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Abstract
Background: Hyperuricemia contributes to kidney injury, 
characterized by tubular injury with epithelial–mesenchymal 
transition (EMT). Wnt5a/Ror2 signaling drives EMT in 
many kidney pathologies. This study sought to evaluate the 
involvement of Wnt5a/Ror2 in hyperuricemia-induced EMT in 
kidney tubular injury.
Methods: A hyperuricemia model was performed in male 
Swiss background mice (3 months old, 30–40 g) with daily 
intraperitoneal injections of 125 mg/kg body weight (BW) of 
uric acid. The mice were terminated on day 7 (UA7, n=5) and 
on day 14 (UA14, n=5). Allopurinol groups (UAl7 and UAl14, 
each n=5) were added with oral 50 mg/kg BW of allopurinol 
treatment. The serum uric acid level was quantified, and tubular 
injury was assessed based on PAS staining. Reverse transcriptase-
PCR was done to quantify Wnt5a, Ror2, E-cadherin, and 
vimentin expressions. IHC staining was done for E-cadherin 
and collagen I. We used the Shapiro–Wilk for normality testing 
and one-way ANOVA for variance analysis with a P<0.05 as 
significance level using SPSS 22 software.
Results: The hyperuricemia groups had a higher uric acid 
level, which was associated with a higher tubular injury score. 
Meanwhile, the allopurinol groups had a significantly lower uric 
acid level and tubular injury than the uric acid groups. Reverse 
transcriptase-PCR revealed downregulation of the E-cadherin 
expression. While vimentin and collagen I expression are 
upregulated, which was associated with a higher Wnt5a 
expression. However, the allopurinol groups had reverse results. 
Immunostaining revealed a reduction in E-cadherin staining 
in the epithelial cells and collagen I positive staining in the 
epithelial cells and the interstitial areas.
Conclusion: Hyperuricemia induced tubular injury, which might 
have been mediated by EMT through the activation of Wnt5a.
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What’s Known

• Uric acid contributes to alterations in 
phenotype transition in kidney epithelial 
tubules.
• Activation of Wnt5a/Ror2 signaling is 
associated with epithelial–mesenchymal 
transition (EMT) in tubular epithelial cells 
during renal fibrosis..

What’s New

• Wnt5a/Ror2 contributes to EMT 
induced by hyperuricemia in mice.

Introduction

Hyperuricemia is characterized by the excessive production 
of uric acid and is associated with metabolic syndrome, heart 
disease, endothelial dysfunction, and kidney injury.1,2 The 
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Indonesian Renal Registry (IRR) (2011) showed 
that one of the causes of chronic kidney disease 
is uric acid nephropathy (2%). It occurs because 
of uric acid hypersaturation or hyperuricemia. 
The prevalence of hyperuricemia ranges from 
2.6% to 47.2%, which varies in each population 
and tends to increase. The hyperuricemia 
prevalence in Japan varied between 25% and 
30% in the adult male population and increased 
until a few years ago. A meta-analysis study 
reported that the prevalence of hyperuricemia 
was mostly higher in men than in women.3,4 
High levels of uric acid can induce inflammation, 
glomerular hypertension, and kidney diseases 
such as arteriosclerosis, glomerular injury, and 
tubulointerstitial fibrosis. The deposition of uric 
acid occurs in the tubules and interstitial area, 
especially on the outside of the renal medulla.5 
Uric acid induces the de novo expression of 
fibronectin in renal tubular epithelial cells through 
URAT1 and increases the regulation of lysyl 
oxidase. The interaction between lysyl oxidase 
and Snail induces fibrosis.6 The activation of 
the transcription factor Snail suppresses the 
phenotype of epithelial cells and induces the 
transition of epithelial cells into mesenchymal 
cells.7

