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1 Tranilast, an antiallergic medication, is a very promising inhibitor of restenosis after balloon
angioplasty. Tranilast can prevent the proliferation and migration of smooth muscle cells by activating
the gene expression of p21, a strong cyclin/cyclin-dependent kinase (CDK) inhibitor, and by arresting
cell growth at the G0/G1 phase.

2 The signaling pathway of Tranilast in regulating p21 is to our best interest and is elucidated in the
present study. The major emphasis was weighted on exploring the regulatory effects of Tranilast on
promoter activity of p21.

3 By serial deletion analysis, the sequence between �74 and �83 bp of the p21 promoter, previously
identified as the transforming growth factor-b (TGF-b)-response element, was found sufficient, where
as most of the promoter region 50 to �111 bp was found unnecessary for the transcriptional activation
of p21 by both TGF-b1 and Tranilast.
4 Tranilast was also found to induce phosphorylation of Smad2 (a cytoplasmic signaling molecule
essential for mediating TGF-b signal transduction). Transfection of DkTbRII, a truncated form of
TGF-b type II receptor known to exert a dominant-negative effect on TGF-b signaling, was found to
suppress the signaling of both Tranilast and TGF-b1 to a similar extent.
5 These results suggested that induction of p21 by Tranilast might be closely related to TGF-b signal
transduction pathway.
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Introduction

Restenosis remains a serious long-term complication after

percutaneous transluminal coronary angioplasty (PTCA),

occurring in approximately 30–40% of patients (Nobuyoshi

et al., 1988; Fischman et al., 1994; Serruys et al., 1994; Savage

et al., 1998). Proliferation and migration of vascular smooth

muscle cells (SMCs) play a major role in the development of

restenosis and in the progression of atherosclerosis (Ross,

1993). Arterial injury induces the migration of SMCs into the

intimal layer of the vessel wall, where they proliferate and

synthesize extracellular matrix components. Many growth

factors induce the proliferation of vascular SMCs in vitro and

in vivo. Among them, platelet-derived growth factor (PDGF)

and basic fibroblast growth factor (bFGF) are important

regulators of vascular SMCs through their well-defined actions

as strong mitogens and potent chemoattractants. Therefore,

it is anticipated that factors or agents that block cell signals

affecting the proliferation and migration of vascular SMCs

may be effective in preventing restenosis.

Pharmacological approaches to prevent restenosis have been

largely disappointing (Franklin & Faxon, 1993). However,

recent clinical studies have demonstrated that oral Tranilast

decreases the rate of angiographic restenosis. Tranilast (N-3,4-

dimethoxycinnamoyl anthranilic acid) is an antiallergic drug

that has been widely used in Japan since the 1980s to treat

allergic rhinitis and bronchial asthma and to prevent keloid

formation after skin injury. Because the process of keloid

formation after skin injury and that of restenosis after PTCA

have common features, Tranilast was tested in several large

clinical trials for the prevention of restenosis. The TREAT-2

study (The Second Tranilast REstenosis following Angioplasty

Trial), a double-blind, randomized, multicenter trial (a total of

297 patients) found that Tranilast (600mg day�1 for 3 months)

reduced the rate of angiographic restenosis at 3 months post-

PTCA from 41.9 to 25.9%, a reduction of 38.2% (P¼ 0.012)
(Tamai et al., 2002). In patients undergoing directional

coronary atherectomy (Kosuga et al., 1997), the relative
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reduction in the 1-year event rate of restenosis was 60% in

