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ABSTRACT
Objective: In this research, we explored the molecular mechanism of proteinuria in glomerulo-
sclerosis rats and the protective effects of ATRA.
Methods: This research set up three groups: SHO group, GS group, and ATRA group (15mg/(kg d),
Sigma, St. Louis, MO). The serum creatinine (Scr), urea nitrogen (BUN), and 24-h proteinuria were
detected 12weeks after administration of ATRA. The pathological and ultrastructure changes were
observed under light microscope and transmission electron microscope. The protein expression of
TGF-b1 and Col-IV in glomerulus was detected by immunohitochemistry method. The mRNA and
the protein expression of glomerular TRPC6 were detected by RT-PCR and Western blot.
Results: In the rat model of GS, the expressions of TRPC6 were significantly elevated compared
with the normal rat group; however, the use of ATRA down-regulated the expression of TRPC6
in the glomeruli and attenuated glomerulosclerosis and proteinuria. Scr and BUN were also
improved by the treatment of ATRA.
Conclusions: Our results demonstrated that ATRA could ameliorate glomerulosclerosis and
proteinuria in GS, which may be related to suppressed expression of TRPC6.
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Introduction

Proteinuria is a common clinical manifestation of kidney
dysfunction, and is also a risk factor for the progression
of chronic kidney disease [1]. Glomerular filtration bar-
rier, including endothelial cells, basement membrane,
and podocytes, play an important role in the develop-
ment of proteinuria [2]. In recent years, the role of
podocytes in glomerular proteinuria has received more
and more attention. Numerous studies show that podo-
cyte injury is a key factor in the development of pro-
teinuria and podocyte slit diaphragm (SD) plays a
pivotal role in maintaining the integrity of the glomeru-
lar filtration barrier [3,4]. TRPC6 is a recently discovered
nonselective cation channel, mainly positioned at SD in
podocyte [5]. It has been confirmed that TRPC6 inter-
acts with SD structural proteins nephrin and podocin,
implying an interaction between the podocyte struc-
tural molecules and the ion channels, and regulating
structural molecules may help explicate the molecular
mechanism of glomerular proteinuria pathogenesis [6].
All-trans retinoic acid (ATRA) is a pleiotropic drug that

can alleviate a variety of renal disease, including min-
imal change disease, membranous nephropathy, focal
segmental glomerulosclerosis (FSGS), and lupus neph-
ritis. Our preliminary results also suggest that ATRA also
has a preventive and therapeutic effect on glomerulo-
sclerosis rats induced by adriamycin [7]. However, the
mechanisms underlying the antiproteinuria effects of
ATRA have not been well illuminated.

In this study, we measured TRPC6 expression levels in
the adriamycin-induced glomerulosclerosis rats with or
without ATRA treatments. Our purpose is to survey the
effect of ATRA on dynamic changes of TRPC6 expressions
in glomerulosclerosis rat model, in-depth understanding
the molecular mechanism of glomerulosclerosis, and the
special therapeutic effects of ATRA on proteinuria.

Materials and methods

Animal model and glomerular separation

All the programs were approved by the animal ethics
committee of Guangxi Medical University. Male 8-week-old
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Wistar rats weighing 180 ± 20 g were provided by the
Experimental Animal Center of Guangxi Medical
University. Sixty rats were randomly divided into sham
operation group (SHO), model group (GS), and ATRA
group (ATRA), 20 rats in each group. One day before
operation, ATRA group was given ATRA (Sigma, St.
Louis, MO) 15mg/(kg d) by gavage; SHO and GS groups
were given isovolumic normal saline to the end of
the experiment. Rats in the GS group and the ATRA
group underwent uninephrectomy under the condition
of sterile and a single tail vein injection of adriamycin
(ADR) (WanLe Pharmaceutical Co., Ltd., Shenzhen,
China) at a dose of 5mg/kg 7 d after nephrectomy. Rats
in the SHO group only underwent surgical exploration
and a single tail vein injection of isovolumic saline on
the seventh day. All animals survived after surgery.