The epithelial cells lose their polarity, 
undergo biochemical changes, and become 
mesenchymal cells. The polarization of 
epithelial cells that undergo biochemical 
changes and transition phenotype become 
mesenchymal cells through a process called 
“epithelial–mesenchymal transition” (EMT).8,9 
Epithelial to Mesenchymal Transition (EMT) is 
a transition process in which epithelial cells lost 
their polarity, undergo biochemical changes and 
become mesenchymal cells. EMT contributes to 
the pathogenesis of renal fibrosis and leads to 
an increase in myofibroblasts, thereby causing 
tubular atrophy. Recent evidence indicates 
that EMT is a process that is reversible so that 
the regulatory process EMT can be used as a 
potential target for preventing the progression 
of kidney tubulointerstitial fibrosis.10,11 According 
to this concept, tubular epithelial injury results 
in the progressive loss of E-cadherin, promotion 
of cytoskeletal reorganization, promotion of 
adhesion to mesenchymal cells, and alteration 
in the interaction between cell junction and 
extracellular matrix.12,13 Under the pathological 
condition, the expression of Wnt5a and Ror2 
is increased.14,15 Wnt5a belongs to the Wnt-
secreted glycoprotein family and acts as a ligand 
for receptor-mediated signaling pathways. 
Wnt5a signals primarily through the non-
canonical pathway. It can bind to the different 
classes of frizzled receptors, receptor tyrosine 

kinase-like orphan receptor 2, and co-receptors 
such as low-density lipoprotein receptor-related 
protein 5/6 (LRP 5/6).16 Ror2 is predominantly 
expressed by mesenchymal cells in tubules 
during fibrosis. This signaling undergoes 
activation through some stimuli from the 
environment including inflammation, cytokines, 
hypoxia, and extracellular matrix17 and then 
influences multiple responses. Wnt5a/Ror2 
is known for its important role in inducing cell 
migration via independent pathways. In the 
unilateral ureteral obstruction mice model, it 
has been shown that Wnt5a/Ror2 regulates the 
transition of epithelial cells into mesenchymal 
cells by activating the PCP pathway via 
JNK/c-Jun (AP-1), thereby inducing cell polarity, 
migration, and invasion. Nevertheless, this 
pathway is not fully understood as regards the 
induction of EMT type II.

Allopurinol is a xanthine oxidase inhibitor and 
is used in the treatment of gout. It prevents the 
progression of chronic kidney disease in patients 
with hyperuricemia and prevents kidney fibrosis 
by inhibiting the synthesis of uric acid. Decreasing 
the levels of uric acid by using allopurinol can 
ameliorate kidney injury by inducing changes 
in E-cadherin and α-SMA.18 To understand the 
involvement of Wnt5a/Ror2 signaling pathways 
in the animal model of hyperuricemia, we 
examined the effects of hyperuricemia induction 
with and without allopurinol treatment on Wnt5a/
Ror2 expression, kidney tubular injury, EMT, and 
collagen I expression in mice.

Materials and Methods

Hyperuricemia Model
Twenty-five adult male Swiss background 

mice (3 months old, 30–40 g) were obtained from 
the Animal Model Care Unit, Universitas Gadjah 
Mada. The number of the animals was decided 
using the Federer formula, and they were divided 
into 5 groups randomly. The hyperuricemia model 
was performed by daily intraperitoneal injections 
of 125 mg/kg of body weight (BW) of uric acid 
(Sigma-Aldrich, U25-26 25G) for 7 days (UA7 
group, n=5) and for 14 days (UA14 group, n=5). 
Hyperuricemia groups with allopurinol treatment 
were added by daily oral supplementations 
of allopurinol (50 mg/kg, Sigma-Aldrich, 
A8003-25G) for 7 days (UAl7 group, n=5) and 
14 days (UAl14 group, n=5). A control group 
of hyperuricemia (n=5) was a group with NaCl 
0.9% injection, and it was sacrificed 14 days 
following the injection. The mice were housed 
under 12 hours of the natural light-dark cycle 
and humidity of 50±5%. The animals were 
acclimatized for 1 week before treatment. The 
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mice were stable in a plastic cage, 50×30×15 cm 
in size, with each cage containing 2 mice. They 
were fed by using standard woof and water ad 
libitum. The animal experiment was conducted 
in accordance with the established guidelines 
for animal care of the Universitas Gadjah Mada. 
This research was granted a license from the 
Ethics Committee of the Medical Research and 
Health of Faculty of Medicine Universitas Gadjah 
Mada for research involving animals. This ethical 
clearance was recognized by the Forum for 
Ethical Review Committees in Asia and Western 
Pacific (FERCAP)19 based on a statement letter 
of ethical expediency (KE/FK/313/EC/2015, 
November 6, 2015).

Serum Uric Acid Level
Blood was collected from the retro-orbital vein 

under anesthesia at the end of the study. Then, 
we performed centrifugation at 10,000 rpm for 
10 minutes to make serum. The serum was 
analyzed for the uric acid level.

