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A B S T R A C T

Background: Chronic renal allograft dysfunction (CRAD) is the main condition affecting the long-term survival of
renal allografts. Rosiglitazone, which is a peroxisome proliferator-activated receptor-γ (PPAR-γ) agonist, has
been shown to exert antifibrotic and anti-inflammatory effects on some renal diseases. The present paper in-
vestigates the effect of rosiglitazone on CRAD using a murine model.
Methods: The CRAD group received classical orthotopic F344-Lewis kidney transplantation. The treatment group
was treated with rosiglitazone for 12weeks following renal transplantation. The control subjects were unine-
phrectomized F344 and Lewis rats. Twelve weeks after the operation, the rats were harvested for renal function,
histological, immunohistochemical and molecular biological analyses.
Results: Rosiglitazone treatment effectively decreased urine protein excretion and preserved renal function in
the CRAD rats. Administration of rosiglitazone also inhibited interstitial fibrosis and macrophage infiltration in
the CRAD rat kidneys. Furthermore, rosiglitazone treatment inhibited TGF-β and NF-κB pathway activation,
decreased collagen I, collagen IV, α-SMA, MCP-1, ICAM-1, TNF-α, and IL-1β expression, and increased E-cad-
herin expression in renal allograft tissues from the CRAD rats.
Conclusions: Rosiglitazone successfully attenuates the development of CRAD via inhibition of TGF-β signaling,
the renal tubular epithelial-to-mesenchymal transition (EMT), and inflammation.

1. Introduction

End-stage renal disease (ESRD) is a long-term, irreversible decline in
kidney function and an important global health issue [1]. Kidney
transplantation is the optimal therapeutic choice for patients with ESRD
as a result of its considerable improvement of the quality of life and
increased cost-effectiveness compared with those of dialysis [2,3]. Due
to improvements in transplant techniques and the application of new,
effective immunosuppressants, the 1-year survival rate of renal grafts
has increased to 90%; however, the long-term survival rate has not
significantly improved, and the 10-year survival rate remains< 65%
[4]. Consequently, the long-term survival rate remains a challenge in
clinical medicine. Chronic renal allograft dysfunction (CRAD) is the
leading condition affecting the long-term survival of renal allografts
[5]. The main clinical manifestations of CRAD are progressive dete-
rioration of renal allograft function accompanied by proteinuria, hy-
pertension, and progression to renal allograft failure that requires a
second kidney transplant or dialysis. The main pathogenic features of

CRAD are infiltration of mononuclear cells in the tubulointerstitium,
interstitial fibrosis, tubular atrophy, glomerulosclerosis, mesangial
matrix proliferation, and vascular intimal proliferation [6,7]. Currently,
definitive and effective methods for control of CRAD progression are
lacking. Thus, there remains a significant need to develop effective
treatments to improve long-term outcomes following kidney trans-
plantation.

Rosiglitazone, which is a commonly used antidiabetic agent, is an
agonist of peroxisome proliferator-activated receptor-γ (PPAR-γ), which
is widely expressed in renal tissues [8]. In addition to its glucose-low-
ering potency in diabetes, PPAR-γ activation also exerts antifibrotic and
anti-inflammatory effects on nondiabetic renal diseases [9]. However,
whether rosiglitazone mediates the development of CRAD is unknown.
The main objective of the present study is to investigate the effects of
rosiglitazone on the development of CRAD in rats.
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2. Objective

Here, we aimed to investigate the effect of rosiglitazone on CRAD
using a murine model.

3. Materials and methods

3.1. Animals

The animal experiments were approved by the Ethics Committee of
the Third Affiliated Hospital of Southern Medical University. Naive
male inbred rats weighing 150–220 g were purchased from the
Experimental Animal Center of China (Peking, China). Fisher (F334)
rats were used as donors, and Lewis (LEW) rats acted as graft recipients.
The rats were housed under standard conditions with controlled light/
dark cycles, temperature, and humidity and had unrestrained activity
and free access to water and food.