At the end of 12weeks, all rats were sacrificed by
cervical dislocation, the kidney was removed, after renal
capsule was removed, the renal cortex was separated,
and 1% of the renal tissue was fixed with 10% neutral
formalin. Taken one-third of the renal tissue cortex, cut
into the size of about 1mm3, moved to 150 mesh steel
screen, gently rolling on ice, PBS washed repeatedly,
then filtered suspension on overlapping 80 mesh and
220 mesh sieves, wash the 220 mesh sieve with PBS,
collect the rinse solution, 800 r/min, centrifuge 3min,
collecting sediment. The remaining kidney tissue was
frozen and stored at �80 �C.

Renal morphology

Conventional paraffin embedding, 4lm slices, PAS stain-
ing, and preparation of electron microscope. Blue granular
were regard as positive areas. Renal damage was viewed
by light microscopy. glomerulosclerosis was defined as
capillary lumen collapse and/or vitreous changes. Thirty
glomeruli were observed in each slice at least. According
to semi-quantitative method of Raij et al., glomerulosclero-
sis index (GSI) was calculated. Graded from 0 to 4 in line
with the proportion of sclerosis in glomerulus (0¼ 0%,
1¼ 1–25%, 2¼ 26–50%, 3¼ 51–75%, 4¼ 76–100%).
GSI¼ [(1Nlþ 2N2þ 3N3þ 4N4)/the total number of glo-
meruli]� 100%. N represents the number of glomeruli in
each grade. Blind method was used to reduce error [8].

Laboratory analysis

To test urinary protein excretion, rats were placed in
metabolic cages and urine samples were collected
within 24 h. Blood samples were taken from angular
vein at the same time. Urinary protein concentration,
BUN, and Scr were measured by standard enzymatic
method (Boehringer Mannheim, Milan, Italy).

Immunohistochemical analysis of Col-IV, TGF-b1,
and TRPC6

After 4mm sections were collected, the paraffin on the
sections was removed by xylene, and then hydrated in
graded ethanol. The sections were incubated for 10min
in 10mmol/L sodium citrate buffer in microwave oven
for the purpose of retrieve antigenicity. After that, the
sections were incubated with antibody against Col-IV
(ab6586 Abcam, Cambridge, MA), TGF-b1 (ab92486
Abcam, Cambridge, MA), and TRPC6 (ACC-017, Alomone
Labs, Belmont, CA) overnight at 4 �C. The sections were
washed fully by phosphate-buffered saline (PBS) solu-
tion and incubated with second antibody (Shanghai
Changdao, Co., Inc., Shanghai, China) for 30min. PBS
solution was used to replace specific antibody for the
purpose of obtaining negative controls. Brownish
yellow granular in the glomerulus were considered as
positive areas. Semi-quantitative evaluation was per-
formed by Image-Pro Plus6.0 (NIH Image J system,
Bethesda, MD).

Real-time reverse transcription polymerase chain
reaction to detect TRPC6 mRNA expression in
glomerulus tissue

The total RNA was extracted from the glomerulus tissue
according to the Trizol RNA Extraction Kit (Invitrogen,
Carlsbad, CA). Primers of TRPC6 and b-actin were designed
based on Primer Premier 5.0 (Premier Biosoft, Palo Alto,
CA). The primer: F 50-AGCATCATCGATGCAAATGACAC-30

and R 50-CGGTAGGGTCCCACTTTATCCTG-30 for TRPC6;
F 50-GCCCCTGAGGAGCACCCTGT-30 and R 50-
ACGCTCGGTCAGGATCTTCA-30 for b-actin. Each sample
was performed in triplicate. The average threshold cycle
(the cycles of template amplification to the threshold,
CT) was taken as the value of each sample. The data of
fold change were analyzed using 2���CT method as fol-
lows, �CT¼CT(TRPC6)-CT(b-actin), ��CT¼�CT(TRPC6)-
�CT(b-actin) [9].

Western blot analysis of TRPC6 protein
expressions in glomerulus tissue

Total protein was extracted from glomerulus tissue
conventionally, and then processed in SDS-PAGE gels.
After transferred protein from gels to PVDF membranes,
5% milk blocking buffer was used to block membranes
for 1.5 h. After that, membranes was incubation with
primary antibodies for TRPC6 (Alomone Labs, Belmont,
CA) at 4 �C overnight. b-Actin was used as an internal
control. Finally, membranes were incubation with sec-
ondary antibody (Abcam, Cambridge, MA) for 1 h at
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room temperature. Membranes were imaged using
LiCor Odyssey scanner (Li-Cor, Lincoln, NE). Protein
expression was calculated by ratio (TRPC6/b-actin).

