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Renal progenitor cells modulated by angiotensin II receptor
blocker (ARB) medication and differentiation towards podocytes
in anti-thy1.1 nephritis
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Background: Mesangial proliferative glomerulonephritis (MsPGN) is an epidemic disease with increasing
occurrence. As important as mesangial cells, podocytes are key innate cells for MsPGN prognosis and
recovery. Renal progenitor cells, located at the urinary pole (UP) of Bowman’s capsule (BC), could alleviate
kidney injury through their capacity to differentiate into podocytes.
Methods: Seventy-two male rats were categorized randomly into the sham (n=24), untreated Thy-1 (n=24)
and losartan-treated (n=24) groups. We administered vehicle or losartan (50 mg/kg by gavage) daily to treat
rats with anti-thy1.1 nephritis, an ideal model to simulate human MsPGN. Two weeks after the intravenous
injection of antibody, urinary protein and blood samples were analyzed, pathological changes were examined,
the number of podocytes was determined, and renal progenitor cells were studied.
Results: Anti-thy1.1 nephritis was significantly alleviated after losartan treatment, as reported previously
and as expected. Compared with the untreated Thy-1 group, the number of podocytes in the losartan
group increased, and the area of renal progenitor cells significantly increased. The protein expression
of components of the p-ERK pathway was determined during the development of renal progenitor cells
differentiating into podocytes.
Conclusions: The data in this paper show the direct glomerular cell action of angiotensin II receptor
blocker (ARB) treatment in improving outcomes in anti-thy1.1 nephritis. The positive effects of ARB
medication on anti-thy1.1 nephritis were due to an increase in the number of renal epithelial progenitor cells
(defined as PECs that expressed only stem cell markers without podocyte proteins).
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Introduction
Mesangial proliferative glomerulonephritis (MsPGN) is an
epidemic disease worldwide (1-3). The main pathological
change in MsPGN is the lesion of mesangial cells (4,5).
However, the depletion of podocytes in MsPGN is
invariably recognized as the main cause of nephron loss,
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glomerulosclerosis and end-stage renal disease (ESRD),
which are more serious (3,6-9).
Podocytes are highly specialized and terminally
differentiated epithelial cells and are involved in many
kinds of nephritis (10-14). They are irreversible and
irreparable, as recognized before (3,15-17). Recent studies
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reported that progenitor cells, localized at the renal parietal
epithelium of Bowman’s capsule (BC) (18-20), are able to
potentially regenerate novel podocytes (19,21-30). Among
the hierarchical subpopulations of parietal epithelial cells
(PECs), renal progenitor cells, defined as cells that only
express stem cell proteins and not podocyte markers, seem
to be the most promising future therapeutic method for
nephritis (23,31). This subset of PECs shows the potential
capacity to differentiate into a transitional state expressing
both stem cells and podocyte markers (32,33) and then into
terminal podocytes at the vascular pole (VP) expressing only
podocyte proteins (34,35). Appropriate therapeutic methods
are able to modulate the differentiation of renal progenitor
cells towards podocytes (36,37). MsPGN is considered an
immunological disease, and angiotensin II receptor blockers
(ARBs) are the primary treatment besides glucocorticoids
(38,39). ARBs are common agents in the clinic due to their
ability to blockade the renin-angiotensin system (RAS) and
modulate varieties of cytokines (40,41). The use of ARBs
in nephritis has been studied comprehensively; however,
the direct cellular effects and mechanism of podocyte
repopulation remain poorly understood.
The anti-thy1.1 nephritis model is typically considered
the proper choice for imitating MsPGN in humans. Due
to self-limited characteristics, the anti-thy1.1 nephritis
model is optimal for studying recovery from MsPGN.
The purpose of this study was to determine whether ARB
medication attenuates experimental MsPGN by modulating
the differentiation of renal progenitor cells towards
podocytes and the related mechanisms.
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gavage at a dose of 50 mg/kg body weight per day. On day 0,
the rats in the sham group received 0.2 mL of 1× phosphatebuffered saline (pH 7.4) by tail intravenous injection. The
rats in the Thy-1 group were given an intravenous injection
of monoclonal anti-thy1.1 antibody (2.5 mg/kg) produced
by OX-7 hybridoma cells diluted in 1× phosphate-buffered
saline (pH 7.4) and were administered vehicle from days 0
to 14. The losartan group was injected with the same dose
of anti-thy1.1 antibody as the Thy-1 group as above on day
0 and administered losartan potassium tablets (Merck Sharp
& Dohme Corp.) dissolved in deionized water on days 0–14.
Blood and urine samples were collected on days 3, 7, and 14
after modeling. In each group, eight rats were sacrificed on
days 3, 7, and 14.
Blood and urine samples
Blood and urine samples were centrifuged, and the
supernatants were kept at −80 ℃. All samples were taken to
the Biochemistry Laboratory at the Chinese PLA General
Hospital. Twenty-four-hour urinary protein quantification
and serum creatinine were measured using an automated
biochemical analyzer.
Light microscopy
Tissues from rat kidneys were preliminarily kept in 4%
paraformaldehyde and made into paraffin blocks. Sections (4 µm)
were cut, deparaffinized and stained with periodic acidSchiff (PAS). Two pathologists examined the glomerular
injury of PAS staining sections for anti-thy1.1 nephritis.