3.2. Surgery

Orthotopic renal transplantation was performed using a profes-
sional-quality surgical microscope and a previously described method
[7,10]. Briefly, rats were intraperitoneally anesthetized with a 3%
pentobarbital-sodium injection (0.1 mL/100 g body weight). The left
kidney of the donor F344 rat was isolated, removed, perfused with an
ice-cold isotonic sodium chloride solution, and transplanted orthoto-
pically into the host LEW rat, whose left renal vessels had been isolated
and clamped and native kidney had been excised. Then, the donor and
recipient renal artery, vein, and ureter were anastomosed end-to-end
with 10–0 nonabsorbable prolene sutures. The transplanted kidney
presented uniformly red after perfusion. No ureteral stent was used. The
right kidney of the recipient was removed on day 10, at which time the
transplanted kidney was assessed for surgical damage. Rats with any
overt signs of an unsuccessful operation were excluded.

3.3. Experimental design

The animals were allocated into the following four experimental
groups: (1) the F344 control group comprising uninephrectomized male
F334 rats (n=5), (2) the LEW control group comprising unine-
phrectomized male LEW rats (n=5), (3) the CRAD group comprising
male LEW rats that received an orthotopic left kidney transplant from
male F334 donors (n=5), and (4) the rosiglitazone group in which the
animals were treated with rosiglitazone (5mg/kg/d [11], Glax-
oSmithKline Pharma AG, London, UK) after renal transplantation
(n=5). All rats were administered low doses (1.5 mg/kg/day) of cy-
closporine A (Novartis Pharma AG, Basel, Switzerland) for the first
10 days and ceftriaxone sodium (1.5 mg/kg/d, Roche Pharma AG,
Basel, Switzerland) for the first 3 days after renal transplantation to
suppress acute rejection and infection, respectively. Animals were
harvested 12weeks after the operation, and then the transplanted and
intact kidneys from the F344 and LEW control groups were resected.

3.4. Functional parameters

At week 12, the rats were placed in metabolic cages, and 24-h urine
samples were collected. Then, the 24-h urinary protein output, urine
microalbumin/creatinine ratio and serum creatinine and serum urea
nitrogen levels were measured.

3.5. Histology and immunohistochemistry

Light microscopy was performed on 3-μm paraffin sections stained
with hematoxylin–eosin (HE), periodic acid-Schiff (PAS), and Masson's
trichrome. Renal interstitial fibrosis areas were quantified using Image-
Pro Plus software (Media-Cybernetics, Silver Spring, MD, USA). Renal
tubular atrophy was scored semiquantitatively on a scale from 0 to 3
according to the Banff 2015 criteria [12]. Ten randomly discontinuous
fields per section of each renal tissue sample were evaluated. Three-
micrometer sections of paraffin-embedded kidney tissues were trans-
ferred to a 10-mmol/L citrate buffer solution adjusted to a pH of 6.0.
Then, the sections were microwaved for 20min to retrieve antigens. A
3% hydrogen peroxide solution in methanol was applied for 20min to
block endogenous peroxidase activity. Thereafter, the kidney sections
were labeled with anti-collagen IV (1:500, ab19808, Abcam, Cam-
bridge, MA, USA), anti-TGF-β1 (1:15, sc-52,893, Santa Cruz Bio-
technology, Dallas, TX, USA), anti-E-cadherin (1:200, 20,874-1-AP,
Proteintech, Chicago, IL, USA), α-smooth muscle actin (α-SMA) (1:100,
AF1032, Affinity Biosciences, Cincinnati, OH, USA), anti-p-NF-κB (p65)
(1:500, ab86299, Abcam), or anti-CD68 (1:200, ab125212, Abcam)
antibodies overnight at 4 °C. After washing with PBS, the secondary
antibody was added to the sections, which were incubated for 30min at
37 °C; then, the sections were washed with PBS. The slides were stained
with 3,3′-diaminobenzidine (DAB, Golden Bridge Biotechnology Co.,
Beijing, China), counterstained with hematoxylin, dehydrated, cleared,
and mounted. Positive areas were visualized by yellow staining.

