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ABSTRACT 

Transforming Growth Factor-beta (TGF-β) is dysregulated in colorectal cancer and there is growing evidence that 

it is associated with a poor prognosis and chemo-resistance in several malignances, including CRC. In this study 

we have explored the therapeutic potential of targeting TGF-β using Tranilast in colon cancer. The anti-prolifera-

tive activity of Tranilast was evaluated in 2- and 3-dimensional cells. We used a xenograft model of colon cancer 
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to investigate the activity of Tranilast alone or in combination with 5-FU on tumor growth using histological 

staining and biochemical studies, as well as gene expression analyses using RT-PCR and Western blotting. Tra-

nilast alone or in combination with 5-FU inhibited tumor growth and was associated with a reduction of TGF-β 

expression and CD31 positive endothelial cells. Histological evaluation showed that Tranilast increased tumor 

necrosis and reduced tumor density and angiogenesis. Tranilast increased MDA and ROS production. It was also 

found that Tranilast reduced total thiol concentration and reduced SOD and catalase activity. Tranilast plus 5-FU 

was also found to attenuate collagen deposition, reducing tumor fibrosis in tumor xenografts. Our results show 

that Tranilast, a TGF inhibitor, in combination with 5-FU reduces tumor growth by inhibiting fibrosis and induct-

ing ROS, thus supporting this therapeutic approach in CRC treatment. 

 

Keywords: Colon cancer, Tranilast, TGF pathway, angiogenesis, fibrosis 

 

 

 

INTRODUCTION 

Colorectal cancer (CRC) is one of the 

most prevalent cancers, being the fourth most 

common cause of cancer-related death glob-

ally (Marjaneh et al., 2018). In the United 

States, 135,430 new colon cancer patients 

were identified of whom 50,260 died in 2017. 

There are several risk factors for CRC that in-

clude: smoking, obesity, inheritance, and in-

flammatory bowel disease. The incidence of 

CRC increases with age, and approximately 

58 % of new cases are found in people over 

65 years of age (Siegel et al., 2017). The chal-

lenge in the treatment of colon cancer patients 

is finding new drugs with high efficacy and 

low side effects. Efforts are being made to 

identify and target the main pathways that 

contributed to the progression of cancer.  

The TGF-β pathway is a multifunctional 

pathway which has been reported to be up-

regulated in advanced-stages of some tumors, 

and plays an important role in regulating the 

proliferation, differentiation, survival, and 

migration of tumor cells and angiogenesis 

(Gold, 1999). The initiating step is the liga-

tion of TGF-β with the type II receptor 

(TβRII), followed by recruitment of the type I 

receptor (TβRI) that is phosphorylated, and 

the activation of SMAD proteins, that regu-

late several downstream genes (Siegel and 

Massagué, 2003). The pro-oncogenic effects 

of TGF-β also depend on the activation of 

other, non-SMAD pathways (Derynck and 

Zhang, 2003; Zhang, 2009). Therefore, TGF-

β may affect tumor development through var-

ious mechanisms. It therefore has been pro-

posed that targeting TGF-β signaling may re-

sult in significant improvements in cancer pa-

tients. 

Tranilast is an inhibitor of TGF-β secre-

tion, and has been used in the treatment of 

asthmatic patients (Rogosnitzky et al., 2012). 

It has been shown that Tranilast can inhibit tu-

mor growth and tumor cell proliferation in 

several different cancers including breast, 

pancreas, prostate and glioma (Yashiro et al., 

1997; Hiroi et al., 2002; Shime et al., 2002). 

There are several studies that have investi-

gated the molecular mechanisms that contrib-

uted to the anti-proliferative effects of Tra-

nilast. It is a TGF-β blocker, that can inhibit 

the production of chemokines by mast cells, 

and suppressed the secretion of the matrix 

metalloproteases (Platten et al., 2001; 

Shimizu et al., 2005; Izumi et al., 2009). Tra-

nilast has also been reported to reduce angio-

genesis by inhibiting endothelial cell prolifer-

ation, reducing vascular endothelial growth 

factor (VEGF) expression, and endothelial 

tube formation (Isaji et al., 1997). In this cur-

rent in vitro and experimental animal model 

study we evaluated the anti-cancer potential 

of Tranilast alone and in combination with 

Fluorouracil (5-FU), revealing its underlying 

molecular mechanisms of action in colon can-

cer. 

