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↑What is “already known” in this topic: 
Tranilast exerted an inhibitory effect on glioma tumor cells 
proliferation.   
 
→What this article adds: 

Combination of temozolomide and tranilast had a synergistic 
inhibitory effect on glioblastoma multiforme cells proliferation. 
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Abstract 
    Background: Glioblastoma multiforme (GBM) is the most malignant primary brain tumor. Temozolomide (TMZ) is a 
chemotherapeutic agent that has been used in GBM treatment. Resistance to TMZ is a major obstacle to successful GBM treatment. 
The aim of the present study was to investigate the effect of TMZ and tranilast on human GBM cell line (U87MG). 
   Methods: In this in vitro experimental study, the effect of TMZ and tranilast on cell proliferation was measured using the MTT 
assay. Median effect analysis was performed to determine the TMZ and tranilast interaction. Lactate dehydrogenase assay was used to 
determine TMZ and tranilast cytotoxicity. Cell fluorescent staining and real-time PCR were used for apoptosis evaluation. The effect 
of TMZ and tranilast on U87MG nitric oxide (NO) production was evaluated by Griess assay. 
   Results: TMZ and tranilast had a significant dose- and time-dependent inhibitory effect on cell proliferation. The mean combination 
index values represented a synergistic effect, and dose reduction index values suggested the advantages of reducing the toxicity, 
adverse effects, and drug resistance in combination of TMZ and tranilast. Apoptosis cell death was induced by TMZ and/or tranilast in 
cells. TMZ and tranilast reduced NO production in cells. 
   Conclusion: TMZ and tranilast combination inhibited the GBM cells growth effectively. 
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Introduction 
Glioblastoma multiforme (GBM, classified as grade IV 

gliomas) is the most common malignant form of brain 
tumor in adults, accounting for 16% of all diagnosed pri-
mary tumors (1). Current standard treatment options for 
GBM include maximal surgical resection followed by 
radiotherapy and systemic chemotherapy (2). In spite of 
the recent advances in cancer treatment, the prognosis of 
GBM still remains very poor with median survival of 
about one year after start of treatment (3).  

Alkylating agents were the first class of compounds 
identified for cancer treatment (4). Temozolomide (TMZ) 
is an orally administered alkylating agent used for GBM 
treatment. It readily passes the blood–brain barrier be-
cause of  its  small  size  and  lipophilic  properties, then, 

methylates DNA at the specific sites on guanine and ade-
nine bases, and produces the DNA adducts O6 methyl-
guanine,  which  activates  the  mismatch  repair  system, 
causing double strand breaks in the DNA, disrupting the 
subsequent DNA replication, arresting cell cycle in G2/M 
phase, and ultimately activating apoptosis pathway (5). 
However, intrinsic and acquired resistance to TMZ is a 
major obstacle to successful treatment of GBM (6).  

Tranilast is an antiallergic drug that was approved for 
use in the treatment of allergic disorders such as asthma, 
allergic rhinitis, and atopic dermatitis. Previous studies 
have shown the antiproliferation ability of tranilast in var-
ious tumor cell lines, including glioma, uterine leiomyo-
ma, oral squamous cell carcinoma, and pancreatic carci-
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noma cells (7). Tranilast inhibits glioma cell growth 
through alteration of transforming growth factor-beta re-
leases and reduces migration and invasion (8).  

There has been a growing interest for combination ther-
apy using multiple anticancer agents as a suitable solution 
to overcome drug resistance. Different anticancer drugs 
affect different targets and cell subpopulations, and there-
fore can enhance the therapeutic effects, reduce dose and 
side effects, and prevent or delay the induction of drug 
resistance (9).  

Our previous studies indicated that combination of TMZ 
with thymoquinone (a natural compound) enhanced the 
therapeutic effect of TMZ (10-12). The present study was 
conducted to evaluate the effect of tranilast on the TMZ 
cytotoxicity on human glioblastoma cell line. 
 

Methods 
Cell line and reagents 
For this in vitro experimental study, human GBM cell 

line (U87MG) was obtained from the National Cell Bank 
of Iran (NCBI). TMZ, tranilast, trypsin, paraformalde-
hyde, dimethyl sulfoxide (DMSO), 3-(4, 5-dimethylthi-
azol-2-yl)-2, 5-diphenyltetrazolium bromide (MTT), Tri-
ton X-100, propidium iodide (PI), zinc sulfate, vanadium 
chloride (III), sulfanilamide, Acridine orange (AO), Eth-
idium bromide (EB), and N-(1-naphthyl) ethylenediamine 
dihydrochloride were purchased from Sigma-Aldrich 
Chemical Co. (Germany). Dulbecco's modified eagle me-
dium/ham's F12 nutrient mixture (DMEM/F12) and fetal 
bovine serum (FBS) were purchased from Gibco (Gibco 
Company, Germany). All experiments were done in tripli-
cate and repeated independently at least 3 times. 
 

