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15Podocyte dysfunction plays important roles in the pathogenesis of chronic kidney disease, andWt1 has long been
16considered to be a marker of podocyte, whereas its roles and mechanisms in podocyte injury are still unclear
17though Wt1 mutations are reported to be involved in the development of glomerular disease in human and
18mice. Here we show that down-regulation of Wt1 could induce podocyte dysfunction and apoptosis through ac-
19tivating Wnt/β-catenin signaling. Podocytes treated with adriamycin demonstrated decreased expression of
20Wt1, coupled with activated Wnt/β-catenin signaling in vitro. Reduced expression of Wt1 in podocytes
21transfected with Wt1 siRNA is correlated with activatedWnt/β-catenin signaling, increased podocyte apoptosis,
22as well as suppressed expression of nephrin. Blockade of Wnt/β-catenin signaling with Dickkopf-1 ameliorated
23podocyte injury and apoptosis induced by Wt1 siRNA. We also found that membrane LRP6 was increased dra-
24matically in podocytes transfected with Wt1 siRNA compared with control siRNA, while no significant change
25was found in total LRP6. Caveolin- and clathrin-dependent endocytosis were both involved in the regulation of
26β-catenin signaling. And we found that down-regulation of Wt1 in podocytes mediates activation of Wnt/β-
27catenin signaling by recruiting LRP6 to the caveolin-mediated endocytosis route, thereby sequestering it from
28clathrin-dependent endocytosis. As a result, we concluded that Wt1 expression levels in podocytes regulate
29Wnt/β-catenin signaling through modulating the endocytic fate of LRP6, and this indicates a potential target
30for the therapy of CKD.

31 © 2015 Published by Elsevier Inc.
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36 1. Introduction

37 Chronic kidney disease (CKD), one of the leading factors determin-
38 ing humanmorbidity andmortality, has become a common problem af-
39 fecting human health, and it will inevitably progress into end-stage
40 renal disease when renal replacement therapy including hemodialysis
41 and peritoneal dialysis is necessary [1]. The prevalence and incidence
42 of CKD have also posed an enormous challenge for health resources
43 worldwide [2,3]. As a result, it is increasingly important that we must
44 study the kidney, not just as they develop, but also as they age and re-
45 spond to injurious stimuli.
46 Glomerular filtration barrier is essential for the maintenance of nor-
47 mal renal function, and it is composed of three layers: the fenestrated
48 glomerular endothelial cells, podocytes, and glomerular basement
49 membrane [4]. Increasing evidence indicates that podocyte dysfunction,