patients treated with Tranilast versus control (12.5 versus

31.6%, Po0.03).
Tranilast has been found to inhibit both in vitro and in vivo

the proliferation and migration of human and rat aortic

SMCs (Miyazawa et al., 1995; Fukuyama et al., 1996). These

activities may be very important in the prevention of restenosis

(Miyazawa et al., 1995; Fukuyama et al., 1996). Tranilast was

found to arrest human coronary SMC proliferation at the G0/

G1 phase of the cell cycle (Kusama et al., 1999). Recent studies

have demonstrated that Tranilast increased p21waf1 CDK

inhibitor and p53 tumor suppressor factor (Kusama et al.,

1999; Takahashi et al., 1999). The binding of p21 to CDK2/

CDK4 inhibits CDK2/CDK4 kinase activity thereby stopping

cell cycle at the G0/G1 phase. Other CDK inhibitors such as

p16INK (p16) and p27kipl (p27) were not induced after Tranilast

treatment (Takahashi et al., 1999). These results suggested that

Tranilast inhibited the proliferation of SMCs mainly through

induction of p21 and p53.

Although Tranilast can induce the expression of p21 in

SMCs, the molecular mechanism underlying this induction

is not clearly defined. As promoter activation is closely

associated to gene expression, we therefore investigated the

effects of Tranilast on p21 promoter activity at the molecular

level in the present study. The effect of this drug on the p21

signaling pathway can then be further elucidated.

Methods

Cell culture

HaCaT cell is a human keratinocyte cell line that is growth-

inhibited by TGF-b, and whose p21 is upregulated by TGF-b
(Datto et al., 1995b). This cell line is a gift kindly provided

by Dr Fusenig (Boukamp et al., 1988). HaCaT cells were

maintained in Dulbecco’s modified Eagle’s medium/Ham’s

nutrient mixture F-12 (1 : 1) (DMEM-F12) (Life Technologies,

Inc., Rockville, MD, U.S.A.) and 10% fetal bovine serum

(FBS) (Biological Industries, Beit Haemek, Israel) at 371C and

in an atmosphere of 5% CO2 in air (standard conditions of

incubation).

Plasmids

Plasmids p21P, p21P 93-S, and p21P 93-S mut#1–6 as well as

serial deletion constructs of p21P were gifts of Dr Xiao-Fan

Wang (Datto et al., 1995b). The 2.4-kb full-length p21

promoter sequence containing the p21 cDNA start site at its

30-end was subcloned into the HindIII site of the luciferase

reporter vector, pGL2-basic (Promega, Madison, WI, U.S.A.),

to create p21P. Plasmid p21P-D1.9 carries a 500-bp fragment
of p21P resulting from deletion of 1900 bp from the 50-end.
Plasmid p21PSma carries a fragment consisting of the last

111 bp of the 30-end of the promoter. Plasmid p21PSmaD1
carries a fragment consisting of the last 61 bp of the 30-end of
the promoter. Plasmid p21PSmaD2 carries a fragment result-
ing from an internal 50 bp deletion (from �61 to �111 bp) of
the promoter. Plasmid p21P 93-S carries the p21 promoter

sequence between �62 and �93 bp. Plasmid p21P 93-S

mut#1–6 each carries the p21 promoter sequence between

�34 and �93 bp altered by serial site-directed mutagenesis to

create a mutated sequence of 10 consecutive bases. The

oligonucleotides used in the mutagensis reactions have been

reported (Datto et al., 1995b) and described as follows: p21P

93-S mut#1, CCTCAAGGAGGCGGGGTTTCTAGATATC

GAATTCCTG. p21P 93-S mut#2, CCCGGGCCCGCCTCA

GTTCTAGATAACCCGCGCTC. p21P 93-S mut#3, CCGC

CCGCCCGGATTTCTAGAGAGGAGGCGGG. p21P 93-S

mut#4, CCTGATATACAACCGTATTCTAGAAGCCCGC

CTCAAGGCGGG. p21P 93-S mut#5, CAGCGCGGCCCTG

ACGCGTCTAGACCCCGCCCGG. p21P 93-S mut#6, GCT

GGCGCAGCTCAGCATCTAGACAATATACAACCGCC.

DkTbRII is a truncated form of TGF-b type II receptor cloned
in pSV-Sport 1 vector (GIBCO BRL, Grand Island, NY,

U.S.A.) (Brand et al., 1993).

