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Abstract: Rosiglitazone is a synthetic ligand of peroxisome proliferator-activated receptor γ (PPARγ), and it can in-
duce apoptosis and autophagy in a variety of cancer cells. In the present study, we aimed to investigate the influ-
ence of rosiglitazone on the proliferation and apoptosis of the 5637 and T24 human bladder cancer cell lines. The 
results demonstrated that the level of growth inhibition rate was gradually increased by treating the 5637 and T24 
cells with higher doses of rosiglitazone and longer incubation time. Rosiglitazone exerted a potent inhibiting effect 
on migration of the 5637 and T24 cell lines. Moreover, rosiglitazone exerted a antineoplastic activity by inducing 
apoptosis and cell cycle arrest. Furthermore, treatment with rosiglitazone led to decrease the anti-apoptotic protein 
Bcl-2 level and increase the pro-apoptotic protein caspase 3 level in 5637 and T24 cells. Importantly, the protein 
expression of PPAR γ was significantly increased in the present of rosiglitazone in 5637 and T24 cells as compared 
to control group. In conclusion, the present study demonstrates that rosiglitazone has a potential antineoplastic 
activity in human bladder cancer cell lines, and the underlying mechanism was mediated, at least partially, through 
regulation of apoptosis-related protein and PPAR γ expression. 
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Introduction

Bladder cancer is one of the most commonly 
diagnosed malignancy and is a major cause of 
morbidity and mortality in the worldwide [1]. In 
United States, more than 74,000 newly diag-
nosed cases and 16,000 deaths are confirmed 
in 2015 [2]. In China, with an expected 80,500 
newly diagnosed cases and 32,900 deaths are 
predicted in 2015 [3]. In clinical treatment, che-
motherapy is still the standard of care, howev-
er, patient outcomes is not effective or is poorly 
tolerated [4]. In fact, there have been no major 
advances for the treatment of bladder cancer 
in the last few decades [4, 5]. 

Rosiglitazone is known to activate peroxisome 
proliferator activated receptor γ (PPAR γ) and is 
used in the treatment of type II diabetes [6]. 
PPAR γ is a ligand-activated transcription factor 
that regulates growth and differentiation within 
normal and cancer cell [7]. A growing number of 
studies have demonstrated that rosiglitazone 

has been used to suppress cancer cell growth 
and induce cell apoptosis, including renal can-
cer cell [8], adrenocortical cancer cell [7, 9], 
non small cell lung cancer cell [10] and colorec-
tal cancer cell [11, 12]. These results suggest 
that the activation of PPAR γ is a potential can-
cer therapeutic method in various cancers. In 
contrast to that rosiglitazone promotes bladder 
cancer cell migration and invasion through the 
activation of PPAR γ [13]. Endogenous PPAR γ 
ligands include unsaturated fatty acids and sev-
eral prostanoids [14]. Synthetic ligands com-
prise the insulin-sensitizing thiazolindinedione 
(TZD) class (troglitazone, pioglitazone and rosi-
glitazone) [12, 15]. Although extrinsic PPAR γ 
ligands mediating cancer cell apoptosis have 
been studied extensively, the detailed mecha-
nisms of rosiglitazone in human bladder cancer 
5637 and T24 cell apoptosis remains to be 
clarified. 

In the present study, we investigated the effect 
of the PPAR γ ligand, rosiglitazone, on the prolif-
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eration and apoptosis of the 5637 and T24 
human bladder cancer cell lines, and the under-
lying molecular mechanisms were involved. 

Materials and methods

Cell culture

5637 and T24 cell lines were obtained from the 
Cell Resource Center, Shanghai Institutes for 
Biological Sciences (SIBS, China) and were 
maintained in RPMI-1640 (Invitrogen, USA) 
supplemented with 10% FBS (Invitrogen, USA) 
at 37°C in a humidified incubator (Thermo, 
USA), 5% CO2, 95% air atmosphere. 

