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Tranilast inhibits the growth and metastasis
of mammary carcinoma
Rabindranath Chakrabartia, Venkateswaran Subramaniama, Salma Abdallaa,
Serge Jothya,b and Gérald J. Prud’hommea,b

Tranilast (N-[3,4-dimethoxycinnamonyl]-anthranilic acid)

is a drug of low toxicity that is orally administered, and

has been used clinically in Japan as an antiallergic and

antifibrotic agent. Its antifibrotic effect is thought to depend

on the inhibition of transforming growth factor-beta

(TGF-b). It has also been shown to exert antitumor effects,

but its mode of action is unclear. Here, we explored the

antitumor effects of tranilast in vitro and in vivo. Tranilast

inhibited the proliferation of several tumor cell lines

including mouse mammary carcinoma (4T1), rat mammary

carcinoma stem cell (LA7), and human breast carcinoma

(MDA-MB-231 and MCF-7). Tranilast blocked cell-cycle

progression in vitro. In the highly metastatic 4T1 cell line,

tranilast inhibited phospho-Smad2 generation, consistent

with a blockade of TGF-b signaling. It also inhibited the

activation of MAP kinases (extracellularly regulated kinase 1

and 2 and JNK), which have been linked to TGF-b-dependent

epithelial-to-mesenchymal transition and, indeed, it blocked

epithelial-to-mesenchymal transition. Although tranilast

only partially inhibited TGF-b production by 4T1 tumor cells,

it potently inhibited the production of TGF-b, interferon-c,

IL-6, IL-10, and IL-17 by lymphoid cells, suggesting a general

anti-inflammatory activity. In vivo, female BALB/c mice were

inoculated with syngeneic 4T1 cells in mammary fat pads

and treated with tranilast by gavage. Tranilast reduced

( > 50%) the growth of the primary tumor. However, its

effects on metastasis were more striking, with more

than 90% reduction of metastases in the lungs and no

metastasis in the liver. Thus, tranilast has potential activity

as an antimetastatic agent in breast cancer. Anti-Cancer
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Introduction
Breast cancer is a leading cause of death in women [1].

Advances in screening, diagnosis, and anticancer therapy

have increased survival. However, there are still many cases

where the tumor metastasizes to bones, lungs, and liver,

causing debilitating disease and death. Current thera-

pies have a limited impact at this stage, and there is an

urgent need to develop new therapies.

Tranilast (N-[3,4-dimethoxycinnamonyl]-anthranilic acid)

is an orally active compound used clinically in Japan to

control allergic responses such as anaphylactic reactions,

atopic dermatitis, and allergic rhinitis, where it seems to

act on mast cells [2–5]. Tranilast also inhibits collagen

synthesis and fibroblast proliferation, and has been used

to control fibrotic disorders [3,6–9]. Although the mecha-

nism(s) of this antifibrotic effect are not fully elucidated,

it is thought that the inhibition of transforming growth

factor-beta (TGF-b) production or action is a key factor

[3,6,8,9–14].

In addition, tranilast has been shown to exert antiproliferative

and/or antitumor protective effects against glioma cells,

uterine leiomyoma cells, oral squamous cell carcinoma, and

pancreatic carcinoma [15–18]. In some of these studies,

there is also evidence that the inhibition of TGF-b is

involved, although the mechanisms of action remain

unclear. In the case of mouse mammary or human breast

carcinoma, TGF-b1 appears to be a particularly important

factor in the development of metastases [19–24]. There-

fore, we hypothesized that tranilast would protect against

the development of these metastases.

In this study, we examined the inhibitory effects of

tranilast against breast or other cancer cell lines, and

particularly the highly metastatic 4T1 mouse mammary

carcinoma cell line. We found that tranilast inhibited the

proliferation of all the cell lines tested, TGF-b-induced

Smad phosphorylation and other signaling pathways,

and epithelial-to-mesenchymal transition (EMT). It also

exerted a broad suppressive effect on immune cells. Most

importantly, it inhibited the growth and metastatis of the

4T1 cell line ( > 90% reduction of metastases). These

findings are of special interest because, clinically, tranilast

has few adverse effects, as compared with conventional
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anticancer drugs, and might find a new application in the

prevention of metastatic breast cancer.

Materials and methods
Cancer cell lines and reagents

All the cancer cell lines were obtained from ATCC

(Manassas, Virginia, USA). 4T1 is an estrogen-indepen-

dent mammary carcinoma, derived from mammary

epithelial carcinoma from BALB/c mice (BALB/cfC3H).

