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Article

Introduction
All progressive chronic kidney disease (CKD) will lead to 
destructive fibrosis (Eddy 2000). Tubulointerstitial fibrosis 
is considered to be the hallmark of renal disease. The extent 
of tubulointerstitial fibrosis better correlates with a deterio-
ration of renal function than with glomerular changes, and 
its severity is regarded as an important determinant of renal 
prognosis in both humans and animals (Bohle et al. 1994; 
Eddy 2000). Thus, therapeutic strategies targeting tubuloin-
terstitial fibrosis are considered to hold potential for the 
treatment of CKD.

Numerous growth factors have been implicated in the 
pathophysiology of renal fibrosis, with transforming growth 
factor-β (TGF-β) considered as one of the central mediators 
of the disease. In addition to understanding the molecular 
biology of fibrogenesis, increasing attention has been paid 

to the role of TGF-β signaling in mediating apoptosis and in 
epithelial-to-mesenchymal transition (EMT) in chronic pro-
gressive renal disease. EMT, a process whereby epithelial 
cells lose their epithelial phenotype and gain attributes of mes-
enchymal cells, has been implicated in the generation of myo-
fibroblasts and fibroblasts in kidney disease (Liu 2010). 
TGF-β is considered to be the most potent inducer of EMT 
(Zavadil and Bottinger 2005) in various types of epithelial 
cells via both Smad-dependent and -independent mechanisms 
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Summary 
The severity of tubulointerstitial fibrosis is regarded as an important determinant of renal prognosis. Therapeutic strategies 
targeting tubulointerstitial fibrosis have been considered to have potential in the treatment of chronic kidney disease. This 
study aims to evaluate the protective effects of (-)-epigallocatechin-3-gallate (EGCG), a green tea polyphenol, against renal 
interstitial fibrosis in mice. EGCG was administrated intraperitoneally for 14 days in a mouse model of unilateral ureteral 
obstruction (UUO). The results of our histological examination showed that EGCG alleviated glomerular and tubular injury 
and attenuated renal interstitial fibrosis in UUO mice. Furthermore, the inflammatory responses induced by UUO were 
inhibited, as represented by decreased macrophage infiltration and inflammatory cytokine production. Additionally, the 
expression of type I and III collagen in the kidney were reduced by EGCG, which indicated an inhibition of extracellular matrix 
accumulation. EGCG also caused an up-regulation in α-smooth muscle actin expression and a down-regulation in E-cadherin 
expression, indicating the inhibition of epithelial-to-mesenchymal transition. These changes were found to be in parallel 
with the decreased level of TGF-β1 and phosphorylated Smad. In conclusion, the present study demonstrates that EGCG 
could attenuate renal interstitial fibrosis in UUO mice, and this renoprotective effect might be associated with its effects of 
inflammatory responses alleviation and TGF-β/Smad signaling pathway inhibition. (J Histochem Cytochem 63:270–279, 2015)
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(Fan et al. 2007; Masszi et al. 2003; Sato et al. 2003). 
Therefore, targeting TGF-β-mediated EMT may ameliorate 
the progressive loss of renal function in the kidney.

