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Abstract  19 

Tubulointerstitial fibrosis has been regarded as a critical event in the pathogenesis of 20 

chronic kidney disease (CKD). Soluble form of PRR (sPRR), generated by site-1 protease (S1P) 21 

cleavage of full-length PRR, is detected in biological fluid and elevated under certain 22 

pathological conditions. The present study was designed to evaluate the potential role of sPRR   23 

in regulation of fibrotic response in cultured human renal proximal tubular cell line human 24 

kidney 2 (HK-2) cells, in the setting of TGF-β or sPRR-His treatment. TGF-β induced fibrotic 25 

response of HK-2 cells was indicated by the upregulation of fibronectin (FN) expression, 26 

meanwhile, TGF-β could also induce the generation of sPRR, due to enhanced cleavage of 27 

fPRR. To explore the role of sPRR in fibrotic response of HK-2 cells, we blocked the 28 

production of sPRR with a S1P inhibitor PF429242 and found that PF429242 remarkably 29 

suppressed TGF-β induced sPRR generation and FN expression in HK-2 cells. Administration 30 

of sPRR-His restored PF429242 attenuated FN expression in HK-2 cells, indicating that sPRR 31 

could promote TGF-β induced fibrotic response. Furthermore, sPRR-His alone also increased 32 

the abundance of FN in HK-2 cells. These data suggested that sPRR was sufficient and 33 

necessary for TGF-ß-induced fibrotic response of HK-2 cells. Mechanistically, sPRR activated 34 

the AKT and β-catenin pathway in HK-2 cells, and blockade of AKT or β-catenin pathway 35 

significantly abrogated sPRR-induced FN and Snail expression. Taking together, sPRR 36 

promoted the fibrotic response of HK-2 cells by activating Akt/β-catenin/Snail signaling, and it 37 

may serve as a potential therapeutic target in renal fibrosis. 38 

  39 
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Introduction 40 

Tubulointerstitial fibrosis (TIF) is a reliable predictor of prognosis and a major 41 

determinant of renal insufficiency and it is also a chronic and progressive process affecting 42 

kidneys during aging and in CKD(13, 21). TIF is a common irreversible process characterized 43 

by replacement of cellular parenchyma and progressive loss of renal function, uncontrolled 44 

deposits of extracellular matrix protein (37). Activation of fibroblasts and myofibroblasts are 45 

largely responsible for excessive matrix synthesis and tissue deposition (34). The activation is 46 

initiated by many profibrotic molecules, including transforming growth factor-β (TGF-β); 47 

connective tissue growth factor (CTGF); platelet-derived growth factor; interleukin (IL)-4, 48 

IL-6, and IL-13; and endothelin-1(13, 21, 25). 49 

TGF-β is generally considered as a central mediator of fibrotic diseases(36). Inhibition of 50 

the TGF-β isoform, TGF‑β1, or its downstream signaling pathways substantially limits renal 51 

fibrosis in a wide range of disease models(2, 26, 35) , whereas overexpression of TGF‑β 52 

induces renal fibrosis(22). As known, TGF‑β induces renal fibrosis via activation of both 53 

canonical (Smad-based) and non-canonical (non-Smad-based) signaling pathways, including 54 

MAPKs, the TGF-β activated kinase 1 (TAK1) pathway, phosphatidylinositol 3-kinase 55 

(PI3K)/AKT and integrin-linked kinase (ILK), which results in activation of myofibroblasts, 56 

excessive production of extracellular matrix (ECM) and inhibition of ECM degradation(1, 15, 57 

19). 58 

In 2002, Nguyen and co-workers reported the expression of a specific binding receptor, 59 

named (pro)renin receptor (PRR), and identified the catalytic function after binding renin and 60 

prorenin (30). The full-length PRR (fPRR) is a unique 350-amino-acid transmembrane protein, 61 

which contains the furin and site-1 protease (S1P) cleavage sites. Cleaved by furin or S1P, 62 

fPRR was generated to a 28-kDa N-terminal region, soluble PRR (sPRR), and a C-terminal 63 

Downloaded from journals.physiology.org/journal/ajprenal at Cornell Univ (132.174.252.179) on September 1, 2020.



 

 4 / 23 

transmembrane form (M8.9 complexed with V-ATPase) (4, 7, 27).  Despite the effects of 64 

fPRR in hypertension (17, 18, 31), kidney disease (20, 29), pre-eclampsia (28), cardiovascular 65 

disease (6, 24) were widely studied, the function of sPRR was rarely focused. The emerging 66 

evidence showed the physiological and pathological function of sPRR, in regulation of renal 67 

water balance (23), systemic renin-angiotensin system(8, 33) and blood pressure (9). Therefore, 68 

the present study was intended to study a biological function and signaling of sPRR in the 69 

regulation of fibrotic response in HK-2 cells. 70 

Materials and Methods 71 

Materials 72 

Dulbecco's modified Eagle's medium/nutrient mixture F1-2 (DMEM/F-12) purchased 73 

from Life Technologies (Grand Island, NY, USA). Fetal bovine serum was purchased from 74 