4T1-derived tumors mimic clinical breast cancer and are

highly metastatic [25]. MCF-7 and MDA-MB-231 are

breast carcinoma cells of human origin. LA7 is a mammary

tumor cell line derived from a Sprague–Dawley rat, which

has recently been found to have mammary cancer stem

cell properties [26]. Lewis lung carcinoma (LLC) is a

murine lung carcinoma derived from a C57BL/6 mouse.

EL4 is a mouse T lymphoma cell line established from a

lymphoma induced in a C57BL/6 mouse by 9,10-

dimethyl-1,2-benzanthracene. Unless otherwise men-

tioned, cells were grown in Dulbecco’s Modified Eagle

Medium supplemented with 10% fetal bovine serum and

antibiotics (complete medium). Tranilast was a gift from

Dr Richard Gilbert (St Michael’s Hospital, Toronto,

Canada). Propidium iodide and DNase-free RNase

A were from Sigma-Aldrich, Missouri, USA.

Animal experiments

All animal experiments were performed according to

the guidelines of the Canadian Council on Animal Care’s

Ethics of Animal Investigation. The 4T1 cells were

transplanted orthotopically in mammary fat pads (5�105

cells/pad/mouse in 50 ml) of 6-week-old syngeneic

BALB/c mice (Charles River Laboratories, Wilmington,

Massachusetts, USA) under anesthesia. Mice were given

tranilast or vehicle by daily gavage at a dose of 300 mg/kg

body weight from day 0 (day of cancer cell transplanta-

tion) to the end of the treatment. Tranilast was dissolved

in 1% NaHCO3 for this purpose. Neutralized 1%

NaHCO3 served as the vehicle. Tumor growth was

measured by caliper in two dimensions, and the volumes

were calculated using the formula (width2� length)/2.

On day 28 of treatment the mice were killed and organs

were collected.

Histology and histomorphometry

The tissues were fixed in 10% neutral buffered formalin

for 24 h. Paraffin sections were made and the tissue

sections were stained with eosin and hematoxylin.

Metastatic disease was quantified by counting the

number of metastatic tumor foci per lung and liver

section. For morphometry, the pictures were taken at

� 4 magnification and the area of each metastatic

tumor lesion was measured in each lung section by

a morphometric method (ImageJ software from NIH,

Bethesda, Maryland, USA). The mean area per metastatic

tumor in each lung section was calculated.

Epithelial-to-mesenchymal transition

4T1 cells were grown in 24-well plates containing

round cover slips. Covers slips with attached cells were

transferred to new wells containing TGF-b1, tranilast, or

both and cultured for 48 h. After that, cells were washed

twice with phosphate-buffered saline (PBS), fixed with

3.7% formaldehyde solution in PBS for 10 min at room

temperature. Cells were washed and permeabilized with

0.1% Triton X-100 for 5 min, washed and incubated with

PBS containing 1% bovine serum albumin for 20 min at

room temperature. Alexa Fluor 568-conjugated phalloidin

(Molecular Probes, Eugene, USA) was added to the cells

(40x dilutions final) and incubated for another 20 min.

Cells were washed, air dried, mounted on the slide,

examined under florescence microscope (Olympus BX50,

Model F4, Olympus Optical Co. Ltd, Shinjuku-ku, Tokyo,

Japan) and photomicrographs were taken at a magnifica-

tion of �400.

Immunofluorescence staining for phosphorylated Smad2

4T1 cells were allowed to adhere directly to the

microscopic slides. For phosphorylated Smad2 (pSMAD2)

expression, TGF-b1, tranilast or both added to the cells

attached to the slides and incubated for 20 h. Cells were

stained for nuclear pSmad2 with anti-pSmad2 antibody

(Catalog # AB3849, Chemichon International, Temecula,

California, USA). Anti-rabbit IgG-fluorescein isothiocyanate

(Catalog # F-1268, Sigma-Aldrich, St Louis, Missouri, USA)

was used as the secondary antibody. Cells were fixed and

permeabilized using a cell fixation/permeabilization kit

(Becton Dickinson, Mississauga, Ontario, Canada). In brief,

cells were washed with PBS containing 1% bovine serum

albumin, fixed and permeabilized with cytofix/cytoperm

solution for 20 min at 41C, washed with perm/wash buffer,

incubated with primary antibodies for 1 h at 41C, washed,

incubated with fluorescein isothiocyanate-conjugated

secondary antibody for 1 h at 41C, washed and mounted.

The stained cells were examined under a fluorescence

microscope (Olympus BX50) and photographs taken.

