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Abstract. Urotensin II (UII) was first recognized for its constric-
tive and natriuretic properties in fish almost 40 years ago, and 
recent studies have suggested that it exerts pro-fibrotic effects in 
a number of cell lines. In this study, we aimed to evaluate the role 
of UII in extracellular matrix (ECM) synthesis and secretion in 
advanced glycation end product (AGE)-stimulated rat proximal 
tubular epithelial cells (NRK-52E cells). UII promoted the 
proliferation of the NRK-52E cells in a dose-dependent manner 
over a concentration range of 10-10-10-8 mol/l and this effect was 
partly inhibited by both nimodipine and EDTA. Furthermore, 
AGE-BSA promoted the mRNA and protein expression of UII, 
fibronectin (FN) and collagen IV (ColIV) in the NRK-52E 
cells in a dose- and time-dependent manner. In addition, 
UII promoted the mRNA expression and protein secretion 
of transforming growth factor (TGF)-β1, FN and Col IV by 
the NRK-52E cells. Our results suggest that UII promotes the 
proliferation of NRK-52E cells, an effect which is mediated by 
the influx of extracellular calcium ions. In addition, our data 
indicate that AGEs promote UII expression in NRK-52E cells, 
and that TGF-β1 signaling is a candidate pathway mediating 
the involvement of UII in renal fibrosis. Collectively, our data 
suggest that the UII-TGF-β1 signaling may be an important 
factor in tubulointerstitial nephropathy in diabetes.

Introduction

Urotensin II (UII), the most potent vasoconstrictor known, was 
first recognized for its constrictive and natriuretic properties 

in fish almost 40 years ago. The UII peptide was subsequently 
isolated from frog brain and, later, the prepro-UII cDNA was 
characterized in various mammals, including humans. In the 
central nervous system (CNS) of tetrapods, UII is expressed 
primarily in the motor neurons of the brainstem and spinal 
cord. The biological functions of UII are mediated through 
a G protein-coupled receptor, termed UT, that exhibits high 
sequence similarity with the somatostatin receptors. The UT 
gene is widely expressed in the CNS and in peripheral organs. 
Consistent with their broad distribution, UT and UII exert a 
broad range of behavioral effects and regulate endocrine, 
cardiovascular, kidney and immune functions (1,2).

Diabetic nephropathy (DN) is a severe microvascular 
complication commonly observed in patients with diabetes, and 
is also the leading cause of end-stage renal disease (ESRD). 
Tubulointerstitial nephropathy is closely associated with the 
impairment of renal function in the pathogenesis of diabetic 
nephropathy. Advanced glycation end products (AGEs) are 
formed by the Maillard process, a non-enzymatic reaction 
between ketones or aldehydes and the amino groups of proteins, 
lipids and nucleic acids, and are known to contribute to the aging 
of macromolecules. Under conditions of hyperglycemia and/or 
oxidative stress, this process begins with the conversion of 
reversible Schiff base adducts to more stable, covalently-bound 
Amadori rearrangement products. AGEs play important roles 
in the pathogenesis of diabetic nephropathy by upregulating the 
expression of cytokines in tubular epithelial cells and stimu-
lating the accumulation of extracellular matrix (ECM) (3,4). 
UII is a potent vasoconstrictor peptide, which promotes prolif-
eration and ECM synthesis, in both an autocrine and paracrine 
manner in renal epithelial cells (5,6). Elevated UII levels have 
been detected in the plasma of patients with diabetes (7). In addi-
tion, the UII and UT genes have been shown to be upregulated 
in both the aorta and kidneys of non-obese diabetic rats (8). 
Peaks in the renal expression levels of UII and UT have been 
observed in epithelial cells of the distal tubule, the proximal 
tubule and collecting tubule epithelial cells (9), suggesting that 
UII may be involved in the etiology of DN.

