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Abstract

Although some studies have suggested that troglitazone could retard the progression of glomerulosclerosis, its effects on renal tubulointer-
stitial fibrosis have not been completely clarified. The aim of this study was to investigate the effects of troglitazone on the secretion of con-
nective tissue growth factor (CTGF) and fibronectin (FN) in human renal proximal tubular epithelial (HK-2) cells induced by transforming
growth factor-b1 (TGF-b1). The mRNA of CTGF and FN were measured by semi-quantitative RT-PCR. CTGF and FN protein were detected
by Western blot and ELISA, respectively. Our results revealed that troglitazone could inhibit CTGF and FN expression in a dose-dependent
manner in human renal proximal tubular epithelial cells induced by TGF-b1, which may be one of the mechanisms of troglitazone contributing
to retard the progression of renal tubulointerstitial fibrosis.
� 2006 International Federation for Cell Biology. Published by Elsevier Ltd. All rights reserved.
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1. Introduction

The three types of peroxisome proliferator activated recep-
tor (PPAR) alpha, beta (or delta) and gamma, each with a spe-
cific tissue distribution, compose a subfamily of the nuclear
hormone receptor gene family (Schoonjans et al., 1996). It is
reported that PPARgamma ligands express in many cells
such as endothelial cells, vascular smooth muscle cells and
renal epithelial cells with beneficial effects in anti-inflamma-
tion, anti-proliferation, anti-neoplasia (Schoonjans et al.,
1997; Elstner et al., 1998; Takahashi et al., 1999; Guan et al.,
1999) and related to adipogenesis (Camp et al., 2002), glyco-
metabolism (Rangwala and Lazar, 2004) and angiogenesis
(Fauconnet et al., 2002).
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Renal tubulointerstitial fibrosis is a major determinant in
the progression of renal damage regardless of the origin
(Eddy, 1996). It has been shown that tubulointerstitial fibrosis
was a more consistent predictor of functional impairment
than glomerular damage (Nath, 1992; Ong and Fine, 1994).
TGF-b1, a multifunctional growth factor, has been regarded
as a central mediator in the pathogenensis of fibrosis. TGF-
b1 is up-regulated in renal tubulointerstitial fibrosis and plays
a crucial role in the excretion of cellular factors and the
expansion of extracellular matrix (ECM) (Tamaki et al.,
1994; Fan et al., 1999). It was reported that PPARgamma
ligands could retard or even retroconvert the progression of
glomerulosclerosis (Imano et al., 1998; McCarthy et al.,
2000). However, the anti-fibrosis role of PPARgamma in
renal tubulointerstitial fibrosis has not been completely clari-
fied. Our study was to investigate the effects of troglitazone,
a synthetic PPARgamma ligand, on the growth factors and
ECM secretion in human renal tubular epithelial cells in-
duced by TGF-b1.
gy. Published by Elsevier Ltd. All rights reserved.
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2. Materials and methods

2.1. Materials

Human renal proximal tubular epithelial cells (HK-2) were kindly pro-

vided by the Division of Nephropathy, Vanderbilt University, USA. Recombi-

nant human TGF-b1 was obtained from R&D Systems, USA. Troglitazone

(TGL) was kindly provided by Professor You-Fei Guan, Division of Nephrop-

athy, Vanderbilt University, USA.

2.2. Cell culture

HK-2 cells were maintained at 37 �C in an atmosphere of 95% air and 5%

CO2 in DMEM/F12 containing 10% FBS (Gibco BRL, USA). After digestion

with 0.25% trypsin (Amresco) and 0.02% EDTA, 2 � 106 cells were grown in

60 mm culture dishes and 1.0 � 106 cells were grown in 6 well plates. For

experiments, subconfluent cells were starved for 24 h, then divided into five

groups as follows: control group, TGF-b1 (5 ng/ml) group, TGF-b1 (5 ng/

ml) plus (TGL 1 mmol/L, 5 mmol/L, 10 mmol/L) group. Cells were incubated

with the indicated concentrations of TGL for 30 min before exposure to

TGF-b1 for 24 h. After the incubation, cells were harvested for the determina-

tion described below.