Methods
The experimental protocol was approved by the Animal
Ethics Review Committee of the Chinese People’s
Liberation Army (PLA) General Hospital according to the
Chinese law for the protection of animals.
Experimental anti-thy1.1 nephritis model and grouping
Male Wistar rats weighing 180–200 g were acquired
from Beijing HFK Bioscience Co., Ltd., and fed at the
experimental animal center of the Chinese PLA General
Hospital at 24±2 ℃ and 50%±20% humidity. The rats were
divided into the following three groups, with 24 rats within
each group: (I) sham group, (II) anti-thy1.1 group (Thy1 group) and (III) anti-thy1.1 nephritis model + losartan
group (losartan group) in which losartan was given by
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Western blot analysis
Approximately 300 µL of radioimmunoprecipitation assay
buffer (RIPA lysis buffer, containing 150 mM NaCl, 1.0%
NP-40 or 0.1% Triton X-100, 0.5% sodium deoxycholate,
0.1% sodium dodecyl sulfate, 50 mM Tris-HCl at pH 8.0,
protease inhibitors) was added for a ~5 mg piece of tissue.
The volumes of lysis buffer were determined based on the
amount of tissue present. An electric homogenizer was used
to homogenize the mixture above. Protein concentrations
were calculated using a bicinchoninic acid (BCA) kit (Pierce,
USA). The separated protein samples (50 µL per lane)
in 10% sodium dodecyl sulphate (SDS)-polyacrylamide
gels were transferred to nitrocellulose membranes. We
incubated the membranes overnight in 5% bovine serum
albumin (BSA) and individual primary antibodies (namely,
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p57, WT-1, and CD24) at 4 ℃. The membranes were
washed three times with 1× Tris-buffered saline with
Tween 20, followed by incubation with secondary antibody
for 1 hour. The electrophoresis results were detected by
enhanced chemiluminescence (Amersham Biosciences,
Little Chalfont, UK). The experimental procedures above
were repeated at least three times.
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Primary antibodies
The following antibodies were used: anti-CD133 pAb, antiSynaptopodin pAb, and anti-p57 Kip2 mAb (Abcam Ltd.,
Cambridge, UK); anti-CD24 mAb (SN3), anti-WT-1 mAb
(F6), and anti-Ki-67 mAb (Santa Cruz Biotechnology, Santa
Cruz, California); anti-phospho-p44/42 MAPK (ERK1/2)
pAb (Thr202/Tyr204) (Cell Signaling Technology, Danvers,
Massachusetts, USA).