(-)-epigallocatechin-3-gallate (EGCG) is the most abun-
dant polyphenol able to be extracted from green tea. A num-
ber of studies have reported that EGCG harbors 
anti-oxidative, anti-inflammatory and anti-carcinogenic 
effects (de Mejia et al. 2009; Katiyar and Elmets 2001; 
Katiyar 2003; Melgarejo et al. 2010; Yang 1997; Yang et al. 
2006). Specifically, EGCG is protective against renal injury 
induced by numerous factors. In the nuclear factor erythroid 
2-related factor 2 (Nrf2) signaling pathway, EGCG inhibits 
the development of obstructive nephropathy (Zhou et al. 
2013). In addition, by targeting redox and inflammatory 
pathways, EGCG reverses the progression of immune-medi-
ated glomerulonephritis in mice (Peng et al. 2011). Others 
have shown that EGCG protects the kidneys against isch-
emia/reperfusion (I/R) injury in rats by increasing the heme 
oxygenase-1 (HO-1) gene (Kakuta et al. 2011). EGCG can 
also ameliorate glucose toxicity and renal injury in strepto-
zotocin-induced diabetic rats (Yamabe et al. 2006). EGCG 
also mitigates experimental fibrosis in various organs, 
including the liver (Safer et al. 2012; Xiao et al. 2014), heart 
(Cai et al. 2013; Shen et al. 2012) and lungs (Sriram et al. 
2008; You et al. 2014), and some studies have indicated that 
EGCG regulates TGF-β signaling (Park et al. 2011; Xiao  
et al. 2014). However, the protective effect of EGCG against 
renal interstitial fibrosis has not been studied to date.

Based on the beneficial effects of EGCG on other renal 
injury and nonrenal models of fibrosis, we hypothesized 
that EGCG would have a beneficial effect on renal fibrosis. 
Thus, the aim of this study was to evaluate the renal protec-
tive effect of EGCG in mice harboring unilateral ureteral 
obstruction (UUO)-induced progressive tubulointerstitial 
fibrosis. In addition, we also investigated the effects of 
EGCG on TGF-β signaling and EMT.

Materials & Methods

Animals

A total of 24 male C57BL/6 mice, aged 6 to 8 weeks and 
weighing 18 to 22 g, were purchased from the Laboratory 
Animal Center of China Medical University (Shenyang, 
China). Animals were acclimated with free access to food 
and water in a facility with controlled temperature (22C) on 
a 12/12 hr light/dark cycle for 1 week before experimenta-
tion. All experimental protocols were approved by the eth-
ics committee of the China Medical University.

Grouping

The mice were randomly divided into four groups (n=6 in 
each group): sham-operated group (Sham), EGCG-treated, 
sham-operated group (Sham + EGCG), UUO control group 

(UUO), and EGCG-treated with UUO group (UUO + 
EGCG). The UUO operation was conducted as per the 
established procedure (Satoh et al. 2001). Briefly, after 
intraperitoneal anesthesia by 10% chloral hydrate  
(3 ml/kg), the left ureter was separated and ligated at two 
locations using 4-0 silk and cut between the ligatures. Mice 
subjected to sham treatment underwent the same procedure, 
with their ureters manipulated but not ligated. Mice in the 
two EGCG groups received an intraperitoneal dose of  
5 mg/kg EGCG (Biopurify Phytochemicals Ltd; Chengdu, 
China) once a day for 14 days whereas mice in the two con-
trol groups received the same volume of saline solution. 
The dose of EGCG used in the study was based on a previ-
ous study of the renoprotective effects of EGCG (Zhou et 
al. 2013) as well as our preliminary study. At day 14 after 
treatment, the body weight of each mouse was measured, 
and all mice were euthanized. Renal tissue was harvested 
and the obstructed kidneys of the mice were weighed.

Histopathological Examination

Kidneys from experimental mice were fixed with 4% para-
formaldehyde in 0.01 M PBS buffer overnight. Fixed kid-
neys were then dehydrated, embedded in paraffin, and cut 
into 5-μm sections. Paraffin-embedded sections of renal tis-
sues were stained with both Periodic acid-Schiff (PAS) and 
Masson’s trichrome staining to determine the general his-
tology of the tissue and the amount of interstitial collagen 
deposited.

