Values are means ± SE (n = 3), P < 0.01 (400×). 
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Results 

 
MMCs can differentiate into tubular epithelial-
like cells in vitro 
  Osteogenesis (Figure 1a) and adipogenesis (Fi-
gure 1b) were carried out to confirm the multi- 
potency of MMCs. Subsequently, we examined 
protein markers for cell conversion in vitro, in-
cluding vimentin for the mesenchymal pheno-
type, CK-18 (an early subtype of CK18) and pan-
cytokeratin (CK) for the epithelial phenotype, 
vitamin D receptor (VDR) for the proximal tu-
bule phenotype19 and E-cadherin for the distal 
tubule phenotype.20 After induction with ADR/rat 
serum (Figure 2a) and homogenate (Figure 2e), 
CK-18 fluorescence was more intense on days 
six and nine than on day three. However, expo-
sure to normal rat serum (Figure 2b) or homo-
genate (Figure 2f) induced CK-18 expression 
six days later. 
  VDR was not expressed on day three after 
induction, but was detectable six days after in- 

 
duction by ADR/rat serum (Figure 3a, day 6) 
and by the homogenate (Figure 3e, day 6), with 
greater intensity on day nine, especially with 
the homogenate (Figure 3e, day 9). However, 
VDR staining was not detected after induction 
by serum (Figure 3b) or homogenate (Figure 3f) 
from normal rats. The treatments did not affect 
vimentin, CK, or E-cadherin signals (data not 
shown). These data suggest that treatment with 
serum or homogenates from ADR-treated rats 
causes differentiation of MMCs in vitro to form 
renal tubular epithelial-like cells, specifically 
proximal tubule-like cells. 
 
Transplanted MMCs form renal epithelial cells 
in ADR-induced glomerulopathy 
  Because the regeneration process resembles 
development21 and many types of renal epithe-
lia (except the collecting duct) are derived from 
MMCs,9,10 differentiation of MMCs into renal 
lineage cells would facilitate differentiation into 
epithelia. Moreover, Fajardo et al reported that  

 

 
 

Figure 4. Representative photomicrographs of double-staining for GFP and CK.  
GFP (a; green) and CK (b; red) are both located in the cytoplasm (400×). Cells co-expressing GFP and CK 
(c; yellow) (400×), indicating MMC-derived epithelial cells, are mainly located in the proximal tubules of 
the inner cortex and outer medulla, but a few are present in the glomeruli (d) (200×). The white arrowheads 
indicate fluorescently labeled MMC-derived epithelial cells. 
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nature of epithelial cell recovery for renal rege-
neration in this model. Therefore, to determine 
whether MMCs can form renal epithelial cells 
after transplantation in ADR-induced glomeru-
lopathy, we performed double-labeling with GFP 
and CK antibodies. The MMCs co-expressed 
GFP (Figure 4a, green), a marker for injected 
cells, and CK (Figure 4b, red), an epithelial 
marker, in the renal tubules (Figure 4c, yellow), 
after injection into ADR rats. Of note, most of 
the double-labeled cells were located in the pro-
ximal tubule in the inner cortex and outer me-
dulla. A few double-labeled cells were also 
detected in the glomeruli (Figure 4d). These 
findings indicate that MMCs are distributed and 
can survive and participate in renal epithelial 
formation, particularly in the proximal tubule 
epithelia. Because only 30% of the transplanted 
MMCs were GFP-positive cells, we did not ana-
lyze the percentage of GFP-positive cells distri-
buted across the entire kidney. 

 
Biochemical analysis of rats with ADR-induced 
glomerulopathy after transplantation of MMCs  
  The levels of UP, ALB and TCH in the ADR–
MMC group were not significantly different 
from the ADR group, but Ccr was significantly 
increased in the ADR–MMC group versus the 
ADR group (P < 0.05). In addition, there were 
no significant differences in BUN or Scr levels 
between rats with and without ADR adminis-
tration, as shown in Figure 5. 

 
Discussion 

 
  Nephron differentiation and maturation mainly 
depend on UB epithelial cell signaling mole-
cules, MMCs and autocrine signals.23 When co-
cultured with UB cells, MMCs can differentiate 
into proximal epithelial, distal epithelial and 
endothelial cells in vitro. Leukemia inhibitory 
factor (LIF) was the first soluble cytokine de-
rived from UB-conditioned medium, and con-

 

 
 

Figure 5. Effects of MMC transplantation on biochemical markers in rats with ADR-induced glomerulopathy. 
ADR-treated rats, with and without MMC treatment, showed significantly higher levels of UP, TCH and 
decreased levels of ALB and Ccr compared with the control rats. There were no significant differences 
between ADR-treated rats with and without MMC treatment, except for Ccr. In addition, there were no 
significant differences in BUN or Scr between rats treated with and without ADR. 
*P < 0.05 versus control rats, **P < 0.01 versus control rats, #P < 0.05 versus ADR rats. 
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tributes to inducing MMC differentiation into 
tubular epithelial cells.24 Other soluble cytokines, 
such as bone morphogenetic protein 7 (BMP7), 
transforming growth factor-β (TGF-β) and neu-
trophil gelatinase-associated lipocalin (NGAL), 
have since been detected in UB-conditioned 
medium and have similar effects.25-27 
  It has been suggested that the regeneration 
process resembles development. Whether the 
stem cells are committed to differentiation de-
pends in part on the secreted growth and diffe-
rentiation factors that mimic the environment of 
a particular cell lineage.28 Therefore, MMCs can 
be differentiated using medium supplemented 
with ADR/rat serum or renal homogenate. The 
early changes in CK-18 expression indicate that 
the cultured cells might have started epitheliali-
zation, and the expression of VDR revealed that 
MMCs can differentiate into proximal tubule 
epithelial-like cells when exposed to media sup-
plemented with ADR/rat serum or homogenate. 
The concentration of serum in the culture me-
dium is 20-fold greater than in the homogenate, 
which suggests that the stimulation factors were 
more concentrated than in the homogenates. 
  MMCs can differentiate into many types of 
renal epithelia in vivo, including distal tubules. 
Here, if MMCs differentiated according to em-
bryonic metanephric development, expression 
of CK and E-cadherin should be enhanced and 
vimentin should be decreased, with positive ex-
pression of CK-18 and VDR. However, we 
could not detect changes in all these markers 
after cell induction, perhaps because of their 
low expression levels or poor antibody sensi-
tivity. 
  Because MMCs can differentiate into tubular 
epithelial-like cells in vitro, they can potentially 
differentiate into tubular epithelial cells in vivo, 
although fusion between MMCs and resident 
cells may also occur. Co-localization of GFP and 
CK, one week after transplantation, indicated 
MMC differentiation in vivo. Most of the double-
labeled cells were located in the proximal tu-
bule in the inner cortex and outer medulla, 
which is consistent with ADR-induced tubular 
injury.13 The cells present in the glomeruli indi-
cated the presence of injury, as did glomerulo-

