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Abstract 

Aims: Whether pioglitazone (PIO), a peroxisome proliferator-activated receptor-gamma agonist, 
increases the risk of developing bladder cancer has been debated for several years. The aim of this 
study was to investigate the in vitro effects of PIO on normal urothelial transitional epithelium 
(NUTE) cells and bladder cancer (J82) cells to further evaluate the risk. 
Methods: NUTE cells were obtained from Sprague-Dawley rats. NUTE and J82 cells were treated 
with different concentrations of PIO for various time periods. Cell proliferation was tested by the 
MTT assay. Cell apoptosis was evaluated by flow cytometry. The expressions of p53, cyclin D1, 
Bcl-2, and Bax were determined by qRT-PCR and western blots. 
Results: After 24 hours, the treatment of NUTE cells with 10 μmol/L PIO led to morphological 
changes, without changes in J82 cells. Moreover, PIO inhibited the proliferation and induced 
apoptosis of NUTE cells, but not J82 cells, in a time- and dose-dependent manner. However, PIO did 
not alter the growth of cells from other tissues. In addition, treatment with PIO for up to 72 hours 
did not result in changes in the expressions of p53, cyclin D1, Bcl-2, and Bax in NUTE cells and J82 
cells. Interestingly, PIO significantly downregulated the protein levels of p53 and cyclin D1 in J82 
cells, but not NUTE cells after more than 192 hours of treatment. 
Conclusions: PIO did not promote malignant alterations of NUTE cells or stimulate proliferation 
of J82 cells. PIO decreased the expression of p53 and cyclin D1 in J82 cells after long-term culture, 
which suggested that PIO may be helpful for diabetic patients with bladder cancer. 
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Introduction 
Pioglitazone (PIO), an oral antidiabetic agent in 

the thiazolidinediones (TZD) family, has been widely 
used in the treatment of type 2 diabetes mellitus since 
1999. It acts as an agonist to peroxisome proliferator- 
activated receptor-gamma (PPAR-γ), which is a 
ligand-activated transcription factor of the nuclear 
hormone receptor superfamily. In addition to its role 
in the regulation of metabolism and inflammation, 

PPARγ has also been implicated in carcinogenesis, 
cellular differentiation, proliferation, and apoptosis 
[1].  

When PIO was first approved in the USA, a 
preclinical study [2] showed the occurrence of bladder 
cancer in male rats after PIO treatment, and early 
clinical studies including the prospective PROspective 
PioglitAzone Clinical Trial In MacroVascular Events 
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Outcome clinical trial (PROactive, 2005) showed a 
possible safety risk in humans [3-6]. Moreover, 
meta-analyses in 2014 found that the increased 
incidence of bladder cancer in PIO users was 
associated with duration and accumulated dosage 
[7-10]. However, the latest update of the PROactive 
study [11], and the Kaiser Permanente Northern 
California Study (KPNC) [12] with a 10-year 
follow-up did not show an association between PIO 
and increased bladder cancer. The findings of these 
two trials were subsequently corroborated in some 
observational studies. In the past 2 years, there is 
growing evidence from clinical studies showing that 
exposure to PIO is not associated with an increased 
risk of bladder cancer [13-18].  

Along with the debate on whether PIO causes 
bladder cancer in humans, animal and in vitro cell 
culture studies have suggested a biological effect of 
PIO on the induction or protection from bladder 
cancer [7]. Several in vitro studies also indicated that 
PIO had antitumor effects. PPARγ is expressed in the 
normal urothelium of all mammalian species but is 
downregulated in urothelial malignancy [19-21]. PIO 
was found to suppress the growth of both normal and 
neoplastic urothelial cells in a dose-dependent 
manner with normal urothelial cells being more 
sensitive to PIO than neoplastic cells [22]. However, 
the mechanism of this inhibitory effect was proposed 
to be PPARγ-independent [23]. Moreover, PPARγ 
promoted urothelial differentiation specifically by 
inducing the expression of genes associated with 
late/terminal cytodifferentiation, including 
cytokeratins, CK13 and CK20, tight junction- 
associated claudin3, and uroplakins, UPK1a and 
UPK2 [24]. Therefore, the effects of PIO on the 
proliferation and differentiation of urothelial and 
neoplastic cells remain to be determined.  