Immunohistochemical Analysis

The expressions of fibrosis regulatory proteins in the kid-
ney were identified by immunohistochemistry (IHC) using 
standard techniques. Sections were incubated overnight at 
4C with 1:50 monoclonal anti-F4/80 (Santa Cruz 
Biotechnology, Dallas, TX), collagen (Col)-I or Col-III 
antibody (1:100; Wanleibio, Shenyang, China) and then 
incubated in biotinylated goat anti-rabbit serum (1:200; 
Beyotime Institute of Biotechnology, Haimen, China) at 
37°C for 30 min. Sections were then washed with 1×PBS 
and incubated with horseradish peroxidase (HRP)-labeled 
streptavidin (Beyotime Institute of Biotechnology) for 30 
min at 37°C. The staining was visualized by diaminobenzi-
dine (Beyotime Institute of Biotechnology) and sections 
were counterstained with hematoxylin and observed under 
light microscopy (DP73; Olympus, Tokyo, Japan).

ELISA Assay

Total protein from rat nephridial tissue was extracted using 
lysis buffer containing Nonidet P-40 and 1% phenylmeth-
anesulfonyl fluoride (Beyotime Institute of Biotechnology). 
Protein content was then measured using a Bicinchoninic 
Acid (BCA) protein assay kit (Beyotime Institute of 
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Biotechnology). MCP-1, MCP-3, IL-1β and TNF-α levels 
were quantified according to the manufacturer’s instruc-
tions using commercial ELISA kits (USCN Life Science; 
Wuhan, China).

Western Blot Analysis

Total protein was extracted as described for the ELISA 
assay. Protein expression levels were assessed using stan-
dard western blot analysis methods. Briefly, proteins were 
separated by electrophoresis, and then electrophoretically 
transferred onto PVDF membranes (Millipore, Billerica, 
MA). Membranes were then blocked using 5% skim milk 
and incubated overnight at 4C with the corresponding pri-
mary antibodies: anti-TGF-β, anti-α-smooth muscle actin 
(SMA), anti-Col-I, anti-Col-III, anti-E-Cadherin and anti-
Snail (1:1000; Wanleibio), anti-Smad 2/3, and anti-p-
Smad2/3 (1:500; Biosynthesis Biotechnology, Beijing, 
China). Membranes were then incubated in HRP-conjugated 
anti-rabbit IgG antibody (1:5000; Beyotime) for 1 hr at 
room temperature, followed by enhanced chemilumines-
cence reagent (7 Sea Pharmtech, Shanghai, China) before 
exposure onto X-ray film. All blots were quantified using 
Gel-Pro-Analyzer software (Media Cybernetics; Bethesda, 
MD) and the grey levels are expressed as a percentage of 
β-actin levels (loading control, 1:1000; Wanleibio).

Reverse Transcription-Polymerase Chain 
Reaction

Total RNA was extracted using RNA Simple Total RNA Kit 
(Tiangen; Beijing, China) according to the manufacturer’s 
protocol. cDNA was synthesized using Super M-MLV 
Reverse Transcriptase (BioTeke; Beijing, China). Real-time 
PCR was performed with an Exicycler 96 Real Time PCR 
System (Bioneer; Daejeon, Korea) using the SYBR Green 
PCR reagent kit (Solarbio Science & Technology; Beijing, 
China). The expression of each gene was normalized to that 
of β-actin. Primers are as follows: E-cadherin, F: 5’- 
TCAAAGTGGCGACAGACGG-3’ ,R:5’ -GTTGG 
ATTCAGAGGCAGGGT-3’ ;α-SMA,F:5’-CTCAT 
CCACGAAACCACCTAT-3’, R: 5’- CGCCGATCCA 
GACAG AATA-3’; Snail, F: 5’- TCTGC ACGACCTGCG 
GAAAG-3’,R: 5’-TTGTGGAGCAAGGACATTCG G-3’; 
β-actin, F: 5’-CTGTGCCCATCTACGAGGGCTAT-3’, R: 

5’- TTTGATGTCA CGCACGATTTCC-3’(Sangon Biotech; 
Shanghai, China).