Quacell Biotechnology (Zhongshan, Guangdong, China). TGF-β was purchased from Sino 75 

Biological (Beijing, China). PF-429242 was purchased from AdooQ Biosciences (Irvine, CA, 76 

USA). LY 294002, ICG-001 and losartan were purchased from Medchemexpress (Stockholm, 77 

Sweden). sPRR-His was generated by Xbio (Shanghai, CN).  78 

Cell culture  79 

The human renal proximal tubular epithelial cell line (HK-2) was from normal male adult 80 

kidney and immortalized by transduction with human papilloma virus 16/E6/E7 genes. HK-2 81 

cells were obtained from Procell Life Science Co., Ltd. Cells were cultured in DMEM/F-12, 82 

containing 10% fetal bovine serum (FBS) and 1% penicillin/streptomycin at 37°C under 5% 83 

CO2 in a humidified incubator. For all experiments, cells were grown on 6-well plates to reach 84 

80%-90% confluence and serum starvation was established for 12 hours with DMEM/F12 85 

Downloaded from journals.physiology.org/journal/ajprenal at Cornell Univ (132.174.252.179) on September 1, 2020.



 

 5 / 23 

medium that contained no drugs or hormones before treatment. Microscopic examination was 86 

performed during indicated experiment to assess the morphological changes. 87 

ELISA measurement of sPRR 88 

Cell culture medium was collected at the end of treatments and the concentration of sPRR 89 

in cell culture medium was determined by using sPRR ELISA kit (Immuno-Biological 90 

Laboratories, Takasaki, Japan). Followed the instruction of the kit, for each sample, 100 91 

microliter cell medium and diluted standards was added to the corresponding well. After 92 

incubating at 4℃ overnight, the wells were washed four times with wash buffer and 100 μl of 93 

antibody solution was pipetted into the wells. The elisa plate was incubated at 4℃ for 60 min 94 

and the wash step repeated. Chromogen was added into each washed well and incubated for 95 

30min at room temperature in dark. The stop buffer was intended to end the reaction in each 96 

well, after mixing completely with chromogen, the OD value was ready to be detect. 97 

Immunoblotting 98 

Cells were lysed and subsequently sonicated in RIPA buffer mixed with cocktail. After 99 

centrifugation, the protein concentration was determined by the Pierc BCA Protein Assay Kit 100 

(Thermo Scientific, Rockford, IL, USA). Twenty micrograms of protein from whole cell lysate 101 

was separated by SDS-polyacrylamide gel electrophoresis and transferred onto 0.22 μm 102 

polyvinylidene fluoride membranes (Amersham Pharmacia Biotech, Piscataway, NJ, USA). 103 

The blots were blocked in 5% skim milk in Tris-buffered saline with Tween-20 (TBST) at room 104 

temperature for 1h, followed by incubation with rabbit anti-PRR antibody, anti-FN antibody, 105 

anti-p-AKT (Thr308) antibody, anti-p-AKT (Ser473) antibody, anti-AKT antibody, 106 

anti-β-catenin antibody, anti-Snail antibody or mouse monoclonal anti-β-GAPDH antibody at 107 

4℃. After washing three times with TBST, blots were incubated with secondary antibody (goat 108 
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anti-rabbit/mouse horseradish peroxidase (HRP) - conjugated secondary antibody), followed 109 

by three times washing. Antibody labeling was visualized by addition of chemiluminescence 110 

substrate for detection of HRP. 111 

Nuclear and Cytoplasmic Fractionation 112 

Nuclear and cytoplasmic lysates were obtained by using the Nuclear and Cytoplasmic 113 

Extraction Kit (KeyGEN BioTECH) according to the manufacturer’s instruction for Western 114 

blotting assay. 115 

RNA isolation and qRT-PCR 116 

Total RNA was extracted using TRIzol Reagent (Invitrogen) according to the manufacturer’s 117 

instruction. Total RNA (500 ng) was reverse transcribed into cDNA using the cDNA synthesis 118 

kit (Takara Bio, Shiga, Japan) and qRT–PCR was carried out using real-time PCR system 119 

(Applied Biosystems). GAPDH was detected as an internal control. Primer sequences were 120 

designed by OriGene Technologies (available at 121 

https://www.origene.com/category/gene-expression/qpcr-primer-pairs). 122 

Immunofluorescence Analysis 123 

HK-2 cells were grown on coated glass coverslips for defined periods of time. After the 124 

treatment, HK-2 cells were washed with PBS for 3 times, then fixed for 10 minutes in 4% 125 

paraformaldehyde/PBS. The fixed cells were washed and then permeabilized for 15 minutes 126 

at room temperature with PBS containing 0.1% Triton X-100, then blocked with PBS 127 

including 5% BSA and incubated overnight at 4°C with primary anti-FN (1:200) antibody 128 

diluted 1% BSA/PBS. The next day, sections were washed and incubated for 1 hour at room 129 

temperature with secondary antibodies (Invitrogen), then embedded in Vectorshield mounting 130 
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medium with DAPI (Vector Laboratories). 131 