In this study, we determined the effects of PIO 
on normal rat urothelial transitional epithelium cells 
and human bladder cancer J82 cells to ascertain 
whether PIO promoted neoplastic changes of NUTE 
cells and proliferation of bladder cancer cells. 

Materials and Methods 
Drugs  

PIO (purity, > 99 %) was purchased from 
Sigma-Aldrich (St. Louis, MO, USA) and stored in the 
dark at -4ºC. A stock solution of PIO was prepared by 
dissolving it in dimethyl sulfoxide (DMSO; Sigma- 
Aldrich). Working solutions of PIO (0, 5, 10, 20 and 40 
μmol/L) were prepared by diluting the stock solution 
in medium. The DMSO concentration in the working 
solutions was < 0.1%. The same concentration of 
DMSO (< 0.1%) was used in the control group.  

Cell culture  
Male Sprague Dawley (SD) rats, 8–10 weeks of 

age, with a mean weight of 180–200 g were purchased 
from Research Institute of Experimental Animals, 
Chinese Academy of Medical Science (Shanghai, 
China). Normal urothelial transitional epithelium 
(NUTE) cells from the bladder of SD rats were 
obtained and cultured as described [25]. Briefly, the 
normal urothelial transitional epithelium tissues were 
rinsed twice with phosphate-buffered saline (PBS) 
and cut into 1–5 mm3 pieces. The tissues were then 
placed into 250 mL flasks containing 30 mL of 
collagenase IV (Sigma-Aldrich) in DMEM/F-12 (Life 
Technologies, Carlsbad, CA, USA), and incubated on 
a magnetic stirring apparatus at 37ºC for 40 min. The 
NUTE cells were filtered through a 7.5 × 10-2 mm 
nylon mesh to generate a single cell suspension. The 
NUTE cells were established and maintained in 
DMEM/F12 medium supplemented with 20% fetal 
bovine serum (FBS) (Gibco, Carlsbad, CA, USA), 
containing bovine pituitary extract and epidermal 
growth factor (EGF) at the manufacturer’s 
recommended concentrations (Hyclone, Logan, UT, 
USA) and 30 ng/mL cholera toxin (Sigma-Aldrich). 
Urothelial carcinoma J82 cells were provided by 
Shanghai Institutes for Biological Sciences (Shanghai, 
China) and maintained in DMEM medium 
supplemented with 10% FBS at 37 ºC in a humidified 
atmosphere of 5% CO2.  

Cell proliferation assay  
Both NUTE and J82 cells were treated with 

different concentrations of PIO (0, 5, 10, 20, and 40 
μmol/L) for 0, 24, 48, 72, and 192 h. Cell proliferation 
was evaluated using 3-(4,5-dimethylthiazol-2-yl)-2,5- 
diphenyltetrazolium bromide (MTT) assays. Briefly, 3 
× 105 cells per well were seeded in 96-well plates, and 
the cells were exposed to 5, 10, 20, or 40 μmol/L PIO 
for 24, 48, or 72 h. Equivalent volumes of PBS (pH 7.4) 
were used as vehicle controls. After treatment, cells 
were washed with PBS, 100 μl of MTT was added, and 
the cells were incubated at 37ºC for 4 h. Then, 200 μL 
of DMSO was added, followed by incubation for an 
additional 30 min at room temperature in the dark. 
The optical density was measured with a Bio-Rad 
Model 3550 Microplate reader (Bio-Rad, Hercules, 
CA, USA) at 490 nm. The rate of growth inhibition, 
(%) = (ODcontrol - ODPIO group)/(ODcontrol - ODblank group) × 
100%, was calculated. 