Statistical analysis

Statistical analysis was performed using SPSS version
16.0 (SPSS, Chicago, IL). Measurement data is expressed
as mean± standard deviation (�v±s). Comparison among
groups using single factor analysis of variance or rank
sum test, two group comparison using the least signifi-
cant difference or SNK method. Pearson’s correlation
was used to determine the correlations between 24-h
urinary proteins and TRPC6 expression. A value of
p< .05 was considered as a significant difference.

Results

Renal morphology and laboratory results

PAS staining showed that the glomerular structure of
the SHO group was normal, the capillaries had no

congestion, and no tubular type was found in the renal
tubular. GS group present as glomerular hypertrophy,
wall thickening, balloon adhesions, focal segmental
glomerulosclerosis; renal tubular expansion, or atrophy,
showing a large number of protein tube type; renal
interstitial multifocal mononuclear cells. ATRA group
present as fewer lesions than the GS group (Figure 1).

Electron microscopic observation of SHO group
showed basement membrane normally, foot process
completely, endothelial cell pore distribution uniformly.
The GS group showed that thickness of basement
membrane varies, foot process diffuse fusion, disappear.
The ATRA group presents as fewer lesions than the GS
group (Figure 2).

The score of GSI in the GS group was significantly
higher than that in the SHO group (p< .05), and the GSI
in the ATRA group was significantly lower than that in
GS group (p < .05).

At the beginning of the experiment, the 24-h protein
excretion was quantitatively located at the same base-
line, no statistically significant difference among groups.
At the end of 12weeks, proteinuria in the GS and the

Figure 1. Morphological characteristics of glomerulus under light microscopy in three groups. Collagen deposition was markedly
observed in the GS group when compared with the SHO group. The pathological changes in the ATRA group were remarkably
reduced when compared with those in GS group. SHO: sham operation group; GS: GS model group; ATRA: GS model group
treated with ATRA. All PAS,�400.

Figure 2. Electron microscopic evaluation of changes in glomerular. The GS group showed that basement membrane thickness
varies, foot process diffuse fusion, disappear. The ATRA group presents fewer lesions than the GS group. Magnification 30000�.
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ATRA group was significantly higher than those in the
SHO group (p< .05). The ATRA group was lower than
that of the GS group (p< .05). There was no significant
change of proteinuria in the SHO group during the
whole experiment (Table 1).

There were no significant differences in Scr and BUN
among groups at the beginning. At the end of
12weeks, Scr and BUN in the GS group and the ATRA
group were significantly higher than those in the SHO
group (p< .05). Scr and BUN in the ATRA group were
significantly lower than those in the GS group (p< .05)
(Table 1).

Glomerular Col-IV, TGF-b1, and TRPC6
immunohistochemical staining

Immunohistochemical staining for Col-IV, TGF-b1, and
TRPC6 was performed. Compared with the SHO group,
the levels of TRPC6, TGF-b1, and Col-IV in the GS group
were all significantly increased (p< .05), and the positive
staining of TRPC6, TGF-b1, and Col-IV in the ATRA group
was significantly lower than that in the GS group
(p< .05). TRPC6 mainly distributed in the podocyte,
mesangial area, glomerular capillary loop, and renal
tubular epithelial cell cytoplasm. Renal medulla expresses
TRPC6 weakly (Figure 3).

Table 1. Biochemical parameters in each group.
Scr (lmol/L) BUN (mmol/L) 24-h proteinuria (mg)

Group N 0 week 12 weeks 0 week 12 weeks 0 week 12 weeks

SHO 20 34.7 ± 2.3 35.2 ± 3.2 7.1 ± 0.7 7.6 ± 0.8 9.5 ± 2.8 10.5 ± 3.1
GS 20 35.1 ± 2.3 56.6 ± 4.2� 7.4 ± 0.5 13.9 ± 1.5� 8.7 ± 2.3 51.7 ± 7.2�
ATRA 20 35.4 ± 2.7 43.7 ± 4.1�� 7.6 ± 0.6 7.9 ± 1.3�� 8.8 ± 2.1 26.8 ± 3.9��
�p< .05, significantly different from the SHO group at the same time.
�p< .05 significantly different from the GS group at the same time.