Western blot analysis

For the detection of pSmad2 and vimentin, the appro-

priately treated cell cultures (4T1) were lysed in buffer

(50 mmol/l Tris pH 7.6, 150 mmol/l NaCl, 0.1% NP-40)

containing the cocktail of protease inhibitors (PMSF,

leupeptin, pepstatin, and aprotinin) on ice. Concentrated

(5x) Laemmli sodium dodecyl sulfate sample buffer

containing b-mercaptoethanol was added to the cell

lysates and incubated for 5 min in a boiling water bath,

vortexed and appropriate amount loaded onto a 12%

sodium dodecyl sulfate-polyacrylamide gel electropho-

resis for western blot analysis with appropriate primary

antibodies – rabbit anti-Smad2 phosphorylated antibody

(Catalog # AB3849, Chemicon International, USA),

rabbit anti-TGF-b (Catalog # 3709, Cell Signaling,

Boston, Massachusetts, USA) and rabbit anti-vimentin

(Catalog # sc-5565, Santa Cruz biotechnology, Santa
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Cruz, California, USA). The secondary antibody was goat

anti-rabbit horseradish peroxidase (Catalog # W4011,

Promega, Madison, Wisconsin, USA).

Effect of tranilast on the growth of tumor cells in culture

All the tumor cells (10�103/well) were allowed to attach

to the wells of flat bottom 96-well plate. Various

concentrations of tranilast [dissolved in dimethyl

sulfoxide (DMSO)] or DMSO were added to the cells

and cultured for 48 h. Cell growth was measured by MTT

assay. In brief, MTT was added to the cells at 1 mg/ml

final concentration and incubated for 2 h. Supernatant

was removed, formazan solubilized with isopropanol, and

absorbance read at a wavelength of 540 nm.

Flow cytometry for cell-cycle analysis and annexin V

staining

The 4T1 cells were harvested by trypsinization, washed

with PBS, and fixed in cold 70% ethanol for 3 h and stored

at – 201C. For staining with propidium iodide, ethanol

was removed by centrifugation followed by a wash in PBS.

The cell pellets were resuspended in 1 ml staining

solution (PBS containing 0.1% Triton X-100, 50 mg/ml

propidium iodide and 50 U/ml of DNase-free RNase A)

and incubated at room temperature for 30 min. After

that, cell cycle was analyzed by flow cytometry using the

program FlowJO (Tree Start Inc., Eugene, Oregon, USA).

Annexin V staining of tumor cells for the detection of

apoptosis was performed with a commercial kit (Clontech,

Mountain View, California, USA), and analyzed by flow

cytometry, according to the manufacturer’s instructions.

Determination of extracellularly regulated kinase 1

and 2 and JNK phosphorylation by CASE ELISA

The 4T1 cells (10�103/well) were grown on a flat-bottom

96-well plate overnight, followed by serum deprivation for

24 h. Then the cells were cultured for another 20 h in

complete medium with or without tranilast. The level of

phosphorylated and total extracellularly regulated kinase 1

and 2 (ERK1/2) and JNK were measured by enzyme-linked

immunosorbent assay (ELISA) using cellular activation of

signaling ELISA (CASE) kits (SuperArray Bioscience

Corp., Frederick, Maryland, USA). The extent of protein

phosphorylation was determined according to the supplier’s

protocol.

Lymphocyte culture and stimulation

Spleen cell isolation, splenic T cell purification, culture

conditions, stimulation with CD3/CD28 mAbs or lipo-

polysaccharide (LPS) was performed as we have des-

cribed earlier [27–29].

Cytokine enzyme-linked immunosorbent assay

Cytokine levels (IL-6, IL-10, interferon-g, IL-17, and

TGF-b1) in the culture supernatants were measured

by specific ELISA kits (R&D Systems, Minneapolis,

Minnesota, USA), according to the supplier’s protocol.

For TGF-b1 measurement, the samples were acidified for

the activation of the cytokine followed by neutralization,

according to the supplier’s protocol. The TGF-b1 assay

detects only the active form of the cytokine.

Statistical analysis

Significance of difference between treated and untreated

groups were analyzed by two-tailed t-test, and Pr 0.05

was considered significant. All analyses were performed

with GraphPad Prism 3.03 (GraphPad Software, La Jolla,

California, USA).

Results
Tranilast inhibits the growth of tumor cells in vitro

We examined whether tranilast has a growth inhibitory

effect on tumor cells in vitro. As shown in Fig. 1a, tranilast

markedly inhibited the growth of 4T1 cells, with 50

and 100% inhibition at 200 and 800 mmol/l, respectively.

DMSO, the solvent for tranilast, did not show any

inhibitory effect on the growth up to the maximum dose

used (0.8% for 800 mmol/l tranilast) (data not shown). At

these doses of tranilast, no increase in cell death was

noted as determined by the Trypan blue dye exclusion,

and there was no increase in apoptosis as determined

by flow cytometric analysis of annexin V staining (data

not shown). Tranilast also inhibited the growth of several

other cancer cell lines (Fig. 1a), including human breast

carcinoma lines (MDA-MB-231 and MCF-7), mouse

LLC, and mouse thymoma (EL4). The most sensitive

cell line was rat mammary carcinoma LA7, which has

stem cell properties [26], showing 50% inhibition at

100 mmol/l.