Transforming growth factor β1 (TGF-β1) is expressed 
primarily in the kidneys and has been shown to promote renal 
fibrosis (10,11). Dai et al (12) found that TGF-β1 modulated 
the pro-fibrogenic effects of UII in neonatal cardiac fibroblasts 
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via UT. However, the specific mechanisms through which 
UII promotes the synthesis of ECM by tubular epithelial cells 
remain unknown. This study aimed to determine the fibrotic 
effects of UII in cultured rat proximal renal tubular epithelial 
cells (NRK-52E cells) in the presence of AGEs, and to identify 
the signaling pathways involved in these effects.

Materials and methods

Preparation of AGE-bovine serum albumin (BSA). Briefly, BSA 
and glucose were dissolved in phosphate-buffered saline (PBS) 
at final concentrations of 0.5 mol/l of glucose and 10 mg/ml of 
BSA. The solution was sterilized by ultrafiltration, incubated at 
37˚C for 90 days, and finally dialyzed against PBS to remove 
free glucose. As a control, BSA was incubated in parallel without 
D-glucose. No endotoxin was detectable in these preparations. 
The levels of AGE-BSA and BSA were 15.1 and 4.3 arbitrary 
units detected by spectrofluorimetry [using a fluorescence 
photometer (INFINITE 200 PRO; Tecan Austria GmbH, Grödig, 
Austria)] with an excitation wavelength of 370 nm, an emission 
wavelength of 440 nm, and a split of 3 nm.

Cell culture and experimental design. Rat proximal tubular 
epithelial cells (NRK-52E cells) were purchased from the 
Stem Cell Bank, Chinese Academy of Sciences, Shanghai, 
China. The cells were resuspended in Dulbecco's modified 
Eagle's medium (DMEM) (Sigma-Aldrich, St. Louis, MO, 
USA) supplemented with 20% FBS and 100 IU/ml antibiotics. 
A suspension of NRK-52E cells was plated into tissue culture 
flasks and incubated at 37˚C in 5% CO2.

Effects of UII on the proliferation of NRK-52E cells. The cells 
were cultured for 48 h with various concentrations (10-10, 10-9, 
10-8 and 10-7 mol/l) of UII (Sigma-Aldrich). Nimodipine (Bayer, 
Leverkusen, Germany)-pre-treated cells were incubated with 
10-5 mol/l nimodipine for 5 min and then cultured with 10-8 mol/l 
UII for 48 h. The EDTA-treated cells were pre-treated with 
EDTA for 30 min and then cultured with 10-8 mol/l UII for 48 h. 
For the final 2 h of the culture period, 10-4 mol/l 5-bromodeoxy-
uridine (BrdU; Sigma-Aldrich) were added before the cells and 
the supernatant were collected. The cells in the control group 
were cultured for 48 h without being subjected to any treatment.

Effects of AGEs on the protein expression of UII in NRK-52E 
cells. The cells were cultured with AGE-BSA (100 mg/l) or 
BSA (control) and serum- free DMEM (blank control) for 48 h 
and then collected for western blot analysis.

Effects of AGEs on the UII mRNA expression and protein 
secretion of fibronectin (FN) and collagen (Col)IV in NRK-52E 
cells. To examine the effects of AGE-BSA at various concentra-
tions, the cells were cultured with 0, 25, 50, 100 and 200 mg/l 
AGE-BSA or BSA (control). The cells and supernatants were 
collected at 48 h post-treatment. In a separate time-course 
experiment, the cells were cultured with AGE-BSA at 100 mg/l 
or BSA (control). The cells and supernatant were collected at 0, 
2, 8, 16, 24 or 48 h post-treatment.

Effects of UII on the expression of TGF-β1, FN, and ColIV in 
NRK-52E cells. The cells were cultured with 10-8 mol/l UII for 

48 h. The urantide-pre-treated cells were pre-treated with uran-
tide (10-6 mol/l; Shanghai Huada Tianyuan Biology Co., Ltd., 
Shanghai, China) for 30 min and then cultured with 10-8 mol/l 
UII for 48 h. The anti-TGF-β1 antibody-pre-treated cells were 
pre-treated with anti-TGF-β1 antibody (10 µg/ml; monoclonal 
nouse; Cat no. MAB240, R&D Systems Inc., Minneapolis, 
MN, USA) for 30 min and then cultured with 10-8 mol/l UII for 
48 h. The cells and culture supernatants were collected. The 
cells in the control group were cultured for 48 h without any 
special treatment.