50described as foot process effacement and podocyte depletion, play crit-
51ical roles in the pathogenesis of CKD [5–7]. However, the molecular
52mechanisms underlying podocyte dysfunction remain poorly under-
53stood. Besides, podocytes are highly differentiated and specialized
54cells with few ability to regenerate [8]. Hence, it is of great significance
55to clarify the molecular mechanism underlying podocyte dysfunction,
56thus providing new targets for the therapy of CKD.
57Wnt/β-catenin signaling, also called canonical Wnt signaling, was
58first discovered in Drosophila. It is a conserved signaling pathway and
59involved in diverse physiological and pathological processes ranging
60from embryogenesis to development of disease [9–11]. Over the years,
61Wnt/β-catenin signaling is getting more and more attention in the
62field of nephrology as a result of its effects in kidney development and
63renal injury. Reportedly, activated Wnt/β-catenin signaling could in-
64duce podocyte dysfunction and proteinuria [12–14].
65The human Wnt gene encodes a large family of ligand molecules
66composed of 19 secreted lipid-modified proteins. Upon binding to the
67cell membrane receptor Frizzled and its co-receptors LRP5/6 (LRP, low
68density lipoprotein receptor-related protein), Wnts induce a series of
69downstream gene expression. In the absence of Wnt ligand, β-catenin
70is phosphorylated by binding to a multiprotein complex consisting of
71the scaffold proteins axis inhibition protein (Axin), the tumor suppres-
72sor adenomatosis polyposis coli (APC), and glycogen synthase kinase-
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73 3β (GSK-3β). Phosphorylated β-catenin can be easily degraded by
74 proteasome, thus blockingdownstreamgene expression.With the pres-
75 ence of Wnt ligand, β-catenin is stabilized, accumulated in the cyto-
76 plasm, translocated into nucleus and interacted with T-cell factor/
77 lymphocyte enhancer factor (TCF/LEF) to induce Wnt responsive gene
78 expression [15–17]. As a result, β-catenin, especially active β-catenin
79 (or unphosphorylated β-catenin), could be regarded as a switch con-
80 trolling “on and off” of Wnt/β-catenin signaling.
81 TheWilms' tumor suppressor gene (Wt1), well-known for its role
82 in Wilms' tumor, is essential for kidney development. Wt1 knocked-
83 out mice have no kidney because the nephric duct fail to grow out
84 and apoptosis of the metanephric blastema [18,19]. Wt1 mutations
85 is also reported to be involved in the development of glomerular dis-
86 ease in human and mice [20,21]. In the glomerular of adult kidney,
87 Wt1 expression is limited to podocytes, and it has long been used
88 as a marker for the location of podocytes [22]. However, the role of
89 Wt1 and its mechanisms in the maintenance of podocyte biology is
90 poorly understood. Reportedly, mutations in Wt1 and consequent
91 activation of Wnt/β-catenin signaling have been found in the devel-
92 opment of Wilms' tumor [23,24]. We suppose that reduced expres-
93 sion of Wt1 in podocytes after injurious stimuli may induce
94 podocyte dysfunction through activating Wnt/β-catenin signaling.
95 As a result, our study is designed aiming to explore the effect of
96 down-regulation of Wt1 in podocyte dysfunction and its related
97 mechanism.
98 In the current study, we demonstrated that down-regulation ofWt1
99 could activate Wnt/β-catenin signaling, induce podocyte dysfunction
100 and apoptosis. We also found that loss of Wt1 not only mediated inter-
101 nalization of LRP6 based on increased membrane LRP6 expression in
102 podocytes transfected with Wt1 siRNA but also activates Wnt/β-
103 catenin signaling by recruiting LRP6 to the caveolin-mediated endocytic
104 route, thus sequestering it from clathrin-dependent endocytosis. In de-
105 tail, with the presence of Wt1, LRP6 interacts with clathrin, while in the
106 absence ofWt1, LRP6 is sequestered by caveolin. Collectively, our results
107 suggest that down-regulation of Wt1 in podocytes regulate Wnt/β-
108 catenin signaling through modulating the endocytic fate of LRP6, and
109 this indicates a potential target for the therapy of CKD.

110 2. Materials and methods

111 2.1. Cell culture and treatment

112 The conditionally immortalized mouse podocyte cells (MPCs) were
113 kindly provided by Dr. Peter Mundel (Mount Sinai School of Medicine,
114 New York, NY), as described previously [25]. MPCs were cultured at
115 33 °C for propagation in RPMI 1640 medium supplemented with 10%
116 FBS and 10 U/mL recombinant mouse IFN-r. To induce differentiation,
117 MPCs were then cultured in RPMI 1640 medium supplemented with
118 10% FBS at 37 °C in the absence of IFN-r. Differentiated podocytes
119 were treatedwith adriamycin(ADR) at different time pointswith differ-
120 ent dosages as indicated. In order to inhibit Wnt/β-catenin signaling
121 in vitro, podocytes were also treated with recombinant mouse DKK1
122 protein as indicated.

123 2.2. Western blotting analysis

124 Cultured mouse podocytes were lysed in RIPA buffer. Proteins were
125 separated by sodium dodecyl sulfate–polyacrylamide gel electrophore-
126 sis (SDS–PAGE), and then electrophoretically transferred to a nitrocellu-
127 lose membrane (Millipore). Membrane protein was extracted using the
128 Membrane and Cytosol Protein Extraction Kit (Beyotime technology,
129 Shanghai, China). As for the housekeeping gene for the analysis ofmem-
130 brane protein LRP6, we applied β-actin as loading control based on the
131 articlewritten byNakayama et al. [26], whoused tubulin as loading con-
132 trol for the analysis of membrane protein. The primary antibodies used
133 were as follows: anti-dephosphorylated, active β-catenin (05-665,

134Upstate), anti-β-catenin(ab6302, Abcam), anti-LRP6 (sc-25317, Santa
135Cruz), anti-Nephrin (ab58968, Abcam), anti-PAI-1(ab66705, Abcam),
136anti-Snail (ab180714, Abcam), anti-Caveolin-1 (3267, CST), anti-
137Clathrin (4796, CST), anti-GAPDH (5174, CST), anti-Actin (1854-1,
138Epitmics).