Tranilast arrests cell-cycle progression in 4T1 cells

We further examined the effect of tranilast on the cell

cycle. As shown in Fig. 1b, at 800mmol/l tranilast, the

number of G1 cells increased (58%) with concomitant

decrease in G2 cells (0.5%), without any changes in

S-phase cell number (40%), as compared with the controls

(G1 = 43%, S = 40%, G2 = 16%). Thus, the cell cycle

seemed to be arrested at the G1 phase. In addition, Ki-67

nuclear staining by immunofluorescence was restricted

to a few foci in the nucleoplasm, which is also indicative of

G1-phase arrest [30] (data not shown). However, at a lower

concentration of tranilast (200mmol/l), the number of

S-phase cells increased (72%) with concomitant decrease

in G1 (17%) and G2 (8%) cell numbers, as compared with

the control (Fig. 1b), indicating an inhibition of cell-cycle

progression at the S-phase. In summary, these results

indicate that tranilast can arrest the cell cycle at either

the G1 or S-phase, depending on the drug concentration.

Tranilast inhibits phosphorylated Smad2 accumulation

in the nucleus

Phosphorylation of Smad2 and the translocation of

pSmad2 to the nucleus are key events in the TGF-b1

signal transduction cascade [31]. We examined the effect
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of tranilast on the nuclear accumulation pSmad2 in 4T1

cells treated with active TGF-b1. Control cells (not

treated with TGF-b1) showed the presence of some

pSmad2 in the nucleus (Fig. 2a), consistent with our

finding that this cell line produces TGF-b1. The levels

of TGF-b1 in the culture supernatants at 0, 50, 200, and

Fig. 1
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Effect of tranilast on the growth of breast cancer and other tumor cell lines in vitro. (a) Various tumor cells (LA7, 4T1, MDA-MB-231, LLC, EL4, MCF-
7 cells) were allowed to attach to the wells (10�103 cells/well) of a flat-bottom 96-well plate. Various concentrations of tranilast were added to the
cells and cultured for 48 h. Cell growth was monitored by MTTassay. Growth or proliferation in all cell lines was suppressed, with LA7 being the most
sensitive. The suppression of cell growth was not accompanied by cytotoxicity (data not shown). Results are the mean ± SD of three separate
experiments. (b) 4T1 cells were cultured for 24 h in serum-free medium, followed by the culture in complete medium in the presence or absence of
dimethyl sulfoxide (DMSO) or tranilast for 24 h. Then cell-cycle progression was analyzed by flow cytometry. The percentage of cells in the G1, S, or
G2 phases is reported inside each histogram. Tranilast inhibited cells cycle in the S-phase at 200 mmol/l, and primarily at the G1 phase at 800 mmol/l.
Two experiments yielded similar results.
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Fig. 2
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Tranilast inhibits TGF-b1-induced Smad2 phosphorylation and serum-induced extracellularly regulated kinase 1 and 2 (ERK1/2) phosphorylation in 4T1
cells. (a) 4T1 cells were attached directly to microscopic slides and incubated for 20 h in the presence of TGF-b1 (2 ng/ml), tranilast (800mmol/l), or both,
and stained for phosphorylated Smad2 (pSmad2) as described in Materials and methods. The cells receiving only vehicle [dimethyl sulfoxide (DMSO)]
treatment served as control. TGF-b1 increased nuclear staining for pSmad2, and this was almost completely blocked by tranilast. Photomicrographs
were taken at �400 magnification. Four experiments yielded similar results. (b) 4T1 cells were deprived of serum for 24 h followed by culture in
complete medium in the presence or absence of vehicle (DMSO) or tranilast (800mmol/l) for 24 h. The cells were lysed and analyzed for pSmad2 by
western blotting. Upper panel: picture of the western blot; lower panel: densities of pSmad2 bands as percentage of b-actin controls. There is
approximately 38% reduction in the level of pSmad2. This is one of the two experiments that yielded similar results. (c) 4T1 cells were grown in flat-
bottom 96-well plates overnight, followed by serum deprivation for 24 h. After that, cells were cultured for another 24 h in complete medium in the
presence of DMSO (control) or 800 mmol/l tranilast. The level of phosphorylated and total ERK1/2 and JNK were measured by CASE enzyme-linked
immunosorbent assay, and the relative extent of phosphorylation was calculated, according to the supplier’s protocol. The extent of phosphorylation
refers to the proportion (fraction) of the total protein (ERK or JNK) that is phosphorylated. Results are the mean ± SD of three separate experiments.
Tranilast significantly (P < 0.05) reduced the phosphorylation of both JNK and ERK1/2. We also examined phosporylation of ERK at earlier time
points – 0, 30, 60, and 90 min. We saw phosphorylation of ERK1/2, but tranilast did not inhibit phosphorylation at these early time points.
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800 mmol/l tranilast were 43 ± 2.9, 53 ± 2.9, 55 ± 2.9,