 132 

Data Analysis 133 

All data in text and figures are provided as means ± SEM. The results analysis was 134 

performed by using a one-way Analysis of Variance (ANOVA) or Tukey’s post-hoc test. 135 

GraphPad Prism 6 software was used for statistical analyses. A p value of <0.05 was 136 

considered statistically significant. 137 

  138 
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Result 139 

TGF-β induced fibrotic response and generation of sPRR   140 

Fibrotic response and generation of sPRR was induced by exposure of HK-2 cells to 141 

TGF-β at 10 g/ml for 24h, as reflected by immunoblotting detection of increased FN and 142 

sPRR protein abundance, while the fPRR expression was unchanged under the stimulation 143 

(Fig. 1A). Consistent with the immunoblotting analysis, the released sPRR in cell culture 144 

medium was also induced by TGF-β (Fig. 1B). And in the mRNA levels, FN expression was 145 

significantly stimulated by TGF-β (Fig. 1C). As a well-characterized inducer of EMT in HK-2 146 

cells, TGF-β treatment promoted a conversion to spindle-like morphology, whereas the 147 

control group exhibit typical epithelial-like morphology (Fig. 1D). We next detected the 148 

deposition of FN on HK-2 cells by using immunofluorescence. The results showed enhanced 149 

FN labeling after TGF-β treatment (Fig. 1E).  150 

sPRR contributes to TGF-β-induced fibrotic response  151 

Due to the increased generation of sPRR, we turned our attention on the potential role of 152 

sPRR on TGF-β induced fibrotic response. To investigate the involvement of sPRR, we used 153 

40μM S1P inhibitor PF429242 to block the cleavage of PRR. As expected, upon the 154 

inhibition of the sPRR generation, the induced FN was completely suppressed by treating 155 

with PF429242 (Fig. 2A). Furthermore, the increased medium sPRR was completely 156 

abolished by PF429242 treatment (Fig. 2B). To identify the signaling pathway(s) that sPRR 157 

might activate the fibrotic response of HK-2 cells, the signaling proteins were detected. We 158 

firstly detected the role of AKT since TGF-β was demonstrated to be able to induce fibrotic 159 

response in HK-2 cells by activating AKT(10, 43). Phosphorylated AKT was significantly 160 

induced by treatment of TGF-β at 15 min, which was blocked by PF429242, indicating the 161 

involvement of AKT in sPRRmediated fibrotic response (Fig. 2C). As a pivotal fibrotic 162 
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regulator, β-catenin was activated under the TGF-β stimulation, and acted as a downstream 163 

element of AKT participating in the epithelial cell fibrotic response(5, 10, 41). To explore the 164 

involvement of β-catenin in the fibrotic response, we examined the translocation of β-catenin 165 

in TGF-β stimulated HK-2 cell after PF429242 treatment. PF429242 significantly suppressed 166 

the TGF-β induced nuclear β-catenin translocation, companied with increased cytosolic 167 

β-catenin abundance (Fig. 2D&E). As a potential downstream transcription regulator of 168 

β-catenin, the Snail expression was determined. Result showed the striking inhibitory effect of 169 

PF429242 on the TGF-β induced Snail expression (Fig. 2F). Furthermore, PF429242 170 

suppressed the TGF-β increased mRNA levels of FN, Snail and S1P (Fig. 2G). We also tested 171 

the effect of PF429242 on TGF-β induced EMT. As expected, PF429242 blocked the TGF-β 172 

induced EMT (Fig. 2H). Immunostaining was conducted to confirm the effect of PF429242 173 

on FN protein abundance. Upon the treatment of PF429242, TGF -β stimulated FN expression 174 

was obviously suppressed (Fig.2I). 175 

In order to further validate the role of sPRR in TGF-β induced fibrotic response, the 176 

reversibility of sPRR-His on PF429242 reduced fibrotic response was tested. As expected, 60 177 

nM sPRR-His restored the PF429242 reduced FN protein abundance which was stimulated by 178 

TGF-β for 24h (Fig. 3A). The addition of sPRR-His in cell culture medium also increased the 179 

sPRR concentration in TGF-β + PF429242 group (Fig. 3B). On the mechanism, p-AKT was 180 

significantly increased after 15 min stimulation with TGF-β and this response was blocked by 181 

PF429242 which was reversed by supplement of sPRR-His (Fig. 3C). The PF429242 182 

abolished abundance of nuclear β-catenin was modestly restored by sPRR-His (Fig. 3D), 183 

companied by the decreased cytosolic β-catenin content (Fig. 3E). The inhibitory effect of 184 

PF429242 on TGF-β-induced Snail protein expression was also reversed by sPRR-His (Fig. 185 