3.6. Western blotting analysis

Total proteins were extracted from renal tissues using a commercial
extraction kit. The protein concentrations of the samples were mea-
sured using the Bicinchoninic Acid (BCA) Protein Assay Kit (Beyotime,
Shanghai, China). Equivalent amounts of protein were electrophoresed
and transferred onto polyvinylidene difluoride (PVDF) membranes
(Millipore, Bedford, MA, USA). After blocking with 5% BSA, the
membranes were probed with the following primary antibodies over-
night at 4 °C: anti-collagen I (1:500, AF7001, Affinity Biosciences), anti-
collagen IV (1:1000, ab19808, Abcam), anti-TGF-β1 (1:1000, sc-
52,893, Santa Cruz Biotechnology), anti-smad3 (1:1000, R1510–24,
Hangzhou HuaAn Biotechnology Co., Ltd., Hangzhou, China), anti-p-
smad3 (1:1000, RT1568, Hangzhou HuaAn Biotechnology Co., Ltd.),
anti-E-cadherin (1:1000, 20,874-1-AP, Proteintech), anti-α-SMA
(1:1000, AF1032, Affinity Biosciences), anti-NF-κB (p65) (1:1000,
ab16502, Abcam), anti-p-NF-κB (1:1000, ab86299, Abcam), anti-MCP-1
(1:2000, ab25124, Abcam), anti-ICAM-1 (1:2000, 10,020–1-AP,
Proteintech), anti-TNF-α (1:1000, 60,291-1-Ig, Proteintech), anti-IL-1β
(1:500, A13268, ABclonal Biotechnology, Woburn, MA, USA), anti-
glyceraldehyde 3-phosphate dehydrogenase (GAPDH) (1:5000, CWBIO,

Table 1
Primers for selected genes.

Gene Forward primer Reverse primer

TGF-β1 5′-CTGACCCCCACTGATACGC-3′ 5′-CAGGTGTTGAGCCCTTTCC-3′
MCP-1 5′-CTGACCCCAATAAGGAATG-3′ 5′-TGAGGTGGTTGTGGAAAAGA-3′
ICAM-1 5′-CAAACGGGAGATGAATGGT-3′ 5′-TCTGGCGGTAATAGGTGTAAA-3′
TNF-α 5′-CTTCTCATTCCTGCTCGTGG-3′ 5′-TCCGCTTGGTGGTTTGCTA-3′
IL-1 5′-TTTGAGTCTGCACAGTTCCC-3′ 5′-AACTATGTCCCGACCATTGC-3′
GAPDH 5′-CCTCGTCTCATAGACAAGATGGT-3′ 5′-GGGTAGAGTCATACTGGAACATG-3′
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Beijing, China), mouse monoclonal anti-β-actin (1:5000, CWBIO), or
mouse monoclonal anti-β-tubulin (1:5000, Proteintech). After washing,
the membrane was subsequently incubated with corresponding sec-
ondary antibody (1:5000, CWBIO) for 60min at room temperature. The
immunoreactive bands were visualized using enhanced chemilumines-
cence signals captured using a digital visualizer (Eastman Kodak
Company, USA) and quantified using the ImageJ software version 1.46
(Wayne Rasband, National Institutes of Health, USA). All experiments
were repeated three times.

3.7. RT-PCR

Total RNA was extracted from whole kidney tissue samples with
TRIzol (TaKaRa, Dalian, China), and mRNAs were reversed transcribed
into cDNAs using the Transcriptor First Strand cDNA synthesis kit
(TaKaRa). The nucleotide sequences of all primers used in this study are
shown in Table 1.

3.8. Statistical analysis

All data are presented as means± standard deviations (SDs) and
were analyzed using the SPSS 20 software. Comparisons among groups
were performed using one-way ANOVA. p < .05 was considered sig-
nificant.

4. Results

4.1. Rosiglitazone prevents renal dysfunction and proteinuria in CRAD rats

The 24-h urinary protein output, urine microalbumin/creatinine
ratio and serum creatinine and serum urea nitrogen levels were sig-
nificantly increased in the CRAD group compared with the control
group levels (Fig. 1A-D). The results were consistent with those of
previous studies [6,7]. As shown in Fig. 1A-D, administration of ro-
siglitazone significantly reduced the 24-h urinary protein output, urine
microalbumin/creatinine ratio and serum creatinine and serum urea
nitrogen levels in the CRAD rats. Taken together, our data indicate that
rosiglitazone can improve renal function and reduce proteinuria in rats
with CRAD.