Cell culture 
U87MG cell line was cultured in T75 flasks containing 

DMEM/F12 supplemented with 10% FBS without antibi-
otics. The cultures were maintained at 37◦C in a humidi-
fied atmosphere containing 5% CO2. TMZ and tranilast 
were dissolved in sterile DMSO at a stock concentration 
of 100 mM and stored at –20 ◦C until use. The final con-
centration of DMSO did not exceed 0.2% (v/v) in the cul-
ture medium. 
 

Proliferation assay 
MTT is an in vitro colorimetric assay used for measur-

ing cell proliferation. This technique is based on the po-
tential of mitochondrial dehydrogenase enzymes in living 
cells for conversion of tetrazolium dye to a purple color 
product. U87MG cells were seeded at a density of 15×103 
cells/well in 96-well plate and incubated overnight. Then, 
the medium was replaced with a serum-free medium con-
taining TMZ, tranilast. The concentrations used for treat-
ment were as follow: TMZ: 12.5, 25, 50, 100, and 200 
μM; tranilast: 12.5, 25, 50, 100, and 200 μM. Control cells 
were treated with medium containing an equivalent 
amount of DMSO. Cells were incubated for 24, 48, 72, 
and 96 hrs. at 37 °C. Then, the medium was removed, 
well washed with PBS, and 20 μL MTT solution (5 
mg/mL in PBS) was added to each well. After a 4-hour 
incubation at 37ºC, to dissolve the formed purple forma-

zan crystals, 100 μL dimethyl sulfoxide (DMSO) was 
added to each well. The absorbance at 570 nm was rec-
orded using a plate reader spectrophotometer. MTT assay 
was performed in the dark because the MTT reagent is 
sensitive to light. The percentage of proliferation was cal-
culated as follows (13): 

Cell proliferation (%) = (absorbance of treated cells / 
absorbance of control cells) × 100. 

The half maximal inhibitory concentration (IC50) values 
of TMZ and tranilast against U87MG cells were calculat-
ed using GraphPad Prism 5 (GraphPad Software Inc, San 
Diego, USA). 

 
Median effect analysis 
The method proposed by Chou and Talalay was used to 

evaluate the nature of TMZ and tranilast interaction (syn-
ergistic, additive, or antagonistic). The combination of 
TMZ and tranilast in constant concentration ratio (1:1.4), 
based on their corresponding IC50s (104.46 and 146.09 
μM for TMZ and tranilast, respectively) in 2-fold serial 
dilutions above and below the IC50 values, was done; then, 
the MTT assay was performed again. The combination 
index (CI) and dose reduction index (DRI) values were 
calculated using CompuSyn software (ComboSyn, Inc., 
Paramus, NJ, USA). The CI values were interpreted as 
additive (CI = 1), synergistic (CI <1), and antagonistic 
(CI>1). DRI value represents the degree to which the con-
centration of a compound can be reduced when used in 
combination with another compound to maintain an 
equivalent effect, and Fa is the fraction of cell death rang-
ing from 0 (no cell killing) to 1 (100% of cell killing). 
Classical isobolograms were also obtained by plotting 
drugs concentrations (alone and in combination) that in-
hibit 50%, 75% and 90% viability. In this plot, if the com-
bination data points fall on the hypotenuse, lower left or 
upper right, an additive, synergism, or antagonism effect 
is suggested, respectively (14).  

 
Lactate dehydrogenase assay 
Lactate dehydrogenase (LDH) is a soluble cytoplasmic 

enzyme that is released into the extracellular space when 
the plasma membrane is damaged. To quantify the TMZ 
and tranilast cytotoxicity on U87MG cell line, LDH ac-
tivity in culture medium was measured using colorimetric 
LDH assay kit (Abcam, Cambridge, MA, USA). Briefly, 
GBM cells (7 × 104) were seeded in 24 well plates and 
after adhesion they were treated with 0.5 mL medium con-
taining 20 μM TMZ, the maximum concentration of TMZ 
in the brains of patients with glioma (10), and/or 100 μM 
tranilast, a concentration below tranilast IC50. After a 72-
hour incubation period, the supernatant was collected and 
centrifuged at 250 ×g for 10 minutes and LDH activity 
was measured in accordance with manufacturer’s instruc-
tions.  