Immunofluorescence staining
All immunoﬂuorescence staining was performed on 4 µm
tissue frozen sections from rat renal biopsy specimens
(−80 ℃). According to the procedure, frozen sections
were preliminarily fixed in 4% paraformaldehyde for
30 minutes, processed with 0.2% Triton for 5 minutes then
5% BSA for 45 minutes, and incubated with the appropriate
primary antibodies overnight as described below.
Secondary antibodies, Cyanine3 (Cy3) or/and fluorescein
isothiocyanate (FITC) (Beyotime Biotechnology, Shanghai,
China) were incubated the next day for 1 hour to visualize
the immunofluorescence results.
Single staining
To ensure that the number of podocytes increased
in the Losartan group, we performed single-label
immunoﬂuorescence for p57.
Double immunofluorescence staining methods
To observe the proliferative condition of glomeruli
p o d o c y t e s , d o u b l e s t a i n i n g f o r W T- 1 a n d K i - 6 7
was performed. To detect and measure the subset of
renal epithelial progenitor cells that expressed only
stem cell proteins and not podocyte markers, double
immunofluorescence staining for CD24 with CD133 (42)
and Synaptopodin was performed. To study the pathway by
which renal progenitor cells differentiate into podocytes,
double staining for p-extracellular signal-regulated kinase
(p-ERK) with CD133 was performed.
Confocal microscopy
Confocal microscopy was performed on 4 µm sections
of frozen renal tissues by using a confocal laser
ﬂuorescence microscope (FV1000-D) (OLYMPUS, Japan).
Immunofluorescence results were collected and viewed
using Olympus Fluoview v4.2b software.
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Quantification method and statistical analysis
Positively stained podocytes were quantified in each rat
using a combination of p57 and 4,6-diamino-2-phenyl
indole (DAPI) staining at each time point. ImageJ software
was used to measure the positive staining intensity of
progenitors according to the ImageJ User Guide (version
1.50 g). Thus, we analyzed the pixel density represented by
the CD133, CD24, and Synaptopodin fluorescent staining
in each individual glomerulus. Shown as a percentage of the
glomerular tuft area, the value (namely, CD133+/CD24+ and
CD24+/Synaptopodin−) was determined by the pixel density
representing the glomerular tuft area in each individual
glomerulus. CD133 +/pERK + PECs were quantified as
double positive CD133+pERK+ PECs/number of observed
glomeruli (10 observed glomeruli each rat).
All values are reported as the mean ± standard error of
at least three independent experiments. For comparisons,
one-way ANOVA was used, and post hoc analyses were
performed with the least significant difference test. P<0.05
was defined as a significant difference. SPSS software
(version 23.0, IBM Corp., Chicago, IL, USA) was used to
calculate statistical significance. GraphPad Prism software
(version 7.0, San Diego, CA, USA) was used to evaluate the
50% inhibitory concentration (IC50). Adobe Illustrator CC
2019 software was used to make illustrations.
Results
Effect of losartan treatment on the anti-thy1.1 nephritis
model as determined by proteinuria and pathological
changes
Twenty-four-hour urine for each rat was collected, and
urine protein quantity was measured over 2 weeks. During
the study on days 3, 7, and 14, compared with the sham
group, the Thy-1 group and the losartan group presented
significant persistent proteinuria (P<0.05). Additionally,
compared with the Thy-1 group the losartan group
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Figure 1 Effect of losartan treatment on anti-thy1.1 nephritis model according to proteinuria and pathological changes. (A) On the time
point of days 3, 7 and 14, compared with Sham group, 24-h urinary protein excretion increased significantly in Thy-1 and Losartan groups
after anti-thy1.1 antibody induced (*, P<0.05). Compared with Thy-1 group, lower 24h urinary protein was detected in losartan group (*,
P<0.05). (B,C) No significant difference among three groups was found in body weight and serum creatinine (P>0.05). (D) PAS staining was
made and the results were shown as reported. More severe pathological changes were found in rats in Thy-1 group compared with Losartan
group (×400 original magnification). PAS, periodic acid-Schiff.