and 42 ± 2.9 pg/ml (mean ± SD, n = 3, P > 0.05). Thus,

the levels of TGF-b1 in the supernatants of 4T1 cells

were not significantly reduced by tranilast (although

immunoblots of proteins from cell lysates showed lower

levels of TGF-b1; see below). Despite this constitutive

production, the addition of active TGF-b1 (2 ng/ml) to

the culture medium markedly enhanced the level of

pSmad2 nuclear staining (Fig. 2a), which was inhibited by

tranilast, consistent with a blockade of TGF-b signaling.

We confirmed this further with western blot analysis of

the cell lysates. As shown in Fig. 2b, tranilast treatment

reduced the pSmad2 level as compared with the control

cells (same medium with no tranilast).

Effect of tranilast on the phosphorylation

of extracellularly regulated kinase 1 and 2 and JNK

ERK1/2, p38, and JNK are activated by serum, growth

factors and cytokines (including TGF-b) [32]. ERK1/2 is

aberrantly regulated in many cancer cells [32–34]. ERK,

p38, and JNK have been implicated in TGF-b-dependent

EMT and tumor cell migration [35,36]. Thus, we

examined whether tranilast can depress phosphorylation

Fig. 3
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Tranilast inhibits TGF-b1-induced epithelial-to-mesenchymal transition (EMT) in 4T1 cells. (a) 4T1 cells were attached to cover slips and cultured for
48 h in the presence and absence of tranilast (800mmol/l) and TGF-b1 (2 ng/ml). The cells were stained for F-actin with Alexa Fluor 568-conjugated
phalloidin. Photographs were taken at a magnification of �400. Addition of TGF-b1 to the cultures induced EMT as revealed from massive F-actin
fiber organization and this was markedly reduced by tranilast treatment. Four experiments yielded similar results. Tranilast also inhibited EMT at a
concentration of 200mmol/l, but the effect was less marked (data not shown). (b) 4T1 cells were deprived of serum for 24 h followed by culture in
complete medium in the presence or absence of vehicle (dimethyl sulfoxide) or tranilast (800mmol/l) for 48 h. The cells were lysed and analyzed for
vimentin (mesenchymal marker) by western blot as in Materials and methods. Upper panel: picture of the western blot; lower panel: densities of
vimentin bands as percentage of b-actin controls. Tranilast treatment drastically reduced the vimentin level. Two experiments yielded similar results.
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of these kinases in 4T1 cells. As expected, serum induced

phosphorylation of ERK1/2 and JNK, and in both cases

this was significantly reduced by tranilast (Fig. 2c) as

determined by a CASE cellular ELISA. However, serum-

induced phosphorylation of p38 was not affected by

tranilast (data not shown).

Tranilast inhibits epithelial-to-mesenchymal transition

of 4T1 cells

We investigated whether tranilast treatment can inhibit

EMT in 4T1 cells in culture. As this cell line produces

TGF-b1, the untreated cells had a mixture of both

epithelial and mesenchymal-type cells (Fig. 3a), indicat-

ing EMT of some cells. This basal level of EMT was

inhibited by either tranilast or an anti-TGF-b monoclonal

antibody (data not shown). The cells incubated for 48 h

with TGF-b1 (2 ng/ml) showed a markedly increased

level of EMT, as indicated by the large amount of

organized F-actin fibers (Fig. 3a). Tranilast inhibited the

TGF-b1-induced EMT, as indicated by the reduced

number of mesenchymal-type cells and the reduced level

of organized F-actin (Fig. 3a). To corroborate this further,

we analyzed the levels of vimentin, a mesenchymal

marker, by western blot analysis. As shown in Fig. 3b,

tranilast drastically reduced the vimentin level in 4T1

cells, as compared with the control.

Inhibition of cytokine production by lymphoid cells

and 4T1 cells

In these experiments we isolated total murine spleen

cells, and in some cases we isolated the splenic

CD4+CD25 – and CD8+ T cell subpopulations. T cells,

or unfractionated spleen cells, were stimulated in vitro
with CD3/CD28 mAbs. CD3/CD28 stimulation induces

the production of several cytokines by T cells, including

TGF-b1, interferon-g, IL-10, and IL-17. In addition,

we incubated the spleen cells with LPS, which acts on

other (non-T) spleen cells and induces production of IL-6.