 

MATERIAL AND METHODS  

Cell culture 

CT-26 cells, a mouse colon cancer cell 

line, were grown in DMEM-F12 media sup-

plemented with 10 % (v/v) FBS and penicil-

lin/streptomycin antibiotics. Cultures were 
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maintained at 37 °C in a humidified incubator 

containing 5 % CO2. 

 

Growth inhibition (MTT) assay 

Cell viability was assessed using a 3-(4,5-

demerthylthiazol-2-yl)-2,5-diphenyltetrazo-

lium bromide (MTT) assay as described by 

Zhang et al. (2015). CT-26 cells were treated 

with different concentration of Tranilast and 

the IC50 was determined. Each cell viability 

assay was performed in triplicate. 

 

3D model 

Spheroid formation (3D culture) was in-

duced as described by Korff and Augustin 

(1998) and Walzl et al. (2014). CT-26 cells 

were seeded onto 96 well-plates in DMEM-

F12 medium and treated with Tranilast (200 

µM). Spheroids were grown under standard 

conditions and harvested at different time 

points for drug testing. Spheroid morphology 

was evaluated microscopically.  

 

Western blotting 

Western blotting was performed as de-

scribed previously (Hassanian et al., 2015). 

Following treatment with Tranilast (200 µM), 

Cyclin D1 protein was extracted using lysis 

buffer. We evaluated protein concentration 

using the Pierce bicinchoninic acid (BCA) 

protein assay kit (Thermo Scientific, Rock-

ford, IL). Following sample loading and sep-

aration by SDS-PAGE, proteins were trans-

ferred onto poly vinylidene difluoride 

(PVDF) membranes (Immobilon-P, Milli-

pore, Bedford, MA). We incubated PVDF 

membranes with primary and secondary anti-

bodies, and visualized data using a West 

Femto Chemiluminescent reagent (Thermo 

Scientific, Rockford, IL). 

 

Reactive oxygen species (ROS) detection 

We measured the production of reactive 

oxygen species (ROS) in the CT-26 cell line 

using a ROS detection assay kit (Abcam, 

Cambridge, MA) based on manufacturer's in-

structions. CT-26 cells were seeded in a 96-

well culture plate. After adding DCFDA solu-

tion, cells were treated with two doses of Tra-

nilast (100 and 200 µM) and compared with 

the control group. The fluorescent intensity in 

all groups was quantified using a fluorescence 

plate reader FACScan (Becton Dickinson, 

San Jose, CA). 

 

Animal study 

To investigate Tranilast’s effect on tumor 

growth in vivo, twenty BALB/C mice were 

purchased at the age of 6-8 weeks from the 

Pasteur Institute. Following tumor implanta-

tion, when the size of the tumor reached 80-

100 mm3, mice were categorized into the fol-

lowing groups: 1) control group; 2) treated 

with 5-FU (5 mg/kg/day); 3) treated with Tra-

nilast (200 µM directly intra tumor); 4) 

treated with 5-FU and Tranilast combination. 

Tissue samples were collected on day 21 and 

stored in formalin or at −70 °C for histologi-

cal and biochemical experiments. 

 

Histological assay 

Fixed tissue samples were embedded in 

paraffin and then sectioned in 5-7 μm thick-

ness. The tissue sections were de-paraffinized 

and stained with Hematoxylin-Eosin (H&E) 

for the evaluation of tumor density, necrosis 

and tumor vessels. Masson trichrome staining 

was performed for the evaluation of collagen 

deposition and fibrosis. 

 

Measurement of oxidative stress markers 

As we previously described (Asgharzadeh 

et al., 2017; Hashemzehi et al., 2018; 

Marjaneh et al., 2018), the activity of catalase 

and superoxide dismutase (SOD), as well as 

the concentration of malondialdehyde 

(MDA), total thiol and nitric oxide were 

measured in tissue homogenates.  

 

Docking study 

The orientation of the Tranilast at the ac-

tive site of the target proteins was examined 

using the Molecular Operating Environment 

(MOE, Chemical Computing Group Inc. 