Histopathology Examination
The kidney paraffin blocks were cut in 4 μm of 

thickness for periodic acid-Schiff (PAS) staining 
to determine the tubular injury score. Tubular 
injury was examined under a light microscope 
(Olympus CX22®), and the image was captured 
using the OptiLab software in 400× magnification 
of 15 random areas. Image capturing was 
conducted in the corticomedullary junction area. 
The tubular injury score was calculated using 
semiquantitative appraisal based on the kidney’s 
histopathology condition. The appraisals were 
given 4 scores, from 0 to 4 (0=normal, 1=tubular 
injury <25% of random areas, 2=tubular injury 
involving 25%–50% of random areas, 3=tubular 
injury involving >51%–75% of random areas, 
and 4=tubular injury involving >75% of random 
areas).20 The criteria used in the appraisal were 
the atrophy and dilatation of the kidney tubules, 
the loss of the brush border in the proximal 
tubules, the accumulation of inflammatory cells 
in the interstitial area, and the intraluminal cast.

RNA Extraction, cDNA Synthesis, and Reverse 
Transcriptase-Polymerase Chain Reaction

Kidney tissue was extracted using Genezol 
RNA solution (GENEzol™, Cat. No. GZR100) 
based on the protocol from the manufacturer. 
The RNA concentration was quantified using a 
spectrophotometer. The RNA was synthesized 
into cDNA using 5×RT-buffer (Toyobo, Cat. 
No. TRT-101), random primer (TAKARA, Cat. 
No. 3801), deoxyribonucleotide triphosphate 
(dNTP) (Takara, Cat. No. 4030), and ReverTra 
Ace® (Toyobo, Cat. No. TRT-101), with PCR 

conditions of 30°C for 10 minutes (denaturation), 
42°C for 60 minutes (annealing), and 99°C for 
5 minutes (extension).

Reverse transcriptase-polymerase chain 
reaction (RT-PCR) was carried out to amplify 
the following specific cDNAs: Wnt5a (F: 
5’-TTGGCCACGTTTTTCTCC-3’ and R: 
5’-TGGCTGCAGAGAGGCTGT-3’3’)21 and Ror2 
(F: 5’-CCACTGGGGTTCTATATGTGCG-3’ and 
R: 5’-AAATAGTCCGGTTCCCAATGAAG-3’),22 
E-cadherin (F: 5’-CAGCCTTCTTTTCG 
GAAGACT-3’ and R: 5’-GGTAGACA 
GCTCCCTATGACTG-3’),23 vimentin (F: 
5’-CGGAAAGTGGAATCCTTGCA-3’ and R: 5’ 
-CACATCGATCTGGACATGCTG-3’),24 collagen 
I (F: 5’-ATGCCGCGACCTCAAGATG-3’ and R: 
5’-TGAGGCACAGACGGCTGAGTA-3’), and 
GAPDH (F: 5’-TGTGTCCGTCGTGGATCTGA-3’ 
and R: 5’-TTGCTGTTGAAGTCGCAGGAG-3’). 
PCR conditions were denaturation at 94 °C for 
10 seconds, annealing at 60 °C for 30 seconds, 
and extension at 72 °C for 1 minute. The final 
extension phase was ended at 72 °C for 
10 minutes.

RT-PCR was performed by mixing cDNA and 
Taq Master Mix (GoTaq®Green Master Mix, Cat. 
No. M7122). The PCR products were analyzed 
on 2% agarose gel along with a 100-bp DNA 
ladder (Bioron, Germany, Cat. No. 306009). 
The expression of the genes was quantified 
with a densitometry analysis using the ImageJ 
software. GAPDH expression was used to 
normalize the expression.

Immunohistochemical Staining of Collagen I 
and E-Cadherin

The paraffin slides were deparaffinized, 
heated in citrate buffer for 15 minutes, incubated 
in 3% H2O2 in PBS for endogenous peroxidase 
inhibition, and incubated in blocking solution 
(Biocare Medical, Cat No. STHRP700H). 
Thereafter, the slides were incubated with 
rabbit anti-E-cadherin antibody (Abcam, Cat. 
No. ab76319, 1:300 dilution) and Rabbit 
anti-collagen I (Abcam, Cat. No. ab34710, 1:300 
dilution) overnight in a humidity chamber at 
4°C. The sections were incubated with species-
specific secondary antibodies for 1 hour at room 
temperature. The avidin-biotinylated complex–
horseradish peroxidase technique (Biocare 
Medical, Cat No. STHRP700H) was employed 
to complete the detection of antigens.