Statistical Analysis

Data are presented as the mean ± standard deviation (SD). 
The results were assessed using a two-way analysis of vari-
ance (ANOVA) followed by an LSD test for comparisons 
among groups. Statistical analyses were conducted using 
SPSS 11.0 statistical package (Chicago, IL). P values <0.05 
were considered to be statistically significant.

Results

Effects of EGCG on Body and Kidney Weight 
Changes

Table 1 shows the effects of EGCG and UUO on body 
weight and obstructed kidney weight. UUO had no effect on 
body weight but significantly lowered obstructed kidney 
weight of treated mice (p<0.01 versus sham-operated mice). 
EGCG treatment for 14 days caused a slight but significant 
increase in kidney weight (p<0.01 versus UUO mice).

EGCG Improves Renal Glomerular and Tubular 
Injury and Interstitial Fibrosis

Renal histological findings in PAS-stained sections are 
shown in Figure 1. Sham-operated mice showed normal 
glomeruli and tubule interstitium. However, mice with 
UUO showed a thickened glomerular basement mem-
brane, atrophic tubules, inflammatory cell infiltration, 
increased extracellular matrix (ECM) deposition, and 
sclerosis. The administration of EGCG for 14 days sig-
nificantly alleviated glomerular and tubular injury in 
UUO mice. No apparent damage was found in EGCG-
treated, sham-operated mice.

Renal fibrosis in mice was also evaluated by Masson’s 
trichrome staining. No interstitial collagen deposition was 
found in the Sham group or in the EGCG-treated, sham-
operated group. However, compared with mice in the 
Sham group, UUO mice showed increased collagen depo-
sition and significantly increased interstitial fibrosis. The 
administration of EGCG markedly decreased the area of 
interstitial fibrosis in mice in the UUO group.

Table 1.  Physiological Indices of Mice.

Groups Sham Sham + EGCG UUO UUO + EGCG

BW (g) 22.9 ± 1.2 23.1 ± 1.2 21.3 ± 1.7 22.2 ± 1.4
LKW/BW (g/100g) 1.42 ± 0.21 1.39 ± 0.09 0.91 ± 0.09# 1.16 ± 0.09§,*

## p<0.01 versus Sham group; §§p<0.01 versus Sham + EGCG group; **p<0.01 versus UUO group. BW, body weight; LKW, left kidney weight; EGCG, 
(-)-epigallocatechin-3-gallate. Data are the mean ± SD; n=6.
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EGCG Ameliorates Inflammatory Responses in 
UUO Mice

Effects of EGCG on macrophage infiltration and cytokine 
production were evaluated in UUO mice. A large number of 
F4/80-positive cells were seen in the UUO kidneys (Fig. 
2A), which is in accordance with previous studies (Lai et al. 
2013; Kushiyama et al. 2011). EGCG administration dra-
matically decreased the number of F4/80-positive cells. The 
enhanced mRNA expression of inflammatory cytokines, 
including monocyte chemotactic protein (MCP)-1, MCP-3, 
tumor necrosis factor (TNF)-α and interleukin (IL)-1β, was 
found in the UUO kidneys, as well as in protein secretions 
(Fig. 2B, 2C). However, EGCG significantly reduced the 
production of cytokines. These results indicate that EGCG 
ameliorates UUO-induced inflammatory responses in the 
kidney.

EGCG Inhibits ECM Accumulation and EMT in 
UUO Kidneys

ECM proteins and markers of EMT were detected in the 
kidneys of UUO mice. As compared with the sham- 
operated mice, Col-I and Col-III were significantly 
increased in the UUO mice, as determined by IHC staining 
(Fig. 3A) and western blotting (Fig. 3B). In addition, 
increased α-SMA and decreased E-cadherin expression 
were found in the UUO kidneys (Fig. 4). Snail mRNA and 
protein levels were also up-regulated in the UUO mice (Fig. 
5). These results suggest that UUO induces the excessive 
deposition of ECM components and causes EMT in the kid-
neys of mice. EGCG treatment for 14 days not only inhib-
ited the up-regulated expression of Col-I and Col-III, but 
also prevented UUO-induced EMT, as indicated by the 

increase in E-cadherin expression and the decrease in α-
SMA expression. Additionally, EGCG significantly reduced 
Snail gene and protein expression. These results indicate 
that EGCG attenuates UUO-induced renal fibrosis by inhib-
iting ECM accumulation and EMT.