 

Acridine orange / Ethidium bromide double staining 
AO/EB cell staining is a reliable method for evaluating 

the nuclear morphology, DNA fragmentation, and chro-
matin condensation. AO is able to pass cell membrane, 
intercalate to DNA bases, and emit green fluorescence, 
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whereas EB is only taken up by cells whose cytoplasmic 
membranes are damaged and emits red fluorescence by 
intercalation into DNA. The fluorescence emission of EB 
is dominated over AO, so after staining, live cells show 
normal green nucleus, early apoptotic cells display green 
nucleus with condensed or fragmented chromatin, late 
apoptotic cells have red nucleus with condensed or frag-
mented chromatin and necrotic cells show normal red nu-
cleus (15). U87MG cells were seeded at a density of 7×104 
in 24 well plates and allowed to adhere overnight, and 
then treated with TMZ (20 μM) and/or tranilast (100 μM) 
for 72 hours. Then, medium containing drugs was re-
moved, each well was washed with PBS and stained by 
adding 100 μL AO/EB dye mix (1 part of 100 μg/ mL of 
AO and 1 part of 100 μg/mL of EB in PBS). After 15 
minutes, cells were washed 3 times with PBS and ob-
served under the fluorescent microscope (16).  

 

Terminal transferase dUTP nick end labeling assay 
The effect of TMZ and tranilast on the U87MG cells 

apoptosis was investigated by terminal transferase dUTP 
nick end labeling (TUNEL) assay using an in-situ cell 
death detection kit, (Roche Diagnostics; Germany), ac-
cording to the manufacturer’s instructions. Briefly, after a 
72-hour incubation with TMZ (20 μM) and/or tranilast 
(100 μM) in 96 well plate, the cells were fixed with 4% 
paraformaldehyde for 20 minutes, permeabilized with 
0.2% Triton X-100 for 5 minutes on ice, and incubated 
with 50 μL of TUNEL mixture solution (label solution 
and enzyme solution) for 1 hour. The PI staining was used 
for differential staining of the cells and was incubated for 
5 minutes at room temperature. Finally, the cells were 
observed under a fluorescence microscope. All the de-
scribed stages were performed in dark condition. The 
apoptotic index of the cells was calculated as follows (17):  

Apoptotic index (%) = (number of apoptotic cells/total 
number of cells) ×100. 

 
Nitric oxide measurement 
Griess assay was used to evaluate the TMZ and/or tra-

nilast effect on NO production levels in U87MG cells. 
After treatment with TMZ (20 μM) and/or tranilast (100 
μM) for 72 hours 400 µL of the culture media were col-
lected and deproteinized by adding 6 mg of zinc sulfate 
and centrifuging at 10 000 g for 10 minutes at  4ºC. Then, 
100 µL of each deproteinized sample was transferred to 
microplate wells, 100 μL vanadium (III) chloride (8 
mg/mL in Hcl 1 M), 50 μL 2% sulfanilamide (in 5% HCl), 
and 50 µL of 0.1% N-(1-naphthyl) ethylenediamine dihy-
drochloride (in deionized water) were added, respectively; 
then, samples were incubated for 30 minutes at  37ºC. The 
optical density of each well was measured at 540 nm with 
reference reading at 630 nm using a microplate reader. 
Sodium nitrite standard curve was used to determine the 
NO concentrations (18).  

 

Real-Time PCR 
The effect of TMZ and/or tranilast on the expression 

level of 4 apoptosis related genes (BAX, BCL-2, TP53 
and CASPASE 3) was analyzed by real-time PCR. RNA 

from GBM cells, treated with TMZ and/or tranilast for 72 
hours, was extracted using total RNA isolation kit (DE-
NAzist, Tehran, Iran). Complementary DNA (cDNA) 
synthesis was done using cDNA synthesis kit (Vivantis 
Technologies, Selangor DE, Malaysia). Glyceraldehyde 3-
phosphate dehydrogenase (GAPDH) was served as an 
internal control and the fold change in relative expression 
of each target mRNA was calculated based on compara-
tive Ct (2-∆∆ct) method. Thermal cycler conditions were 
as follow: 15 minutes at 50°C for cDNA synthesis, 
10 minutes at 95°C, followed by 40 cycles of 15 seconds 
at 95°C to denature the DNA, and 45 seconds at 60°C to 
anneal and extend the template. Real-time PCR was per-
formed using SYBR Premix Ex Taq Technology (Takara 
Bio Inc., Shiga, Japan) on the Applied Biosystems 
StepOne Real-Time PCR System. The primer sequences 
were as follow: for BAX  
Forward 5’-CCTGTGCACCAAGGTGC CGGAACT-3’, 
reverse 5’-CCACCCTGGTCTTGGATCC AGCCC-3’, 
for BCL-2 
forward 5’-TTGTGGCCTTCTT TGAGTTCGGTG-3’, 
reverse 5’-GGTGCCGGTTCAG GTACTCAGTCA-3’, 
for TP53 
Forward 5’-TAACAG TTCCTGCATGGGCGGC-3’, Re-
verse: 5’-AGGACAGG CACAAACACGCACC-3’, for 
CASPASE  
Forward:5ʼ-CAA ACTTTTTCAGAGGGGATCG-3ʼ, 
Reverse: 5ʼ-GCAT ACTGTTTCAGCATGGCAC-3ʼ 3 
and for GAPDH  
forward CAATGACCCCTTCATTGACC, and reverse 
TTCACACCCATGACGAACAT. 

