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Purpose: Hyperuricemia is an independent risk factor for renal damage and can promote the

progression of chronic kidney disease (CKD). In the present study, we employ a rat model to

investigate the effects of rosiglitazone (RGTZ), a peroxisome proliferator-activated receptor-

gamma agonist, on the development of hyperuricemic nephropathy (HN), and we elucidate

the mechanisms involved.

Methods: An HN rat model was established by oral administration of a mixture of adenine

and potassium oxonate daily for 3 weeks. Twenty-four rats were divided into 4 groups: sham

treatment, sham treatment plus RGTZ, HN, and HN treated with RGTZ.

Results: Administration of RGTZ effectively preserved renal function, decreased urine

microalbumin, and inhibited interstitial fibrosis and macrophage infiltration in a rat HN

model. RGTZ treatment also inhibited TGF-β and NF-κB pathway activation, decreased

expression of fibronectin, collagen I, α-SMA, vimentin, MCP-1, RANTES, TNF-α, and IL-

1β, and increased E-cadherin expression in the kidneys of HN rats. Furthermore, RGTZ

treatment preserved expression of OAT1 and OAT3 in the kidney of HN rats.

Conclusion: RGTZ attenuates the progression of HN through inhibiting TGF-β signaling,

suppressing epithelial-to-mesenchymal transition, reducing inflammation, and lowering

serum uric acid levels by preserving expression of urate transporters.

Keywords: hyperuricemic nephropathy, peroxisome proliferator-activated receptor-gamma,

rosiglitazone, renal fibrosis, epithelial-to-mesenchymal transition, inflammation

Introduction
Hyperuricemia is an independent risk factor for renal damage and can promote the

progression of chronic kidney disease (CKD).1,2 Hyperuricemia is caused by

increased uric acid production and decreased renal excretion. Uric acid is formed

in the liver from dietary purines and endogenously synthesized purines. Uric acid is

translocated across the basolateral membrane from the bloodstream into proximal

tubular cells through organic anion transporters (OAT), including OAT1

(SLC22A6) and OAT3 (SLC22A8), and is then secreted into the tubular lumen.3

Decreased expression of OAT1 and OAT3 can lead to an accumulation of uric acid,

leading to hyperuricemic nephropathy (HN).

Mechanisms of renal injury induced by hyperuricemia remain poorly understood.

HN is characterized by uric acid kidney stones, glomerular hypertension, arteriolo-

sclerosis, and tubulointerstitial fibrosis, and can eventually lead to chronic renal failure.

Tubulointerstitial fibrosis plays an important role in the renal injury associated with
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HN, and excessive deposition of extracellular matrix (ECM)

in kidney tissue is a major feature of tubulointerstitial

fibrosis.4 Myofibroblasts are the primary cell type that

secretes collagen, and excessive collagen secretion leads to

ECMoveraccumulation and renal interstitial fibrosis. In renal

tissue, tubular epithelial-to-mesenchymal transition (EMT) is

a prominent source of myofibroblasts, and plays an important

role in renal fibrosis.5,6 EMTcan be induced by many factors,

including transforming growth factor β1 (TGF-β1) and uric

acid.7,8 Furthermore, uric acid can also induce inflammation

by activating the NF-κB pathway and inducing infiltration of

monocytes/macrophages and production of multiple cyto-

kines, such as interleukin-1β (IL-1β), tumor necrosis factor-

α (TNF-α), monocyte chemoattractant protein-1 (MCP-1),

and regulated on activation, normal T cell expressed and

secreted (RANTES).9,10

Peroxisome proliferator-activated receptor γ (PPAR-γ)
is a ligand-dependent transcription factor belonging to the

superfamily of nuclear hormone receptors, and is widely

expressed in renal tissues.11,12 In addition to its glucose-

lowering activity in diabetes, PPAR-γ activation also

exerts anti-inflammatory and antifibrotic effects in

a variety of other diseases.13–15 However, it remains

unclear whether activation of the PPAR-γ pathway is cap-

able of halting or slowing the progression of HN. In this

study, we investigated the effects of PPAR-γ activation by

RGTZ, a highly selective PPAR-γ agonist, on the devel-

opment of HN.