Cytokine levels were measured by ELISA. We found that

tranilast strongly inhibited the production of TGF-b1 by

both CD4+CD25 – (conventional Th-type cells)

and CD8+ cells (cytotoxic T lymphocytes) (Fig. 4a).

Indeed, Z 50% suppression was observed at tranilast

concentration of 50 mmol/l. In the case of cultured

4T1 tumor cells, as noted previously, tranilast (at

50–800 mmol/l) did not significantly reduce the levels of

TGF-b1 in culture supernatants. This suggested that

tranilast did not act on 4T1 cells, unlike lymphocytes, by

suppressing the production of TGF-b. These levels were,

however, measured after 24 h in culture and it is possible

that levels peak, which might mask a moderate reduct-

ion in cytokine production. Indeed, at 24 h, immunoblots

of proteins from 4T1 whole-cell lysates revealed an

approximately 54% reduction in TGF-b1 expression with

Fig. 4
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for TGF-b1 activation, and TGF-b1 levels in the culture supernatant were measured by enzyme-linked immunosorbent assay. The control T cells
(without tranilast) generated TGF-b1 levels of 83 ± 8.7 pg/ml in CD4+ cells and 39 ± 5.2 pg/ml in CD8+ T cells (mean ± SD; n = 3). At all
concentrations, tranilast significantly inhibited the production of TGF-b1 by both cell types (P < 0.05). (b) 4T1 cells were deprived of serum for 24 h
followed by culture in complete medium in the presence or absence of vehicle (dimethyl sulfoxide) or tranilast (800 mmol/l) for 24 h. The cells were
lysed and analyzed for TGF-b1 by immunoblotting. The size of the unprocessed TGF-b1 precursor peptide is approximately 48 kDa. Upper panel:
picture of the immunoblot; lower panel: densities of TGF-b1 bands as percentage of b-actin controls. There is approximately 54% tranilast-induced
reduction in the expression level of TGF-b1. This is a representative experiment of two experiments. (c) Splenocytes were stimulated with plate-
bound anti-CD3 and anti-CD28 mAbs in the presence or absence of tranilast. At 48 h, IL-10, interferon-g, and IL-17 in the culture supernatants were
measured. Alternatively, in some wells, the production of IL-6 was stimulated by lipopolysaccharide (LPS). Tranilast significantly (P < 0.05) inhibited
the secretion of all these cytokines at concentrations similar to those that inhibited TGF-b1 production by T cells. The control-stimulated levels of IL-6,
IL-10, interferon-g, and IL-17 were 13 ± 3.5, 723 ± 33, 1200 ± 199, and 476 ± 24 pg/ml (mean ± SD, n = 3), respectively. For both (a) and (b), two
experiments yielded similar results.
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tranilast, detected primarily as the unprocessed precursor

peptide (Fig. 4b). Similarly, in-vivo tranilast treatment

resulted in a 40–50% reduction in the levels of the TGF-b
propeptide in protein extracts of transplanted 4T1 tumors

(data not shown). This suggests that tranilast suppresses

the production of TGF-b by 4T1 cells at least partially.

The effects of tranilast were not limited to TGF-b
production. In CD3/CD28-stimulated or LPS-stimulated

spleen cells, tranilast also inhibited the production of

IL-6, IL-10, IL-17, and interferon-g, at concentrations

in the same range as those that inhibited TGF-b1

(Fig. 4c). When we examined the supernatants of 4T1

cells for these cytokines, they were either present in low

amounts or undetectable, and we could not establish

whether or not tranilast was suppressive (data not shown).

Tranilast inhibits the growth and metastasis of

transplanted 4T1 cells

Administration of tranilast by gavage markedly inhibited

the growth of 4T1 cells transplanted in the mammary fat

pad of female BALB/c mice, as indicated by the significant

reduction in primary tumor volumes (approximately 50%)

(Fig. 5). Tranilast treatment also dramatically reduced

metastasis of tumor to the lungs. As shown in Fig. 6a, the

lungs of mice in the vehicle-treated groups have about

12 times more metastatic tumors as compared with the

tranilast-treated group. Furthermore, the metastatic lung

tumors of vehicle-treated mice were considerably larger

than those of the tranilast group (Fig. 6b and c). In the

liver (Fig. 6d), we found a maximum of two metastatic

tumors per liver section in vehicle-treated mice.

However, although about 60% of vehicle-treated mice

developed liver metastases, no metastases were detected

in the liver of tranilast-treated mice.