Figure 3. The typical immunohistochemical staining of TGF-b, Col-IV and TRPC6 in glomerulus in three groups. Stainings for
TGF-b, Col-IV, and TRPC6 in the GS group were markedly increased when compared with those in the SHO group. The positive
stainings of TGF-b, Col-IV, and TRPC6 in the ATRA group were markedly reduced when compared with the GS group. SHO: sham
operation group; GS: GS model group; ATRA: GS model group treated with ATRA. Magnification 400�.
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Glomerular TRPC6 mRNA expression

Our studies showed that TRPC6 mRNA expression sig-
nificantly increased in the GS group than in the SHO
group (p< .05). The expression of TRPC6 mRNA in the
ATRA group was significantly lower than that in the GS
group (p< .05).

Glomerular TRPC6 protein expression

Western blot analysis showed that TRPC6 have a
specific band at 106 kDa. The expression of TRPC6 pro-
tein in the GS group was significantly higher than that
in the SHO group (p< .05). The amount of TRPC6 in the
ATRA group was significantly lower than that in the GS
group (p< .05) (Figure 4).

Correlation analysis

Pearson correlation analysis showed that 24-h urinary
protein was positively correlated with TRPC6 protein
(r¼ 0.843, p< .05).

Discussion

Glomerulosclerosis is a common pathological stage of
many end-stage renal diseases [10]. Proteinuria is a clin-
ical signature of glomerulosclerosis and an independent
risk factor for renal disease progression. Multiple mech-
anisms implicated in the development of proteinuria
in glomerulosclerosis, such as oxidative stress and reni-
n–angiotensin–aldosterone system [11,12]. However,
the relative factors involved in glomerulosclerosis
pathological process have not been fully elucidated.
Therefore, it is necessary to provide a promising new

insight and effective strategies for the prevention and
treatment of glomerulosclerosis.

Adriamycin-induced rat kidney disease model is
one of the best models to mimic pathological process
of human nephropathy [13]. After a long term of adria-
mycin injection, pathological changes can occur in a
human-like focal segmental glomerulosclerosis. Our
results showed that on the 12th week after injection,
serious proteinuria, increased BUN, and Scr were evi-
dent in adriamycin-induced rats. Light microscopy
observations demonstrated glomerular capillary conges-
tion, focal segmental glomerulosclerosis, and dense
proteinaceous casts in the ADR rat. Electron microscopy
demonstrated focal fusions and widespread efface-
ments of the FPs. In order to further confirm the patho-
logical damage, we examined the expression of
glomerular TGF-b1 and Col-IV since both of them play
an important role in the process of glomerulosclerosis.
As a result, immunohistochemistry showed that glom-
erular TGF-b1 and Col-IV was significantly increased in
the GS group. Furthermore, calculated glomerular scler-
osis index in the GS group was significantly higher than
that in the SHO group. Based on these results, we had
successfully established the chronic nephropathy model
that was similar to human focal segmental glomerulo-
sclerosis induced by adriamycin.

Transient receptor potential channel protein C family
includes seven highly conserved Ca2þ cation channels.
TRPC6 is expressed in a wide range of organs, including
kidney [14]. Functional mutations of TRPC6 have been
identified as a cause of hereditary FSGS, and elevated
expression of TRPC6 was found in several forms of
acquired human proteinuric diseases, including minimal
change disease, FSGS, and membranous GN [5,15–17].
These findings led to the hypothesis that increased
channel expression, possibly via increased TRPC6-medi-
ated calcium signaling, causes glomerular damage.
Studies by Krall et al. confirm this hypothesis, that in a
transgenic mice, overexpressing TRPC6 in kidney podo-
cytes displayed proteinuria and glomerular injury that
similar to human FSGS [18]. Moreover, numerous stud-
ies have documented that TRPC6 partially colocalizes
with podocyte proteins such as nephrin and podocin
[19,20]. TRPC6 might interact with podocin which affect
glomerular filtration process by detects mechanical
forces, resulting in TRPC6 activation in a cholesterol-
dependent manner [21]. Furthermore, in a proteinuria
rat model, over expression of TRPC6 was observed
accompanied by proteinuria [22]. The present study
demonstrated that the overexpression of glomerular
TRPC6 in adriamycin nephropathy progression in ADR
rats was accompanied by increased proteinuria, a
marker of renal injury. Thus, our findings corroborate