4.2. Rosiglitazone ameliorates renal histological damage in CRAD rats

As shown in Fig. 1E-G. No marked histological changes were ob-
served in the kidney sections from the F344 and LEW control rats. The
main histological disorders in the kidney sections from the CRAD rats
were limited interstitial fibrosis, tubular atrophy and mononuclear cell
infiltration. These lesions and tissue damage were strikingly reduced in
the rosiglitazone group. These pathological findings in the kidney
suggest that rosiglitazone exerts a protective effect in CRAD rats and
prevents renal histological damage.

4.3. Rosiglitazone attenuates the progression of renal fibrosis in CRAD rats

Renal interstitial fibrosis, which is characterized by excessive ECM
deposition, is the common pathological feature of all types of CKD,
including CRAD [13,14]. To examine whether rosiglitazone alleviated
renal fibrogenesis in CRAD rats, ECM protein deposition and expression
were examined in the kidneys of the CRAD rats. As shown in Fig. 1F-G,
Masson staining showed that renal interstitial fibrosis was significantly

more obvious in the CRAD group than in the control group. And ad-
ministration of rosiglitazone significantly improved the morphologic
lesions, with less fibrosis observed in the interstitium. We further ex-
amined collagen I and collagen IV expression by western blotting and
immunohistochemistry. The results indicated that collagen I and col-
lagen IV expression was increased in the kidney of the CRAD rats, and
administration of rosiglitazone significantly reduced their expression
(Fig. 2A-C). Therefore, our data show that rosiglitazone attenuates the
progression of renal fibrosis in CRAD rats.

4.4. Rosiglitazone abrogates the TGF-β/Smad3 signaling pathway in the
kidneys of CRAD rats

It is well documented that TGF-β signaling plays a critical role in
renal fibrosis [15], but whether rosiglitazone inhibits TGF-β signaling
in CRAD remains unclear. We first investigated the effect of rosiglita-
zone on TGF-β expression in the kidney of CRAD rats using western
blotting, immunohistochemistry, and RT-PCR. As shown in Fig. 2C-E,
TGF-β1 expression was increased in the kidney of CRAD rats and sup-
pressed by rosiglitazone treatment. Because Smad3 is the major
downstream mediator of TGF-β signaling and directly binds to specific
sites in promoter regions to regulate transcription of genes involved in
the fibrotic response, such as collagen I [16]. We next analyzed the
level of phosphorylated Smad3 (p-Smad3) in the kidney of each group
of rats. As shown in Fig. 2F, the level of p-Smad3 in the kidney of CRAD
rat was up-regulated and rosiglitazone administration significantly re-
duced its expression. Therefore, rosiglitazone can inhibit TGF-β/Smad3
signaling in CRAD.

4.5. Rosiglitazone inhibits the renal tubular epithelial-to-mesenchymal
transition in the kidney of CRAD rats

The renal tubular epithelial-to-mesenchymal transition (EMT) is
defined as the process during which renal tubular epithelial cells lose
their epithelial phenotype and the expression of junction markers, such
as E-cadherin, and acquire mesenchymal cell characteristics, such as an
increase in expression of α-SMA, which leads to secretion of ECM
proteins [17]. Increasing evidence has shown that the renal tubular
EMT plays a very important role in the pathogenesis of renal interstitial
fibrosis in CRAD [18,19]. To examine whether rosiglitazone inhibited
the renal tubular EMT, we investigated E-cadherin and α-SMA expres-
sion in the kidney of each group of rats by western blotting and im-
munohistochemistry. The results showed decreased E-cadherin expres-
sion in the CRAD rats, whereas rosiglitazone treatment increased E-
cadherin expression (Fig. 3A and B). In contrast, α-SMA expression was
significantly higher in the CRAD group than in the control group, and
rosiglitazone treatment reduced α-SMA expression (Fig. 3B and C).
Based on these findings, our data indicate that rosiglitazone inhibits the
renal tubular EMT in the kidney of CRAD rats.