 
Statistical analysis 
Data were expressed as mean±standard deviation (SD). 

Statistical evaluation was performed using one-way analy-
sis of variance, followed by Tukey's post hoc test with 
SPSS16.0 (SPSS Inc., Chicago, IL, USA), and differences 
were considered to be statistically significant at p< 0.05. 
Dose effect curve parameters, CI plot, DRI plot, and clas-
sical isobologram were obtained using CompuSyn pro-
gram (CompuSyn Inc, Paramus, NJ, USA). 

 
Results 
Proliferation assay 
The results of viability assays indicated that both drugs 

were moderate inhibitors of U87MG cell growth (Fig. 1 a 
and b). The IC50 values for TMZ and tranilast were calcu-
lated and presented in Table 1. 

Combination of TMZ and tranilast reduced the U87MG 
cell proliferation, which was greater than each agent alone 
(Fig. 1 c). CI and DRI values were calculated by Com-
puSyn program at IC50, IC75 and IC90; also, CI plot (Fig. 1 
d), DRI plot (Fig. 1 e), and the isobologram (Fig. 1 f) were 
constructed. The results showed that the CI values were 
0.42, 0.38, and 0.34 at IC50, IC75, and IC90, indicating a 
synergistic effect. The DRI values were 4.71 for TMZ and 
4.72 for tranilast at IC50, 5.76 for TMZ, 4.83 for tranilast 
at IC75, 7.05 for TMZ, and 4.95 for tranilast at IC90. 
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Cytotoxicity assay 
Measurement of LDH activity in the cell culture medi-

um revealed that TMZ and/or tranilast significantly in-
creased LDH release after a 72-hour incubation. Combina-
tion of TMZ and tranilast increased medium LDH activity 
(~69%) greater than either TMZ (~29%) or tranilast 
(~43%) alone (Fig. 2 a). Therefore, cell death, accompa-
nied by plasma membrane damage, was greater in combi-
nation treatment. 

 
NO measurement 
The results of Griess assay showed that treating U87MG 

cells with TMZ and tranilast as a single treatment for 72 
hours significantly decreased NO concentration in cell 

culture medium was reduced 10% and 40% after treatment 
with TMZ and tranilast,  respectively. The minimum NO 
level was observed as an effect of combination treatment 
(Fig. 2 b). 
 

AO/EB staining 
The results from AO/EB fluorescence staining 

are shown in Figure 3. Live cells with normal morphology 
were abundant in the control group. Early apoptosis oc-
curred in the group treated with TMZ, both early and late 
apoptosis occurred in the group treated with tranilast, and 
nearly all the cells were in late stage of apoptosis in com-
bination treatment group and few cells were present in 

Table 1. IC50 values for temozolomide and tranilast in the glioblastoma multiforme U87MG cell line 
96 hours 72 hours 48  hours 24 hours Drug 

57.48 104.46 495.124 1631.00 TMZ (uM) 
94.86 146.09 592.36 4603.59 Tranilast (uM) 

 

 
Fig. 1. The effect of temozolomide and/or tranilast on proliferation of U87MG cells. Cells were treated with TMZ (a) and tranilast (b) for 24, 48, 72, 
and 96 hours, and proliferation was measured by MTT assay. Control wells were treated with equivalent amount of medium alone. The results 
showed the mean±SD from triplicated experiments (*P < 0.05; ** P < 0.01 compared to controls). (c) Dose-effect curves for temozolomide, tra-
nilast, and their combination after a 72-hour treatment. (d) Combination index plot: The combination index is plotted as a function of Fa. (e) Dose 
reduction index plot for combination: Dose reduction index values at different Fa values for each drug in the combination. (f) Isobologram for com-
bination: Classic isobologram at IC50, IC75, and IC90. 
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early stage. Necrosis cell death was negligible in all 
groups. 
 