Materials and Methods
Antibodies and Reagents
Antibodies to PPAR-γ were purchased from Cell Signaling

Technology (Danvers, MA, USA). Antibodies to fibronec-

tin, p-NF-κB (p65), NF-κB (p65), and CD68 were pur-

chased from Abcam (Cambridge, MA, USA). Antibodies

to collagen I and α-smooth muscle actin (α-SMA) were

purchased from Affinity Biosciences (Cincinnati, OH,

USA). Antibodies to TGF-β1 were purchased from Santa

Cruz Biotechnology (Dallas, TX, USA). Antibodies to

Smad3 and p-Smad3 were purchased from Hangzhou

HuaAn Biotechnology Co., Ltd. (Hangzhou, China).

Antibodies to E-cadherin and vimentin were purchased

from Proteintech (Chicago, IL, USA). Antibodies to gly-

ceraldehyde 3-phosphate dehydrogenase (GAPDH) were

purchased from CWBIO (Beijing, China). RGTZ was pur-

chased from APExBIO Technology LLC (Houston, TX,

USA). Serum XOD kit was purchased from Jiancheng

Bioengineering Institute (Nanjing, China). MCP-1,

RANTES, TNF-α, and IL-1β ELISA kits were purchased

from CUSABIO Technology LLC (Wuhan, China).

Animals and Experimental Design
The animal experiments were approved by the Southern

Medical University Experimental Animal Ethics

Committee. All animal research was conducted in accor-

dance with the Guiding Opinions on the Treatment of

Laboratory Animals issued and the Laboratory Animal-

Guideline for Ethical Review of Animal Welfare issued

by the National Standard GB/T35892-2018 of the People’s

Republic of China. Male Sprague–Dawley (SD) rats of

specific pathogen free grade, weighing 200–220 g, were

purchased from the Experimental Animal Center of

Southern Medical University. The rats were housed under

standard conditions with controlled 12 h light/dark cycles,

temperature, and humidity, and had unrestrained activity

and free access to water and food. The rats were allowed 7

days to acclimate to the environment before experiments.

The HN rat model was established by oral administration

of a mixture of adenine (0.1 g/kg) and potassium oxonate

(1.5 g/kg) daily for 3 weeks, as we described previously.10

Twenty-four male rats were randomized into four treat-

ment groups: sham treatment, sham treatment plus RGTZ

(5 mg/kg/d, orally), HN, and HN treated with RGTZ

(5 mg/kg/d, orally). For oral administration, RGTZ was

dissolved in Carboxymethylcellulose sodium.

Functional Parameters
After three weeks, blood samples were taken to measure

serum creatinine, blood urea nitrogen, serum uric acid, and

other biochemical indices. In addition, 24 hours urine

samples were collected, and levels of urine microalbumin

and urine uric acid were measured.

Histology and Immunohistochemistry
Formalin-fixed kidneys were embedded in paraffin blocks

and sections 3 μm in thickness were prepared. Sections

were stained with hematoxylin–eosin (HE), Masson’s tri-

chrome, and periodic acid-Schiff (PAS) staining. Renal

tissue sections were transferred into a 10 mmol/L citrate

buffer solution adjusted to a pH of 6.0. The sections were

then treated in a microwave for 20 min for antigen retrie-

val. Afterwards, endogenous peroxidase activity was inac-

tivated by treatment with 3% hydrogen peroxide.

Thereafter, primary antibodies were added dropwise to

the renal tissue sections and sections were incubated at
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4°C overnight. Sections were then washed with PBS, and

incubated in secondary antibody for 30 min at room tem-

perature. The sections were again washed with PBS.

Subsequently, the sections were visualized with 3,3ʹ-

diaminobenzidine (DAB, Golden Bridge Biotechnology

Co., Beijing, China) and counterstained with hematoxylin.