Determination of cell number

HaCaT cells were seeded into 96-well plates at a concentration

of 1� 104 cells per well and cultured overnight in the medium
described above. The medium was then replaced with DMEM-

F12 with 10% FBS containing Tranilast (0, 30, 100, 300, or

1000 mM), and incubated under standard incubation conditions
for 3 days. The cells were washed twice with phosphate-

buffered saline (PBS), 100ml of 3-[4,5-dimethylthiazol-2-yl]-
2,5-diphenyl tetrazolium bromide (MTT) (Sigma, St Louis,

MO, U.S.A.) was added to each well, and the plates were

incubated at 371C for 4 h. Finally, MTT was replaced by 100ml
of dimethyl sulfoxide (DMSO) and incubated for a further

5min. The absorbance of the samples was measured at 570 nm

using a microtiter plate reader.

Cytotoxic assay

HaCaT cells were treated with Tranilast in the same way as

describe above. Following 72 h of incubation, lactate de-

hydorgenase (LDH) release into the medium was measured at

570 nm using a microtiter plate reader according to the manu-

facture’s protocol (LDH-cytotoxic test; Wako, Osaka, Japan).

Transfection and luciferase assay

HaCaT cells were plated at a density of 1� 105 cells per well in
12-well plates in DMEM-F12 and 10% FBS overnight so that

they were 70–90% confluent on the day of transfection. Cells

were transfected with 0.5mg of each p21P reporter constructs,
or cotransfected with 0.5mg of p21P and 0.5mg of DkTbRII
plasmid and incubated with 2.5 ml of lipofectamine in 300 ml of
Opti-MEM according to the manufacturer’s instructions (Life

Technologies, Inc.) under standard conditions for 3 h. After 3 h

of incubation, the medium was replaced with DMEM-F12

containing 10% FBS followed by overnight incubation under

standard conditions. The cells were treated with growth

medium in the presence or absence of 100 mM Tranilast (gift

from Lotus Pharmaceutical Co., Taipei, Taiwan) or 100 pM

TGF-b1 for 20 h. The cells were harvested and the luciferase
activity was determined using a Berthold luminometer as

described previously (Charng et al., 1996).

Western blotting

HaCaT cells (1.5� 106 cells per 100mm tissue culture dish)

were plated in DMEM-F12 containing 10% FBS and
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incubated overnight under standard conditions. The cells

were treated with 100 pM TGF-b1 or 100mM Tranilast and

then harvested every 15min for 45min. The harvested cells

were solubilized in 500ml of lysis buffer (150mM NaCl, 20mM
Tris-HCl, pH 7.4, 1mM EDTA, 0.5% Triton X-100, 1mM

dithiothreitol, Pefabloc (1mgml�1), leupeptin (10 mgml�1),
pepstatin (10 mgml�1), aprotinin (1 mgml�1), NaF (50mM),

sodium orthovanadate (1mM), and okadaic acid (1 mM)) and
20 mg of total protein from each cell lysate was fractionated on
a 12% SDS–polyacrylamide gel, transferred to a nitrocellulose

membrane, and then probed with primary antibody against

phospho-Smad2 (1 : 500 dilution of a rabbit polyclonal IgG

anti-phospho-Smad2 (Ser 465–467) antibody Upstate Biotech-

nology, Lake Placid, NY, U.S.A.). Bound primary antibody

was detected with horseradish peroxidase (HRP)-labeled anti-

rabbit secondary antibody (1 : 3000 dilution; ICN Pharmaceu-

ticals, Inc., Costa Mesa, CA, U.S.A.), and developed using the

enhanced chemiluminescence system (NENt Life Science

Products, Inc., Boston, MA, U.S.A.).