Flow cytometry. The cells were released with 0.25% trypsin, 
washed with PBS and fixed in 70% ethanol at 4˚C overnight.The 
cells were collected by centrifugation (1000 x g) and washed 
with PBS. The cells were resuspended in PBS. The cell concen-
tration was adjusted to 1.0x106 and RNaseA was added, at 37˚C 
in a  water bath for 30 min and then stained with propidium 
iodide at 4˚C for 30 min in the dark. The distribution of the cells 
was analyzed using Modfit LT 3.0 software (BD FACSCanto II 
Flow Cytometer, BD Biosciences, San Jose, CA, USA).

Enzyme-linked immunosorbent assay (ELISA). The medium 
was collected from the cultured NRK-52E cells with or without 
the treatments described above and centrifuged (1000 x g, 4˚C) 
immediately. The supernatant was then assayed using a 
BrdU ELISA kit (Sigma-Aldrich) or ELISA kits for FN and 
ColIV (R&D Systems Inc.) according to the manufacturer's 
instructions. The absorbance of the colored products was deter-
mined using a microplate reader (VERSA max, sn: BNR05706; 
Molecular Devices, Sunnyvale, CA, USA) set to 490 nm.

RT-PCR. Total RNA was extracted from the cultured NRK-52E 
cells using TRIzol reagent (Gibco Life Technologies, Carlsbad, 
CA, USA). Primers for UII, TGF-β1, FN, ColIV and glyceralde-
hyde-3-phosphate dehydrogenase (GAPDH) were designed and 
synthesized by Shanghai Biological Engineering (Shanghai, 
China). The sequences of these primers are presented in Table I.

Total RNA (0.5 µg) was amplified using the Titan™ One 
Tube RT-PCR kit (Boehringer-Mannheim, Shanghai, China). 
Twenty-five cycles of replication were used. The products 
were separated by agarose gel electrophoresis and visualized 
by ethidium bromide staining. Bands were digitized using a 
Tanon-1000 gel image system (Shanghai, China). The ratios 
of UII, TGF-β1, FN and ColIV band density to GAPDH band 
density in the various groups are presented.

Western blot analysis. The protein level of UII was analyzed 
by western blot analysis. Equal amounts of lysates were 
separated by sodium dodecyl sulfate-polyacrylamide 
gel electrophoresis (SDS-PAGE) and transferred onto 
Bio-Rad Trans-Blot nitrocellulose membranes (Bio-Rad 
Laboratories, Inc., Hercules, CA, USA). The membranes were 
incubated in blocking buffer (Tris-buffered saline containing 
0.1% polysorbate 20 and 5% non-fat dried milk) for 1 h at 
room temperature followed by incubation with the appropriate 
primary antibody (anti-UII; 1:1,000 dilution; polyclonal goat, 
Cat. no. sc-21096; Santa Cruz Biotechnology, Inc.; Santa 
Cruz, CA, USA) overnight at 4˚C with gentle shaking. The 
membranes were washed 3 times (15 min each) with washing 
buffer (Tris-buffered saline containing 0.1% polysorbate 20) 
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and incubated with goat anti-mouse secondary antibody 
(1:2,000 dilution; rabbit-anti-goat, Cat. no. sc-2031; Santa Cruz 
Biotechnology, Inc.) for 1 h at room temperature. After washing 
as described above, the protein of interest was detected using 
enhanced chemiluminescence reagents from Amresco (Solon, 
OH, USA). Protein expression levels are expressed as a ratio 
to GAPDH (polyclonal rabbit, Cat. no. 2118; Cell Signaling 
Technology, Danvers, MA, USA) levels. Protein bands were 
detected and analyzed with a gel imaging system.

Statistical analysis. All data were analyzed using the statistical 
software package SPSS 16.0 (SPSS Inc., Chicago, IL, USA) and 
are expressed as the means ± standard deviation. Comparisons 
were performed using one-way and two-way ANOVA. A 
P-value of <0.05 was considered to indicate a statistically 
significant difference.