Montreal, http://www.chemcomp.com) dock-

ing software in silico. In this study we used 

the chemical structure drawing program, 

http://www.chemcomp.com/
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ChemDraw Ultra 7.0, and molecular model-

ing counterpart, Chem3D Pro 7.0, to draw and 

minimize the energy of Tranilast. We down-

loaded protein crystal structures from the 

RCSB Protein Data Bank. The PDB ID used 

in this study were 3hng (VEGFR1), 3v2a 

(VEGFR2), 4bsk (VEGFR3), 3hmm (ALK5), 

1khx (SMAD2), 1mk2(SMAD3), 1ygs 

(SMAD4), 3v2a (VEGFA), 2vwe (VEGFB), 

4bsk (VEGFC), 2xv7 (VEGFD), 3v6b 

(VEGFE), 5ty4 (TBRII), 5cvb (Col1A1), 5cti 

(Col1A2), and (5mjy) SARA. All the compu-

tational procedures were carried out using 

MOE. The docking procedure was performed 

with the default settings of the MOE-DOCK. 

The final docking scores were evaluated using 

the GBVI/WSA dG scoring function with the 

Generalized Born solvation model (GBVI) 

(Wojciechowski and Lesyng; 2004). The 

GBVI/WSA dG is a force field-based scoring 

function, which estimates the free energy of 

binding of the ligand from a given pose. The 

dissociation constant (Ki) was computed 

through the binding free energy estimated 

with the GBVI/WSA dG scoring function ac-

cording to the following equation: ∆𝑮 =
𝑹𝑻𝑳𝒏(𝑲𝒊) where R represented the gas con-

stant and T the temperature in kelvin. The Ki 

was computed from the binding free energy 

values at a fixed temperature (298 K).  

 

Real-Time Polymerase-Chain-Reaction 

(RT-PCR) 

As we have previously described 

(Rahmani et al., 2019), total RNA was iso-

lated from Tranilast-treated tissues. First-

strand cDNA synthesis and amplification 

were done using QuantiTect Reverse Tran-

scription Kit (Qiagen, Germany). Real time-

PCR reactions were performed using primers 

specific for TGF-β, Cyclin D1, VEGF, VEGF 

receptor. All experiments were performed in 

triplicate. 

 

Immunohistochemistry (IHC) assay 

Immunohistochemistry staining of plate-

let-endothelial cells adhesion molecule 

(CD31) was performed to evaluate tumor an-

giogenesis in tissue samples. In summary, de-

paraffinized sections were re-hydrated in al-

cohols. Slides were heated in EDTA + PBS 

for 20 minutes. Hydrogen peroxide (H2O2) 

was used for the inhibition of endogenous per- 

oxidase. Incubation with primary and second-

ary antibodies were performed. Then sections 

were treated with DAB solution and hematox-

ylin was used for staining. Finally, sections 

were dehydrated and vessel density was eval-

uated using light microscope. 

 

Statistical analysis 

Statistical analysis was conducted using 

one-way analysis of the variance (ANOVA) 

and t-test. All statistical analyses were done 

using SPSS software (version 16.0) and the 

data were expressed as mean ± SEM. In all 

cases, p < 0.05 was considered significant. 

 

RESULTS 

Tranilast inhibits cell growth 

To determine Tranilast toxicity, the MTT 

analysis was performed in CT-26 colon can-

cer cell lines. Tranilast was found to reduce 

CT-26 cell viability in a dose-dependent man-

ner (Figure 1A) with an IC50 value of 200 µM. 

Moreover, the studies in the cell spheroids 

showed that Tranilast time-dependently sup-

pressed the formation of sphere colonies (Fig-

ure 1B). 