1392.3. RNA extraction and real-time RT-PCR

140For the analysis of mRNA relative expression levels, total RNA
141were isolated, and RT-PCR were carried out based on routine proce-
142dures. Briefly, first-strand cDNA was synthesized using a reverse
143transcription system kit based on the instructions of themanufactur-
144er (Thermo). Real-time RT-PCR was performed on ABI Prism 7300,
145and quantification of relative mRNA levels was calculated using the
1462−△△Ct method. Sequences of the primers were as follows: Wt1,5′-
147CTA-CCA-TCC-GCA-ACC-AAG- 3′ (sense) and 5′-GGG-TCC-TCG-
148TGT-TTG-AAG-3′ (antisense); β-catenin, 5′-TCA-CGC-AAG-AGC-
149AAG-TAG-3′ (sense) and 5′-CTG-GAC-ATT-AGT-GGG-ATG-AG-3′
150(antisense); Nephrin, 5′-GGA-CCC-ACA-CTA-CTA-CTC-3′ (sense)
151and 5′-CTC-TCC-ACC-TCG-TCA-TAC-3′ (antisense); LRP6, 5′-TCC-
152TGG-TCT-TCC-ACT-CTT-C-3′ (sense) and 5′-GGT-CCT-GTT-GTC-
153AGC-ATT-C-3′ (antisense); PAI-1, 5′-TTA-CTG-GGT-GAG-TCA-GAG-
1543′ (sense) and 5′-GGC-CTG-CTA-GGA-AAT-TAC-3′ (antisense);
155Snail, 5′-TTT-GCT-GAC-CGC-TCC-AAC-3′ (sense) and 5′-GGG-TAC-
156AAA-GGC-ACT-CCA-TCA-3′ (antisense); GAPDH, 5′-ATC-ACT-GCC-
157ACC-CAG-AAG-3′ (sense) and 5′-TCC-ACG-ACG-GAC-ACA-TTG-3′
158(antisense).

1592.4. Immunofluorescence staining

160Podocytes cultured on glass slides were fixed in 4% paraformalde-
161hyde for 15 minutes at room temperature and washed with PBS con-
162taining 0.05% Tween 20, then these slides were blocked with 5%
163bovine serum albumin for 2 hours at room temperature. The prepared
164slides were stained with LRP6 antibody overnight at 4 °C (anti-LRP6,
165sc-25317, Santa cruz). After washing, the slides were then stained
166with FITC-conjugated secondary antibody (Beyotime biotechnology).
167Slides were visualized using microscopy (Olympus CX 41), and
168photographed with a digital camera (Nikon D5100).

1692.5. Preparation of siRNA and transient transfection

170TheWt1 siRNAwas synthesized by JRDUNbiotechnology (Shanghai,
171China). The sequence ofmouseWt1 siRNAwas5′-GGC-GAU-UGU-UAA-
172AGC-UCA-UUU-3′, and the control siRNA was 5′-UUG-UAC-UAC-ACA-
173AAA-GUA-CUG-3′. A total of about 5 × 105 cells were seeded into each
174well of a six-well cell culture plate. And the Wt1, siRNA and control
175siRNAwere transfected into podocytes by Lipofectamine 2000 transfec-
176tion reagent following the instructions (Invitrogen).

1772.6. Immunoprecipitation

178Immunoprecipitation was used to study whether LRP6was inter-
179nalized through the caveolin- or clathrin-dependent endocytosis
180when Wt1 was down-regulated in podocytes. Cell lysates were
181immunoprecipitated with anti-Caveolin-1 (3267, CST), anti-
182Clathrin (4796, CST), and protein A/G plus agarose (sc-2003, Santa
183cruz). The precipitated complexes were washed with lysis buffer,
184then immunoblotting with anti-LRP6 antibody (ab134146, Abcam).

1852.7. Statistical analyses

186All data are presented as mean ± SEM with at least three separate
187repetitions. Statistical analysis of the data was performed using the
188SPSS statistical software package (standard version 17.0; SPSS).
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