Figure 4. Evaluation of protein expression of TRPC6 (Western-
blot). ' p< .05 compared with the SHO group, � p< .05
compared with the ATRA group.
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previous findings. Furthermore, the above changes
were correlated with deterioration of BUN and Scr and
foot process effacement.

ATRA as a vitamin A derivative has extensive bio-
logical effects, such as cell proliferation, differentiation,
and apoptosis, and has already widely used in acute
promyelocytic leukemia, hyperplastic skin disease treat-
ment [23–25]. In renal tissue, previous studies have
demonstrated that ATRA can delay the progression of
multiple renal diseases, including membranous nephr-
opathy, minimal change disease, FSGS, and lupus neph-
ritis [26–28]. In this research, we showed that ATRA
therapy can delay the progression of glomerulosclerosis
in rats. After ATRA treatment, the GSI, pathological
changes under light microscope and electron micro-
scope, 24-h proteinuria, and the expression of TGF-b1
and Col-IV in glomeruli were significantly improved.
This is consistent with our previous study [7]. However,
the effect of ATRA on the expression of TRPC6 in
glomeruli has not been reported. We first reported that
TRPC6 is involved in the effects of ATRA attenuate pro-
teinuria in ADR rats. Our study showed that the expres-
sion of glomerular TRPC6 was significantly increased
when glomerulosclerosis occurred. After ATRA treat-
ment, the expression of glomerular TRPC6 was signifi-
cantly descended. Furthermore, glomerular TRPC6
expression levels are closely related to the severity of
proteinuria. Our results suggest that the efficacy of
ATRA treatment in reducing renal proteinuria is closed
related to its regulative effect on TRPC6. ATRA may acti-
vate downstream factors by blocking TRPC6 signal, so
be able to maintain the structural and functional integ-
rity of glomerular filtration barrier, and play a protective
role in antiproteinuria and glomerulosclerosis.

However, it is currently not known how TRPC6 influ-
ences glomerulosclerosis, a growing body of evidence
points out that harmful intracellular effects caused by
increased cation flux cannot be ignored. This belief is
not only as a mechanism of renal disease but also
prevalent in models of other disease, such as cardiac
disease [29]. We assume that activated TRPC6 feels the
damage signal in adriamycin-induced glomerulosclero-
sis, and then activates downstream factors, causing
the disappearance of the foot process, then changes in
the glomerular filtration barrier, ultimately led to the
occurrence of proteinuria. Therefore, pharmacologic
TRPC6 blockade is a reasonable therapeutic option.
Future research will focus on the mechanisms by
which TRPC6 specific affects the pathophysiology of the
renal disease.

In summary, our study indicates that TRPC6 involved
in the signal cascade of ATRA treating adriamycin
induced glomerular injury. ATRA may alleviate

proteinuria by down-regulating TRPC6 expression in
nephropathy rats. Our findings enrich the theory of
ATRA delaying glomerulosclerosis and provide a theor-
etical basis for promoting clinical prevention and treat-
ment of glomerulosclerosis. However, it must be
pointed out that our findings based only on the in vivo
data, further in vitro studies are required.

Disclosure statement

No potential conflict of interest was reported by the authors.

Funding

This study was supported by the Natural Science Foundation
of China [Nos. 81360115, 81560119, and 81400719], the
research subject of Guangxi health department (the high
level innovation teams and distinguished Scholars Program
of Guangxi Institution of Higher Education) [No. 2014091],
and the Scientific Research Projects of Guangxi Institution of
Higher Education [No. KY2015YB054].