There are several studies reporting a posi-

tive correlation between Cyclin D1 over-ex-

pression and malignancies including colon 

cancer. Amplification of this gene has an im-

portant role in cell cycle progression, which 

frequently occurs in various tumors contrib-

uting to tumorigenesis (Casimiro et al., 2014; 

Zhao et al., 2014). Our results showed that 

Tranilast significantly decreased mRNA and 

protein expression of Cyclin D1 in vivo (Fig-

ure 1C) and in vitro (Figure 1D). 
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Figure 1: Tranilast inhibited colon cancer cell viability. (A) Tranilast dose-dependently reduced the 
CT-26 cell viability. (B) Spheroid formation was reduced in response to Tranilast treatment. (C-D) The 
effect of Tranilast in Cyclin D1 expression in mRNA and protein levels in vivo and in vitro, respectively. 
*p<0.05 

 

 

Tranilast reduced tumor growth in  

xenograft model 

To further evaluate the anti-cancer poten-

tial of Tranilast, we developed a xenograft 

model of colon cancer. Results show that Tra-

nilast (200 µM) alone or in combination with 

5-FU is an effective chemotherapy com-

pound, significantly inhibiting tumor growth 

compared to control and 5-FU groups. The 

time course of tumor size is shown in Figure 

2A. However, the inhibitory effect of Tra-

nilast on tumor weight was observed, but 

these effects were only found to be significant 

when used in combination with 5-FU (Figure 

2B). Consistent with these results, histologi-

cal evaluation showed a higher frequency of 

tumor necrosis (Figure 2C) and lower tumor 

density (Figure 2D-E) in treatment groups. 

These findings represent Tranilast‘s efficacy 

in reducing carcinogenic properties in the co-

lon cancer mice model. 

 

Analysis on the interaction of Tranilast 

with TGF-β, angiogenesis and fibrosis 

We studied the affinity of Tranilast to pro-

teins involved with TGF-β, angiogenesis and 

fibrosis. Docking results indicated that this 

drug directly interacts with all of the men-

tioned proteins (Figure 3, Table 1, Supple-

mentary Figure 1). Among these proteins, 

VEGFR1 had a pKi = 5.11 through one H do-

nor bonding an oxygen of a Tranilast̓’s hy-

droxyl group to oxygen of ASP_1040 residue 

of Vascular Endothelial Growth Factor of re-

ceptor 1 with a distance of 3.00 Å and pi-H 

binding of one of its benzene groups to carbon 

of LYS_861 with a distance of 3.87 Å, fol-

lowed by ALK5 (pKi = 4.62; three H acceptor 

bonding of the ligand’s carbonyl group oxy-

gen to nitrogens of LYS_32, ASP_151, 

LYS_32 residues with distances of 2.79 Å, 

3.04 Å and 3.84 Å; VEGFR3 (pKi = 4.24; one 

H acceptor bonding of ligand’s carbonyl 

group oxygen to carbon of LEU_96 residue 

with a distance of 3.18 Å, and one pi-H bind-

ing of one benzene group to a carbon of 

ALA_67 residue with a distance of 3.54 Å; 

SMAD3 (pKi = 3.78; two H donor bonding of 

ligand’s hydroxyl group hydrogen to oxygen 

of GLU_382 residue with a distance of 2.79 

Å, and of its carbonyl group oxygen to carbon 

of THR_329 residue with a distance of 3.36 Å;



EXCLI Journal 2021;20:601-613 – ISSN 1611-2156 

Received: September 21, 2020, accepted: March 03, 2021, published: March 09, 2021 

 

 

606 

 

Figure 2: Tranilast reduced tumor growth in xenograft model. (A-B) Tumor size (A) and tumor 
weight (B) were reduced in treated groups. (C-E) H&E staining of tissue sample (х10) and (х40). Tissue 
staining showed elevation of tumor necrosis (C) and reduction of tumor density (D-E) in treated groups. 
Tumor tissue showed tumor cells (T), necrotic area (N). *p<0.05 

 
Table 1: Data for the docking interactions of Tranilast at the active sites of VEGFR (VEGFR1, VEGFR2, 
VEGFR3), ALK5, SMAD (2,3,4), VEGF (A, B, C, D, E), TBRII, Col1A1, Col1A2, and SARA as the mo-
lecular targets 
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Figure 3: Bioinformatic analysis on the interaction of Tranilast with TGF-β, angiogenesis and 
fibrosis. The orientation of the Tranilast in active site of the target proteins was examined by Molecular 
Operating Environment (MOE, Chemical Computing Group Inc. Montreal, http://www.chemcomp.com 
docking experiment. The chemical structure drawing program, ChemDraw Ultra 7.0, and molecular mod-
eling counterpart, Chem3D Pro 7.0 was used to draw and minimize the energy of Tranilast. The final 
docking scores were assessed by the GBVI/WSA dG scoring function with the Generalized Born solva-
tion model.  