Masson’s Trichrome-stained sections from each kidney

were graded for the presence of interstitial fibrosis accord-

ing to the following scale: 0, no evidence of interstitial

fibrosis; 1, <25% involvement; 2, 25 to 50% involvement

and 3, >50% involvement. The score of each kidney sam-

ple was carried out as the average of at least 10 random

high-power (×400) fields.16

Western Blotting Analysis
Total protein was extracted from renal tissue samples

using RIPA lysis Buffer. The protein concentrations of

the samples were measured using a Bicinchoninic Acid

(BCA) Protein Assay Kit (Beyotime, Shanghai, China).

Equal amounts of total protein were electrophoresed and

transferred to polyvinylidene difluoride (PVDF) mem-

branes (Millipore, Bedford, MA, USA). The membranes

were blocked with 5% BSA and incubated overnight with

primary antibodies at 4°C. Membranes were subsequently

incubated with corresponding secondary antibodies

(1:5000, CWBIO) for 60 min at room temperature.

Immunoreactive bands were detected using chemilumines-

cence detection reagents and the density of the immunor-

eactive bands was measured by a digital visualizer

(Eastman Kodak Company, USA). Data were analyzed

using ImageJ software version 1.46 (Wayne Rasband,

National Institutes of Health, USA). All experiments

were repeated three times.

RT-PCR
Total RNA was extracted from renal tissue using TRIzol

reagent (TaKaRa, Dalian, China). Total mRNAwas reversed

transcribed into cDNA using a Transcriptor First Strand

cDNA synthesis kit (TaKaRa). Quantitative real-time PCR

was performed using SYBR Green PCR master mix

(Applied Biosystems) on a BioRadiCycleriQ Detection

System. The primer sequences used were as follows: OAT1

forward 5ʹ-GAGCTGTACCCCACAGTGATT-3ʹ, reverse 5ʹ-

GAACTCTGCAGTCATACTC- ACC-3ʹ; OAT3 forward 5ʹ-

AGTCCTCGGAATAGCCAACC-3ʹ, reverse 5ʹ-TGTA-

CGAAGCGGAGACACTT-3ʹ; GAPDH forward 5ʹ-

CCTCGTCTCATAGACAAG- ATGGT-3ʹ, reverse 5ʹ-

GGGTAGAGTCATACTGGAACATG-3ʹ.

Assessment of Serum Xanthine Oxidase

Activity
Serum activity of xanthine oxidase (XOD) was examined

using a serum XOD kit according to the instructions pro-

vided by the manufacturer.

ELISA Analysis
Multiple renal cytokine levels were measured using appro-

priate ELISA kits according to the protocols provided by

the manufacturer (CUSABIO Technology LLC, Wuhan,

China).

Statistical Analysis
All data are presented as mean ± standard error of mean

(SEM) and were analyzed using SPSS 20 software.

Comparisons between groups were performed using one-

way ANOVA. A P-value of p < 0.05 was considered to be

statistically significant.

Results
RGTZ Induces PPAR-γ Activation in the

Kidneys of Hyperuricemic Rats
To investigate the role of PPAR-γ in the development and

progression of HN, we employed a rat model of HN. HN

rats were treated daily with 5 mg/kg RGTZ, a PPAR-γ
agonist. The expression of PPAR-γ was decreased in the

kidney of HN rats, and treatment with RGTZ significantly

increased PPAR-γ expression (Figure 1). This demon-

strated that RGTZ induces PPAR-γ expression in the kid-

neys of HN rats.

PPAR-γ Activation Improves Renal

Function and Alleviates Proteinuria and

Renal Damage in HN Rats
Levels of serum creatinine, blood urea nitrogen, and urine

microalbumin were significantly increased in the HN

group (Figure 2A–C). These results are consistent with

previous reports.10 Administration of RGTZ significantly

reduced serum creatinine, blood urea nitrogen, and urine

microalbumin levels in HN rats (Figure 2A–C).