References

[1] Cravedi P, Remuzzi G. Pathophysiology of proteinuria
and its value as an outcome measure in chronic kid-
ney disease. Br J Clin Pharmacol. 2013;76:516–523.

[2] Suh JH, Miner JH. The glomerular basement membrane
as a barrier to albumin. Nature reviews Nephrology.
2013;9:470–477.

[3] Brinkkoetter PT, Ising C, Benzing T. The role of the
podocyte in albumin filtration. Nature reviews
Nephrology. 2013;9:328–336.

[4] Grahammer F, Schell C, Huber TB. Molecular under-
standing of the slit diaphragm. Pediatr Nephrol.
2013;28:1957–1962.

[5] Reiser J, Polu KR, Moller CC, et al. TRPC6 is a glomeru-
lar slit diaphragm-associated channel required for nor-
mal renal function. Nat Genet. 2005;37:739–744.

[6] Tomilin V, Mamenko M, Zaika O, et al. Role of renal
TRP channels in physiology and pathology. Semin
Immunopathol. 2016;38:371–383.

[7] Zhou TB, Qin YH, Lei FY, et al. All-trans retinoic acid
regulates the expression of apolipoprotein E in rats
with glomerulosclerosis induced by Adriamycin. Exp
Mol Pathol. 2011;90:287–294.

[8] Raij L, Azar S, Keane W. Mesangial immune injury,
hypertension, and progressive glomerular damage in
Dahl rats. Kidney Int. 1984;26:137–143.

[9] Livak KJ, Schmittgen TD. Analysis of relative gene
expression data using real-time quantitative PCR and the
2(-Delta Delta C(T)) method. Methods. 2001;25:402–408.

[10] Fogo AB. Causes and pathogenesis of focal segmental
glomerulosclerosis. Nature reviews Nephrology. 2015;
11:76–87.

[11] Palm F, Nordquist L. Renal oxidative stress, oxygen-
ation, and hypertension. Am J Physiol Regul Integr
Comp Physiol. 2011;301:R1229–R1241.

RENAL FAILURE 271



[12] Ruggenenti P, Cravedi P, Remuzzi G. Mechanisms and
treatment of CKD. J Am Soc Nephrol. 2012;23:
1917–1928.

[13] Lee VW, Harris DC. Adriamycin nephropathy: a model
of focal segmental glomerulosclerosis. Nephrology.
2011;16:30–38.

[14] Dietrich A, Gudermann T. TRPC6: physiological func-
tion and pathophysiological relevance. Handb Exp
Pharmacol. 2014;222:157–188.

[15] Winn MP, Conlon PJ, Lynn KL, et al. A mutation in the
TRPC6 cation channel causes familial focal segmental
glomerulosclerosis. Science. 2005;308:1801–1804.

[16] Heeringa SF, Moller CC, Du J, et al. A novel TRPC6
mutation that causes childhood FSGS. PLoS One.
2009;4:e7771.

[17] Moller CC, Wei C, Altintas MM, et al. Induction of
TRPC6 channel in acquired forms of proteinuric kidney
disease. J Am Soc Nephrol. 2007;18:29–36.

[18] Krall P, Canales CP, Kairath P, et al. Podocyte-specific
overexpression of wild type or mutant trpc6 in mice is
sufficient to cause glomerular disease. PLoS One.
2010;5:e12859.

[19] Dryer SE, Reiser J. TRPC6 channels and their binding
partners in podocytes: role in glomerular filtration and
pathophysiology. Am J Physiol Renal Physiol.
2010;299:F689–F701.

[20] Venkatachalam K, Montell C. TRP channels. Annu Rev
Biochem. 2007;76:387–417.

[21] Ilatovskaya DV, Staruschenko A. TRPC6 channel as an
emerging determinant of the podocyte injury suscep-
tibility in kidney diseases. Am J Physiol Renal Physiol.
2015;309:F393–F397.

[22] Sonneveld R, Ferre S, Hoenderop JG, et al. Vitamin D
down-regulates TRPC6 expression in podocyte injury
and proteinuric glomerular disease. Am J Pathol.
2013;182:1196–1204.