 

 

 

http://www.chemcomp.com/
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SMAD4 (pKi = 3.64; three H acceptor bind-

ing of ligand’s carbonyl group oxygen to ni-

trogen atom nitrogen of ARG_416, 

GLN_442, and GLN 449(N) residues with 

distances of 3.34 Å, 3.75 Å, and 3.54 Å, re-

spectively; VEGF-A (pKi = 3.60; one H do-

nor binding of its hydrogen atom attached to 

nitrogen to oxygen of CYS_61 residue with a 

distance of 3.57 Å; SMAD2 (pKi = 3.57; one 

H donor binding of ligand’s hydrogen at-

tached oxygen of hydroxyl group to oxygen 

of GLN_358 residue with a distance of 3.12 

Å; VEGF-D (pKi = 3.45; one H acceptor 

binding between carbonyl group oxygen and 

oxygen of THR_130 residue with a distance 

of 3.26 Å; VEGF-C (pKi = 3.40, two H donor 

bonding among hydrogen of hydroxyl group 

to sulfur of CYS_211, and its hydrogen-at-

tached nitrogen to carbonyl group oxygen of 

ASN_167 residue with distances of 3.70 Å 

and 3.23 Å, and one H acceptor binding one 

of ligand’s carbonyl group oxygen to carbon 

of one SER_168 residue with a distance of 

3.68 Å; VEGF-B (pKi = 3.31; one acceptor of 

a carbonyl group oxygen with nitrogen atom 

of LYS_45 residue with a distance of 3.39 Å; 

VEGFR2 (pKi = 3.28; one H acceptor binding 

of its carbonyl group oxygen to nitrogen atom 

of TRP_179 residue with a distance of 3.14 Å 

and one pi-H binding of its benzene ring to 

carbon of ASN_158 residue with a distance of 

3.74 Å; TβRII (pKi = 3.16; one H donor bind-

ing one of ligand’s nitrogen atoms to carbonyl 

group oxygen of ASN_70 residue with a dis-

tance of 2.63 Å and two H acceptors binding 

an oxygen of a carbonyl group to a hydrogen 

attached nitrogen to ASN_70 residue with a 

distance of 2.96 Å, and among one of its hy-

droxyl oxygens to a nitrogen atom of 

ARG_57 residue with a distance of 3.32 Å; 

Col1A2 (pKi = 3.15; one H donor binding of 

a hydrogen-attached nitrogen atom of ligand 

to sulfur of MET_51 residue with a distance 

of 3.88 Å, and one pi-H binding among one 

of its benzenes to carbon of ILE_44 residue 

with a distance of 3.72 Å; VEGF-E (pki = 

3.14; two H donor binding of a ligand’s hy-

droxyl group oxygen to carbonyl group oxy-

gen of ASN_62 residue, and a hydrogen at-

tached nitrogen of Tranilast to sulfur atom of 

CYS_60 residue with a distances 3.18 Å, and 

4.21 Å; Col1A1 (pKi = 2.82; one H donor 

binding of a hydrogen of ligand’s hydroxyl 

group to nitrogen atom of HIS_43 residue 

with a distance 2.97 Å, and one H acceptor 

binding a carbonyl group oxygen to oxygen of 

THR_40 residue with a distance of 3.28 Å, 

and SARA (pKi = 2.73, one H acceptor bind-

ing among Tranilast’s carbonyl group oxygen 

to nitrogen atom of LYS_14 43 residue with 

a distance 3.06 Å (Table 1). According to the 

above-mentioned results, receptors such as 

VEGFR1, ALK5, VEGFR3 with pKi ≥ 3.57 

were found to have strong binding to Tra-

nilast, indicating that Tranilast has substantial 

affinity for these receptors. Among them, 

VEGFR1, with a pKi value of 5.11, was 

shown to have stronger binding to Tranilast 

compared to other proteins (Figure 3).  