ELISA analysis of TGF-b1

ELISA kits for TGF-1 were purchased from Amersham

Pharmacia Biotech (Buckinghamshire, U.K.). The assay

procedures were based on the protocols provided by the

manufacturer. Briefly, 3� 104 of HaCaT cells seeded in 12-well
plates overnight followed by 30min incubation of 30, 60, 100

and 300mM of Tranilast with DMSO as the control. About

0.5ml of cell culture supernatant was added with 0.1ml 1 N

HCl and incubated at room temperature for 10min followed

by addition of 0.1ml 1.2 N NaOH and 0.5M HEPES. Each

reaction mixture was placed into ELISA plates. Following 1 h

of incubation at 371C, the conjugated complexes were washed

4 times with wash buffer containing 0.01M phosphate buffer

saline pH7.4 and 0.2% Tween 20. Antibodies were then added

to the sample complexes for 1 h incubation at 371C followed by

reaction with biotinylated second antibodies for 1 h at 371C.

Additional conjugation with streptavdin–HRP was carried out

for 30min at 371C. After washing 4 times with wash buffer,

3,30,5,50-tetramethylbenzidine/hydrogen peroxide solution in
20% (v v�1) dimethylformamide as substrates was added to

plates for 30min of incubation at room temperature. The

optical density reading for each sample was then performed at

450 nm by a spectrophotometer (Beckman, U.S.A.). The actual

concentrations were then converted from the corresponding

standards.

Statistics

Data are expressed as mean7s.e. Statistical analysis was
conducted using unpaired-Student’s t-test. A P-value o0.05
was considered statistically significant.

Results

Tranilast inhibits the proliferation of HaCaT cells
in a dose-dependent manner

To determine whether Tranilast possesses inhibitory effects

on cell proliferation, the MTT assay was performed in the

present study. Figure 1 shows that Tranilast (30, 100, 300,

or 1000 mM) inhibited the proliferation of HaCaT cells in a
dose-dependent manner. This inhibition was not a result of

direct cell toxicity caused by Tranilast, because treatment

with Tranilast did not increase the level of LDH in the culture

medium (Figure 1).

Tranilast response element is located between �60
and �110 bp of the p21 promoter

To define the region of the p21 promoter required for

transcriptional activation by Tranilast, each promoter con-

strut with serial deletion was transfected into HaCaT cells,

which were previously shown to be growth-inhibited by 100

or 300 mM Tranilast. The transcriptional activation of these

promoter constructs was manifested by the luciferase activity.

Cells transfected with the full-length p21 promoter reporter,

p21P, or the deletion construct p21PSma were activated about

four-fold by Tranilast, indicating that the Tranilast response

element is located in the small 30 region of the p21 promoter.
In cells transfected with p21PSmaD2 (i.e., p21P with a 50-bp
deletion from �60 to �110 bp), the luciferase response to
Tranilast was completely abolished (Figure 2). However, the

cells transfected with the p21p93-S construct, that is, the

promoter region between �62 and �93 bp, was significantly
activated by Tranilast, indicating that this region was sufficient

for activation (Figure 2). This finding is in consistent with our

preliminary data demonstrating that the Tranilast response

region is in the 30-end (–62 to �93 bp) of p21 promoter.
To demonstrate that the TGF-b response element was

located in a similar region to the Tranilast response region, we

measured luciferase activity in the above transfected cells with

100 pM TGF-b stimulation. As seen in Figure 2, TGF-b and
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Figure 1 Effect of Tranilast on proliferation of HaCaT cells.
HaCaT cells (1� 104 per well) in 96-well plates cultured overnight
were treated with growth media containing Tranilast (0, 30, 100,
300, or 1000 mmol l�1 (mM)). Cell number was determined by MTT
assay. Tranilast is seen to inhibit the proliferation of HaCaT cells in
a dose-dependent manner. Cytotoxicity manifested as LDH level
was also determined under the effects of Tranilast. Each value
represents the mean7s.d. (n¼ 6). ***Po0.001 as compared to
DMSO control in each group.
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Tranilast stimulated parallel responses, suggesting that both

response elements were either located at the same region or

they overlapped and spanned the region between �62 and
�93 bp of the promoter.