[23] Ryningen A, Stapnes C, Paulsen K, et al. In vivo bio-
logical effects of ATRA in the treatment of AML.
Expert Opin Invest Drugs. 2008;17:1623–1633.

[24] Kuendgen A, Strupp C, Aivado M, et al. Treatment of
myelodysplastic syndromes with valproic acid alone or
in combination with all-trans retinoic acid. Blood.
2004;104:1266–1269.

[25] Venditti A, Tamburini A, Buccisano F, et al. A phase-II
trial of all trans retinoic acid and low-dose cytosine
arabinoside for the treatment of high-risk myelodys-
plastic syndromes. Ann Hematol. 2000;79:138–142.

[26] Czarnewski P, Das S, Parigi SM, et al. Retinoic acid and
its role in modulating intestinal innate immunity.
Nutrients. 2017;9:68.

[27] Schaier M, Liebler S, Schade K, et al. Retinoic acid
receptor alpha and retinoid X receptor specific ago-
nists reduce renal injury in established chronic glom-
erulonephritis of the rat. J Mol Med (Berlin, Germany).
2004;82:116–125.

[28] Moreno-Manzano V, Mampaso F, Sepulveda-Munoz JC,
et al. Retinoids as a potential treatment for experi-
mental puromycin-induced nephrosis. Br J Pharmacol.
2003;139:823–831.

[29] Seo K, Rainer PP, Shalkey Hahn V, et al. Combined
TRPC3 and TRPC6 blockade by selective small-mol-
ecule or genetic deletion inhibits pathological cardiac
hypertrophy. Proc Natl Acad Sci USA. 2014;111:
1551–1556.

272 L. ZHANG ET AL.


	Abstract
	Introduction
	Materials and methods
	Animal model and glomerular separation
	Renal morphology
	Laboratory analysis
	Immunohistochemical analysis of Col-IV, TGF-1, and TRPC6
	Real-time reverse transcription polymerase chain reaction to detect TRPC6 mRNA expression in glomerulus tissue
	Western blot analysis of TRPC6 protein expressions in glomerulus tissue
	Statistical analysis

	Results
	Renal morphology and laboratory results
	Glomerular Col-IV, TGF-1, and TRPC6 immunohistochemical staining
	Glomerular TRPC6 mRNA expression
	Glomerular TRPC6 protein expression
	Correlation analysis