Statistical Analysis
The data were analyzed using SPSS 22 

software for Windows. The data normality test 
was conducted using the Shapiro–Wilk and 
one-way ANOVA for normal data distribution 
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and the Kruskal–Wallis test for abnormal data 
distribution. The significance level was set at a 
P<0.05.

Results

Serum Uric Acid Level
There was a significant difference in the 

serum uric acid level between the groups 
(P<0.001). Uric acid treatment resulted in a 
rise in the serum uric acid level in the UA7 
group (3.9 mg/dL [3.28±4.5]; P=0.009) and the 
UA14 group (3.03 mg/dL [2.04±3.93]; P=0.009) 
compared to the control group. Nonetheless, 
the groups with allopurinol treatment (i.e. UAl7 
[P=0.009] and UAl14 [P=0.009]) had lower 
serum uric acid levels than the uric acid treatment 
groups (figure 1).

Tubular Injury Scores
The UA14 group developed tubular injury, 

which was characterized by tubular atrophy 
and dilatation, brush border loss in the proximal 
tubules, and accumulation of inflammatory cells 
in the interstitial area and the intraluminal cast. 
The quantification of the tubular injury score 
based on PAS staining revealed that uric acid 
treatment increased tubular injury in the UA7 
group (2.74±0.31; P=0.008) and the UA14 group 
(3.52±0.06; P=0.008) compared to the control 
group (0.15±0.21). Meanwhile, allopurinol 
treatment ameliorated tubular injury compared 
to the uric acid groups. The allopurinol-treated 
groups showed amelioration of the tubular 
injury (UAl7 vs. UA7 [2.07±0.13 vs. 2.74±0.31; 
P=0.009] and UAl14 vs. UA14 [2.48±0.03 vs. 

3.52±0.06; P=0.008]) (figure 1). Our results 
suggested that time-dependent of uric acid 
treatment induced significant tubular injury in the 
kidney.

Epithelial–Mesenchymal Transition Gene 
Expressions

The RT-PCR analyses demonstrated a 
reduction in E-cadherin expression as an 
epithelial marker in the UA7 group (0.91±0.28; 
P=0.003) and the UA14 group (0.93±0.18; 
P=0.004) compared to the control group 
(1.57±0.35), while E-cadherin expression in 
the UAl7 group (1.24±0.21; P=0.110) and the 
UAl14 group (1.30±0.36; P=0.073) was higher 
than that in the uric acid treatment groups. At 
the same time, vimentin gene expression in the 
UA7 group (1.13±0.17; P=0.025) and the UA14 
group (1.36±0.13; P<0.001) was higher than 
that in the control group (0.84±0.20). Allopurinol 
induced amelioration in the expression of 
mRNA and protein E-cadherin. Nevertheless, 
the expression of vimentin in the UAl7 group 
(0.97±0.18; P=0.211) and the UAl14 group 
(0.77±0.24; P<0.001) was lower than that in the 
uric acid treatment groups.

Wnt5a/Ror2 and Collagen I Expressions
Using RT-PCR, we investigated whether 

Wnt5a/Ror2 contributed to EMT-induced uric 
acid. Wnt5a gene expression in the UA7 group 
(1.32±0.32; P=0.016) and the UA14 group 
(1.80±0.52; P=0.009) was higher than that in the 
control group (0.73±0.13). Allopurinol treatment 
ameliorated Wnt5a gene expression in both 
the UAl7 group (0.93±0.19; P=0.076) and the 