Results

UII stimulates the proliferation of NRK-52E cells. The 
cell proliferation cycle includes 4 phases, the G1, S, G2 
and M phases; the S phase is the DNA synthesis phase and 
increased cell proliferation was indicated by an increase 
in the number of cells in the S phase. UII promoted the 

proliferation of the NRK-52E cells in a concentration-
dependent manner following treatment at 10-10 to 10-8 mol/l. 
Unexpectedly, treatment with UII at 10-7 mol/l failed to 
significantly increase cell proliferation relative to the 
controls (Table II and Fig. 1). The promoting effect of UII 
on cell proliferation was partially blocked by treatment with 
nimodipine and EDTA (Fig. 1 and Table III).

AGE-BSA upregulates the protein expression of UII in 
NRK-52E cells. The AGE-BSA-stimulated UII protein expres-
sion in NRK-52E cells was examined by western blot analysis. 
AGE-BSA upregulated UII protein expression in the NRK-52E 
cells compared with the blank control and BSA groups (Fig. 2).

AGE-BSA upregulates mRNA expression of UII in NRK-52E 
cells. AGE-BSA upregulated UII mRNA expression in the 
NRK-52E cells in a concentration-dependent manner, and the 
NRK-52E cells treated with 100 mg/l AGE-BSA exhibited a 
time-dependent increase in UII mRNA expression between 
2 and 48 h of treatment (Figs. 3 and 4).

AGE-BSA stimulates the secretion of FN and ColIV by 
NRK-52E cells. The concentrations of FN and ColIV in the 
supernatant of NRK-52E cells were increased following treat-

Table I. Upstream and downstream primers for UII, TGF-β1, FN, Col IV and GAPDH.

Primer Sequence Length (bp)

UII sense 5'-TGCCTGCTCTTCGTAGGACT-3' 242
UII antisense 5'-AGAGCCTTCCTCAAGCTT-3'
TGF-β1 sense 5'-CCAAGGAGACGGAATACAGG-3' 412
TGF-β1 antisense 5'-GTGTTGGTTGTAGAGGGCAAG-3'
FN sense 5'-CCTTTCTGAGCAGCAACC-3' 353
FN antisense 5'-AAGGACCACAGGAGCAGT-3'
Col IV sense 5'-CTTCGCCTCCAGGAACGA-3' 401
Col IV antisense 5'-TGGGCTTCTTGAACATCTCG-3'
GAPDH sense 5'-ACCACAGTCCATGCCATCAC-3' 450
GAPDH antisense 5'-TCCACCACCCTGTTGCTGTA-3'

UII, urotensin II; TGF-β1, transforming growth factor-β1; FN, fibronectin; Col IV, collagen IV; GAPDH, glyceraldehyde-3-phosphate dehydrogenase.

Table II. Effects of UII at various concentrations on the proliferation of NRK-52E cells.

Group n Value of A G1 Phase (%) S Phase (%) G2 Phase (%)

Control 6 0.556±0.039 56.46±2.88 20.46±4.44 23.56±3.75
10-10 mol/l 6 0.491±0.038a 49.63±3.06 26.96±3.35a 22.75±3.36
10-9 mol/l 6 0.281±0.037a 37.48±2.06 44.26±3.28a 18.12±1.82
10-8 mol/l 6 0.291±0.023a 34.03±1.92 48.12±2.22a 18.18±1.81
10-7 mol/l 6 0.524±0.035 63.33±2.46 20.85±2.21 16.81±2.46