3F). At the mRNA levels, qRT-PCR detected parallel increases in mRNA expression of FN 186 
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and Snail in TGF-β stimulated HK-2 cells, which were both suppressed by PF-429242 and 187 

partially reversed by sPRR-His (Fig. 3G). However, the administration of sPRR-His showed 188 

no effect on the cell morphology (Fig. 3H). The immunostaining further validated the effect 189 

of sPRR-His and PF429242 on TGF-β stimulated FN deposition (Fig. 3I). 190 

Taken together, the results presented above indicated that sPRR contributes to fibrotic 191 

response via AKT/β-catenin/Snail signaling pathway in TGF-β stimulated HK-2 cells. 192 

sPRR-His induced fibrotic response in HK-2 cells 193 

To explore the direct effect of sPRR on fibrotic response, HK-2 cells were treated with 194 

sPRR-His, and the expression of FN were evaluated by immunoblotting. As expected, 195 

sPRR-His induced an obvious increase of the FN, companied with upregulated AKT 196 

phosphorylation and Snail expression (Fig. 4A).  Consisting with the protein expression, the 197 

mRNA levels of FN and Snail were also increased (Fig. 4B). To explore the effect of 198 

sPRR-His on EMT, we determined the expression of α-SMA, collagen I and E-cadherin and 199 

analyzed the cell morphology. sPRR-His increased the expression of α-SMA and collagen I, 200 

but showed no effect on E-cadherin expression or cell morphology (Fig. 4 C&D). By 201 

immunofluorescence, FN protein deposition was also significantly induced by sPRR-His 202 

treatment (Fig. 4E). These results suggested that the indicated treatment of sPRR-His could 203 

directly stimulate the fibrotic response but may not be sufficient to drive EMT in HK-2 cells.  204 

sPRR-His promoted fibrotic response depending on AT1 receptor mediated endocytosis 205 

Given the potential association between PRR/sPRR and the RAS, we tested the 206 

dependence of sPRR-His induced fibrotic response on the AT1 receptor. Losartan remarkably 207 

decreased cytosolic sPRR-His concentration and sPRR-His stimulated FN protein expression, 208 

AKT phosphorylation and Snail protein expression in HK-2 cells (Fig. 5A). The 209 
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sPRR-His-induced mRNA expression of FN and Snail were also blocked by losartan treatment 210 

(Fig. 5B). We further examined the FN by immunostaining, consistent with the Western blot 211 

results, losartan blocked sPRR-His-induced FN expression (Fig. 5C). The results demonstrated 212 

that sPRR-His induced fibrotic response relied on the AT1 receptor.  213 

sPRR-His contributed to fibrotic response via AKT/β-catenin/Snail signaling pathway. 214 

To identify the signaling pathway(s) contributing to sPRR-His induced fibrotic response, 215 

we examined the AKT/β-catenin/Snail pathway. Immunoblotting analysis showed the 216 

inhibitory effect of 10μM LY294002 (a PI3K inhibitor) on the phosphorylation levels of AKT. 217 

As expected, this inhibitor successfully reduced the phosphorylation level of the AKT 218 

proteins, paralleled by the completely inhibition of FN and Snail protein abundance and 219 

mRNA expression (Fig. 6A&B). Above observation was associated with the suppressed FN 220 

expression detected by immunostaining in sPRR-His stimulated HK-2 cells (Fig. 6C).    221 

We further assessed the involvement of β-catenin signaling in sPRR-His induced fibrotic 222 

response and examined the expression of β-catenin target proteins in HK-2 cells. The FN and 223 

β-catenin potential targeted transcription regulator Snail was dramatically increased by 224 

sPRR-His treatment in HK-2 cells, upon treating with 10μM β-catenin inhibitor ICG-001, 225 

sPRR-His-mediated up-regulation of FN and Snail protein and mRNA abundance were 226 

significantly suppressed (Fig. 7A&B ). By immunofluorescence, ICG-001 attenuated the 227 

deposition of FN induced by sPRR-His (Fig. 7C). 228 

Discussion 229 

The fibrosis has emerged as a critical event in the pathogenesis of ESRD. Knowledge 230 

concerning the regulatory mechanism of fibrosis may lead to the development of effective 231 

therapies to halt the progression of ESRD. The role of PRR in renal fibrosis, as a positive 232 
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regulator, has already been reported (20, 29). The present study contributes to the identification 233 

the pathological function of sPRR in renal fibrosis. 234 

HK-2 cells are one of the best-characterized renal epithelial cells and have been used by 235 

many studies to investigate fibrotic response (39, 45). Under the exposure of TGF-β, a 236 

conversion of the epithelial cells to myofibroblasts was induced in HK-2 cells, as evidenced by 237 

a complete conversion to spindle-like morphology, the activation of FN, and at same time, this 238 

phenomenon was accompanied by the increased generation of sPRR. Inhibiting site-1 protease 239 

with PF429242 exhibited a remarkable inhibitory effect on TGF-β induced fibrotic response 240 

and sPRR generation. This inhibition was evidenced by an abolishment of FN stimulation, 241 

suggesting the potential involvement of sPRR in TGF-β induced fibrotic response. Furthermore, 242 

the administration of PF429242 suppressed the TGF-β-induced cell morphological changes in 243 