4.6. Rosiglitazone mediates NF-κB pathway activation and inhibits
macrophage infiltration in the kidney of CRAD rats

NF-κB is a key transcription factor in inflammatory response, and its
activation increases leukocyte infiltration, inflammation, and cytokine,
chemokine, and adhesion molecule gene expression [20]. Expression of
phosphorylated NF-κB (p-NF-κB p65) was increased in the kidney of the
CRAD rats, and rosiglitazone significantly reduced its expression
(Fig. 4A). The total NF-κB (p65) expression level was not changed in the

Fig. 1. Rosiglitazone attenuates the progression of proteinuria, improves renal function, and ameliorates renal histological damage in CRAD rats. After 12 weeks, (A)
the urine microalbumin/creatinine ratio and (B) the 24-h urinary protein, (C) serum creatinine, and (D) blood urea nitrogen levels were measured. (E) The per-
centages of interstitial fibrosis and (F) tubular atrophy score in the different groups. (G) Photomicrographs illustrating hematoxylin–eosin (HE), periodic acid-Schiff
(PAS), and Masson's trichrome staining of kidney tissue from the different groups (original magnification ×200).Data are represented as means± standard de-
viations (SDs). *p < .05 versus F344 control group; #p < .05 versus LEW control group. **p < .05 versus CRAD group.
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Fig. 2. Rosiglitazone decreases collagen I and collagen IV expression, and inhibits the TGF-β/Smad3 signaling pathway in the kidney of CRAD rats. The kidneys were
collected for immunoblotting analysis of (A) collagen I, (B) collagen IV, (D) TGF-β1, (F) Smad3, and p-Smad3. (C) Photomicrographs illustrating collagen IV and TGF-
β1immunochemistry staining of kidney tissue from the different groups (original magnification ×400). (E) TGF-β1 mRNA expression in renal tissue from the
different groups (normalized to GAPDH). Data are represented as means± standard deviations (SDs). *p < .05 versus F344 control group; #p < .05 versus LEW
control group. **p < .05 versus CRAD group.
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kidney from each group of rats (Fig. 4A). Furthermore, the CRAD rats
exhibited a marked increase in positive p-NF-κB (p65) staining in the
nuclei of renal tubular cells compared with the cells from the control
rats. Nuclear staining of renal tubular cells was significantly reduced in
the rosiglitazone-treated group compared with that in the CRAD group
(Fig. 4B).

Inflammatory cell infiltration in the renal interstitium is a common
pathologic feature of almost all kinds of CKD, including CRAD [21,22].
Increasing evidence shows that infiltration of mononuclear cells, par-
ticularly macrophages, contributes to the development of interstitial
fibrosis and poor outcomes of renal transplantation in humans and
animal models [23–27]. To assess whether rosiglitazone inhibited
macrophage infiltration in CRAD, CD68, which is a marker of active
macrophages, was examined in the kidney of each group of rats using
immunohistochemistry. An increased number of macrophages was
found in the kidney of the CRAD rats, and rosiglitazone treatment
significantly inhibited their infiltration (Fig. 4B).

Taken together, our data illustrate that rosiglitazone can mediate
the NF-κB signaling pathway and inhibit macrophage infiltration in the
renal interstitium in rats with CRAD.

4.7. Rosiglitazone inhibits the release of cytokines/chemokines in the kidney
of CRAD rats

It has been proved that proinflammatory cytokines/chemokines are
essential for the development of CRAD [28–31]. Thus, we examined the
expression of some proinflammatory cytokines/chemokines, including
MCP-1, ICAM-1, TNF-α, and IL-1β, in the kidney by western blotting

and RT-PCR. The results showed that these levels were significantly
increased in the CRAD group compared with the F344 and LEW control
group levels. Administration of rosiglitazone to the CRAD rats resulted
in decreased MCP-1, ICAM-1, TNF-α, and IL-1β levels (Figs. 4C-J).
Based on these findings, rosiglitazone suppresses the expression of
proinflammatory cytokines/chemokines in CRAD rats.