EGCG Regulates TGF-β1/Smad Signaling in the 
UUO Kidney

Finally, to investigate the possible mechanisms underlying 
the effects of EGCG, we examined the TGF-β1/Smad sig-
naling pathway in the obstructed kidney. In sham-operated 
mice, TGF-β1 expression was low (Fig. 6A), and no changes 
were observed after EGCG treatment. In the UUO mice, 
TGF-β1 protein expression increased approximately 7-fold 
as compared with that in the sham-operated mice. 
Accordingly, Smad 2 and -3, downstream proteins of TGF-
β1, were activated following stimulation with the ligand, as 
shown by the large increases in the proportion of phosphor-
ylated Smad 2 and -3 (Fig. 6B, 6C). In contrast, EGCG 
treatment markedly reduced TGF-β1 protein levels and 
therefore decreased the phosphorylations of Smad 2 and -3. 
The results indicate that EGCG might attenuate UUO-
induced renal fibrosis by regulating the TGF-β/Smad 
pathway.

Discussion

EGCG, a natural extract from green tea, possesses anti-oxi-
dant (Lambert and Elias 2010), anti-inflammatory, anti-
cancer (de Mejia et al. 2009) and anti-infection (Steinmann 
et al. 2013) properties and these changes have been noted in 
a broad range of organs, including the heart, liver, lungs, 
brain, and kidneys. In the present study, we evaluated the 

Figure 1.  Representative images of histological staining of renal sections. Renal sections were stained with PAS and Masson’s trichrome 
(Masson) staining. All values are the mean ± SD; n=3. ##p<0.01 versus Sham; §§p<0.01 versus Sham + EGCG group; **p<0.01 versus 
UUO group. Scale, 100 μm.
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anti-fibrotic effect of EGCG in renal tissues in mice with 
obstructive nephropathy.

Macrophage infiltration is considered to be correlated 
with the degree of renal fibrosis, and macrophage depletion 
has been shown to reduce fibrosis (Ricardo et al. 2008). In 

the present study, macrophage infiltration and increased 
cytokine production were found in the obstructive kidney of 
UUO mice and EGCG treatment was able to significantly 
attenuate these inflammatory responses. Although it is 
unclear whether inflammation directly contributes to the 

Figure 2.  EGCG ameliorates inflammatory responses in the obstructive kidney of UUO mice. (A) F4/80 immunostaining and 
quantification. F4/80-positive staining, as a macrophage marker, was increased in UUO mice, and this increase could be reversed by 
EGCG treatment. (B) Chemokine gene expression and protein secretion. (C) Inflammatory cytokine gene expression and protein 
secretion. UUO induced an increase in the expression and secretion of monocyte chemotactic protein (MCP)-1, MCP-3, tumor necrosis 
factor (TNF)-α, and interleukin (IL)-1β; EGCG treatment prevented the increases in these genes. All values are the mean ± SD; n=6. 
##p<0.01 versus sham group; §§p<0.01 versus sham + EGCG group; **p<0.01 versus UUO group. Scale, 40 μm.
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renal fibrosis observed in the obstructive kidneys in the 
UUO mice, the amelioration of the observed inflammatory 
responses is likely to be beneficial to renal repair.