HK-2 cells. Taken together, these findings suggest that sPRR may be a potent positive regulator 244 

of TGF-β induced EMT and fibrotic response in HK-2 cells.  245 

What would be the signaling mechanism responsible for sPRR-elicited regulatory effects 246 

on fibrotic response? AKT signaling has been associated to the progression and development of 247 

TGF-β-induced fibrosis(40). A large amount of studies have proved that AKT signaling 248 

mediates fibrosis in different tissues and diseases (11, 12, 14). Therefore, we speculated that 249 

sPRR promotes the TGF-β-induced fibrotic response via the stimulation of AKT. As expected, 250 

PF429242 remarkably reduced the phosphorylation of AKT, indicating the potential role of 251 

AKT signaling in the sPRR contributed fibrotic response. 252 

As a major signaling mediator of fibrosis (20, 25) the potential role of β-catenin was 253 

determined. Indeed, PF429242 completely blocked TGF-β induced the nuclear translocation of 254 

β-catenin and restored the cytosolic β-catenin. Numerous studies have demonstrated that the 255 
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stability of Snail is regulated by Akt(38) and β-catenin(44), and the Snail-mediated FN 256 

upregulation is a hallmark of the EMT. After examining the Snail expression, we found that 257 

PF429242 remarkably decreased the TGF-β induced Snail stability by suppressing 258 

AKT/β-catenin signaling. Overall, these findings favor the notion that sPRR may act via 259 

activating AKT/β-catenin/Snail signaling. 260 

To exclude other potential effects of S1P inhibition on fibrotic response, sPRR-His rescue 261 

experiment was conducted. As expected, sPRR-His administration reversed the inhibitory 262 

effect of PF429242 on FN expression. Meanwhile, after the sPRR-His treatment, we examined 263 

the AKT phosphorylation level, β-catenin nuclear translocation and Snail expression in HK-2 264 

cells. Consistent with this observation, sPRR-His restored the inhibitory effect of PF429242 on 265 

the phosphorylation level of AKT, promoted the nuclear translocation of β-catenin and elevated 266 

the Snail expression of HK-2 cells. However, as evidenced by the unchanged cell morphology, 267 

sPRR-His alone was insufficient to induce EMT. The reversed morphological conversion of 268 

HK-2 cells by PF429242 treatment indicated that other factors downstream of S1P in addition 269 

to sPRR may be needed to induce the full spectrum of EMT. While identity of such factors 270 

remains elusive, the sterol regulatory element-binding proteins (SREBPs), which are 271 

additional substrates of S1P, may be involved. SREBPs are the transcription factors for 272 

lipogenesis genes that could activate genes encoding enzymes of cholesterol and fatty acid 273 

biosynthesis(3). Upon the release of SREBPs from the endoplasmic reticulum, a proteolytic 274 

activation by S1P in the Golgi was required(3), and the activated SREBPs were reported to be 275 

involved in the renal cell injury(16) and EMT transition(42). It seems possible that multiple 276 

S1P products such as sPRR and SREBPs may act in concert to induce a full EMT response. 277 

This possibility needs to be tested by a separate study in the future. 278 

To explore the TGF-β independent effect of sPRR on fibrotic response, HK-2 cells were 279 
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directly treated with sPRR-His. The most striking observation was that sPRR-His in the 280 

nanomolar range remarkably induced FN, α-SMA and collagen I expression. However, under 281 

the sPRR-His treatment, no changes of E-cadherin protein expression and cell morphology 282 

were monitored in HK-2 cells, meaning that sPRR-His could stimulate the fibrotic response, 283 

but may not be sufficient to induce EMT. sPRR may act via activation of RAS or direct 284 

signaling pathways. In the present study, we tested the role of AT1R in sPRR-His induced 285 

fibrotic response in HK-2 cells. Losartan suppressed the FN expression associated with blunted 286 

endocytosis of sPRR-His. Thus, the result indicated that sPRR-His-induced fibrotic response is 287 

dependent on AT1 receptor-mediated endocytosis. In agreement with this observation, 288 

preliminary evidence from Helmy Siragy’s group suggests that AT1R and PRR can form a 289 

heterodimer that is functionally active to enhance ERK phosphorylation in PC12W cells(32). 290 

To explore the underlying mechanism, we examined the involvement of AKT/β-catenin/ Snail 291 

signaling pathway. Upon given the PI3K inhibitor LY294002 and β-catenin inhibitor ICG-001 292 

respectively, the sPRR-His induced FN was completely suppressed, companied with the 293 

suppression of sPRR-His stimulated Snail expression. It is evident that AKT, β-catenin and 294 

Snail are required for the induction of fibrotic response by sPRR-His. Taken together, these 295 

observations consolidate the conclusion that AT1R/AKT/β-catenin/Snail signaling pathway is 296 

responsible for the sPRR-His induced fibrotic response in HK-2 cells. 297 

In summary, the present study reports an essential role of sPRR in fibrotic response 298 

through activating of AKT/β-catenin/Snail pathway. However, sPRR alone is insufficient to 299 

induce a full EMT. These findings clarified the role of sPRR in promoting fibrotic response and 300 

suggested a new potential therapeutic target of chronic renal disease. 301 
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Figure Legends 449 