Cell viability detection by MTT

5637 and T24 cells proliferation were moni-
tored by a 3-(4, 5-dimethylthiazol-2-yl)-2, 5-dip- 
henyltetrazolium bromide (MTT) Cell Pro- 
liferation/Viability Assay kit (R&D SYSTEMS) in 
according to the guidelines. The concentration 
of original rosiglitazone was 10 mM, which was 
diluted 200, 500, 1000, 2000 and 5000 times 
with final concentrations of rosiglitazone of 50 
μM, 20 μM, 10 μM, 5 μM and 2 μM, respe- 
ctively. 

Transwell Migration assay

The cells were pretreated, trypsinized, and 
resuspended in 5% FBS medium to achieve a 
density of 1 × 105 cells/mL. Transwell inserts 
(8-mm pore size, Corning, Corning, NY) were 
placed in wells containing media with 10% FBS. 
A volume of 200 mL of cell suspension medium 
with 5% FBS was added to the upper chamber 
and incubated at 37°C with 5% carbon dioxide 
for indicated times. After incubation for an 
appropriate period, the upper side of the mem-
brane was washed and wiped off using cotton 
swabs, and the cells on the lower membrane 
surface were fixed with methanol for 10 min-
utes and stained with 1% toluidine blue (wt/vol, 
prepared in phosphate-buffered saline), for 5 
minutes, and then washed with phosphate-
buffered saline twice. After the dye had dried, 
100 mL 10% acetic acid was added to the 
upper chamber and vortexed for 10 minutes, 
then transferred to 96-well plates and the 
OD570 values were measured with BioTex 
SynergeMX. 

Wound healing assay

5637 and T24 cells were trypsinized and count-
ed. 1 × 105 cells were reseeded in each well of 

a new 6-well plate. With incubation overnight, 
the confluent cells monolayers were scratched 
with a 10 μL sterile pipette tip. Then the non-
adherent cells were washed off with sterilized 
PBS and serum-free medium was added into 
the wells. The gap area caused by the scratch 
was monitored by the inverted microscope 
(Olympus, Japan). Three random non-overlap-
ping areas in each well were pictured at 0 h, 4 
h and 8 h post-scratch. Scratch width between 
the two linear regions was quantitated for 
assessing capacity of cells migration. 

Flow cytometry for the detection of cell cycle 
progression 

5637 and T24 cells were collected after diges-
tion and were washed twice with PBS and cen-
trifuged at 1,000 rpm for 5 min. The superna-
tant was discarded, and the cells were then 
resuspended and fixed in ice-cold 75% ethanol 
and stored at 4°C. After two washes in PBS, the 
cells were stained with propidium iodide (PI) 
and subjected to flow cytometric analysis of the 
percentage of cells in G0/G1, S and G2/M 
phases (BD Biosciences, USA). Treatment with 
each drug concentration was conducted in trip-
licate. The data were processed by Cell Quest 
Software (BD Biosciences, USA).

Western blotting

5637 and T24 cells were harvested and washed 
with cold phosphate-buffered saline and lysed 
in RIPA buffer (50 mM Tris-HCl, pH 7.6; 150 mM 
NaCl; 1% Triton-X-100, 1% sodium deoxycho-
late, 0.1% sodium dodecyl sulfate) supplement-
ed with complete miniprotease inhibitor cock-
tail tablets. The protein concentration was esti-
mated using the Bio-Rad protein assay (Bio-
Rad, Marnes-la-Coquette, France). Samples 
containing 30 μg of protein were separated on 
10% SDS-PAGE gel, transferred to nitrocellu-
lose membranes (Bio-Rad Laboratories, Her- 
cules, CA, USA). After saturation with 5% (w/v) 
non-fat dry milk in TBS and 0.1% (w/v) Tween 
20 (TBST), the membranes were incubated 
with the following antibodies: Bcl-2, caspase-3 
and PPAR γ (1:1000, Santa Cruz Biotechnoogy, 
CA, USA). After three washes with TBST, The 
membranes were next incubated with the 
appropriate HRP (horseradish peroxidase)-con-
jugated antibody visualized with chemilumines-
cence (Thermo, USA).
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Statistical analysis

The data from these experi-
ments were reported as mean 
± standard deviation (SD) for 
each group. All statistical an- 
alyses were performed by 
using PRISM version 4.0 
(Graph Pad). Inter-group dif-
ferences were analyzed by 
one-way ANOVA, and followed 
by Tukey’s multiple compari-
son test as a post test to com-
pare the group means if over-
all P < 0.05. Differences with 
P value of < 0.05 were consid-
ered statistically significant. 