The severity of renal interstitial fibrosis, which is directly 
correlated with the glomerular filtration rate, is regarded as 
a single histological marker of the renal dysfunction (Farris 
et al. 2011; Harris and Neilson 2006). In the normal kidney, 
the production and assembly of ECM—a major constituent 
of renal interstitium—is finely controlled, and thus main-
tains connective tissue homeostasis. Col-I and Col-III are 
major components of this ECM. In this study, we found an 
increase in Col-I and Col-III expression in UUO kidneys. 
Accordingly, our histological examination showed large 
accumulation of ECM components as well as tubulointersti-
tial fibrosis, and glomerular and tubular injury. Collectively, 
these results indicate a disorder in ECM balance in vivo, 
which might thereby disrupt the normal structure of the kid-
ney and lead to renal failure. The effect of EGCG on the 
ECM has been reported in a variety of fibrotic models in 

vivo and in vitro, such as I/R-induced renal injury (Kakuta 
et al. 2011), carbon tetrachloride (CCl

4
)-induced chronic 

liver fibrosis (Tipoe et al. 2010), ovariectomy-induced blad-
der dysfunction (Juan et al. 2012), and TGF-β-induced der-
mal fibroblasts (Dooley et al. 2010). In this study, consistent 
with previous studies, we found that ECM accumulation 
and tubulointerstitial fibrosis could be alleviated by EGCG, 
and these effects were shown as a decrease in the expression 
of Col-I and Col-III. Thus, we provide morphological and 
molecular evidence that EGCG exerts anti-fibrotic effects 
in renal tissue by suppressing the excessive production and 
deposition of ECM.

Excess ECM deposition is a key component of intersti-
tial fibrosis. Under pathological conditions in the kidney, 
α-SMA-positive myofibroblasts are responsible for the 
excess accumulation of ECM. Accordingly, renal interstitial 
fibrosis is characterized by the de novo activation of myofi-
broblasts (Badid et al. 2002). The origin and activation of 
myofibroblasts include interstitial fibroblasts, circulating 

Figure 3.  EGCG inhibits ECM accumulation in the kidney of UUO mice. Collagen (Col)-I and Col-III expressions were detected by 
immunohistochemistry (A) and western blotting (B). All values are the mean ± SD; n=3. ##p<0.01 versus sham-operated group; **p<0.01 
versus UUO group. Scale, 100 μm.
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precursor cells, perivascular smooth muscle cells, as well as 
the process of EMT (Liu 2004). Among these sources, EMT 
is considered to be a crucial component of renal fibrogene-
sis and has thus been given the most attention by research-
ers in the field. It is unlikely that EMT-independent 
activation of myofibroblasts can be sustained (Yang et al. 
2002). Indeed, in the absence of EMT, myofibroblast accu-
mulation is not only diminished but also reversed (Yang et 
al. 2002). The presence of EMT in renal fibrosis was first 
demonstrated by Strutz et al. in 1995. During EMT, tubular 
epithelial cells lose their expression of epithelial markers, 
such as E-cadherin, gain the expression of mesenchymal 
markers, such as α-SMA, and produce interstitial matrix 
proteins, such as Col-I and Col-III (Iwano  
et al. 2002; Yang and Liu 2001). Consistent with previous 
studies (Vidyasagar et al. 2008; Yang and Liu 2001), here 

Figure 5.  EGCG down-regulates Snail mRNA (A) and protein 
(B) expression in the kidney of UUO mice. All values are the 
mean ± SD; n=3. ##p<0.01 versus sham group; §p<0.05 versus 
sham + EGCG group; **p<0.01 versus UUO group.