Discussion
We found that tranilast inhibits the proliferation of all

the tumor cell lines we tested, that is, the MDA-MB-231

and MCF-7 human breast carcinoma cell lines, the 4T1

mouse mammary carcinoma, the LA7 rat mammary

carcinoma (reported to have cancer stem cell properties)

[26], as well as mouse LLC (lung carcinoma), and EL-4

(thymoma). This occurred without apparent cytotoxicity,

and tranilast seemed to arrest cell cycle at the S-phase

at a moderate concentration (200 mmol/l) and at the

G1-phase at a higher concentration (800 mmol/l). The

mechanism by which tranilast blocks cell cycling remains

to be fully elucidated. This could be related to reduced

ERK activation (see below), which is normally sensitive

to TGF-b [35,36] and several other stimuli. Furthermore,

previous studies showed that tranilast induces the

cyclin-dependent kinase inhibitor p21WAF1 and the tumor

suppressor p53 [37].

As our primary goal was to study metastatic disease, we

focused on the highly metastatic 4T1 cell line. Consis-

tent with its known anti-TGF-b effects, tranilast blocked

TGF-b signaling as manifested by reduced nuclear

pSmad2. Interestingly, tranilast did not prevent TGF-b1

secretion by 4T1 cells, although it strongly inhibited

TGF-b1 production by T cells (see below). However, in

the case of 4T1 cells, culture supernatant levels might

not accurately reflect total TGF-b production over time.

This is suggested by the finding that immunoblots of

proteins extracted from cultured 4T1 cells showed an

approximately 50% reduction in the TGF-b precursor

peptide (the main form identified in the cytoplasm) in

the presence of tranilast. A similar degree of tranilast-

mediated suppression was also noted in vivo in trans-

planted 4T1 tumors (data not shown). We have not

established whether this degree of suppression is

sufficient to alter tumor progression, but we speculate

that it is. Tranilast also inhibited ERK1/2 and JNK

phosphorylation, and suppressed EMT. Importantly, we

report that tranilast inhibits the growth of orthotopically

transplanted 4T1 cells by more than 50%. Its effects

on lung and liver metastases, however, were even more

impressive with over 90% reduction in the lungs.
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Tranilast inhibits the growth of transplanted 4T1 mammary carcinoma. 4T1
cells were transplanted orthotopically in mammary fat pads of 6-week-old
female BALB/c mice (eight mice in each group). Tranilast was administered
by gavage at a dose of 300 mg/kg body weight from day 0 (day of cancer
cell transplantation) to the end of the treatment. Tumor volume (mean± SD,
n= 8) over time is reported (’, vehicle group; &, tranilast group). At all time
points, tumor size in the tranilast group was significantly lower than in the
vehicle group (P<0.05). Three experiments yielded similar results.

Tranilast inhibits mammary carcinoma Chakrabarti et al. 341

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.



Indeed, unlike control mice, tranilast-treated mice only

developed a few small lung metastases and no liver

metastases at all.

The ability of tranilast to inhibit TGF-b signaling is

probably a major contributor to its antimetastatic effects.

TGF-b plays a major role in cancer by suppressing tumor

growth in the early phase, but promoting tumor

metastasis at later stages (reviewed in Ref. [9]). Indeed,

LAP-TGF-b (the latent form) is frequently produced by

cancer cells, and it seems that these cells can activate this

cytokine, possibly by several mechanisms [9]. Recently,

we have identified neuropilin-1 as a molecule expressed

by cancer cells (including 4T1), which can activate TGF-b

Fig. 6
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Tranilast inhibits metastasis of 4T1 mammary carcinoma to the lungs and liver. Mice were transplanted with 4T1 cells and treated with tranilast by
gavage, as in Fig. 5 (eight mice in each group). On day 28 of treatment, the mice were killed and the lungs and liver were collected and examined
histologically. (a) Number of tumors per lung section (’, vehicle; &, tranilast), expressed as the mean ± SD (n = 8). (b) Histological sections of lungs
showing metastatic tumors. As shown here, the tranilast-treated mice had smaller tumors than the vehicle-treated group (marked areas). (c) The area
of each metastatic tumor lesions was measured in each lung section by a morphometric method. The mean area per metastatic tumor was
significantly higher in the vehicle group than in the tranilast group (P < 0.05). (d) Incidence of metastasis to liver (’, vehicle; &, tranilast). Unlike the
vehicle-treated group, the tranilast-treated group had no metastases (P < 0.05). The photomicrographs were taken at a magnification of �40. Three
experiments yielded similar results.
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[38]. TGF-b signaling depends on both Smad and

non-Smad pathways [9]. As tranilast inhibited the

accumulation of pSmad2, we postulate that it inhibits

signaling at an early point (yet to be identified) in the

Smad pathway.