showed a significant reduction in 24-hour urine protein
levels (P<0.05) (day 3: 12.84±2.24 mg in the sham group,
68.95±27.72 mg in the Thy-1 group and 33.91±7.10 mg in
the losartan group; day 7: 10.63±2.03 mg in the sham group,
111.23±17.66 mg in the Thy-1 group and 40.00±12.46 mg
in the losartan group; day 14: 12.69±1.68 mg in the
sham group, 63.58±25.63 mg in the Thy-1 group and
22.88±4.15 mg in the losartan group; Figure 1A). We
examined the body weight of each rat over 2 weeks to assure
the safety of losartan intake, and no significant difference
among the sham, Thy-1 and losartan groups was found
(Figure 1B), coinciding with the results reported by previous
studies. We analyzed the serum creatinine level and found
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that there was no significance among the three groups
(Figure 1C). Pathological changes were analyzed, and
glomeruli injury was significantly attenuated in the losartan
group compared with the Thy-1 group (Figure 1D).
The number of podocytes increased in the anti-thy1.1
nephritis model following losartan treatment
The number of podocytes was determined by quantifying
the number of innate glomerular cells that stained for
positive p57. On day 3, the number of podocytes decreased
significantly in the Thy-1 and losartan groups compared
with the sham group (31.4±2.3, sham group; 25.6±2.8, Thy-
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1 group; 27.5±2.7, losartan group; P<0.05). No difference in
the number of podocytes was found between the Thy-1 and
losartan groups (P>0.05). On day 7, with the development
of the nephritis model, the severe depletion of podocytes
persisted. Compared with the sham group, the Thy-1 group
showed a significantly decreased number of podocytes
(31.8±1.9 in the sham group vs. 11.6±2.3 in the Thy-1
group; P<0.05). In contrast, the number of podocytes the
losartan group was increased (11.6±2.3 in the Thy-1 group
vs. 23.5±4.4 in the losartan group, P<0.05). On day 14,
similar to day 7, significantly more p57-positive podocytes
were observed in the sham group than in the Thy-1 group
(30.3±3.3 in the sham group vs. 5.9±2.2 in the Thy-1 group,
P<0.05). The number of podocytes was much higher in the
losartan group due to losartan treatment than in the Thy1 group (5.9±2.2 in the Thy-1 group vs. 25.9±1.7 in the
losartan group, P<0.05; Figure 2A). These data showed that
compared with no treatment, losartan treatment attenuated
anti-thy1.1 nephritis due to the increased number of
podocytes in nephritic rats.
P57 and WT-1 are both proteins specifically expressed
by podocytes. To demonstrate the outcome above, we
performed Western blot tests for p57 and WT-1 on day 7.
The protein expression of p57 and WT-1 can be measured
by computer densitometry and analyzed. Western blot
analysis showed that compared with the sham group, the
Thy-1 and losartan groups expressed lower levels of p57
and WT-1 (p57: 0.20±0.048 sham group vs. 0.44±0.049
Thy-1 group vs. 0.68±0.049 losartan group, P<0.05) (WT1, 0.15±0.011 sham group vs. 0.35±0.026 Thy-1 group vs.
0.64±0.026 losartan group, P<0.05). Compared with rats
in the Thy-1 group, p57 and WT-1 protein expression
increased significantly in the losartan group (P<0.05),
consistent with the immunofluorescent results (Figure 2B).
These data showed that after anti-thy1.1 antibody
induction, increased protein expression of podocytes was
associated with losartan treatment compared with untreated
diseased rats.
Podocyte proliferation was not present in the three groups
As data shown above, the number of podocytes in the antithy1.1 nephritic model increased significantly in response
to losartan treatment, and we sought to study how losartan
treatment might lead to an increase in podocytes in rats
with MsPGN. We performed double staining for WT-1 and
Ki-67 to determine whether an increased number of
podocytes was associated with podocyte self-proliferation.
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The results are shown in Figure 2C. On day 3, 7 and 14,