Fig. 1. TGF-β induced fibrosis and sPRR generation in HK2 cells. The cells were grown on 450 

6-well plates until 80% confluence and then treated with 10ng/ml TGF-β for 24h. fPRR, 451 

sPRR and FN protein expression was analyzed by immunoblotting and analyzed by 452 

densitometry analysis (A). ELISA measurement of medium sPRR and normalized by protein 453 

content (B). FN mRNA level was determined by RT-qPCR (C). Morphologic changes of 454 

HK-2 cells, photographs were taken using a Nikon microscope (D). Immunostaining detection 455 

of FN expression and DAPI, Scale bars indicate 50μm (E). Statistical significance was 456 

determined by using unpaired Student’s t test. *P < 0.05 versus CTR; **P < 0.01 versus CTR. 457 

 458 

Fig. 2. S1P inhibitor PF429242 suppressed TGF-β induced sPRR generation and fibrosis in 459 

HK-2 cells. The cells were grown on 6-well plates until 80% confluence, pretreated with 40 460 

μM PF429242 and the treated with 10ng/ml TGF-β for 24h. fPRR, sPRR and FN protein 461 

expression were analyzed by immunoblotting and densitometry analysis (A). ELISA 462 

measurement of medium sPRR and normalized by protein content (B). HK-2 cells were 463 

pretreated with 40 μM PF429242 alone, and then treated with 10ng/ml TGF-β for 15min. 464 

p-AKT and T-AKT protein expression were analyzed by immunoblotting and densitometry 465 

analysis (C). Immunoblotting analysis of nuclear and cytosolic β-catenin abundance (D&E). 466 

Snail protein expression were analyzed by immunoblotting and densitometry analysis (F). 467 

RT-qPCR detection of FN, Snail and S1P mRNA levels (G). Morphologic changes of HK-2 468 

cells, photographs were taken using a Nikon microscope (H). FN expression and DAPI was 469 

determined by immunostaining, Scale bars indicate 50μm (I). Statistical significance was 470 

determined by using unpaired Student’s t test. *P < 0.05 versus CTR; **P < 0.01 versus CTR; 471 

#P < 0.05 versus TGF-β; ##P < 0.01 versus TGF-β. 472 
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 473 

Fig. 3. sPRR-His reversed PF429242 suppressed fibrosis via AKT/β-catenin/Snail pathway in 474 

TGF-β stimulated HK2 cells. The cells were grown on 6-well plates until 80% confluence, 475 

pretreated with 40 μM PF429242 alone or in combination with 60nM sPRR-His, and then 476 

treated with 10ng/ml TGF-β for 24h. fPRR, sPRR and FN protein expression was analyzed by 477 

immunoblotting and densitometry analysis (A). ELISA measurement of medium sPRR and 478 

normalized protein content (B). HK-2 cells were pretreated with 40 μM PF429242 alone 479 

alone or in combination with 60nM sPRR-His, and then treated with 10ng/ml TGF-β for 480 

15min. p-AKT and T-AKT protein expression were analyzed by immunoblotting and 481 

densitometry analysis (C). Immunoblotting analysis of nuclear and cytosolic β-catenin 482 

abundance (D&E). Snail protein expression was analyzed by immunoblotting and 483 

densitometry analysis (F). RT-qPCR detection of FN, Snail and S1P mRNA levels (G). 484 

Morphologic changes of HK-2 cells, photographs were taken using a Nikon microscope (H). 485 

FN expression and DAPI was detected by immunostaining, Scale bars indicate 50μm (I). 486 

Statistical significance was determined by using unpaired Student’s t test. *P < 0.05 versus 487 

CTR; **P < 0.01 versus CTR; #P < 0.05 versus TGF-β; ##P < 0.01 versus TGF-β; &P < 0.05 488 

versus TGF-β+PF429242; &&P < 0.01 versus TGF-β+PF429242. 489 

 490 

Fig. 4. sPRR-His directly promotes fibrosis in HK2 cells. The cells were grown on 6-well 491 

plates until 80% confluence and then treated with 60 nM sPRR-His for 36h. FN, p-AKT, 492 

T-AKT and Snail protein expression was analyzed by immunoblotting and densitometry 493 

analysis (A). RT-qPCR determination of FN and Snail mRNA levels (B). Immunoblotting 494 

analysis of α-SMA, Collagen I and E-cadherin abundance (C). Morphologic changes of HK-2 495 
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cells, photographs were taken using a Nikon microscope (D). Immunofluorescence staining of 496 

FN and DAPI, Scale bars indicate 50μm (E). Statistical significance was determined by using 497 

unpaired Student’s t test. *P < 0.05 versus CTR; **P < 0.01 versus CTR. 498 

 499 

Fig. 5. AT1 receptor inhibitor Losartan blocked sPRR-His endocytosis and the induced 500 

fibrosis in HK-2 cells. The cells were grown on 6-well plates until 80% confluence, pretreated 501 

with 10 μM Losartan, and then treated with 60 nM sPRR-His for 36h. fPRR, sPRR-His, FN, 502 

p-AKT, T-AKT and Snail protein expression was analyzed by immunoblotting and 503 

densitometry analysis (A). RT-qPCR determination of FN and Snail mRNA levels (B). 504 