TUNEL assay 
The results of TUNEL assay showed the presence of 

apoptotic cell in U78MG cell treated with TMZ and tra-
nilast alone and in combination (Fig. 4 a-f). The number 
of apoptotic cells were calculated and presented as per-
centage (Fig. 4 e). After a 72-hour treatment with TMZ 
and tranilast, as much as 16% and 39% of cells were 
apoptotic, respectively, whereas 51% of cells were apop-

totic after combination treatment. 
TP53, BAX, Blc-2, and CASPASE 3 mRNA expression 
Expression of 4 apoptosis related genes (TP53, BAX, 

BCL-2, and CASPASE 3) were evaluated using real-time 
PCR. As shown in Figure 5 a, TP53 was upregulated by 
2.76-, 4.19-, and 5.65-fold by TMZ, tranilast, and combi-
nation of both, respectively, as compared to levels in con-
trol cells. Results of real-time PCR also showed the down-
regulation of BCL-2 and upregulation of BAX expression 
at 72-hour treatment (Fig. 5 b and c). BAX to BCL-2 ratio 
was increased by 2.48, 4.98, and 6.98 in U87MG cells 

 
Fig. 2. (a) Temozolomide and tranilast cytotoxicity for U87MG cells. Cells were treated with temozlomidde and tranilast for 72 hours, and activity 
of lactate dehydrogenase was measured. Control wells were treated with equivalent amount of medium alone. (b) Effect of TMZ and/or tranilast on 
NO production in U87MG cells was measured by Griess reaction. P-values were determined using one-way ANOVA (*p < 0.05 compared to con-
trols; **p < 0.01 compared to controls). 

 
Fig. 3. U87MG cells were stained by AO/EB and observed under fluorescence microscope: (a) control group; (b) in the presence of 20 μM TMZ; (c) 
in the presence of 100 μM tranilast; and (d) in the presence of in combination both. Green live cells show normal morphology; green early apoptotic 
cells show nuclear margination and chromatin condensation. Late orange apoptotic cells show fragmented chromatin and apoptotic bodies. 
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treated with TMZ, tranilast and combination of both, re-
spectively. Expression level of CASPASE 3 was evaluated 
by 1.23-, 5.66- and 7.03-fold by TMZ, tranilast, and com-

bination treatment, respectively (Fig. 5 d). 
 
 

 
Fig. 4. Apoptotic potential of TMZ and/or tranilast detected by TUNEL staining in U87MG cells. (a) positive control group; (b) negative control 
group; (c) control group; (d) 20 μM TMZ; (e) 100 μM tranilast; (e) combination of 20 μM TMZ and 100 μM tranilast. (F) The graph of the mean 
percentage of apoptotic cells from 3 independent experiments performed in triplicate. The positive control was incubated with ethanol 10% for 10 
minutes and the negative control was incubated with label solution without enzyme solution. P-values were determined using one-way ANOVA 
(*p < 0.05 compared to controls; **p < 0.01 compared to controls). 

 
Fig. 5. Expression levels of apoptotic factors in U87MG cells after TMZ and/or tranilast after a 72-hour treatment was measured by real-time PCR. 
(a) TP53 (tumor suppressor); (b) BAX (pro-apoptotic); (c) BCL-2 (anti-apoptotic); and (d) CASPASE 3 (required enzyme for execution of apopto-
sis). BAX/BCL-2 values > 1 means that the cell line enters apoptosis. P-values were determined using one-way ANOVA (**p < 0.01 compared to 
controls). 
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Discussion 
In the present study, for the first time, the synergistic 

inhibition of U87MG cell proliferation by the combination 
of TMZ and tranilast was reported. The results showed 
that TMZ and tranilast significantly decreased cell prolif-
eration in a time- and dose-dependent manner. Combina-
tion treatment showed a significant growth inhibition ef-
fect with a combination index values, indicating synergis-
tic effect at IC50, IC75, and IC90. This combination also 
resulted in a greater 1 DRI for both TMZ and tranilast. 
When DRI is more than 1, it allows a dose reduction that 
leads to toxicity reduction in the therapeutic applications. 

This combination reduced IC50s, 2.04 folds for TMZ 
and 2.86 folds for tranilast. A reduction in the dose of 
temozolomide for a particular effect is clinically important 
because this reduction is associated with a decrease in the 
general chemotherapy side effects. 

TMZ is an approved chemotherapeutic drug by the Food 
and Drug Administration and is used as a first-
line treatment for GBM. TMZ resistance is a major issue 
in the management of glioblastoma and limits the median 
survival of the patient to about 1 year (19). Currently 
combination therapy with multiple drugs has become the 
primary strategy to treat drug-resistant cancers. Previous 
in vitro studies indicated that therapeutic activity of TMZ 
was enhanced when combined with other anticancer 
agents (20-24). Moreover, in clinical trials, the combina-
tion of carmustine and TMZ as a neoadjuvant therapy 
exhibited promising activity with a good safety profile in 
GBM (25), so drug combination therapy can be a benefi-
cial approach for GBM treatment. 