Mutational analysis of p21 promoter

To define more precisely where on the 30-bp region the

Tranilast and TGF-b response elements were located, a serial
site-directed mutagenesis of this region was performed and

tested for the induction of luciferase activity by Tranilast or

TGF-b. As shown in Figure 3, the luciferase activity of HaCaT
cells transfected with constructs of mutants #1–#6 of the

p21P93-S sequence demonstrated differential responses to

TGF-b or Tranilast. This finding suggested that the region
between �74 and �83 bp was most critical for Tranilast and
TGF-b responses. This same region was previously identified
as the TGF-b response element (TbRE) (Datto et al., 1995b).

The sequence between �74 and �83 bp was sufficient
for both TGF-b- and Tranilast-mediated activation
of p21 promoter

As shown in Figure 4, pGL2-Tþ I, a basic promoter contain-
ing TATA box and initiator, was unresponsive to both

TGF-b1 and Tranilast. The insertion of one, two, or four
copies of the sequence between �74 and �83 bp (TbRE)
conferred a level of responsiveness to both TGF-b1 and
Tranilast that was proportional to the number of copies

inserted. The insertion of four copies resulted in responsiveness

comparable to that elicited by constructs of the full-length p21

promoter p21P. This result suggests that this sequence is

sufficient for both the TGF-b- and Tranilast-mediated

activation of the p21 promoter.

Tranilast induced the activation of Smad2

Smad2 is a cytoplasmic mediator of the TGF-b signaling

pathway. TGF-b induces the phosphorylation of Smad2 by
activating the TGF-b type I receptor, a serine and threonine
kinase receptor. To determine the effect of Tranilast on the

phosphorylation status of Smad2, HaCaT cells were treated

with either TGF-b or Tranilast and then the increase in

phospho-Smad2 was determined by Western blot using anti-

phospho-Smad2 antibody. As shown in Figure 5, the

phosphorylation of Smad2 in HaCaT cells treated with

100 pM TGF-b or 100mM Tranilast increased at 15, 30 and

45min after drug treatment, suggesting that Tranilast may

share the same signaling pathway of TGF-b.
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DkTbRII blocks both Tranilast and TGFb signaling

In HaCaT cells cotransfected with p21P and DkTbRII (a trun-
cated form of TGF-b type II receptor cloned into pSV-Sport1)
followed by Tranilast or TGF-b treatment, luciferase activity
was markedly reduced when compared with luciferase activity

in cells cotransfected with p21P and pSV-Sport1 (vector

control). Both the Tranilast- and TGF-b-mediated responses
were suppressed to a similar extent in cells cotransfected with

the truncated version of TbRII. These findings suggest that the
initial step in both Tranilast- and TGF-b-mediated signaling is
through interaction with TbRII (Figure 6).

Tranilast increases TGF-b level

To further elucidate the relationship between Tranilast and

TGF-b, HaCaT cells treated with increasing doses of Tranilast
(30, 60, 100, and 300mM) were subjected to TGF-b level

measurement. After correction with total protein concentra-

tion, the TGF-b level was significantly increased by Tranilast
in a dose-dependent manner (Figure 7).

Discussion

Tranilast has shown promise in preventing restenosis, a serious

long-term complication after balloon angioplasty. Tranilast is

believed to act by inhibiting the proliferation and migration of

vascular SMCs, likely through induction of p21 and p53. This

in vitro study examined the underlying molecular mechanism

leading to the induction of p21 by Tranilast.
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Using deletion mutagenesis and luciferase activity as a

surrogate measurement of p21 transcriptional activity, we have

identified a region between �74 and �83bp of the p21

promoter as a region that is responsive to Tranilast in HaCaT

cells. This same region on the p21 promoter has been previously

identified as a TGF-b-responsive element (Datto et al., 1995b).