The cells were cultured for 48 h with various concentrations of urotensin II (UII; 10-10, 10-9, 10-8, and 10-7 mol/l; Sigma-Aldrich). Subsequently, 
10-4 mol/l 5-bromodeoxyuridine (BrdU) (Sigma-Aldrich) were added for the last 2 h before the cells and the supernatant were collected. Cells in 
the control group were cultured for 48 h without any treatment. Flow cytometry was used to examine the distribution of the cells and the results 
were analyzed using Modfit LT 3.0 software. ELISA was used to assay the BrdU content (value of A) in the culture supernatants. Data are the 
means ± SD. aP<0.05 vs. control group.
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Figure 1. Effects of urotensin II (UII) at various concentrations on the cell cycle of NRK-52E cells. The cells were cultured for 48 h with various concentrations 
of UII (10-10, 10-9, 10-8, and 10-7 mol/l; Sigma-Aldrich). Nimodipine-pre-treated cells were incubated with 10-5 mol/l nimodipine for 5 min then cultured with 
10-8 mol/l UII for 48 h. EDTA-treated cells were treated with EDTA for 30 min and then cultured with 10-8 UII for 48 h. Finally 10-4 mol/l 5-bromodeoxyuri-
dine (BrdU; Sigma-Aldrich) were added for the last 2 h before the cells and the supernatant were collected. Cells in the control group were cultured for 48 h 
without any treatment. Flow cytometry shows the distribution of the cells, analyzed using Modfit LT 3.0 software. (A) control; (B) 10-10 mol/l UII; (C) 10-9 mol/l 
UII; (D) 10-8 mol/l UII; (E) 10-7 mol/l UII; (F) 10-8 mol/l UII + EDTA; (G) 10-8 mol/l UII + nimodipine.

Table III. Effects of nimodipine and EDTA on the proliferation of NRK-52E cells induced by UII.

Group n Value of A G1 Phase (%) S Phase (%) G2 Phase (%)

Control 6 0.556±0.039 56.46±2.88 20.46±4.44 23.56±3.75
10-8 mol/l UII 6 0.291±0.023a 34.03±1.92 48.12±2.22a 18.18±1.81
10-8 UII + Nim 6 0.466±0.037a,b 46.91±1.67 34.45±2.83a,b 17.91±1.44
10-8 UII + EDTA 6 0.451±0.035a,b 47.51±1.22 32.90±2.52a,b 19.40±2.15

The cells were cultured for 48 h with various concentrations of urotensin II (UII; 10-8 mol/l; Sigma-Aldrich). Nimodipine-pre-treated cells were 
incubated with 10-5 mol/l nimodipine for 5 min and then cultured with 10-8 mol/l UII for 48 h. EDTA-treated cells were treated with EDTA for 
30 min and then cultured with 10-8 mol/l UII for 48 h. Subsequently, 10-4 mol/l 5-bromodeoxyuridine (BrdU) (Sigma-Aldrich) were added for 
the last 2 h before the cells and the supernatant were collected. Cells in the control group were cultured for 48 h without any treatment. Flow 
cytometry shows the distribution of the cells, analyzed using Modfit LT 3.0 software. ELISA detection of the content of BrdU (value of A) in the 
supernatant culture solution. Data are the means ± SD. aP<0.05 vs. control group; bP<0.05 vs. 10-8 mol/l UII group. Nim, nimodipine.
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ment with AGE-BSA in a time- and concentration-dependent 
manner compared with the control (BSA-treated cells) (Fig. 5).

UII upregulates the mRNA expression and protein secretion of 
TGF-β1, FN and ColIV in NRK-52E cells. The NRK-52E cells 
treated with UII exhibited an increased protein and mRNA 
expression of TGF-β1, as well as a concomitant upregulation 
of mRNA expression and protein secretion of FN and ColIV. 
Urantide attenuated these effects, while anti-TGF-β1 anti-
body also inhibited the UII-stimulated secretion of FN and 
ColIV (Figs. 6-8).

Discussion

UII, a somatostatin-like vasoconstrictor peptide initially 
isolated from fish urophysis, has been identified in mammals, 
and in particular, in the nervous system, cardiovascular tissues 
and kidneys (13,14). Studies showing that UII promotes 
cell proliferation and ECM accumulation (15-18) have been 
confirmed in airway and vascular smooth muscle cells, renal 
epithelial cells and renal carcinoma cell lines (19-24).