no Ki-67+ glomerular cells were found in the sham group.
Many Ki-67+ glomerular cells were detected in the Thy1 and losartan groups due to proliferative mesangial cells,
but double staining for WT-1 +/Ki-67 + cells was rarely
seen. Therefore, we determined that podocyte selfproliferation did not increase the number of podocytes.
We sought to study PECs as progenitor cells since the
increase in podocytes was not associated with podocyte selfproliferation.
Regions containing renal progenitor and transitional state
cells increased following losartan treatment
To detect whether PEC regions containing potential
progenitor cells, were increased with losartan treatment, we
performed double staining for CD133 and CD24. Double
positive staining for CD133 and CD24 was recognized as
PEC regions containing progenitor cells and transitional
state cells. We calculated the computer densitometry
generated by ImageJ software to analyze the difference.
Figure 3A, on day 3 after anti-thy1.1 antibody induction, the
CD133+/CD24+ PEC region containing innate progenitors
and transitional state cells was not significantly different
between the Thy-1 group and the sham group (P>0.05), but
a larger CD133+/CD24+ region was detected in the losartan
group (P<0.05) (5.868%±0.629% in the sham group,
6.813%±0.760% in the Thy-1 group and 11.952%±1.957%/
glomerular cross section in the losartan group). On day 7
and 14, an enlarged CD133+/CD24+ PEC region was found
in the Thy-1 and losartan groups compared with the sham
group (P<0.05) (day 7: 5.606%±1.595%/glomerular cross
section in the sham group, 11.054%±1.742%/glomerular
cross section in the Thy-1 group and 14.035%±1.883%/
glomerular cross section in the losartan group; day 14:
5.162%±1.078%/glomerular cross section in the sham
group, 8.710%±1.802%/glomerular cross section in the
Thy-1 group and 12.065%±2.122%/glomerular cross
section in the losartan group), and the region was detected
in the losartan group was larger than that detected in the
Thy-1 group (P<0.05).
As shown in Figure 3B, we also analyzed the day 7 CD24
Western blot results. CD24 protein expression was higher
in the Thy-1 and losartan groups than in the sham group
(0.050±0.003 in the sham group vs. 0.060±0.006 in the Thy1 group and 0.096±0.015 in the losartan group, P<0.05),
and CD24 expression increased significantly in the losartan
group after losartan treatment compared with the Thy-1
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Figure 2 Podocyte number increased in anti-thy1.1 nephritis model following losartan treatment and podocytes proliferation did not present among
three groups. (A) On day 3, compared with Sham group, podocyte number (red, p57+ cells) of Thy-1 and Losartan group decreased significantly after
anti-thy1.1 antibody injected (*, P<0.05). There is no difference between Thy-1 and Losartan group in podocyte number (P>0.05). On days 7 and
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group (P<0.05).
The area of renal progenitor cells in the PEC regions
extended in response to losartan treatment
According to previous studies, renal progenitor cells are
defined as renal PECs expressing only stem cell proteins
without podocyte markers. CD24+/Synaptopodin- staining
was performed to locate renal innate progenitors. In this
study, we found that the area of renal progenitor cells in the
PEC region was significantly increased in the Thy-1 and
losartan groups compared with the sham group (P<0.05),
and the range of CD24+/Synaptopodin− was significantly
increased in the losartan group compared with the Thy-1
group (P<0.05) (day 3: 0.45%±0.13%/glomerular cross
section in the sham group, 0.84%±0.12%/glomerular
cross section in the Thy-1 group and 1.42%±0.44%/
glomerular cross section in the losartan group; day 7:
0.39%±0.17%/glomerular cross section in the sham group,
0.91%±0.20%/glomerular cross section in the Thy-1 group
and 1.44%±0.39%/glomerular cross section in the losartan
group; day 14: 0.42%±0.17%/glomerular cross section in