Furthermore, no marked histological changes were

observed in the kidneys of sham treated rats who were

fed normal chow, and not feed containing a mixture of

adenine and potassium oxonate to induce HN (Figure 2D).

The main histological disorders observed in the kidney

sections from HN rats were severe glomerulosclerosis
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and tubulointerstitial damage with tubular atrophy, tubular

dilatation, and interstitial fibrosis (Figure 2D). These

lesions and tissue damage were noticeably reduced by

treatment with RGTZ. These data demonstrate that

PPAR-γ activation through RGTZ treatment exerts

a protective effect and attenuates renal damage in this

HN model.

PPAR-γ Activation Attenuates the

Progression of Renal Fibrosis in HN Rats
Renal interstitial fibrosis is characterized by massive accu-

mulation of ECM proteins in interstitial areas and is

a common pathological feature of all types of CKD,

including HN.10,17,18 We examined ECM protein deposi-

tion and expression to explore whether RGTZ alleviated

renal fibrogenesis in HN rats. Masson’s trichrome staining

showed that renal interstitial fibrosis was significantly

more obvious in the HN group compared with the sham

and RGTZ treatment groups (Figure 2D and E). Kidneys

from rats treated with RGTZ showed significantly

improved morphology, with less fibrosis observed in the

interstitium (Figure 2D and E). We next explored the

effect of RGTZ on collagen I and fibronectin expression

by Western blot and immunohistochemistry. Both collagen

I and fibronectin expression were increased in the kidneys

of HN rats, and administration of RGTZ significantly

reduced expression of collagen I and fibronectin (Figure

3). These data demonstrate that PPAR-γ activation attenu-

ates the progression of renal fibrosis and accumulation of

ECM proteins in the kidneys of HN rats.

PPAR-γ Activation Abrogates the TGF-β/
Smad3 Signaling Pathway in the Kidneys of

HN Rats
TGF-β/Smad3 signaling pathway plays a critical role in

renal fibrosis,7,19,20 but whether RGTZ inhibits uric acid–

induced activation of β/Smad3 signaling remains unclear.

We first investigated the effects of RGTZ on levels of

TGF-β1 in the kidneys of HN rats by Western blot. TGF-

β1 expression was upregulated in the kidneys of HN rats,

and treatment with RGTZ prevented the upregulation of

TGF-β1 protein (Figure 4A and B). Smad3 is the major

downstream mediator of TGF-β signaling and directly

binds to specific sites in promoter regions to mediate

transcription of fibrosis-associated genes, such as collagen

I.21 To further elucidate the effects of RGTZ on renal

TGF-β signaling in the HN model, we analyzed the

expression of phosphorylated Smad3 (p-Smad3) in kidney

Figure 1 RGTZ induces PPAR-γ activation in the kidneys of HN rats. (A) A rat model of HN was established by daily oral administration of a mixture of adenine and

potassium oxonate. In some rats, RGTZ was administrated. After 3 weeks, the kidneys were taken for immunoblot analysis for PPAR-γ or glyceraldehyde 3-phosphate

dehydrogenase (GAPDH). (B) Expression levels of PPAR-γ were calculated by densitometry, and the ratio between PPAR-γ and GAPDH was determined. (C)

Photomicrographs (original magnification, ×400) illustrate immunohistochemical PPAR-γ staining of kidney tissues. RGTZ, rosiglitazone. Data are represented as the

mean ± SEM. *p < 0.05 versus sham group; #p < 0.05 versus sham + RGTZ group. **p< 0.05 versus HN group.
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tissue from HN rats and HN rats treated with RGTZ.