Figure 1: A. Serum uric acid level. B-C. Tubular injury score quantification and representative picture of tubular injury based on 
periodic acid-Schiff (PAS) staining in 400× magnification. Black arrows show the brush border. Asterisk shows tubular injury with 
tubular dilatation and intraluminal cast. White arrows show the infiltration of the inflammatory cells. Bar=100 µm.
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UAl14 group (0.97±0.32; P=0.754). Ror2 gene 
expression in the UA7 group (1.29±0.26) and the 
UA14 group (1.42±0.28) was higher than that in 
the control group (0.99±0.12). Nonetheless, Ror2 
gene expression in the UAl7 group (1.11±0.08) 
and the UAl14 group (0.96±0.11) was lower than 
that in the uric acid treatment groups (figure 2). 
We found that both uric acid groups had higher 
Wnt5a and Ror2 gene expressions than the 
control group. After allopurinol treatment, there 
was a reduction in Wnt5a and Ror2 gene 
expression (figure 2). We also showed a higher 
expression of collagen I based on RT-PCR 
and immunostaining. There was a significant 
difference in terms of mRNA collagen I between 
the groups (P=0.013). The epithelial cells of 
the tubules and interstitial areas were positive 
for the staining of collagen I. Collagen I mRNA 
expression was higher in the uric acid groups 
(i.e., the UA7 group [2.72±0.61; P=0.190] and 
the UA14 group [3.71±0.58; P=0.001]) than 
that in the control group (2.15±0.81), while the 
groups treated with allopurinol (i.e., the UAl7 
group [2.57±0.53; P=0.723] and the UAl14 group 
[2.36±0.33; P=0.004]) had a lower expression of 
collagen I than the uric acid treatment groups. 
The treatment of allopurinol ameliorated 
interstitial collagen I at the end of the study 
(figure 3).

Discussion

In the present study, high levels of serum 
uric acid were inducted in the UA7 and UA14 
groups by intraperitoneal injections of uric acid 
(figure 1). The serum uric acid level of the UA7 

group was higher than that of the UA14 group. 
We posit that beyond 7 days, the diminution 
of the serum uric acid level was followed by 
an increase in urate clearance, which was 
mediated by urate-binding protein or a change 
in the renal tubular transporter of uric acid.25 
This finding is supported by a study by Ryu 
et al. (2013),26 who showed that the group 
receiving uric acid treatment with allopurinol 
had a lower serum uric acid level than the 
group receiving uric acid treatment without 
allopurinol. In addition, the authors reported 
that high tubular injury in hyperuricemia was 
mediated by URAT1 through a rise in uric acid 
reabsorption in the proximal tubules. Uric acid 
induces the depletion of basal intracellular 
ATP in endothelial vascular cells. High levels 
of uric acid induce mitochondrial dysfunction 
via calcium overload, resulting in an increment 
in the potential membrane of mitochondria 
and leading to an excess generation of 
reactive oxygen species. This phenomenon is 
associated with a decrease in ATP synthesized 
through oxidative phosphorylation. The ATP 
depletion induces the diminution of renal 
epithelial cells and increase of paracellular 
permeability.27 The depletion of ATP has an 
important role in controlling cells and cell 
matrix adhesion, resulting in the withdrawal 
of E-cadherin from the membrane of tubular 
cells.28,29 This process leads to the loss of the 
functional integrity of the tight junction30 and 
the loss of cell polarity.31

In the current study, kidneys from mice treated 
with uric acid showed significant pathological 
changes on PAS staining. These changes 

Figure 2: A. Representative picture of the reverse transcriptase-polymerase chain reaction (RT-PCR) analyses of Wnt5a and 
Ror2 expression. B-C. Quantitative analyses of Wnt5a and Ror2 mRNA expression based on RT-PCR.
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were marked with the loss of the brush border 
in the proximal tubules, accumulation of the 
intraluminal cast, infiltration of the inflammatory 
cells, and dilatation and atrophy of the tubules. 
The tubular injury score was increased in the uric 
acid treatment groups by comparison with the 
control group, whereas there was a significant 
reduction in tubular injury in the groups receiving 
uric acid treatment with allopurinol. Uric acid 
per se induced a high score of tubular injury 
via the urate transporter. URAT1 is one of the 
transporters located in the apical membrane 
of the renal proximal tubular epithelial cells. It 
provides microenvironment balance in the renal 
epithelial cells by transporting urate in exchange 
for organic anion.2 We posit that high tubular 
injury in hyperuricemia was mediated by URAT1 
through increasing uric acid reabsorption in the 
proximal tubules. The upregulation of URAT1 
probably increases the quantity of uric acid in 
the proximal kidney tubules and induces tubular 
dysfunction.32

The loss of E-cadherin from the membrane 
cells will induce the EMT process. E-cadherin 
is a cell adhesion molecule at the contact area 
of epithelial cells. E-cadherin expression is 
decreased in organ fibrosis and metastasis. Our 
results demonstrated that the uric acid treatment 
groups had a significantly lower expression of 
E-cadherin than the control group (figure 4). 
Uric acid is thought to contribute to alterations in 
phenotype transition in kidney epithelial tubules. 
E-cadherin expression was ameliorated in uric 
acid in the allopurinol treatment group in the 
proximal tubules. We suggest that allopurinol 
might inhibit the EMT process and thus decrease 

kidney tubular injury. Reduction in E-cadherin 
expression indicates phenotype transition from 
epithelial cells into mesenchymal cells in kidney 
tubules.26 Uric acid-induced kidney tubular 
epithelial cells lose their apical polarity, become 
elongated, and migrate to the interstitial tissue 
via destructed tubular basement membrane, 
leading to the development of tubulointerstitial 
fibrosis.33