	Discussion
	Disclosure statement
	References



<<
	/CompressObjects /Tags
	/ParseDSCCommentsForDocInfo true
	/CreateJobTicket false
	/PDFX1aCheck false
	/ColorImageMinResolution 150
	/GrayImageResolution 150
	/DoThumbnails false
	/ColorConversionStrategy /sRGB
	/GrayImageFilter /DCTEncode
	/EmbedAllFonts true
	/CalRGBProfile (sRGB IEC61966-2.1)
	/MonoImageMinResolutionPolicy /OK
	/AllowPSXObjects true
	/LockDistillerParams true
	/ImageMemory 1048576
	/DownsampleMonoImages true
	/ColorSettingsFile (None)
	/PassThroughJPEGImages false
	/AutoRotatePages /All
	/Optimize true
	/ParseDSCComments true
	/MonoImageDepth -1
	/AntiAliasGrayImages false
	/JPEG2000ColorImageDict <<
		/TileHeight 256
		/Quality 15
		/TileWidth 256
	>>
	/GrayImageMinResolutionPolicy /OK
	/ConvertImagesToIndexed true
	/MaxSubsetPct 100
	/Binding /Left
	/PreserveDICMYKValues false
	/GrayImageMinDownsampleDepth 2
	/MonoImageMinResolution 600
	/sRGBProfile (sRGB IEC61966-2.1)
	/AntiAliasColorImages false
	/GrayImageDepth -1
	/PreserveFlatness true
	/CompressPages true
	/GrayImageMinResolution 150
	/CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
	/PDFXBleedBoxToTrimBoxOffset [
		0.0
		0.0
		0.0
		0.0
	]
	/AutoFilterGrayImages true
	/EncodeColorImages true
	/AlwaysEmbed [
	]
	/EndPage -1
	/DownsampleColorImages true
	/ASCII85EncodePages false
	/PreserveEPSInfo false
	/PDFXTrimBoxToMediaBoxOffset [
		0.0
		0.0
		0.0
		0.0
	]
	/CompatibilityLevel 1.6
	/MonoImageResolution 600
	/NeverEmbed [
	]
	/CannotEmbedFontPolicy /Warning
	/PreserveOPIComments false
	/AutoPositionEPSFiles true
	/JPEG2000GrayACSImageDict <<
		/TileHeight 256
		/Quality 15
		/TileWidth 256
	>>
	/PDFXOutputIntentProfile ()
	/EmbedJobOptions true
	/JPEG2000ColorACSImageDict <<
		/TileHeight 256
		/Quality 15
		/TileWidth 256
	>>
	/MonoImageDownsampleType /Bicubic
	/DetectBlends true
	/EmitDSCWarnings false
	/ColorImageDownsampleType /Bicubic
	/EncodeGrayImages true
	/AutoFilterColorImages true
	/DownsampleGrayImages true
	/GrayImageDict <<
		/HSamples [
			1.0
			1.0
			1.0
			1.0
		]
		/QFactor 0.4
		/VSamples [
			1.0
			1.0
			1.0
			1.0
		]
	>>
	/AntiAliasMonoImages false
	/GrayImageAutoFilterStrategy /JPEG
	/GrayACSImageDict <<
		/HSamples [
			1.0
			1.0
			1.0
			1.0
		]
		/QFactor 0.4
		/VSamples [
			1.0
			1.0
			1.0
			1.0
		]
	>>
	/ColorImageAutoFilterStrategy /JPEG
	/ColorImageMinResolutionPolicy /OK
	/ColorImageResolution 150
	/PDFXRegistryName ()
	/MonoImageFilter /CCITTFaxEncode
	/CalGrayProfile (Gray Gamma 2.2)
	/ColorImageMinDownsampleDepth 1
	/PDFXTrapped /False
	/DetectCurves 0.1
	/ColorImageDepth -1
	/JPEG2000GrayImageDict <<
		/TileHeight 256
		/Quality 15
		/TileWidth 256
	>>
	/TransferFunctionInfo /Preserve
	/ColorImageFilter /DCTEncode
	/PDFX3Check false
	/ParseICCProfilesInComments true
	/DSCReportingLevel 0
	/ColorACSImageDict <<
		/HSamples [
			1.0
			1.0
			1.0
			1.0
		]
		/QFactor 0.4
		/VSamples [
			1.0
			1.0
			1.0
			1.0
		]
	>>
	/PDFXOutputConditionIdentifier ()
	/PDFXCompliantPDFOnly false
	/AllowTransparency false
	/UsePrologue false
	/PreserveCopyPage true
	/StartPage 1
	/MonoImageDownsampleThreshold 1.5
	/GrayImageDownsampleThreshold 1.5
	/CheckCompliance [
		/None
	]
	/CreateJDFFile false
	/PDFXSetBleedBoxToMediaBox true
	/EmbedOpenType false
	/OPM 1
	/PreserveOverprintSettings true
	/UCRandBGInfo /Remove
	/ColorImageDownsampleThreshold 1.5
	/MonoImageDict <<
		/K -1
	>>
	/GrayImageDownsampleType /Bicubic
	/Description <<
		/ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
		/PTB <>
		/FRA <>
		/KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
		/NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
		/NOR <>
		/DEU <>
		/SVE <>
		/ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
		/DAN <>
		/JPN <>
		/CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
		/SUO <>
		/CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
		/ESP <>
	>>
	/CropMonoImages true
	/DefaultRenderingIntent /Default
	/PreserveHalftoneInfo false
	/ColorImageDict <<
		/HSamples [
			1.0
			1.0
			1.0
			1.0
		]
		/QFactor 0.4
		/VSamples [
			1.0
			1.0
			1.0
			1.0
		]
	>>
	/CropGrayImages true
	/PDFXOutputCondition ()
	/SubsetFonts true
	/EncodeMonoImages true
	/CropColorImages true
	/PDFXNoTrimBoxError true
>>
setdistillerparams
<<
	/PageSize [
		612.0
		792.0
	]
	/HWResolution [
		600
		600
	]
>>
setpagedevice