Early in vitro studies suggested that UII was an auto-
crine and paracrine growth factor for renal epithelial cells, 

Figure 3. Advanced glycation end product (AGE)-bovine serum albumin (BSA) upregulates urotensin II (UII) mRNA expression in a concentration-dependent 
manner in NRK-52E cells. Cells were cultured with AGE-BSA at various concentrations (0, 25, 50, 100, 200 mg/l) or BSA (control). Cells were collected at 48 h after 
treatment. *P<0.05 vs. corresponding BSA control group; #P<0.05 vs. 0 mg/l group; n=6 (cultured cells were seeded in a 6-well culture plate; each group had 6 wells).

Figure 2. Advanced glycation end product (AGE)-bovine serum albumin (BSA) upregulates (urotensin II) UII protein expression in NRK-52E cells. Cells were 
cultured with AGE-BSA (100 mg/l) or BSA (control) and serum-free DMEM (blank control). Cells were collected at 48 h after treatment.*P<0.05 vs. BSA control 
group; #P<0.05 vs. blank group; n=6 (cultured cells were seeded in a 6-well culture plate; each group had 6 wells).

Figure 4. Advanced glycation end products (AGE)-bovine serum albumin (BSA) increases urotensin II (UII) mRNA expression in a time-dependent manner 
from 2 h to 48 h in NRK-52E cells. Cells were cultured with AGE-BSA at 100 mg/l or BSA (control). Cells were collected at 0, 2, 8, 16, 24 or 48 h after treatment. 
*P<0.05 vs. corresponding BSA control group; #P<0.05 vs. 0 h group; n=6 (cultured cells were seeded in a 6-well culture plate; each group had 6 wells).
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acting via a mechanism encompassing the activation of 
both the protein kinase C (PKC) and extracellular signal-
regulated kinase (ERK)1/2 pathways, as well as Ca2+ influx 
via voltage-dependent Ca2+ channels (25). The present study 
demonstrated that UII increased the percentage of cells in the 
S phase in cultures of NRK-52E cells at concentrations between 
10-10-10-8 mol/l. This promoting effect on proliferation was not 
observed with UII at a concentration of 10-7 mol/l, possibly 
reflecting the saturation of UT. The attenuation of the promoting 
effect of UII on proliferation by nimodipine and EDTA, which 

reduce the influx of extracellular calcium, confirmed that this 
action is mediated by the influx of extracellular calcium ions.

It has been shown that the proximal renal tubule reabsorbs 
large quantities of AGEs when blood AGE concentrations are 
elevated. AGEs can potentially alter the structure and function 
of the kidneys, leading to increased glomerular hyperfiltration, 
basement membrane thickness, glomerulosclerosis and/or 
tubulointerstitial fibrosis in diabetes. Moreover, several in vivo 
and in vitro studies have implicated TGF-β in AGE-induced 
renal damage in diabetes (26-28). EMC proteins, such as 

Figure 5. Advanced glycation end products (AGE)-bovine serum albumin (BSA) stimulates (A and B) fibronectin (FN) and (C and D) collagen IV (Col IV) protein 
secretion in a (A and C) concentration and (B and D) time-dependent manner in NRK-52E cells. Cells were cultured with AGE-BSA at various concentrations (0, 
25, 50, 100, 200 mg/l) or BSA (control). Supernatants were collected at 48 h after treatment. Cells were cultured with AGE-BSA at 100 mg/l or BSA (control). 
Supernatants were collected at 0, 2, 8, 16, 24 or 48 h after treatment. *P<0.05 vs. corresponding BSA control group; #P<0.05 vs. 0 mg/l or 0 h group; n=6 (cultured 
cells were seeded in a 6-well culture plate; each group had 6 wells).