Results

Rosiglitazone inhibits 5637 
and T24 cells proliferation

We used the MTT assay to 
monitor the cell growth inhibi-

Figure 1. 5637 (A) and T24 (B) cells were incubated with rosiglitazone in 
different concentration for 24 h, 48 h and 72 h, and the cell viability was 
examined by MTT assay. Values were expressed as mean ± SD, n = 3 in each 
group. *P < 0.05 versus control group.

tion rate, and the results demonstrated that 
growth inhibition of 5637 (Figure 1A) and T24 
(Figure 1B) cells were verified in the present of 
rosiglitazone. The level of inhibition rate was 
gradually increased by treating the 5637 
(Figure 1A) and T24 (Figure 1B) cells with high-
er doses of rosiglitazone and longer incubation 
time. 

Rosiglitazone inhibits bladder cancer 5637 
and T24 cells migration

We examined the potential roles of rosigli-
tazone on migration capacities of bladder can-
cer cell lines. After 24 h incubation, the tran-
swell assay was conducted to assess cells 
migration capability in vitro. Compared with 
control, rosiglitazone exerted a potent inhibit-
ing effect on migration of the 5637 (Figure 2A) 
and T24 (Figure 2B) cell lines under the condi-
tion of higher concentration. Subsequently, the 
scratch closed assay was performed to mea-
sure the cell migration inhibition of rosigli-
tazone, and cells were reseeded and then 
scratches were made 24 h later. Incubation of 
rosiglitazone led to retarded wound closing 

Figure 2. Migration activity of 5637 (A) and T24 (B) 
cells exposure to rosiglitazone in different concen-

tration for 24 h was measured 
by transwell assay. Values were 
expressed as mean ± SD, n = 3 
in each group. *P < 0.05 versus 
control group. 
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ld significantly increase the population in G0/
G1 phase and decrease the population in S 
phase (Figure 5C and 5D). Furthermore, we 
examined rosiglitazone-induced apoptosis in 
human bladder cancer 5637 and T24 cell lines 
through an apoptotic mechanism. Triphosphate 
nick-end labeling (TUNEL) staining were mea-
sured when 5637 and T24 cells were exposed 
to rosiglitazone for 24 h. As shown in Figure 6A 
and 6B, rosiglitazone administration showed a 
significant cell apoptosis in a concentration-
dependent manner. The apoptosis-related 
markers protein expression were measured by 
western bltting. Treatment with rosiglitazone 
led to decrease the anti-apoptotic protein Bcl-2 
level and increase the pro-apoptotic protein 
caspase 3 level in 5637 (Figure 6C) and T24 
(Figure 6D) cells. Importantly, the protein 
expression of PPAR γ was significantly increas- 
ed in the present of rosiglitazone in 5637 
(Figure 6E) and T24 (Figure 6F) cells as com-
pared to control group. 

Figure 3. Cell scratch assay was used to detect the migration of 5637 (A) 
and T24 (B) cells exposure to rosiglitazone in different concentration for 0 
h, 4 h and 8 h. 

compared with control group 
in T24 cell lines (Figures 3B 
and 4B). However, the wound 
closing had no obvious differ-
ent between the rosiglitazo- 
ne-treated groups and con- 
trol group in 5637 cell line 
(Figures 3A and 4A). 