2.3. MTT assay

HK-2 cells were plated at 5 � 104 cells/well in 96-well plates in DMEM/

F12 containing 10% FBS. After 24 h, the culture medium was replaced by fresh

medium containing TGL (1 mmol/L, 5 mmol/L, 10 mmol/L). Three duplicate

wells were set up in each sample. After 24 h incubation, 20 mL MTT (5 g/L)

was added to each well and incubated for 4 h. Supernatant was then removed,

100 mL DMSO was added, then shaken for 10 min until the crystal was dis-

solved. Cell growth state was completed using A570 nm value (mean � SD) as

the ordinate.

2.4. Semi-quantitative RT-PCR

Total RNA was isolated using TRIzol reagent according to the manufactur-

er’s instructions. RNA samples were dissolved in DEPC-treated water and the

RNA concentration in each sample was determined spectrophotometrically.

1.0 mg total RNA was analyzed for CTGF, FN, glyceraldehyde-3-phosphate de-

hydrogenase (GAPDH). The sequences of the sense and antisense primers used

for amplification were summarized in Table 1. Amplification consisted of 5 min

at 95 �C, 30 s of denaturation at 95 �C, 30 s at 56 �C, 50 s at 72 �C, followed by

26, 21 cycles respectively. The final extension was set for 10 min at 72 �C.

Those PCR products were electrophoresed on 1.5% (w/v) agarose gel. 5 inde-

pendent cultures for the mRNA analysis were performed. All data were ex-

pressed as the relative differences between control and treated cells after

normalization to the GAPDH expression.

2.5. Western blot analysis

24 h after incubation with TGF-b1, cells were washed with PBS, collected

by scraping and centrifuged at 1000 � g for 5 min, then lysed in ice-cold RIPA

buffer containing 150 mM Nacl, 10%Triton X-100, 0.5% Deoxycholate, 0.1%

Table 1

Primers used in the RT-PCR analysis

Primer Sequence Length

CTGF-F 50-CAT CTT CGG TGG TAC GGT GT-30 374 bp

CTGF-R 50-AGG AGG CGT TGT CAT TGG TA-30

FN-F 50-AGC CGC CAC GTG CCA GGA TTA C-30 439 bp

FN-R 50-CTT ATG GGG GTG GCC GTT GTG G-30

GAPDH-F 50-gAT TCC ACC CAT ggC AAAT-30 260 bp

GAPDH-R 50-TTC ACA CCC ATg ACg AACAT-30
SDS and 50 mM Tris (pH 7.5e8.0) for 30 min and centrifuged at 12,000 � g
for 30 min. The supernatant was used for protein determination by the Brad-

ford procedure (Bio-Rad) and western blot. 50 mg total protein was suspended

in 5 � reducing sample buffer, boiled for 10 min, electrophoresed on 12%

SDS-PAGE gels, and then transferred to polyvinylidene difluoride membrane

by electroblotting. Blocked membranes were incubated with monoclonal anti-

CTGF antibody (1:1000, R&D, USA) for 1 h, washed, and then incubated with

HRP-conjugated secondary antibody (1:10,000 dilution, KPL,USA) for 1 h.

Antigens were detected with a chemiluminescent substrate system (enhanced

chemiluminescence, ECL, Pharmacia, USA).

2.6. ELISA assay

Fibronectin (FN) in conditioned medium was quantitatively measured

by ELISA according to the instructions provided with the fibronectin-ELISA

Detection Kit (Jingmei Biotech, China).

2.7. Statistical analysis

All data were presented as mean � SD. One-way analysis of variance fol-

lowed by the Q test using SPSS 10.0 software was performed to determine sta-

tistical significance. A P value <0.05 was considered statistically significant.

3. Results

3.1. Results of MTT assay

As shown by MTT assay, TGL could inhibit the growth of
HK-2 cells in dose-dependent manner (Table 2).

3.2. Effects of TGL on TGF-b1-induced CTGF,
FN mRNA expression in HK-2 cells

The levels of CTGF, FN mRNA were significantly increased
in HK-2 cells induced by TGF-b1 compared with control group
(P < 0.001). TGL could inhibit CTGF, FN mRNA expression
in a dose-dependent manner compared with TGF-b1 group
(P < 0.01) (Fig. 1). A lower level of CTGF, FN mRNA expres-
sion was seen between TGL (10 mmol/L) and control group,
but there was no significance.