Western blot analysis indicated that the expression of

p-Smad3 in the kidneys of HN rat was significantly

increased, and that treatment with RGTZ reduced the

upregulation of p-Smad3 expression in the HN model

(Figure 4C and D). Collectively, these results suggest

Figure 2 RGTZ improves renal function and alleviates proteinuria and renal damage in HN rats. Levels of (A) serum creatinine, (B) blood urea nitrogen (BUN), and (C)

urine microalbumin were examined using biochemical assays. (D) Photomicrographs illustrating hematoxylin–eosin (HE), Masson’s trichrome, and periodic acid-Schiff (PAS)

staining of kidney tissue from the different groups (original magnification ×200).(E) Interstitial fibrosis score of kidney tissue from the different groups. RGTZ, rosiglitazone.

Data are represented as the mean ± SEM. *p < 0.05 vs sham group; #p< 0.05 vs sham + RGTZ group. **p < 0.05 vs HN group.
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that PPAR-γ activation can inhibit TGF-β/Smad3 signaling

in HN.

PPAR-γ Activation Inhibits Renal Tubular

Epithelial-to-Mesenchymal Transition in

HN Rats
Renal tubular epithelial-to-mesenchymal transition (EMT)

is defined as the process during which renal tubular epithe-

lial cells lose their epithelial phenotype and acquire char-

acteristic mesenchymal features, which leads to the

secretion of ECM proteins.6 Renal tubular EMT plays an

important role in the pathogenesis of renal interstitial

fibrosis in all types of CKD, including HN.4,6,8 To inves-

tigate whether RGTZ inhibits renal tubular EMT in HN

rats, we examined expression of E-cadherin, α-SMA, and

vimentin in the kidneys of HN rats by Western blot and

immunohistochemistry. Western blot of renal tissue

showed that RGTZ treatment prevented decreases in

E-cadherin, and prevented increases in α-SMA and vimen-

tin expression induced by uric acid (Figure 5A–D).

Immunohistochemistry staining revealed that expression

of the epithelial marker E-cadherin was evident both in

the cell membranes and cytoplasm in normal rat kidneys

(Figure 5E), while kidneys of HN rats had reduced

E-cadherin expression at 3 weeks (Figure 5E).

Meanwhile, some tubules in kidneys of HN rats exhibited

de novo staining of α-SMA, a marker of mesenchymal

cells (Figure 5E). Treatment with RGTZ significantly

increased E-cadherin expression and decreased α-SMA

expression in kidney tissue of HN rats. These findings

suggest that renal tubular EMT occurs in the kidneys of

HN rats, and that PPAR-γ activation inhibits renal tubular

EMT in the kidneys of HN animals.

PPAR-γ Activation Inhibits NF-κB
Pathway Activation and Macrophage

Infiltration in the Kidneys of HN Rats
NF-κB is a transcription factor and regulator of many

genes, and is involved in the inflammatory response.22

NF-κB activation increases leukocyte infiltration and cyto-

kine and chemokine expression.23 Expression of p-NF-κB
(p65) was increased in the kidneys of HN rats, and this

increase was significantly downregulated by RGTZ

(Figure 6A and B). Inflammatory cell infiltration in the

renal interstitium is a common pathologic feature of CKD,

including HN.10,24,25 To assess whether RGTZ inhibited

macrophage infiltration in HN, CD68, which is a marker

of active macrophages, was examined by

Figure 3 RGTZ decreases fibronectin and collagen I expression in the kidneys of HN rats. (A) Kidney tissue lysates were subjected to immunoblot analysis with specific

antibodies against fibronectin, collagen I, or glyceraldehyde 3-phosphate dehydrogenase (GAPDH). (B) Expression levels of fibronectin were quantified by densitometry and

normalized to GAPDH. (C) Expression levels of collagen I were quantified by densitometry and normalized to GAPDH. (D) Photomicrographs (original magnification, ×400)

illustrate immunohistochemical fibronectin staining of the kidney tissues. RGTZ, rosiglitazone. Data are represented as the mean ± SEM. *p < 0.05 vs sham group; #p < 0.05

vs sham + RGTZ group. **p < 0.05 vs HN group.
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immunohistochemistry. The number of infiltrated macro-

phages was increased in the kidneys of HN rats, and was

significantly decreased by treatment with RGTZ (Figure

6C). These results show that PPAR-γ activation can inhibit

the NF-κB signaling pathway and macrophage infiltration

in the kidneys of HN rats.