The EMT process occurs with excessive 
gene and protein expression of mesenchymal 
cells.34 Hyperuricemia not only signifi cantly 
reduces E-cadherin mRNA levels but also 
simultaneously increases the expression of 
αSMA and vimentin.26 Vimentin is an intermediate 
filament type III expressed by mesenchymal 
cells. We confirmed also that uric acid treatment 
induced EMT by increasing vimentin expression 
(figure 4). In addition, allopurinol treatment was 
able to ameliorate tubular injury and the mRNA 
level of vimentin. Other kidney injury models 
such as unilateral ureteral obstruction show the 
alteration of vimentin and E-cadherin, regulated 
by Snail in a time-dependent manner during 
the EMT process.35 Therefore, uric acid might 
induce the upregulation of vimentin and thus 
lead to EMT.

Uric acid is a well-known pro-inflammatory 
factor. Inflammation is a critical mechanism in the 
process of kidney injury.32 The induction of Wnt5a 
expression is inflammatory-dependent. Wnt5a 
is a macrophage effector molecule that acts 
as a pro-inflammatory factor in macrophages, 
inducing inflammation.16,36 In this investigation, 
we found that there was an increase in Wnt5a 
mRNA expression in the hyperuricemia models 

Figure 3: A-B. Representative result of collagen I mRNA expression based on reverse transcriptase-polymerase chain reaction 
(RT-PCR) analyses. C. Immunohistochemical (IHC) staining of collagen I. Arrows show collagen I positive staining in the tubules 
and interstitial areas. Bar=100 µm.
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(figure 2). The hyperuricemia activated Ror2 
expression and induced diverse Wnt5a signaling 
pathways. Ror2 is one of the functional receptors 
of Wnt5a and is expressed by macrophages 
and epithelial cells that acquire mesenchymal 
characteristics.16,35,36 The increase in Wnt5a and 
Ror2 expression was more evident in the UA14 
group. After the treatment with allopurinol, the 
expression of Wnt5a and Ror2 were decreased. 
Prolonged uric acid exposure causes an 
increase in the inflammatory response and an 
increase in the mRNA expression of Wnt5a and 
Ror2, followed by alteration in EMT mRNA gene 
expression and fibrosis.37 In a study, Ror2 was 
expressed by myofibroblasts in the interstitium 
adjacent to the tubular epithelium in the kidney 
fibrosis model; the cells expressed not only Ror2 
but also αSMA.35 That study also suggested that 
in pathology condition, the gene that contributed 
to kidney development would be reversed. In 
embryo development, Wnt5a plays an important 
role in the development of the kidney. Together 
with Ror2, it is normally expressed in the 
posterior end of the intermediate mesenchyme 
and regulates the extension of the intermediate 
mesenchyme.38 We suggest that the Wnt5a/Ror2 
signaling pathway activates planar cell polarity 
during EMT.39,40

Hyperuricemia condition is involved in the 
regulation and generation of myofibroblasts, 
which synthesize the extracellular matrix like 
collagen I, III, and IV as well as fibronectin.6,35 
Collagen I is a component of the extracellular 
matrix and is known to be important in cytoskeletal 
reorganization and motility. Prolonged uric acid 
treatment induces the upregulation of collagen 
I expression in the kidney. After treatment 
with uric acid for 14 days, the expression of 

mRNA and protein collagen I became evident 
at the interstitial area before the development 
of fibrosis. The main source of the increase 
in collagen I is synthesized by myofibroblast 
during the EMT process.41 The upregulation 
of the extracellular matrix fibronectin through 
the URAT1 transporter in tubular cells induces 
tubular injury in NRK-52E cells.32

Conclusion

In summary, our findings suggested that Wnt5a/
Ror2 was involved in the hyperuricemia-induced 
EMT process through tubular injury. Our 
studies have highlighted a need for elucidating 
the Wnt5a/Ror2 signaling pathway under the 
pathological condition of hyperuricemia in the 
kidney.
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