Previous studies showed that tranilast caused concentra-
tion-dependent inhibition of proliferation, migration, and 
invasiveness of 2 human malignant glioma cell lines (LN-
18 and T98G) (8).  

The present study showed that tranilast enhanced the cy-
totoxicity of TMZ by increment of apoptosis cell death. 
TP53 is a transcription factor in nucleus that acts as a reg-
ulator of the expression level of genes involved in cell 
cycle and apoptosis. Expression of BAX relative to BCL-2 
was elevated by increased expression of TP53 (26). Alter-
ation in the levels of pro- and antiapoptotic proteins is 
known to regulate apoptotic pathway. TMZ induced apop-
tosis in U87MG cells by increasing the level of BAX 
(proapoptotic) to BCL-2 (antiapoptotic) proteins ratio (27). 

Results of this study showed that both TMZ and tra-
nilast increased the TP53 expression levels and BAX/BCL-
2 ratio; therefore, treatment of U87MG cells with tranilast 
augmented TMZ induced apoptosis, indicating that tra-
nilast worked as synergistic agent in TMZ-induced apop-
tosis in human glioblastoma cells. 

Apoptosis may occur via extrinsic (mitochondrial) or in-
trinsic (death receptor) pathways. The intrinsic pathway is 
mediated by BCL-2 family proteins, which regulate the 
mitochondrial membrane disruption, cytochrome c release 
to the cytosol and CASPASE 9 activation. The extrinsic 
pathway of apoptosis is triggered through death receptors 
activation and the subsequent CASPASE 8 activation.  

Eventually both intrinsic and extrinsic pathway con-
verge will form on the same terminal or execution path-

way. 
 CASPASE 3 is a convergence point for 2 apoptosis 

pathways. It catalyzes the specific cleavage of many key 
cellular proteins (28). The data in this study showed that 
TMZ and tranilast increased the expression level of 
CASPASE 3 in U87MG cells, suggesting involvement of 
the CASPASE-dependent apoptotic pathway in the anti-
proliferative effect. 

Several studies have been done on the combined treat-
ments of TMZ and different apoptotic agents. A study 
reported the synergy of lidamycin (a member of the ene-
diyne antitumor antibiotic family) and TMZ in cytotoxici-
ty and apoptosis. Similar to the present study, the expres-
sion levels of TP53 and BAX were significantly upregulat-
ed, whereas the expressions of CASPASE 3 and BCL-2 
were dramatically downregulated by the combination, 
compared to a single drug (29). Also, the synergistic cyto-
toxic and apoptotic effect of combination of te-
mozolomide and chloroquine treatment with increased 
sub-G1 hypodiploid cells and CASPASE activation was 
reported (30). Results of another study showed that the 
combined administration of N-(2-hydroxyphenyl) acetam-
ide and temozolomide significantly enhanced the cell 
growth inhibition and apoptosis compared to each agent 
alone. Furthermore, the data revealed that this cooperative 
apoptosis induction was associated with increased ratio of 
BAX to BCL-2 and active CASPASE 3 expression (31).  

Nitric oxide (NO) exhibits ambiguous roles in cancer 
cells. Studies indicated a tumor-promoting role for NO. 
Some effects of NO in cancer include chemotherapeutic 
resistance, inhibition of apoptosis, and enhanced cell pro-
liferation. NO has an important role in glioma pathophysi-
ology. A protumorigenic role has been suggested for NO 
in gliomas. Also, NO has a role in facilitating glioma cell 
growth. One study indicated that NO, in the endothelium 
or in glioma cells, may represent mechanisms by which 
the vasculature and neoplastic cells interact with each oth-
er to affect glioma growth and response to therapy (32). In 
the present study, it was found that TMZ and tranilast 
significantly reduced NO production and combination of 
both had a stronger effect on the reduction of NO level 
than each agent alone. 

Despite recent improvements in cancer treatment, GBM 
is still associated with a poor prognosis and short-term 
survival of the patients mainly because of drug resistance. 
Hence, development of new strategies for overcoming this 
problem is necessary. Combination therapies are the most 
effective of the current strategies against cancer, as multi-
ple drugs affect multiple targets and cell subpopulations, 
and therefore can enhance the therapeutic effects, reduce 
dose and side effects, and prevent or delay the induction 
of drug resistance. 