PPAR-γ Activation Inhibits the Release of

Cytokines/Chemokines in the Kidney of

HN Rats
The production of proinflammatory cytokines/chemokines is

a key initiating step in renal fibrogenesis.26 Therefore, we

examined the expression of some proinflammatory cyto-

kines/chemokines, including MCP-1, RANTES, TNF-α, and
IL-1β, in the kidney by enzyme-linked immunosorbent assay

(ELISA). The results showed that the levels of thesemolecules

were significantly increased in the kidney of HN rats.

Administration of RGTZ to HN rats resulted in decreased

MCP-1, ICAM-1, TNF-α, and IL-1β levels (Figure 7). These

data demonstrate that PPAR-γ activation suppresses the

expression of proinflammatory cytokines/chemokines in the

HN rat model.

PPAR-γ Activation Decreases Serum Uric

Acid and Preserves Expression of Urate

Transporters Expression in the Kidneys of

HN Rats
After three weeks of daily feeding with a mixture of

adenine and potassium oxonate, serum uric acid levels

were significantly increased, and urinary uric acid levels

were significantly decreased (Figure 8A and B). RGTZ

treatment dramatically reduced serum uric acid levels

and increased urinary uric acid, which is consistent with

the inhibitory effects of RGTZ on renal dysfunction. Urate

transporters, including OAT1 and OAT3, promote uric acid

excretion and play a critical role in uric acid

homeostasis.27 Therefore, we assessed the effects of

RGTZ on expression of OAT1 and OAT3 in the kidneys

of HN rats. The expression of OAT1 and OAT3 were

significantly reduced in the kidneys of HN, and adminis-

tration of RGTZ partially rescued expression of OAT1 and

OAT3 (Figure 8C and D). Increased uric acid production is

also associated with hyperuricemia, and is commonly

associated with upregulation of serum XOD activity.

Figure 4 RGTZ abrogates TGF-β-Smad3 signaling in the kidneys of HN rats. (A) Kidney tissue lysates were subjected to immunoblot analysis with specific antibodies against TGF-

β1 or glyceraldehyde 3-phosphate dehydrogenase (GAPDH). (B) Expression levels of TGF-β1 were quantified by densitometry and normalized to GAPDH. (C) The kidney tissue

lysates were subjected to immunoblot analysis with specific antibodies against p-Smad3, Smad3, or GAPDH. (D) Expression levels of p- Smad3 were quantified by densitometry and

normalized to Smad3. RGTZ, rosiglitazone. Data are represented as the mean ± SEM. *p < 0.05 vs sham group; #p< 0.05 vs sham + RGTZ group. **p < 0.05 vs HN group.
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Therefore, we assessed the effects of RGTZ on serum

XOD activity in HN rats. The activity of serum XOD

was increased in the kidneys of HN rats, and RGTZ

administration was ineffective in reducing the increase in

activity of serum XOD in the HN model (Figure 8E).

These data demonstrated that PPAR-γ activation decreases

serum uric acid and promotes uric acid excretion through

preservation of OAT1 and OAT3 expression.

Discussion
In the present study, we investigated the effects of PPAR-γ

activation on the development and pathological mechan-

isms of HN. We demonstrated that treatment with RGTZ,

a highly selective PPAR-γ agonist, improves renal func-

tion, decreases urine microalbumin levels, and inhibits

interstitial fibrosis and macrophage infiltration in kidney

tissue in a rat model of HN. Additionally, we report that

Figure 5 RGTZ inhibits renal tubular epithelial-to-mesenchymal transition in the kidneys of HN rats. (A) Kidney tissue lysates were subjected to immunoblot analysis with specific