TGF-b has been shown to elicit rapid transcriptional activation
of p21 thereby arresting cell growth in the G1 phase of the cell

cycle (Datto et al., 1995a). In Figure 3, we found that the

mutant #2 with deletion mutagenesis between �74 and �83bp
completely blocked the luciferase activity of p21 promoter.

Although the mutants #3 and #4 had a reduced ability to be

activated by TGF-b and Tranilast, the luciferase activity can
still be substantially induced 40% to 2.5-fold by TGF-b and
Tranilast as compared to the DMSO control. This result

suggested that the region between �54 and �73 was involved
but not fully responsible for the p21 promoter activation.

To confirm that both Tranilast and TGF-b do in fact act
at the same promoter site, we transfected HaCaT cells with

the �74/�83 bp of the p21 promoter region, and showed
that both the Tranilast- and TGF-b-mediated luciferase

activity increased in parallel and was of similar magnitude.

When multiple copies of the �74/�83 bp responsive element
were inserted, both Tranilast- and TGF-b-mediated luciferase
activities increased in proportion to the number of copies of

responsive element per plasmid present. Maximal luciferase

activity was attained with the four-copy construct, which was

approximately equal to that attained with the full-length p21

construct. The �74/�83 bp responsive element therefore was
sufficient to induce p21 transcription by both Tranilast- and

TGF-b. It was of interest to notice that the TbREx1 construct
containing one copy of TbRE exerted less potent luciferase
activity as compared to the full-length p21 construct. In

addition to the TbRE located at the region between �74 and
�83, there may be some other regions of the p21 promoter
regulating the TbRE activity. That is why TbREx1 alone
exerted less potent transcriptional activity as compared to the

p21P in response to TGF-b and Tranilast treatment. Although
mutation in TbRE may result in a significant loss of the

p21 promoter activity stimulated by TGF-b and Tranilast, yet

expression of only one copy of TbRE in luciferase vector was
not able to express full promoter activity.

As both Tranilast and TGF-b induce p21 expression by

acting at a common site on the promoter, we postulated that

both Tranilast and TGF-b might share a common signaling
pathway, namely the TGF-b signaling pathway. To decipher
this, we looked at Smad2 phosphorylation. Smad2 is a

cytoplasmic mediator of the TGF-b signaling pathway and

TGF-b induces its phosphorylation. We observed that both
Tranilast and TGF-b produced parallel increases in phosphory-
lated Smad (Figure 5). As Smad2 phosphorylation by TGF-b is
mediated via the TGF-b type II receptor, a serine/threonine
kinase receptor (Fiocchi, 2001), we postulated that Tranilast,

like TGF-b, might act at the receptor level, mediating either an
increase in the number of TGF-b receptors and/or in the kinase
activity of existing TGF-b receptors. To demonstrate this, we
expressed a DkTbRII that is known to exert a dominant-
negative effect on TGF-b signaling in HaCaT cells and showed
that these cells were now no longer responsive to either Tranilast

or TGF-b. Similarly, blocking TGFbRII by DkTbRII can then
be expected to downregulate the phosphorylated-Smad2 level

when stimulated with TGF-b and Tranilast. Therefore, our

results indicate that Tranilast- or TGF-b-mediated p21 induc-
tion requires the presence of an intact TGF-b type II receptor.
We conclude from the foregoing that Tranilast likely acts via the

TGF-b signaling pathway. This is further confirmed by our
finding that TGF-b was significantly increased by Tranilast in a
dose-dependent manner (Figure 7). These data can provide a

related evidence that Tranilast activates p21 gene expression via

the TGF-b-mediated signaling pathway.
In direct contrast to our results, Ward et al. (2002) in two in

vivo models, a rat model of balloon angioplasty and a Boston

minipig model of angioplasty with stenting, have reported that

TGF-b and Tranilast antagonized each other, with Tranilast
inhibiting TGF-b-mediated SMC proliferation. They further

suggested that inhibition of restenosis by Tranilast was due

to suppression of the injury-induced rise in TGF-b, TGF-b
receptors, and integrins an and b3 levels (Ward et al., 1998;

2002). This apparent conflict between Ward and colleagues’

conclusions and ours might be explained by the fact that we

used a drastically different cell model, an in vitro semiconfluent

human keratinocyte (HaCaT) monolayer, from theirs.