Figure 6. The urotensin II (UII) receptor antagonist, urantide, inhibits urotensin II (UII)-induced transforming growth factor (TGF)-β1 (A) mRNA expression 
and (B) protein secretion in NRK-52E cells. Cells were cultured with 10-8 mol/l urotensin II (UII) for 48 h. UII receptor antagonist (urantide)-pre-treated cells 
were treated with urantide (10-6 mol/l; Shanghai Huada Tianyuan Biology Co., Ltd.) for 30 min and then cultured with 10-8 mol/l UII for 48 h. Cells in the control 
group were cultured for 48 h without any specific treatment. *P<0.05 vs. control; #P<0.05 vs. UII group; n=6 (cultured cells were seeded in a 6-well culture plate; 
each group had 6 wells). 
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ColI, III, V and VII, and FN are normally distributed in the 
renal interstitium, while others such as laminin and ColIV are 
normally expressed in the basal membrane of the tubules. The 
expression of FN has been shown to be regulated by TGF-β, 
which is regarded as an early biomarker of fibrosis (29).

This study investigated the roles of UII in the AGE-induced 
overproduction of EMC in NRK-52E cells. UII has been 
shown to induce collagen synthesis and secretion through a 
mechanism involving the upregulation of TGF-β1 expression 
and secretion in rat aortic vascular smooth muscle cells (30), 
implying that TGF-β1/Smad2/3 signaling may mediate the 

effects of UII in vascular fibrosis. Previous data from our group 
demonstrated that the upregulation of TGF-β1 expression by 
UII and GPR14-targeted RNA interference decreased the 
UII-induced upregulation of TGF-β1 (31). The present study 
found that in NRK-52E cells, the inhibition of UII function 
attenuated the increases in TGF-β1, FN, and ColIV mRNA 
expression, and that an anti-TGF-β1 antibody attenuated the 
UII-induced increase in FN and ColIV protein secretion. 
At the same time, AGEs increased the protein and mRNA 
expression of UII, and increased the protein secretion of FN 
and ColIV.

Figure 7. The urotensin II (UII) receptor antagonist, urantide, inhibits UII-induced fibronectin (FN) and collagen IV (Col IV) mRNA expression in NRK-52E cells. 
Cells were cultured with 10-8 mol/l UII for 48 h. UII receptor antagonist (urantide)-pre-treated cells were treated with urantide (10-6 mol/l; Shanghai Huada 
Tianyuan Biology Co., Ltd.) for 30 min and then cultured with 10-8 mol/l UII for 48 h. Cells in the control group were cultured for 48 h without any specific 
treatment. *P<0.05 vs. control; #P<0.05 vs. UII group; n=6 (cultured cells were seeded in a 6-well culture plate; each group had 6 wells).

Figure 8. The urotensin II (UII) receptor antagonist, urantide, and a (transforming growth factor) TGF-β-specific neutralizing antibody inhibit UII-induced 
(A) fibronectin (FN) and (B) collagen IV (Col IV) secretion in NRK-52E cells. Cells were cultured with 10-8 mol/l UII for 48 h. UII receptor antagonist 
(urantide)-pre-treated cells were treated with urantide (10-6 mol/l; Shanghai Huada Tianyuan Biology Co., Ltd.) for 30 min and then cultured with 10-8 mol/l UII 
for 48 h. Anti-TGF-β1-pre-treated cells were treated with anti-TGF-β1 antibody (10 µg/ml; R&D Systems Inc.) for 30 min and then cultured with 10-8 mol/l UII 
for 48 h. Cells in the control group were cultured for 48 h without any specific treatment. *P<0.05 vs. control group; #P<0.05 vs. UII group; n=6 (cultured cells 
were seeded in a 6-well culture plate; each group had 6 wells).
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The findings of this study suggested that the AGE-induced 
upregulation of UII plays an important role in TGF-β1-mediated 
EMC synthesis, most likely through autocrine and/or para-
crine mechanisms, and implicated the UII–TGF-β1 signaling 
pathway in renal fibrosis. It can be reasonably speculated that 
such a mechanism contributes to tubulointerstitial nephropathy 
in diabetes patients. That said, it remains unclear as to whether 
renal fibrosis is caused by the hyperglycemia-induced overpro-
duction of EMC components, or whether TGF-β1 is involved 
in the UII-induced phenotypic differentiation of renal tubular 
epithelial cells into myofibroblasts. Further studies are warranted 
in order to elucidate the underlying mechanisms.
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