antibodies against E-cadherin, vimentin, α-SMA, or glyceraldehyde 3- phosphate dehydrogenase (GAPDH). (B) Expression levels of E-cadherin were quantified by densitometry and

normalized to GAPDH. (C) Expression levels of vimentin were quantified by densitometry and normalized to GAPDH. (D) Expression levels of α-SMA were quantified by

densitometry and normalized to GAPDH. (E) Photomicrographs (original magnification, ×400) illustrate immunohistochemical staining of E-cadherin and α-SMA in the kidney

tissues. RGTZ, rosiglitazone. Data are represented as the mean ± SEM. *p < 0.05 vs sham group; #p < 0.05 vs sham + RGTZ group. **p < 0.05 vs HN group.
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RGTZ treatment reduces TGF-β expression and NF-κB
pathway activation, decreases expression of fibronectin,

collagen I, α-SMA, vimentin, MCP-1, RANTES, TNF-α,
and IL-1β, and increases E-cadherin expression in the

kidneys of HN rats. Furthermore, we showed that RGTZ

treatment decreases serum uric acid and promotes renal

excretion of uric acid through preservation of OAT1 and

OAT3 expression.

Interstitial fibrosis is a reliable prognostic indicator and

a major determinant of renal insufficiency, and is the ultimate

pathological outcome of most kinds of CKD, including

HN.28 TGF-β has an central role in glomerulosclerosis and

interstitial fibrosis, and influences increased matrix protein

synthesis, suppression of matrix degradation, and changing

cell-cell interactions in various kidney diseases.18,29

Abnormal and excessive accumulation of ECM in glo-

meruli and in renal tubulointerstitial regions exacerbates the

seriousness of kidney injury, and are typical characteristics of

renal fibrosis.30,31 In a study by Choi et al, PPAR-γ activation
inhibits dimethylnitrosamine-induced hepatic fibrosis by

inhibiting the TGF-β1/Smad pathway.32 Jiang et al found

that PPAR-γ agonist treatment significantly attenuated renal

interstitial fibrosis by reducing the expression of TGF-β,
collagen IV, and fibronectin in kidneys in a rat model of

unilateral ureteral obstruction.33 In our study, we observed

enhanced TGF-β activation, diffuse interstitial fibrosis, and

increased expression of collagen I and fibronectin in kidneys

in a rat model of HN. Moreover, administration of RGTZ

dramatically suppressed TGF-β activation, alleviated inter-

stitial fibrosis, and decreased expression of collagen I and

fibronectin in renal tissue of HN rats.

Renal tubular EMT is a prominent source of fibroblasts

and an important event in the pathogenesis of renal interstitial

fibrosis in CKD.5,6 A report by Lee et al suggested that high

glucose-induced EMTwas ameliorated by the PPAR-γ agonist
troglitazone in a primary culture model of renal tubular epithe-

lial cells.34 PPAR-γ activation reduced renal fibrosis induced

by perfluorooctanesulfonate by regulating EMT.35 In our

study, we report that a significant reduction of E-cadherin

expression and an increase of α-SMA and vimentin expression

in the kidneys of HN rats. These findings suggested that renal

tubular EMT may participate in the progression of HN in rats.

Our study demonstrated that RGTZ can attenuate renal tubular

EMT in HN rats, evidenced by increased E-cadherin expres-

sion and decreased α-SMA and vimentin expression in kidney

tissue. The suppression of renal EMT may represent the

mechanism by which RGTZ attenuates renal fibrosis in HN.