 
Conclusion 
The studies on drug combination indicated that other an-

ticancer agents can improve TMZ-mediated cytotoxicity. 
Data of this study showed that combination treatment with 
TMZ and tranilast resulted in synergistic antitumor effect 
in GBM cells. Also, it was found that the mechanism of 
reducing cell resistance to TMZ by tranilast might be at-
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tributed to apoptosis induction. Thus, the combination of 
TMZ and tranilast for the treatment of glioblastoma pa-
tients may result in a desirable clinical outcome. There-
fore, more in vivo studies should be conducted on 
TMZ/tranilast synergy and future clinical trials should 
evaluate the efficacy of TMZ and tranilast combination 
therapy among GBM patients.  

 
Conflict of Interests 

The authors declare that they have no competing interests. 
 
 

References 
1. Dolecek TA, Propp JM, Stroup NE, Kruchko C. CBTRUS statistical 

report: primary brain and central nervous system tumors diagnosed in 
the United States in 2005-2009. Neuro Oncol 2012;5:1-49. 

2. Hottinger AF, Stupp R, Homicsko K. Standards of care and novel 
approaches in the management of glioblastoma multiforme. Chin J 
Cancer. 2014;33(1):32–39. 

3. Jakubowicz-Gil J, Langner E, Badziul D, Wertel I, Rzeski W. Apop-
tosis induction in human glioblastoma multiforme T98G cells upon 
temozolomide and quercetin treatment. Tumour Biol. 2013;34:2367–
2378. 

4. Puyo S, Montaudon D, Pourquier P. From old alkylating agents to 
new minor groove binders. Crit Rev Oncol Hematol 2014; 89 (1): 43-
61. 

5. Thomas RP, Recht L, Nagpal S. Advances in the management of 
glioblastoma: the role of temozolomide and MGMT testing. Clin 
Pharmacol. 2013;5:1–9. 

6. Zhang J, Stevens MFG, Bradshaw TD. Temozolomide: Mechanisms 
of Action, Repair and Resistance. Curr Mol Pharmacol. 2012;5:102-
114. 

7. Islam MS, Protic O, Ciavattini A, Giannubilo SR, Tranquilli AL, 
Catherino WH, et al. Tranilast, an orally active antiallergic com-
pound, inhibits extracellular matrix production in human uterine 
leiomyoma and myometrial cells. Fertil Steril. 2014;102(2):597-606. 

8. Platten M, Wild-Bode C, Wick W, Leitlein J, Dichgans J, Weller M. 
N-[3,4-dimethoxycinnamoyl]-anthranilic acid (tranilast) inhibits 
transforming growth factor-beta relesase and reduces migration and 
invasiveness of human malignant glioma cells. Int J Cancer. 
2001;93(1):53-61. 

9. Bijnsdorp IV, Giovannetti E, Peters GJ. Analysis of drug interactions. 
Methods Mol Biol. 2011;731:421-434. 

10. Pazhouhi M, Sariri R, Rabzia A, Khazaei M. Thymoquinone syner-
gistically potentiates temozolomide cytotoxicity through the inhibi-
tion of autophagy in U87MG cell line. Iran J Basic Med Sci. 2016; 
19:890- 898. 

11. Pazhouhi M, Sariri R, Khazaei MR, Moradi MT, Khazaei M. Syn-
ergistic effect of temozolomide and thymoquinone on human glio-
blastoma multiforme cell line (U87MG). J Cancer Res Ther. 2018; 
14(5):1023-1028. 

12. Khazaei M, Pazhouhi M. Temozolomide-Mediated Apoptotic Death 
Is Improved by Thymoquinone in U87MG Cell Line. Cancer Invest. 
2017;35(4):225-236. 

13. Khazaei M, Pazhouhi M, Khazaei S. Evaluation of Hydro-Alcoholic 
Extract of Trifolium Pratens L. for Its Anti-Cancer Potential on 
U87MG Cell Line. Cell J. 2018;20(3):412-421. 

14. Khazaei M, Pazhouhi M. Anti-proliferative Effect of Trifolium 
Pratens L. Extract in Human Breast Cancer Cells. Nutr Cancer. 2019; 
71(1):128-140. 

15. Gupta RK, Sharma G, Pandey R, Kumar A, Koch B, Li PZ, et al. 
DNA/protein binding, molecular docking, and in vitro anticancer ac-
tivity of some thioether-dipyrrinato complexes. Inorg Chem. 
2013;52(24):13984-13996. 

16. Liu K, Liu PC, Liu R, Wu X. Dual AO/EB Staining to Detect Apop-
tosis in Osteosarcoma Cells Compared with Flow Cytometry. Med 
Sci Monit Basic Res. 2015;21:15–20. 

17. Khazaei M, Pazhouhi M. Protective effect of hydroalcoholic ex-
tracts of Trifolium pratense L. on pancreatic β cell line (RIN-5F) 
against cytotoxicty of streptozotocin. Res Pharm Sci. 2018;13(4): 
324–331. 