Immunofluorescence staining of FN and DAPI, Scale bars indicate 50μm (C). Statistical 505 

significance was determined by using unpaired Student’s t test. *P < 0.05 versus CTR; **P < 506 

0.01 versus CTR; #P < 0.05 versus sPRR-His; ##P < 0.01 versus sPRR-His. 507 

 508 

Fig. 6. PI3K inhibitor LY294002 attenuated sPRR-His induce fibrosis in HK-2 cells. The cells 509 

were grown on 6-well plates until 80% confluence, pretreated with 10 μM LY294002, and 510 

then treated with 60 nM sPRR-His for 36h. FN, p-AKT, T-AKT and Snail protein expression 511 

was analyzed by immunoblotting and densitometry analysis (A). RT-qPCR determination of 512 

FN and Snail mRNA levels (B). Immunofluorescence staining of FN and DAPI, Scale bars 513 

indicate 50μm (C). Statistical significance was determined by using unpaired Student’s t test. 514 

*P < 0.05 versus CTR; **P < 0.01 versus CTR; #P < 0.05 versus sPRR-His; ##P < 0.01 versus 515 

sPRR-His. 516 

 517 
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Fig. 7. β-catenin inhibitor ICG-001 reduced sPRR-His induce fibrosis in HK-2 cells. The cells 518 

were grown on 6-well plates until 80% confluence, pretreated with 10 μM ICG-001, and then 519 

treated with 60 nM sPRR-His for 36h. FN, p-AKT, T-AKT and Snail protein expression was 520 

analyzed by immunoblotting and densitometry analysis (A). RT-qPCR determination of FN 521 

and Snail mRNA levels (B). Immunofluorescence staining of FN and DAPI, Scale bars 522 

indicate 50μm (C). Statistical significance was determined by using unpaired Student’s t test. 523 

*P < 0.05 versus CTR; **P < 0.01 versus CTR; #P < 0.05 versus sPRR-His; ##P < 0.01 versus 524 

sPRR-His. 525 

 526 

Downloaded from journals.physiology.org/journal/ajprenal at Cornell Univ (132.174.252.179) on September 1, 2020.



D

fPRR

sPRR

GAPDH

CTR                             TGF-β

1.0±0.08                       0.98±0.03 

1.0±0.04                       1.91±0.10 **

28 kDa

36 kDa

39 kDa

A

220 kDa

B

1.0±0.08                       6.39±0.83 **

FN

C

Figure 1

CTR TGF-β

FN

DAPI

Merge

CTR TGF-βE

Downloaded from journals.physiology.org/journal/ajprenal at Cornell Univ (132.174.252.179) on September 1, 2020.



FN

1.0±0.02                2.65±0.34 *           1.62±0.07#             

GAPDH

CTR                     TGF-β            TGF-β+PF429242

Snail

1.0±0.08              1.91±0.21 ** 1.01±0.21##              

29 kDa

36 kDa

220 kDa

A

C

1.0±0.10                1.36±0.03 * 0.81±0.07##              

1.0±0.05                0.94±0.03 1.08±0.11

CTR                       TGF-β          TGF-β+PF429242

fPRR

sPRR

GAPDH

28 kDa

36 kDa

39 kDa

D

B

F

H
CTR TGF-β TGF-β+PF429242

G

Figure 2

FN

DAPI

Merge

CTR TGF-β TGF-β+PF429242
I

CTR                       TGF-β            TGF-β+PF429242

Histone-3

β-catenin

1.0±0.16                2.01±0.05** 0.93±0.03##             

92 kDa

15 kDa

Nuclei

GAPDH

β-catenin

1.0±0.14                  0.30±0.07* 0.61±0.01#              

92 kDa

37 kDa

Cytosol
CTR                     TGF-β             TGF-β+PF429242

CTR                     TGF-β               TGF-β +PF429242

GAPDH

T-AKT

p-AKT

1.0±0.04                   0.98±0.05   1.01±0.04

1.0±0.07                   2.16±0.03** 1.33±0.04# #

60 kDa

36 kDa

60 kDa

E

Downloaded from journals.physiology.org/journal/ajprenal at Cornell Univ (132.174.252.179) on September 1, 2020.