5. Discussion

The long-term survival rates of renal grafts are still a challenge in
clinical medicine. CRAD significantly affects long-term graft survival. In
the present study, we investigated the effects of the PPAR-γ agonist
rosiglitazone on a CRAD rat model. We established the CRAD model in
Fisher 344 and Lewis rats. The urinary protein, serum creatinine, and
serum urea nitrogen levels were elevated with the progression of CRAD
at 12 weeks post-surgery. The pathological tests of the transplanted
kidneys showed interstitial fibrosis and obvious mononuclear cell in-
filtration. Thus, we successfully established our CRAD rat model, and
our results were consistent with those of previous studies [6,7,28].
Based on the results of the current study, rosiglitazone treatment ef-
fectively decreased urine protein excretion and preserved renal function
in the CRAD rats. And rosiglitazone significantly inhibited interstitial
fibrosis and macrophage infiltration in the kidneys of the CRAD rats.
Furthermore, rosiglitazone mediated TGF-β and NF-κB pathway acti-
vation, decreased collagen I, collagen IV, α-SMA, MCP-1, ICAM-1, TNF-
α, and IL-1β expression, and increased E-cadherin expression in renal
allograft tissues from the CRAD rats.

PPAR-γ is a member of the ligand-activated nuclear hormone

Fig. 3. Rosiglitazone inhibits the renal tubular epithelial-to-mesenchymal transition (EMT) in the kidney of CRAD rats. The kidneys were collected for im-
munoblotting analysis of (A) E-cadherin and (C) α-SMA. (B) Photomicrographs illustrating E-cadherin and α-SMA immunochemistry staining of kidney tissue from
the different groups (original magnification ×400). Data are represented as means± standard deviations (SDs). *p < .05 versus F344 control group; #p < .05
versus LEW control group. **p < .05 versus CRAD group.
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Fig. 4. Rosiglitazone inhibits NF-κB activation, macro-
phage infiltration, and the release of cytokines/chemo-
kines in the kidney of CRAD rats. The kidneys were
collected for immunoblotting analysis of (A) p-NF-κB
(p65), NF-κB (p65), (C) MCP-1, (E) ICAM-1, (G) TNF-α,
and (I) IL-1β. (B) Photomicrographs illustrating p-NF-κB
(p65) and CD68 immunochemistry staining of kidney
tissue from the different groups (original magnification
×400). (D) MCP-1, (F) ICAM-1, (H) TNF-α, and (J) IL-1
mRNA expression in renal tissue from the different
groups (normalized to GAPDH). Data are represented as
means± standard deviations (SDs). *p < .05 versus
F344 control group; #p < .05 versus LEW control
group. **p < .05 versus CRAD group.
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receptors. Ligand-activated PPAR-γ binds to a specific DNA binding site,
termed the peroxisome proliferator response element (PPRE), to reg-
ulate the transcription of numerous target genes that involve many
biological effects, such as inflammation, fibrosis, and proliferation.
PPAR-γ agonists have been reported to exert antifibrotic effects on
nondiabetic renal diseases by reducing TGF-β1 and collagen IV secre-
tion [32–34]. As shown in the study by Zafiriou S et al., a PPAR-γ
agonist inhibited cell growth and reduced matrix production in human
kidney fibroblasts [35]. Additionally, rosiglitazone has been reported to
have a protective effect against cyclosporine-induced pancreatic and
renal injury by decreasing TGF-β1 expression [36]. Moreover, in the
study by Lee et al., rosiglitazone, a PPAR-γ agonist, reduced renal injury
and macrophage/monocyte infiltration in the kidney in a lipopoly-
saccharide-induced mouse sepsis model by inhibiting NF-κB activation
[37]. Rosiglitazone also decreased NF-κB activation and reduced cis-
platin-induced increases in the TNF-α levels, ICAM-1 expression, and
macrophage infiltration, which ultimately led to functional and histo-
logical protection from cisplatin nephrotoxicity [38]. However, as a
PPAR-γ agonist, the effect of rosiglitazone in the progression of CRAD is
still unclear.