3.3. Effects of TGL on TGF-b1-induced CTGF protein
expression in HK-2 cells detected by Western blot

The levels of CTGF protein were significantly increased in
HK-2 cells induced by TGF-b1 compared with control group

Table 2

Results of MTT assay (X � SD)

Groups OD index at 570 nm

DMEM/F12 0.5345 � 0.00779

DMEM/F12 þ TGL 1 mmol/L 0.5216 � 0.00704*

DMEM/F12 þ TGL 5 mmol/L 0.5121 � 0.01230#

DMEM/F12 þ TGL 10 mmol/L 0.5025 � 0.01116&

After 24 h incubation with various concentration of TGL, MTT assay was per-

formed. Three duplicate wells were set up in each sample. Cell growth state was

completed using A570 nm value in ELISA reader. All data were shown as

(mean � SD) from 5 independent experiments. *: compared with DMEM/

F12 group, P < 0.01; #: compared with TGL 1 mmol/L group, P < 0.05;

&: compared with TGL 5 mmol/L group, P < 0.05.
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Fig. 1. Effects of TGL on TGF-beta1-induced CTGF, FN mRNA expression in HK-2 cells by semi-quantitative RT-PCR analysis. The levels of CTGF, FN mRNA

were significantly increased in HK-2 cells induced by TGF-beta1 compared with control group. TGL could inhibit CTGF, FN mRNA expression in dose-dependent

manner compared with TGF-beta1 group. GAPDH served as control. Top panels are representative of 5 separate experiments. Bottom panels are the summary of

data (mean � SD) from these 5 experiments. Lane 1: DMEM/F12 group; Lane 2: TGL (10 mmol/L) group; Lane 3: TGF-beta1 group (5 ng/ml); Lane 4: TGF-beta

1 (5 ng/ml) plus TGL (1 mmol/L) group; Lane 5: TGF-beta1 (5 ng/ml) plus TGL (5 mmol/L) group; Lane 6: TGF-beta1 (5 ng/ml) plus TGL (10 mmol/L) group.

*: compared with DMEM/F12 group P < 0.001; #: compared with TGF-beta1 group, P < 0.01; &: compared with TGF-beta1 plus TGL 1 mmol/L group, P < 0.01;

$: compared with TGF-beta1 plus TGL 5 mmol/L group, P < 0.01.
(P < 0.001). TGL could inhibit CTGF protein expression in
dose-dependent manner compared with TGF-b1 group
(P < 0.01) (Fig. 2). The level of CTGF protein was a little de-
creased in the TGL (10 mmol/L) group when compared with
control, but there was no significance.

3.4. Effects of TGL on TGF-b1-induced FN protein
expression detected by ELISA

The levels of FN protein were significantly increased in
HK-2 cells induced by TGF-b1 compared with control group
(P < 0.01). TGL could inhibit FN protein expression in dose-
dependent manner compared with TGF-b1 group (P < 0.05).
Although the level of FN protein was a little decreased in the
TGL (10 mmol/L) group when compared with control, there
was no significance (Table 3).

4. Discussion

In various kinds of chronic renal diseases, renal tubulointer-
stitial fibrosis is greatly associated with renal function. There-
fore to retard the progression of renal tubulointerstitial fibrosis
as early as possible may display great significance in the pre-
vention of end stage renal disease (ESRD). It is reported that
TGF-b1 is up-regulated in renal tubulointerstitial fibrosis,
which can promote the excretion of ECM and profibrotic in-
flammation factors (Fan et al., 1999; Tamaki et al., 1994).
Thus down-regulating the expression of ECM and profibrotic
inflammation factors may provide a potential treatment for
tubulointerstitial fibrosis.
PPARgamma is a member of the nuclear receptor superfam-
ily of ligand-dependent transcriptional factors. TGL, a synthetic
ligand of PPARgamma, plays its pharmacologic action by acti-
vating nucleus PPARgamma with high selectivity. Data indi-
cated that PPARgamma agonist had anti-fibrosis effects,
whose mechanism might be associated with down-regulation
the expression of profibrotic factors such as TGF-b1, CTGF
and PAI-1 (Broeders and Abramowicz, 2002). Our study re-
vealed that TGL could inhibit the expression of CTGF in
dose-dependent manner in renal tubular epithelial cells induced
by TGF-b1. It has been reported that CTGF was a PPAR-
gamma-regulated gene. The suppression of CTGF expression
is mediated by PPARgamma and PPARgamma inhibited
TGF-b-induced CTGF expression in human aortic smooth
muscle cells by directly interfering with the Smad3 signaling
pathway (Fu et al., 2001). Because CTGF is a key factor in
the regulation of extracellular matrix production, this repres-
sion of CTGF expression by PPARgamma activation may be
one of the mechanisms through which PPARgamma agonists
inhibit extracellular matrix formation after renal tubuloepithe-
lial cell lesion.