Hyperuricemia has been shown to induce inflammatory

responses, leading to kidney injury.36,37 Activation of the

NF-κB pathway plays a crucial role in the hyperuricemia-

induced inflammatory response, and increases expression

of pro-inflammatory cytokines and chemokines.38,39 In

Figure 6 RGTZ mediates NF-κB pathway activation and inhibits macrophage infiltration in the kidneys of HN rats. (A) Kidney tissue lysates were subjected to immunoblot

analysis with specific antibodies against p-NF-κB (p65), NF-κB (p65), or glyceraldehyde 3-phosphate dehydrogenase (GAPDH). (B) Expression levels of p-NF- κB (p65) were

quantified by densitometry and normalized to NF-κB (p65). (C) Photomicrographs (original magnification, ×400) illustrate immunohistochemical staining for CD68 in kidney

tissue. RGTZ, rosiglitazone. Data are represented as the mean ± SEM. *p < 0.05 vs sham group; #p < 0.05 vs sham + RGTZ group. **p < 0.05vs. HN group.
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a study by Zhu et al, PPAR-γ activation induced an anti-

inflammatory effect by inhibiting the NF-κB pathway in

chronic asthma models.40 It has been also reported that

RGTZ suppresses LPS-mediated inflammatory responses,

indicating that PPAR-γ agonists may be effective protec-

tion against pulmonary inflammation in rats.41 Moreover,

our previous study in a chronic renal allograft dysfunction

model demonstrated that PPAR-γ agonists inhibit NF-κB
activation and infiltration of inflammatory cells into the

interstitium.42 In the present study, we showed that activa-

tion of PPAR-γ with RGTZ inhibits NF-κB activation,

macrophage infiltration, and reduces expression of MCP-

1, RANTES, TNF-α, and IL-1β induced by hyperuricemia.

These data suggest that inhibition of the inflammatory

response may be another mechanism by which RGTZ

attenuates the renal fibrosis and the development of HN.

Hyperuricemia is an independent risk factor for renal

damage and can exacerbate the progression of kidney

fibrosis and progressive CKD.1 Therapies that lower uric

acid may retard the progression of CKD.43,44 In the

present study, we found that RGTZ dramatically reduced

serum uric acid levels in HN rats, which was consistent

with the inhibitory effect of RGTZ on renal dysfunction.

Previous studies in patients with type 2 diabetes mellitus

demonstrated that RGTZ treatment decreases levels of

serum urate.45 However, the mechanism by which

RGTZ decreases serum uric acid levels remains unclear.

Serum uric acid levels are largely determined by uric

acid production and renal excretion. OAT1 and OAT3

are two primary organic anion transporters, that play

a critical role in the excretion of uric acid, and aberrant

expression of OAT1 and OAT3 causes excessive uric

acid accumulation leading to hyperuricemia.3 In the

present study, we demonstrate that expression of OAT1

and OAT3 is decreased in the kidney tissue of HN rats,

and we show that OAT1 and OAT3 expression is par-

tially restored by RGTZ treatment. We also examined

the effects of RGTZ on the activity of serum XOD,

Figure 7 RGTZ inhibits the release of cytokines/chemokines in the kidney of HN rats. Protein was extracted from kidney and subjected to ELISA. Protein expression levels

of (A) MCP-1, (B) RANTES, (C) TNF-α, and (D) IL-1β are indicated. RGTZ, rosiglitazone. Data are represented as the mean ± SEM. *p < 0.05 vs sham group; #p< 0.05 vs

sham + RGTZ group. **p < 0.05 vs HN group.

Wang et al Dovepress

submit your manuscript | www.dovepress.com

DovePress
Drug Design, Development and Therapy 2020:142230

http://www.dovepress.com
http://www.dovepress.com


a fundamental enzyme that promotes the production of

serum uric acid. Our data indicated that the activity of

serum XOD is significantly increased in HN rats.

However, RGTZ administration was ineffective in redu-

cing the activity of serum XOD in HN rats. These

results suggest that RGTZ decreases serum uric acid

and promotes uric acid excretion through preservation

of OAT1 and OAT3 expression, which may constitute

a mechanism by which RGTZ attenuates hyperuricemia-

associated renal injury.

In conclusion, our results demonstrate that RGTZ

attenuates the progression of HN in a rat model through

multiple mechanisms, including inhibition of TGF-β sig-

naling, inhibiting renal tubular EMT and inflammation,

and lowering serum uric acid levels by preserving expres-

sion of urate transporters.
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