sclerosis at 12 weeks after ADR treatment.15 
These results suggest that stem cells can mig-
rate to sites of tissue injury, irrespective of the 
disease timing.3,29,30 
  We previously found that MMCs can derive 
into epithelial cells in the glomerulus, indica-
ting that MMCs can differentiate into epithelial 
cells or fuse with resident cells in the glomeruli. 
However, this did not decrease proteinuria. It 
was recently reported that podocyte damage is 
an important cause of protein leakage,31 and 
podocytes have limited capacity to proliferate32 
in ADR-induced chronic glomerulopathy, which 
suggested initial damage to epithelial cells (in-
cluding podocytes). Therefore, to reduce or 
prevent ADR-induced chronic glomerulopathy, 
therapy should be applied earlier to protect the 
podocytes. Further studies are needed in this 
process. 
  Renal function can be estimated by the glo-
merular filtration rate, which reflects the num-
ber of functioning nephrons.33 The glomerular 
filtration rate is a more sensitive indicator of 
glomerular disease rather than tubular disease, 
and is usually measured as Ccr.14 Creatinine is 
mainly filtered through the glomeruli and is 
partially excreted from the renal tubules. As 
renal function declines, the excretion of crea-
tinine from the renal tubules increases. There-
fore, abnormal Ccr may be a marker of changes 
in glomeruli, renal tubules, or both. In our study, 
Ccr was significantly increased in the ADR-
treated rats after MMC treatment, and MMC-
derived epithelial cells were detected in the re-
nal tubules and glomeruli, suggesting that en-
graftment and differentiation of MMCs may po-
tentiate functional repair in this model. However, 
there were no significant differences in UP, 
ALB and TCH levels, although there was a 
trend toward positive changes in these mea-
surements. In addition, there were no signifi-
cant differences in BUN or Scr levels between 
rats with and without ADR administration, 
which suggests that a longer observation time 
should be considered in future studies. 
  In vitro, we found that the MMCs differen-
tiated into tubular epithelial-like cells, expres-
sing an epithelial phenotype or a proximal tu-
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bule phenotype, as demonstrated by the protein 
expression profiles, including CK-18 for the 
epithelial phenotype, and vitamin D receptor for 
the proximal tubule phenotype. Therefore, it is 
clear that these MMCs have the capacity to 
differentiate into functionally relevant cell types 
in vitro. 
  In vivo, the injected MMCs retained their dif-
ferentiation potential, as demonstrated by the 
presence of cells expressing GFP and CK in the 
renal epithelium, and were primarily localized 
to the inner cortex and outer medulla. Unfortu-
nately, despite the localization of the MMCs, 
this was not associated with marked improve-
ments in biochemical parameters. 
  In our study, it is possible that the experimen-
tal methodology used limited the improvements 
observed. First, the cells were injected through 
the tail vein. Accordingly, it is possible that 
many cells did not reach the intended destina-
tion. Administration of a greater number of cells 
or direct injection of the cells into the renal 
artery may facilitate deposition of the cells di-
rectly into the kidney. A further parameter that 
should be investigated is whether there is an 
optimum time window for treatment and follow-
up. It is conceivable that the tubular injury re-
sults in the formation of large pores, which 
require extensive repair and cell replacement. 
The paracrine activity is thought to be a major 
reason for the influence of stem cells in organ 
regeneration, particularly in terms of intrinsic 
cell differentiation, although this is still contro-
versial. Nevertheless, the ability of stem cells 
(endogenous or exogenous) to differentiate into 
multiple renal cell types in the process should 
not be overlooked.5-7 Thus, earlier administra-
tion of stem cells is recommended and the ad-
ministration of MMCs could have been per-
formed earlier after the second dose of ADR in 
this study. Furthermore, by increasing the fol-
low-up time to 20 weeks or longer, or assess 
cellular proliferation and apoptosis, it is likely 
that we would have observed greater effects in 
this tissue. These factors need to be investigated 
in more detail to better understand whether the 
transplantation of MMCs is beneficial in terms 
of improving the function of the renal epithe-

lium. 
  In summary, we have demonstrated that MMCs 
can differentiate in vitro into renal epithelial 
like cells if induced by serum or homogenates 
from ADR rats. MMCs could also survive, en-
graft and differentiate into renal epithelial cells 
in vivo when transplanted to ADR-treated rats. 
However, whether long-term MMC treatment 
can prevent a further decline in renal pathology 
and function in this model still needs to be 
determined. 
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