PF429242+

sPRR-His

TGF-β

CTR               vehicle            PF429242

GAPDH

Snail

1.0±0.11       2.70±0.18** 1.37±0.04# #    2.67±0.29 &&     

29 kDa

36 kDa

A

C

D

B

FN

1.0±0.09    2.06±0.36** 0.88±0.17# #      2.47±0.25&&     

220 kDa

PF429242+

sPRR-His

TGF-β

CTR           vehicle      PF429242

GAPDH

1.0±0.3      0.61±0.07   0.87±0.05 0.75±0.02

fPRR

sPRR

1.0±0.09     2.04±0.30** 0.98±0.11# #

28 kDa

36 kDa

39 kDa

Nuclei

Histone-3

β-catenin

1.0±0.05       1.69±0.06**      0.97±0.01##  1.18±0.06&

PF429242+

sPRR-His

TGF-β

CTR              vehicle           PF429242

92 kDa

15 kDa

Cytosol

GAPDH

β-catenin

1.0±0.11       0.57±0.07*       0.89±0.04# 0.77±0.01&

PF429242+

sPRR-His

TGF-β

CTR              vehicle           PF429242

92 kDa

37 kDa

G

F

Figure 3

FN

DAPI

Merge

CTR TGF-β TGF-β+PF429242 TGF-β+PF429242+sPRR-His
I

1.0±0.08    1.13±0.05  1.15±0.05 1.15±0.03

PF429242+

sPRR-His

TGF-β

CTR            vehicle         PF429242

GAPDH

T-AKT

p-AKT

1.0±0.11    1.96±0.14** 1.08±0.07# #   1.41±0.05&     

60 kDa

36 kDa

60 kDa

E

CTR TGF-β TGF-β+PF429242 TGF-β+PF429242+sPRR-HisH

1.0±0.08    1.13±0.05  1.15±0.05 1.15±0.03

29.8 kDasPRR-His

Downloaded from journals.physiology.org/journal/ajprenal at Cornell Univ (132.174.252.179) on September 1, 2020.



FN

GAPDH

CTR                          sPRR-His

1.0±0.09                      1.93±0.22**

220 kDa

36 kDa

1.0±0.09                      2.18±0.07*

1.0±0.06                     1.07±0.09   

1.0±0.01                     1.48±0.06**

T-AKT

Snail

p-AKT

29 kDa

60 kDa

60 kDa

B

D
CTR sPRR-His

A

Figure 4

E
CTR

FN

DAPI

Merge

sPRR-His

1.0±0.09                         1.72±0.09**

1.0±0.11                        1.75±0.05**

CTR                              sPRR-His

α-SMA

Collagen I

GAPDH

GAPDH

E-cadherin

1.0±0.18                         1.03±0.11       

135kDa

36kDa

36kDa

42kDa

139kDa

C

Downloaded from journals.physiology.org/journal/ajprenal at Cornell Univ (132.174.252.179) on September 1, 2020.



CTR                      sPRR-His             sPRR-His+Losartan

FN

fPRR

GAPDH

sPRR-His

1.0±0.19                   0.74±0.06                   0.87±0.05   

1.0±0.08 0.51±0.07#

1.0±0.08                   1.58±0.15* 0.96±0.13 #

36 kDa

39 kDa

29.8 kDa

220 kDa

1.0±0.07                   1.97±0.11** 0.95±0.18 #

1.0±0.12                   0.91±0.5 1.19±0.17

1.0±0.02                   1.52±0.11*     1.01±0.02 #

T-AKT

Snail

p-AKT

29 kDa

60 kDa

60 kDa

A

B

Figure 5

CTR

FN

DAPI

Merge

sPRR-His sPRR-His+Losartan
C

Downloaded from journals.physiology.org/journal/ajprenal at Cornell Univ (132.174.252.179) on September 1, 2020.



FN

T-AKT

Snail

GAPDH

CTR                      sPRR-His          sPRR-His+LY294002                                 

p-AKT 

1.0±0.08                   1.82±0.11**                0.82±0.01 ##

1.0±0.10                   0.91±0.02                  0.88±0.05

1.0±0.18                   2.66±0.14**                0.34±0.01 ##

1.0±0.10                   1.53±0.09*                 0.84±0.17 #

29 kDa

36 kDa

220 kDa

60 kDa

60 kDa

A B

Figure 6

CTR

FN

DAPI

Merge

sPRR-His sPRR-His+LY294002

C

Downloaded from journals.physiology.org/journal/ajprenal at Cornell Univ (132.174.252.179) on September 1, 2020.



CTR                      sPRR-His          sPRR-His+ICG-001  

FN

Snail

GAPDH

1.0±0.25                   2.70±0.12**                1.22±0.32# 

1.0±0.19                   2.10±0.13*                 0.42±0.03 ##

29 kDa

36 kDa

220 kDa

A B

Figure 7

CTR

FN

DAPI

Merge

sPRR-His sPRR-His+ICG-001

C

Downloaded from journals.physiology.org/journal/ajprenal at Cornell Univ (132.174.252.179) on September 1, 2020.



Soluble (pro)renin receptor promotes fibrotic response in renal 

proximal tubule epithelial cells in vitro via Akt/β-catenin/Snail 

signaling pathway

OUTCOMEMETHODS
A

CONCLUSION

1. sPRR contributes to TGF-β

induced fibrotic response in

HK-2 cells.

2. AT1R/AKT/β-catenin/Snail

signaling pathway is

responsible for the sPRR-His

induced fibrotic response in

HK-2 cells.

3. These findings suggest an

important role of sPRR in

promoting fibrotic response

and a potential therapeutic

target of chronic renal

disease.
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