Rosiglitazone regulates 
bladder cancer 5637 and 
T24 cells cycle progression 
and apoptosis by regulating 
apoptosis-related protein and 
PPAR γ 

Next, we performed flow cy- 
tometry to measure cell cycle 
distribution. In bladder cancer 
5637 cell lines, incubation 
with rosiglitazone resulted in 
a significant decrease in the 
G0/G1 population and a cor-
responding increase in the S 
phase population compared 
with control group (Figure 5A 
and 5B). In T24 cell lines, rosi-
glitazone administration cou- 

Figure 4. The migration inhibition of scratch assay 
was transformed to the percentage of the initial dis-

tance between the two edges for 
5637 (A) and T24 (B) cells. Values 
were expressed as mean ± SD, n 
= 3 in each group. *P < 0.05 ver-
sus control group.
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Discussion 

Our data suggested that rosiglitazone could 
inhibit human bladder cancer 5637 and T24 
cells proliferation and migration and induce cell 
apoptosis in vitro. Simultaneously, rosiglitazone 
administration resulted in a significant decre- 
ase in anti-apoptotic protein expression and 
increase in pro-apoptotic protein expression. 
Moreover, rosiglitazone administration can 
induce cell cycle arrest in human bladder can-
cer 5637 and T24 cell lines. These results sug-
gest that rosiglitazone may be a potential ther-
apeutic drug for human bladder cancer. 

In this paper we demonstrated that rosigli-
tazone strongly inhibited human bladder can-
cer cell proliferation when the concentration of 
rosiglitazone was more than 10 μM. In HCT-15 
human colorectal cancer cell line [11], the IC50 
values at 24 and 48 h were 48.84 μmol/L and 

33.33 μmol/L, respectively. Interestingly, the 
similar results in CaCo-2, HT29 and SW480 
human colon cancer cells show that the cells 
viability is markedly suppressed when the con-
centration of rosiglitazone is more than 10 μM 
[12]. These results obtained about the inhibi-
tion of cell proliferation by rosiglitazone support 
the hypothesis that PPAR γ ligands can sup-
press cancer cell proliferation. 

PPAR γ, a ligand-activated intracellular tran-
scription factor, belongs to the nuclear receptor 
superfamily, and PPAR γ agonists can induce 
antineoplastic signalling pathways in different 
cancer cell lines, animal models and clinical tri-
als [16]. In HT-29 human colon cancer cells, 
rosiglitazone induces caveolin-1 by PPAR γ-de- 
pendent signaling to improve cancer cell drug 
resistance [17]. PPAR γ agonists, troglitazone 
and 15-deoxy-Delta (12, 14)-prostaglandin J2 
(15d-PGJ2), show dose-dependent inhibitory 

Figure 5. Representative photographs of cell cycle analysis for 5637 (A and B) and T24 (C and D) cells were exposed 
to rosiglitazone in different concentration for 24 h. Values were expressed as mean ± SD, n = 3 in each group. *P < 
0.05 versus control group. 
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effects on the proliferation of the gastric can-
cer cells [18]. PPAR γ agonists have potent in 
vitro cytotoxicity, the possible mechanism of 
which is through induction of apoptosis and cell 
cycle arrest [19]. Increasing evidence indicates 
that PPAR γ agonists in combination with other 
drugs may be the more successful strategies 
for cancer therapy [11, 20]. Notably, there is 
evidence to show the potential linkage between 
the development of bladder cancer and long-
term, high doses of oral pioglitazone for the 
treatment of type 2 diabetes [21]. The combi-
nation of 15d-PGJ2 and survivin inhibition play 
a potentially role in the therapeutical manipula-
tion of bladder cancer by inducing the produc-
tion of reactive oxygen species (ROS) [22]. 
Moreover, PPARγ agonist DIM-C can be an 
excellent alternative to bladder tumors resis-
tant to EGFR inhibition, which constitutes ratio-
nal for combination therapy with EGFR inhibitor 
in bladder cancer [23]. 

Previous studies indicate that PPAR γ is widely 
expressed in bladder cancer cell lines and 

and T24 cell lines through inhibition of proli- 
feration, induction of apoptosis and cell cycle 
arrest. 
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