Whether TGF-b stimulates or inhibits cell proliferation is

dependent on the cell type (e.g., fibroblast or keratinocyte) in

the healing wound (Ashcroft et al., 1999).

The density of the cell monolayer might also contribute to

the differences in response to TGF-b. Majack et al. and Li

et al., 1995 showed that proliferation of confluent SMCs was

stimulated whereas that of nonconfluent SMCs was inhibited

by TGF-b (Majack, 1987; Goodman & Majack, 1989). In

addition, the activity of Smad proteins (inhibition or stimula-

tion of translation) depends on the mixture of coactivators

and/or corepressors with which they complex, and since TGF-b
may stimulate or inhibit cell proliferation directly or through

activation of Smads, the outcome is highly dependent on the

cellular activity of TGF-b (Massague & Wotton, 2000).

Although we have proposed a common pathway for Tranilast-

and TGF-b in this study, this may only apply to inhibition of
SMC proliferation. During fibrotic tissue response to angio-

plasty, for instance, TGF-b was found to stimulate and

Tranilast to inhibit collagen and glucosaminoglycan deposi-

tion (Miyazawa et al., 1995).
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Figure 7 Activation of Tranilast on TGF-b1 level. HaCaT cells
were treated with 30, 60, 100, and 300 mM of Tranilast with DMSO
as the control. The secretion level of TGF-b was corrected by total
protein from each treated group. Tranilast induced TGF-b secretion
from HaCaT cells in a dose-dependent manner. Each value
represents the mean7s.d. (n¼ 4). **Po0.01, ***Po0.001 as
compared to DMSO control in each group.
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The implication of our present study is that the effect of

Tranilast or other drugs that act via the TGF-b-responsive
element might be potentially enhanced by the increased level of

TGF-b-responsive element and/or TGF-b receptors at the site
of angioplasty or stenting through genetical engineering.

Additionally, the effects of Tranilast could be amplified by

concurrent use of drugs that inhibit SMC proliferation by a

different mechanism. For example, Tranilast combined with

inhibitors of farnesyl transferase (farnesyl pyrophosphate

analogues), an enzyme that added a farnesyl moiety onto the

carboxy terminus of H-ras responsible for membrane adher-

ence, was found to prevent restenosis after balloon angioplasty

in pig coronary artery (Work et al., 2001).

It should be borne in mind, however, that our study is limited

to a single set of in vitro conditions that showed TGF-b and
Tranilast inhibit HaCaT cell proliferation via the TGF-b-
responsive element. In addition, the rationale for using keratino-

cyte HaCaT cell line instead of SMC in our present study is due to

extensive reports of the TGF-b effects on the functional analysis
of p21 promoter activity being conducted in this cell line (Datto

et al., 1995a, b). We therefore used this cell line to ensure that the

functional activities of p21 promoter can be induced by TGF-b in
a reproducible manner to evaluate the transcriptional effects of

Tranilast on p21 promoter. A similar in vivo comparison of the

effects of TGF-b and Tranilast on SMC proliferation is necessary
to confirm the in vivo and clinical relevance of our finding.

In conclusion, the sequence between �74 and �83 bp of p21
promoter, previously identified as TGF-b-response element, is
demonstrated here to be sufficient for the transcriptional

activation of p21 by Tranilast. Furthermore, Tranilast can

induce the phosphorylation of Smad2, a cytoplasmic signaling

molecule essential for mediating TGF-b signal transduction,
suggesting that the induction of p21 expression by Tranilast

might be mediated through the activation of the TGF-b signal
transduction pathway.
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