the sham group, 0.91%±0.18%/glomerular cross section
in the Thy-1 group and 1.28%±0.31%/glomerular cross
section in the losartan group; Figure 3C).
P-ERK1/2 signaling pathway was augmented in losartantreated rats with experimental MsPGN
The p-ERK signaling pathway is involved in the regulation
of the growth, division, development, differentiation and
proliferation of several epithelial cells (43). We performed
double immunofluorescent staining for CD133 and
p-ERK1/2 to detect the ERK pathway. Double positive
CD133 +/p-ERK + PECs were defined as positive renal
PECs. In this study, we found that the p-ERK1/2 signaling
pathway participated in the differentiation of renal
progenitor cells into podocytes. Additionally, the p-ERK1/2
pathway can be regulated by losartan administration (day
3: 0.063±0.052 in the sham group, 0.288±0.084 in the
Thy-1 group and 0.438±0.160 in the losartan group; day
7: 0.050±0.054 in the sham group, 0.225±0.089 in the
Thy-1 group and 0.600±0.185 in the losartan group; day 14:
0.063±0.052 in the sham group, 0.200±0.093 in the Thy-1
group and 0.475±0.183 in the losartan group; Figure 4).
Discussion
MsPGN is accepted as immunocomplex-induced nephritis,
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and pathological studies have also confirmed that MsPGN
is mostly caused by systemic immune problems (44,45).
ARBs, as safe and effective medications, are extensively
used by MsPGN patients to treat proteinuria. The benefits
of ARBs for MsPGN patients with proteinuria have been
described adequately in both basic and clinical studies. The
number of podocytes increased significantly following ARB
treatment for MsPGN in both animals and humans, as
previously reported. However, in contrast to corticosteroids,
ARBs show insufficient effects on immune disorders and
limited ability to prevent podocytes from undergoing
apoptosis, which prompted us to focus on its direct cellular
effect. In this study, we demonstrate that the depletion of
podocytes occurs rapidly in rats with experimental MsPGN
after anti-thy1.1 antibody induction, and the number of
podocytes can be increased by losartan administration due
to the significantly increased progenitor cell domain.
The vascular barrier formed by podocytes is functionally
critical to the nephron. As highly specialized and terminally
differentiated epithelial cells, podocytes lack the ability to
self-repopulate (46,47). To our knowledge, as long as the
depletion of podocytes is moderate, glomeruli restitution is
possible. However, if podocyte loss becomes severe and the
proportion of involved glomeruli increases, globally sclerotic
and nonfiltering glomeruli can be found, corresponding
with persistent proteinuria and a measurable reduction in
the glomerular filtration rate (3,14). Therefore, podocyte
injury is recognized as the initiating and primary factor in
the development of various types of nephritis (15). During
MsPGN development, persistent proteinuria indicates
severely increased depletion of podocytes. How might
losartan help to repair glomeruli in MsPGN? A rat model of
MsPGN was used in this study. The experimental rat model
induced with the anti-thy1.1 antibody is the typical nephritic
model for human MsPGN. As reported before, due to its
self-limited characteristics, this model is optimal for studying
recovery from MsPGN and whether the proliferation of
renal progenitor cells helps to replace damaged podocytes.
First, we selected p57, which is restricted to podocytes
in glomeruli, to determine the number of podocytes.
Throughout the progression of anti-thy1.1 nephritis, we
analyzed the number of podocytes on days 3, 7, and 14.
On day 3 after disease induction, the number of podocytes
started to decline significantly and proteinuria was detected.
With the development of anti-thy1.1 nephritis, the
depletion of podocytes became the most severe on day 7,
consistent with relevant pathological manifestations and
marked proteinuria. On day 14, the number of podocytes