Previous studies have shown that pioglitazone inhibited
TGF-b1-induced FN expression in human mesangial cells by
inhibiting AP-1 activation dependent on PPARgamma (Guo
et al., 2004; Maeda et al., 2005). Our results also confirmed
that TGL inhibited the increased expression of FN in renal tu-
bular epithelial cells induced by TGF-b1, which might con-
tribute to retard the progression of renal tubulointerstitial
fibrosis. Given the fact that CTGF secreted by tubular cells
may act in a paracrine mode on myofibroblasts and fibroblasts
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Fig. 2. Effect of TGL on TGF-beta1-induced CTGF protein expression in HK-2 cells detected by Western blot. The levels of CTGF protein were significantly

increased in HK-2 cells induced by TGF-beta1 compared with control group. TGL could inhibit CTGF protein expression in dose-dependent manner compared

with TGF-beta1 group. b-tubulin served as loading control. Top panels are representative of 5 separate experiments. Bottom panels are the summary of data

(mean � SD) from these 5 experiments. Lane 1: DMEM/F12 group; Lane 2: TGL (10 mmol/L) group; Lane 3: TGF-beta1 group (5 ng/ml); Lane 4: TGF-beta

1 (5 ng/ml) plus TGL (1 mmol/L) group; Lane 5: TGF-beta1 (5 ng/ml) plus TGL (5 mmol/L) group; Lane 6: TGF-beta1 (5 ng/ml) plus TGL (10 mmol/L) group.

*: compared with DMEM/ F12 group, P < 0.001; #: compared with TGF-beta1 group, P < 0.01; &: compared with TGF-beta1 and TGL 1 mmol/L group,

P < 0.01; $: compared with TGF-beta1 and TGL 5 mmol/L group, P < 0.01.
in the renal interstitium (Badid et al., 2001), blocking CTGF
production may inhibit both tubular ECM synthesis directly
and reduce the ECM produced by myofibroblasts and fibro-
blasts. All these effects would lead to the amelioration of renal
tubulointerstitial fibrosis.

PPAR gamma is involved in the cellular growth. It is re-
ported that PPAR gamma activation with its agonists inhibited
the proliferation and differentiation of cultured rat mesangial
cells in dose-dependent manner, resulting in growth retarda-
tion (Asano et al., 2000). PPARgamma beneficial effects in
glomerulosclerosis are associated with regulation of glomeru-
lar cell proliferation, hypertrophy by decreases in glomerular
p21 mRNA and p27 protein (Ma et al., 2001). In our study, al-
though TGL could inhibit the growth of renal tubular epithelial
cells in dose-dependent manner and the expression of CTGF
and FN in TGL (10 mmol/L) was a little lower when compared
with the control, there was no significance, indicating the sup-
pression effects of TGL mainly due to a direct effect on CTGF
and FN expression rather than the inhibition of cell growth.

Table 3

The levels of FN protein detected by ELISA

Groups FN (mg/L)

DMEM/F12 21.1230 � 1.24013

TGL 10 mmol/L 17.5231 � 1.43152

TGF-beta1 66.4453 � 6.27784

TGF-beta1 þ TGL 1 mmol/L 58.9334 � 5.8243*

5:TGF-beta1 þ TGL 5 mmol/L 53.1945 � 6.11451#

6:TGF-beta1 þ TGL 10 mmol/L 44.5231 � 5.5376&

Effects of TGL on TGF-beta1-induced FN protein expression in the media de-

tected by ELISA. Three duplicate wells were set up in each sample. All data

were shown as (mean � SD) from 5 independent experiments. $: compared

with DMEM/F12 group, P < 0.01; *: compared with TGF-beta1 group,

P < 0.05; #: compared with TGF-beta1 and TGL 1 mmol/L group, P < 0.05;

&: compared with TGF-beta1 and TGL 5 mmol/L group, P < 0.05.
Taken together, CTGF and FN down-regulation by PPAR-
gamma activation might be one of the mechanisms by which
PPARgamma agonists inhibit renal tubular epithelial cell
injury.
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