 

Tranilast decreased angiogenesis and  

fibrosis 

Tumor vascularization is a general re-

quirement for tumor development and inva-

siveness (Döme et al., 2007). Studies have 

previously shown that targeting VEGF or 

VEGFR could prevent angiogenesis, indicat-

ing that targeting VEGF and its receptor may 

benefit therapeutic strategies (Eskens and 

Verweij, 2006). Consistently, we showed that 

Tranilast inhibited mRNA expression of 

VEGFR in colon cancer tissues. VEGF 

showed no significant response to Tranilast 

(Figure 4A-B). We assessed whether Tra-

nilast alone or in combination with 5-FU 

could impact vascularization in tumor tissues. 

Similar to previous data, Tranilast was able to 

alleviate tumor features via suppression of 

vascular formation in tissues samples (Figure 

4C). As we have shown, it also decreased the 

CD31 positive endothelial cell count, as one 

of the angiogenic factors, reducing the capil-

lary density in specimens (Figure 4D). Sev-

eral studies have reported that TGF-β, is an 

oncogenic mediator contributing to colon 

cancer progression (Soleimani et al., 2019). 

Here we have shown that Tranilast treatment 

https://www.sciencedirect.com/topics/medicine-and-dentistry/tumor-vascularization
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could reduce TGF-β mRNA expression in co-

lon cancer tissues (Figure 5A). In addition, 

histological evaluation confirmed that combi-

nation administration attenuated collagen 

deposition and reducing tumor fibrosis in tu-

mor xenograft tissues (Figure 5B).  

 

Regulatory effect of Tranilast on oxidant/ 

antioxidant status 

Disruption in the oxidant/antioxidant 

equilibrium results in oxidative stress which 

has a critical role in colon cancer progression 

(Chang et al., 2008). In the next step we in-

vestigated the oxidant/antioxidant effects of 

Tranilast in vitro and in vivo. Our results indi-

cated that Tranilast dose-dependently signifi-

cantly increased the level of ROS production 

in CT-26 cell line (Figure 6A-B). It has also 

shown that Tranilast alone or in combination 

with 5-FU could elevate the MDA (Figure 

6C) and nitric oxide (Figure 6D) levels, while 

total thiol concentration (Figure 6E), superox-

idase dismutase (SOD) (Figure 6F) and cata-

lase activities (Figure 6G) were decreased in 

tissue homogenates. 

 

 

 

 

Figure 4: Tranilast decreased angiogenesis in tumor tissue. (A) H&E staining of vascular disruption. 
Vascular formation was decreased in treated groups (Arrows). (B) Immunohistochemistry staining of 
CD-31 positive endothelial cell 
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Figure 5: Tranilast reduced fibrosis in colon cancer. (A) Tranilast reduced the mRNA expression of 
TGF-β in tissue samples. (B) Trichrome staining of tissue sample. *p<0.05; ***p<0.001 

 

 

Figure 6: Modulating effect of tranilast in oxidant/antioxidant status. (A-B) Tranilast increased the 
production level of ROS in CT-26 cell lines in a dose-dependent manner. (C-G) Comparison of the 
concentration of MDA (C), Nitric Oxide (D), and total Thiol (E) levels and SOD (F), and Catalase (G) 
enzyme activity in tissue homogenates. *p<0.05; **p<0.01; ***p<0.001 

 

 

DISCUSSION 

In the current study, we have evaluated 

the potential therapeutic effect of Tranilast as 

a TGF-β inhibitor in colon cancer. We have 

shown that Tranilast is capable of suppressing 

cell cycle progression and regulate oxidative 

stress condition in CT-26 cell line. Our results 

indicate that Tranilast reduces the growth of 

tumor cells which was accompanied by a re-

duction in angiogenesis and fibrosis. Along 

with these effects, Tranilast modulated the 

oxidant-antioxidant status in tissue samples.  

There is growing evidence that TGF-β is 

involved in tumorigenesis which is discussed 

in our previous papers (Khoshakhlagh et al., 

2019; Soleimani et al., 2019). In the early 

stage of tumor progression, TGF-β acts as a 

tumor suppressor while during tumor devel-

opment process, cells became resistant to tu-

mor growth inhibitory effects of TGF-β (Fink 

et al., 2001). In interest of our work, non-
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physiological secretion of TGF-β in advanced 

stages increased tumor growth in tumor cells 

and environment via autocrine/paracrine 

manner, which is associated with activation of 

SMAD and non-SMAD pathways (Mousta-

kas et al., 2002). Zhang et al. have reported 

that inhibition of the TGF-β signaling path-

way could attenuate the invasive properties 

and improved survival in mice colon carci-

noma CT-26 cell lines (Zhang et al., 2009). 