Ann Transl Med 2020;8(6):355 | http://dx.doi.org/10.21037/atm.2020.02.58

Annals of Translational Medicine, Vol 8, No 6 March 2020

Thy-1

Losartan

CD133+pERK+ PECs/No. of
observed glomeruli

Sham

Day 14

0.8

CD133+pERK+ PECs/No. of
observed glomeruli

Day 7

1.0

CD133+pERK+ PECs/No. of
observed glomeruli

Day 3

Page 9 of 12

Day 3
*
*

*

0.6
0.4
0.2
0.0

Sham

Thy-1

Losartan

Day 7
*
*

*

0.8
0.6
0.4
0.2
0.0

Sham

Thy-1

Losartan

Day 14
*
0.8

*

*

0.6
0.4
0.2
0.0

Sham

Thy-1

Losartan

Figure 4 P-ERK1/2 signal pathway augmented in losartan-treated rats with experimental MsPGN. P-ERK signal pathway was involved in
multiple cellular activities, especially differentiation and proliferation. In the study of CD133/p-ERK double staining, we found that on days 3,
7 and 14, compared with Sham group, number of CD133+p-ERK+ PECs (arrowheads) per glomerular cross section in Thy-1 and Losartan
groups increased significantly (*, P<0.05, ×400 original magnification). And double positive number of CD133 +p-ERK+ PECs in Losartan
group was more than Thy-1 group (*, P<0.05). MsPGN, mesangial proliferative glomerulonephritis; PEC, parietal epithelial cell.

was partially restored, but glomerular scarring remained,
and proteinuria persisted. A significantly increased number
of podocytes was found in the losartan group compared
with the Thy-1 group. Moreover, an increase in podocytes
directly correlated with reduced proteinuria, as reported in
previous pathological studies.
WT-1/Ki-67 double staining was performed to
demonstrate whether the increased number of podocytes
was due to self-proliferation. In this study, we found many
proliferative cells along the intraglomerular mesangial
region in the Thy-1 and losartan groups, as expected.
However, WT-1+/Ki-67+ cells were rarely found in the three
groups, indicating that podocyte proliferation was limited.
As terminally differentiated epithelial cells, podocytes
cannot adequately replace any decrease in cell number due

© Annals of Translational Medicine. All rights reserved.

to the lack of the necessary cell cycle machinery. Therefore,
we evaluated the effect of podocyte repopulation on cellular
effects, especially on renal progenitor cells.
To describe the proliferation of progenitor cells, CD133/
CD24 and CD24/Synaptopodin double staining were
performed. Innate renal progenitor cells were defined as
cells that only expressed stem cell protein and not podocyte
markers and that resided along BC. CD133 + /CD24 +
staining represented the area containing progenitor cells
and transitional state cells, while CD24+/Synaptopodin−
staining labeled renal progenitor cells. In this study, the
CD133+/CD24+ area (staining along BC) was significantly
augmented in the losartan-treated group compared with the
untreated Thy-1 group. Likewise, a more enlarged CD24+/
Synaptopodin− area was detected. Among the hierarchical
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subpopulations of PECs, renal progenitor cells express
stem cell markers, and transitional state cells express both
stem cells and podocyte markers, which then terminally
differentiate into the podocytes. According to the study led
by Shankland (31), only stem cell marker+/podocyte marker−
PECs displayed the potential to regenerate podocytes
and to improve glomerular injury, and stem cell marker+/
podocyte marker+ PECs were not able to improve kidney
injury and rarely generated podocytes due to their limited
engraftment capacity and lack of self-renewal potential
(3,15,16,48). In the CD24/Synaptopodin staining study,
significantly augmented PECs expressing stem cell markers,
namely, renal progenitor cells, were found in the losartan
group compared with the Thy-1 group. This finding
indicated that losartan, as an ARB, is potentially helpful in
regulating the differentiation of renal progenitor cells into
podocytes to attenuate anti-thy1.1 nephritis.
We did not discover the precise mechanism that regulates
the differentiation of progenitor cells into podocytes due
to complex and not one-fit-all signal pathways. Our study
focused on the p-ERK signaling pathway because ERK is a
member of the mitogen-activated protein kinase (MAPK)
family and is involved in the regulation of the growth,
division, development, differentiation and proliferation of
several epithelial cells. We found that several PECs along
BC co-expressed CD133 +/p-ERK + in the Thy-1 group.
After losartan administration, additional CD133+/p-ERK+
PECs were detected. All the results suggested that the
p-ERK signaling pathway participated in PEC progenitor
cell differentiation into podocytes and that losartan was able
to regulate this pathway. However, this research method was
limited, and we could not prove that the p-ERK pathway
primarily underlied the effect.
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Finally, in summary, losartan could attenuate the anti-thy1.1
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