Figure 4.  EGCG inhibits the UUO induced EMT in the 
kidney of UUO mice. Real-time PCR and Western blot analysis 
demonstrated EGCG inhibits E-cadherin expression (A) and 
enhances α-SMA expression (B) in the kidney. All values are the 
mean ± SD; n=3. ##p<0.01 versus sham-operated group; §p<0.05 
versus Sham + EGCG group; **p<0.01 versus UUO group. Scale, 
40 μm.
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we found an up-regulation in the expression of α-SMA and 
a down-regulation in the expression of E-cadherin in the 
UUO mice. Moreover, we observed an increase in the 
expression of Snail—a zinc-finger transcription factor that 
mediates the EMT process (Nieto 2002)—in the kidneys of 
UUO mice. All these changes could be prevented by EGCG 
treatment, as indicated by the decrease in α-SMA and Snail 
and the increase in E-cadherin; these findings are in agree-
ment with those found by Xiao and colleagues in samples of 
non-alcoholic fatty liver disease (Xiao et al. 2014) and by 
De Amicis and colleagues using human thyroid carcinoma 
cell lines (De Amicis et al. 2013). Thus, our observations 
indicate that the renoprotective effect of EGCG may, in 
part, stem from suppressing the EMT process.

Activation of TGF-β signaling occurs in almost all kid-
ney disease. TGF-β binding to its cognate receptors results 
in the phosphorylation and activation of Smad 2 and -3 (ten 
Dijke et al. 2000). Phosphorylated Smad 2/3, in turn, part-
ner with Smad 4 and then translocate to the nucleus to con-
trol the transcription of target genes (Bottinger and Bitzer 
2002). Besides the Smad pathway, TGF-β is also capable 
of inducing EMT through other pathways, such as the 
mitogen-activated protein kinase (MAPK), Akt, Wnt, and 
Notch pathways, among others (Zavadil and Bottinger 
2005). Smad signaling appears to have a pivotal role in 

TGF-β-induced EMT; therefore, in this study, we mainly 
focused our investigation on the intracellular signal trans-
duction on TGF-β/Smad pathway.

The overexpression of Smad 2 and Smad 3 promotes a 
TGF-β-stimulated accumulation of EMT and ECM pro-
teins in human lens epithelial cells (Li et al. 2014). 
Silencing Smad 3 gene prevents TGF-β-induced E-cadherin 
downregulation, whereas silencing Smad 3 and Smad 2 
suppresses the TGF-β-induced increase in α-SMA expres-
sion in porcine bladder urothelial cells (Li et al. 2014). In 
primary tubular epithelial cells derived from kidneys of 
Smad3-knockout mice, TGF-β failed to induce EMT and 
was unable to induce the expression of key transcriptional 
regulators of EMT (Zavadil et al. 2004). Furthermore, in 
experimental animal models, Smad3 gene knockout ame-
liorated epithelial degeneration and fibrosis in mice with 
UUO-induced tubulointerstitial fibrosis (Sato et al. 2003). 
Certain drugs that inhibit TGF-β/Smad signaling can also 
attenuate EMT and renal fibrosis in experimental animals 
(Pan et al. 2013). In this study, we found an up-regulation 
of TGF-β1 protein and phosphorylated Smad 2 and -3. The 
results suggest that UUO-induced renal fibrosis might be 
mediated by the activation of the TGF-β1/Smad signaling 
pathway. However, EGCG could prevent TGF-β1 up- 
regulation and Smad phosphorylation. These findings 

Figure 6.  EGCG regulates TGF-β signaling pathway in UUO mice. (A) Transforming growth factor (TGF)-β, (B) p-Smad 2, (C) p-Smad 
3 were upregulated in the kidney of UUO mice after 14 days of EGCG treatment. All values are the mean ± SD; n=3. ##p<0.01 versus 
Sham group, §p<0.05 versus Sham + EGCG group; §§p<0.01 versus Sham + EGCG group, **p<0.01 versus UUO group.
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indicate that EGCG may attenuate UUO-induced renal 
fibrosis via the TGF-β1/Smad signaling pathway.

In summary, EGCG administration for 14 days attenu-
ated renal fibrosis by preventing ECM accumulation and 
EMT, which might be associated with its anti-inflammatory 
properties and TGF-β1/Smad signaling regulation. Other 
pathways are likely to also contribute to the renoprotective 
effects of EGCG and these pathways will also need to be 
studied in the future.
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