18. Hunter RA, Storm WL, Coneski PN, Schoenfisch MH. Inaccuracies 

of nitric oxide measurement methods in biological media. Anal 
Chem. 2013;85(3):1957–1963. 

19. Jeon JH, Choi YJ, Han IH, Choi BK, Cha SH, Cho WH. Capsaicin-
induced apoptosis in the human glioblastoma U87MG cells via p-38 
MAPK and Bcl-2/Bax signaling pathway. Mol Cell Toxicol. 2012;8: 
69-76. 

20. Torres S, Lorente M, Rodríguez-Fornés F, Hernández-Tiedra S, 
Salazar M, GarcíaTaboada E, et al. A combined preclinical therapy of 
cannabinoids and temozolomide against glioma. Mol Cancer Ther. 
2011;10:90–103. 

21. Qi Q, Liu X, Li S, Joshi HC, Ye K. Synergistic suppression of 
noscapine and conventional chemotherapeutics on human glioblasto-
ma cell growth. Acta Pharmacol Sin. 2013;34:930–938. 

22. Jhaveri N, Cho H, Torres S, Wang W, Schönthal AH, Petasis NA, et 
al. Noscapine inhibits tumor growth in TMZ-resistant gliomas. Can-
cer Lett. 2011;312:245–252. 

23. Lin CJ, Lee CC, Shih YL, Lin TY, Wang SH, Lin YF, et al. 
Resveratrol enhances the therapeutic effect of temozolomide against 
malignant glioma in vitro and in vivo by inhibiting autophagy. Free 
Radic Biol Med. 2012;52:377–391. 

24. Filippi-Chiela EC, Thomé MP, Bueno e Silva MM, Pelegrini AL, 
Ledur PF, Garicochea B, et al. Resveratrol abrogates the te-
mozolomide-induced G2 arrest leading to mitotic catastrophe and re-
inforces the temozolomide-induced senescence in glioma cells. BMC 
Cancer. 2013;13:147. 

25. Barrie M, Couprie C, Dufour H, Figarella-Branger D, Muracciole X, 
Hoang-Xuan K, et al. Temozolomide in combination with BCNU be-
fore and after radiotherapy in patients with inoperable newly diag-
nosed glioblastoma multiforme. Ann Oncol. 2005;16:1177–1184. 

26. Basu A, Haldar S. The relationship between BcI2, Bax and p53: 
consequences for cell cycle progression and cell. Mol Hum Reprod. 
1998;4(12):1099-1109. 

27. Das A, Banik NL, Patel SJ, Ray SK. Dexamethasone protected hu-
man glioblastoma U87MG cells from temozolomide induced apopto-
sis by maintaining Bax:Bcl-2 ratio and preventing proteolytic activi-
ties. Mol Cancer. 2004;3(1):36. 

28. Pfeffer CM, Singh ATK. Apoptosis: A Target for Anticancer Ther-
apy. Int J Mol Sci. 2018;19(2). 

29. Li XQ, Ouyang ZG, Zhang SH, Liu H, Shang Y, Li Y, et al. Syner-
gy of enediyne antibiotic lidamycin and temozolomide in suppressing 
glioma growth with potentiated apoptosis induction. J Neurooncol. 
2014;119(1):91-100. 

30. Lee SW, Kim HK, Lee NH, Yi HY, Kim HS, Hong SH, et al. The 
synergistic effect of combination temozolomide and chloroquine 
treatment is dependent on autophagy formation and p53 status in gli-
oma cells. Cancer Lett. 2015;360(2):195-204. 

31. Hanif F, Perveen K, Jawed H, Ahmed A, Malhi SM, Jamall S, et al. 
N-(2- hydroxyphenyl)acetamide (NA-2) and Temozolomide synergis-
tically induce apoptosis in human glioblastoma cell line U87. Cancer 
Cell Int. 2014;14(1):133. 

32. Eyler CE, Wu Q, Yan K, MacSwords JM, Chandler-Militello D, 
Misuraca KL, et al. Glioma stem cell proliferation and tumor growth 
are promoted by nitric oxide synthase-2. Cell. 2011;146 (1):53-66. 

 

 [
 D

O
I:

 1
0.

47
17

6/
m

jir
i.3

3.
39

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 m

jir
i.i

um
s.

ac
.ir

 o
n 

20
26

-0
6-

16
 ]

 

Powered by TCPDF (www.tcpdf.org)

                               8 / 8

http://dx.doi.org/10.47176/mjiri.33.39
https://mjiri.iums.ac.ir/article-1-5512-en.html
http://www.tcpdf.org