Therefore, using a pharmaceutical inhibitor 

against oncogenic effects of TGF-β may be 

useful therapeutically for colon cancer treat-

ment. 

Results of cell proliferation assay showed 

that Tranilast could reduce proliferation of 

pancreatic cancer cells leading to a decrease 

of tumor growth (Hiroi et al., 2002). Simi-

larly, Izumi et al., showed that Tranilast stim-

ulated cell cycle arrest and apoptotic cell 

death in vitro and inhibited the tumor growth 

in experimental mice model in prostate cancer 

(Izumi et al., 2009). The clonogenicity find-

ings also represented a significant reduction 

in the number and size of colonies following 

Tranilast treatment in breast cancer cell lines 

(Subramaniam et al., 2011). In line with these 

results, our data showed that Tranilast re-

duced tumor size, weight and density and in-

creased necrosis in colon cancer mice model.  

Interaction between cancer associated fi-

broblast (CAF) and cancer cells which medi-

ated through multiple factors including TGF-

β is a key determinant in tumor progression 

(Semba et al., 2009; Shinto et al., 2010). It has 

been shown that inhibition of the TGF-β path-

way attenuates the epithelial–mesenchymal 

transition (EMT) and fibrosis in cancer 

(Shinto et al., 2010; Tsukada et al., 2013; 

Shinbo et al., 2015). Previous studies have 

demonstrated that Tranilast decreased CAF 

function, thereby inhibiting fibrosis 

(Darakhshan and Pour, 2015). Consistently, 

we indicated that Tranilast decreased TGF ex-

pression in CT-26 cell line. Moreover, a sig-

nificant reduction of collagen deposition and 

fibrosis area was observed in treated groups 

in vivo.  

Angiogenesis is a multi-step process that 

is involved in tumor progression. Both vascu-

lar endothelial growth factor (VEGF) and tu-

mor cell-stimulated transforming growth fac-

tor (TGF) contribute to angiogenesis (Ikeda et 

al., 2001). It has been shown that Tranilast 

significantly reduced microvessel density in 

metastatic pancreatic cancer (Hiroi et al., 

2002). Furthermore, Isaji et al., demonstrated 

that Tranilast reduced proliferation and 

VEGF-induced chemotaxis and tube for-

mation of endothelial cells (Isaji et al., 1997). 

In agreement with these results, we demon-

strated that Tranilast is able to reduce vascular 

density, and CD-31 expression which is a 

marker of endothelial cell. 

There is growing evidence that ROS pro-

duction is one of the mechanisms involved in 

current therapeutic strategies which are asso-

ciated with a reduction of cell proliferation 

and viability (Negrei et al., 2016). Bernardes 

et al., have demonstrated a negative relation-

ship between the serum levels of TGF-β1 and 

the levels of malondialdehyde (MDA) and ad-

vanced oxidation protein products (AOPP) in 

melanoma. They also showed that TGF-β1 in-

creased antioxidant Glutathione (GSH) level 

in melanoma patients (Bernardes et al., 2016). 

Similar to these results, Panis et al., indicated 

a positive relation between TGF-β1 and anti-

oxidant marker level in breast cancer (Panis et 

al., 2013). To further investigate the mecha-

nism of Tranilast performance, we also com-

pared the oxidant/anti-oxidant balance in dif-

ferent treatment groups in tissue samples and 

CT-26 cell line. Consistent with previous pa-

pers, we demonstrated that inhibition of TGF-

β production via Tranilast modulated oxi-

dant/antioxidant status in colon cancer.  

Taken together, our results indicated that 

Tranilast, a TGF pathway inhibitor, alone or 

in combination with 5-FU could reduce tumor 

growth and invasiveness through the inhibi-

tion of angiogenesis and fibrosis and modu-

lating oxidative stress condition. However, 

the combination treatment was more potent. 

Comprehensive preclinical and clinical stud-
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ies are needed to further explore the therapeu-

tic potential of Tranilast and its mechanisms 

of action in different conditions. 
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