Interstitial fibrosis is the common pathological change of all types of
renal diseases, including CRAD. TGF-β is an important factor that is
required for the development of glomerulosclerosis and interstitial fi-
brosis in various kidney diseases. By measuring the TGF-β mRNA levels
in renal biopsy specimens at different time points after renal trans-
plantation, Baboolal et al. found that the TGF-β mRNA levels were
significantly increased during the early stage of allograft injury [39]. As
shown in the study by Mas et al., the pathological interstitial fibrosis
and tubular atrophy (IFTA) score and urine protein excretion were
correlated with TGF-β1 expression in allografts [40]. Our previous
study also suggested that TGF-β1 played an important role in the in-
terstitial fibrosis and tubular atrophy of renal allografts beginning in
the early stage of CRAD [41]. On the other hand, ECM over-
accumulation plays an important role in the development of IFTA and
leads to fibrosis of renal allografts and gradual allograft loss. Collagen I
and collagen IV are the major collagen component in renal tissues. As
shown in our previous study of CRAD patients, collagen IV deposition in
the renal interstitium may be an important step in the renal allograft
fibrosis process [41]. In the present study, we found diffuse interstitial
fibrosis, enhanced TGF-β activation, and increased expression of col-
lagen I and collagen IV in renal allografts. Furthermore, rosiglitazone
treatment significantly alleviated interstitial fibrosis, inhibited TGF-β
activation, and decreased expression of collagen I and collagen IV in
renal allograft tissues from CRAD rats.

There is growing body of evidence that the renal tubular EMT is an
important source of fibrogenesis and an important event in the patho-
genesis of renal interstitial fibrosis in CRAD patients [19,42]. Our data
demonstrated that a significant decrease in E-cadherin expression and
increase in α-SMA expression occurred in the kidneys of CRAD rats.
These findings suggest that the renal tubular EMT occurs in the kidneys
of CRAD rats and that the EMT may play an important role in CRAD
progression. Furthermore, rosiglitazone treatment significantly in-
creased E-cadherin expression and decreased α-SMA expression. Our
study demonstrated for the first time that rosiglitazone inhibited the
renal tubular EMT in CRAD. That may constitute the mechanism by
which rosiglitazone attenuates renal fibrosis of CRAD.

Based on convincing evidence, inflammation is not only a key and
final common pathway driving progressive nephron loss but is also an
important predictor of subsequent allograft fibrosis in a renal allograft
[43–46]. NF-κB is a key transcription factor that initiates the in-
flammatory response by inducing the expression of a variety of proin-
flammatory genes and mediators, including chemokines, proin-
flammatory cytokines, and adhesion molecules [47]. NF-κB activation
is an important cell-signaling event during the proinflammatory re-
sponse to CRAD and is closely related to the development and pro-
gression of CRAD [48,49]. NF-κB deficiency significantly attenuates the

inflammatory response, alleviates tissue damage, and improves the
survival of allografts, including kidney allografts [50]. Recently, MCP-1
was shown to be involved in CRAD pathogenesis, and its high expres-
sion was closely related to the inflammatory cell infiltration, interstitial
fibrosis, and tubular atrophy, which were induced by CRAD [29]. In
addition, IL-1 is a proinflammatory cytokine that is involved in various
renal diseases, including CRAD, through recruitment of inflammatory
factors [31,51]. IL-1β and TNF-α mRNA expression in the arterial wall
of the renal arteries is upregulated in CRAD patients [52]. In the present
study, obvious mononuclear cell infiltration, enhanced NF-κB activa-
tion, and increased MCP-1, ICAM-1, TNF-α, and IL-1β expression were
observed in renal allografts. Administration of rosiglitazone inhibited
NF-κB activation and decreased MCP-1, ICAM-1, TNF-α, and IL-1β ex-
pression in renal allograft tissues from CRAD rats. These data suggest
that inhibition of the inflammatory response may serve as a mechanism
by which rosiglitazone attenuates the pathogenesis and renal fibrosis of
CRAD.

In conclusion, we have demonstrated that rosiglitazone attenuates
the development of CRAD in a rat model. This effect was associated
with inhibition of TGF-β signaling, the renal tubular EMT, and in-
flammation. Thus, rosiglitazone may represent a novel therapeutic
strategy for the early prevention and treatment of CRAD.
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