With tumor progression, TGF-b becomes a tumor

promoter and induces EMT by Smad-dependent and

independent pathways [39–41]. Indeed, TGF-b has been

shown to activate at least two different MAPK path-

ways, that is, ERK and JNK [35,36,41], relevant to tumor

progression. Notably, the ERK1/2 signaling pathway is

important for the growth of normal and cancer cells

[32–34]. Our study reveals that tranilast reduces ERK1/2

phosphorylation, and this could be a key mechanism by

which it inhibits tumor cell growth. Indeed, ERK1/2 is

considered as a master regulator of G1-S phase transition

[42]. Furthermore, our finding that tranilast also inhibits

JNK activation points to a more general blockade of

these pathways. The combined inhibition of ERK and

JNK phosphorylation may explain the ability of tranilast

to block EMT and metastasis. TGF-b signaling and

ERK1/2 phosphorylation have been linked to tumor cell

migration [35,36], and we recently observed that tranilast

significantly inhibits the migration of 4T1 cells for up to 96 h

in an in-vitro wound assay (Subramaniam et al., in prepara-

tion). Migration is an important step in metastasis, and

this further supports our hypothesis that tranilast

protects against metastatic disease.

Tranilast might act in the tumor microenvironment by

suppressing TGF-b production by tumor cells and/or other

cell types, such as lymphocytes, macrophages, and other

lymphoid cells. We tested the ability of tranilast to suppress

several cytokines in vitro. In purified CD+CD25 – and

CD8+ T cell populations stimulated with CD3/CD28

mAbs, tranilast strongly suppressed TGF-b1 secretion.

Indeed, Z 50% inhibition was observed at doses of

50mmol/l, suggesting that T cells are more sensitive to

the inhibitory effects of tranilast than the tumor cell lines

we examined. Furthermore, stimulation of spleen cells

(containing both T cells and other cell types) with either

CD3/CD28 mAbs or LPS revealed that tranilast could

suppress the production of interferon-g, IL-6, IL-10, and

IL-17. Although interferon-g generally has a protective

role against cancer, the other cytokines have all been

linked to tumor progression [43–46]. The ability of

tranilast to suppress these multiple cytokines could have

profound effects on the development of antitumor

immunity, tumor cell growth, and might also alter the

tumor stroma.

Several large and small-molecular-weight drugs inhibiting

TGF-b are being tested in preclinical and clinical trial

for the therapy of fibrosis or cancer. This includes mAbs,

soluble TGF-b receptors, antisense ODNs, and several

inhibitors of ALK5 (TGF-bRI), as we have reviewed [9].

Most of these drugs are either at a preclinical or early

clinical stage of development. In contrast, there is a long

clinical experience with tranilast, and considerable

evidence that it is well tolerated by patients. Indeed,

the toxicity of tranilast is low, with an LD50 of greater

than 1 g/kg in rats [47]. For the therapy of allergic and

fibrotic diseases, tranilast is usually administered at a dose

of 300 mg/day (in three divided doses), but in some clinical

trials it has been administered at doses of 600–900 mg/day

[47,48]. At the higher doses, approximately 11% of

patients have experienced liver test abnormalities, which

are reversible after withdrawal of the drug. Peak plasma

levels of 100–200 mmol/l have been reported after the

administration of a single dose of tranilast in the

therapeutic range to humans [49]. With continuous

administration of 600 mg/day dose, plasma concentrations

ranged from 30 to 300 mmol/l [50]. These in-vivo levels

correspond to concentrations of tranilast that reduced

the proliferation of four out of six tumor cell lines we

tested in vitro, and are clearly sufficient to inhibit the

production of several cytokines (including TGF-b and IL-

17) by lymphoid cells.

In addition to inhibiting TGF-b production and/or action,

tranilast exerts other anticancer effects and, therefore,

may have advantages over more specific TGF-b inhibitors.

Our results suggest that tranilast has the potential of

becoming a novel drug in the prevention of metastatic

cancer. Remarkably, compared with recent reports,

tranilast monotherapy seems to be more effective in

preventing metastatic disease in the 4T1 model than

either anti-TGF-b monotherapy with the 1D11 antibody

[51], paclitaxel monotherapy [52], or paclitaxel combined

with endostatin gene therapy [52]. Moreover, the ability

of tranilast to inhibit 4T1 primary tumor growth appears

comparable with either paclitaxel or doxorubicin [52,53].

In conclusion, tranilast inhibited the proliferation of

human, mouse, and rat mammary carcinoma cell lines. It

inhibited Smad-dependent, ERK, and JNK signaling

pathways, as well as EMT. Tranilast also inhibited the

production of several cytokines by immune cells, including

TGF-b and IL-17 that have been linked to cancer

progression. In vivo, it significantly inhibited the growth

of 4T1 mouse mammary carcinoma, and was highly

effective in preventing metastatic disease. Thus, tranilast

has potential activity as an antimetastatic agent in breast

cancer.
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