Cell apoptosis analysis  
After treatment with 0, 5, 10, 20, and 40 μmol/L 

PIO for 24, 48, and 72 h, the cells were stained for 
annexin V and with propidium iodide (PI) according 
to the manufacturer’s protocol (Becton Dickinson, San 
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Jose, CA, USA). Briefly, after drug treatment, 1 × 105 
cells were pelleted, washed with PBS, and resuspe-
nded in 100 μL of binding buffer. Subsequently, cells 
were incubated with 5 μL of annexin V-FITC and PI, 
followed by incubation for 15 min at room 
temperature in the dark. The stained cells were then 
incubated with 400 μL of binding buffer and analyzed 
by flow cytometry using ModFit software (BD 
Biosciences, San Diego, CA, USA).  

Western blots 
Cells were treated with 10 μmol/L of PIO for 0, 

24, 48, 72, 192, and 240 h, and lysed in RIPA lysis 
buffer (Sigma-Aldrich), including a cocktail of 
phosphatase and protease inhibitors (Sigma-Aldrich). 
Protein concentrations were determined by a bicinch-
oninic acid (BCA) protein assay. Equal amounts of 
protein extracts were separated by 10% sodium 
dodecyl sulfate-polyacrylamide gel electrophoresis 
(SDS-PAGE), and transferred onto a nitrocellulose 
membrane. Membranes were blocked with 5% (w/v) 
nonfat dry milk dissolved in Tris-buffered saline plus 
Tween-20 (TBS-T; 0.1% Tween-20; pH 8.3) at room 
temperature for 1 h, then incubated with primary 
antibodies at 4°C overnight. The primary antibodies 
used were rabbit anti-p53, anti-cyclin D1, anti-Bcl-2, 
anti-Bax, and anti-β-actin (Cell Signaling Technology, 
Danvers, MA, USA ). The blots were then washed 
three times with 1% nonfat dry milk in TBST, and 
incubated with the corresponding horseradish 
peroxidase conjugated secondary antibody. The 
bands were detected using the Pierce enhanced 
chemiluminescence western blotting substrate 
(Thermo Scientific, Rockford, IL, USA). 

RNA Isolation and quantitative real-time 
polymerase chain reaction (qRT-PCR) 

Total RNA was extracted from the cells using 
Trizol® reagent (Invitrogen, Carlsbad, CA, USA) 
according to the protocol provided by the 
manufacturer. The synthesis of cDNA was performed 
using a PrimeScript RT reagent kit (TaKaRa 
Biotechnology, Dalian, China). Primers for PCR were 
from PrimerBank (Sangon Biotech, Shanghai, China) 
and are shown in Table 1. β-actin was used as an 
internal control. The reactions were started at 95ºC for 
10 s, followed by 40 cycles of 95ºC for 10 s, and 60ºC 
for 35 s. The cycle numbers crossing an arbitrary 
threshold (Ct) were determined using the Application 
Binary Interface (ABI) system software, version 
1.0.410 (Foster City, CA, USA). The fold change in the 
target RNA relative to β-actin was calculated as 
follows:  

ΔΔCt=(Cttarget-Ctβ-actin) control - (Cttarget-Ctβ-actin) PIO group.  
 

Table 1. The sequences of PCR primers used in this study  

Genus Gene Sequence of primers (5'-3') 
Human GAPDH 

 
F:agaaggctggggctcatttg 
R:aggggccatccacagtcttc 

Cyclin D1 
 

F:tctacaccgacaactccatcc 
R:gtgtttgcggatgatctgttt 

p53 
 

F:ctcctcagcatcttatccgagt 
R:gctgttccgtcccagtagatta 

Bcl-2 
 

F:gaggccaaatatcattctgagg 
R:cagtaggtcgggtgagaatagg 

Bax F:aagctgagcgagtgtctcaag 
R:caaagtagaaaagggcgacaac 

Rat 
 
 

GAPDH 
 

F:atggtgaaggtcggagtgaac 
R:gggtggaatcatactggaacat 

Cyclin D1 
 

F:cacagtatccccagcaaatctt 
R:tacaaggcagaagcagcaagta 

p53 
 

F:accaccatccactacaacttca 
R:cacaaacacgcacctcaaag 

Bcl-2 
 

F:atgcctttgtggaactgtacg 
R:acttcacttgtggcccagata 

Bax F:aagctgagcgagtgtctcaag 
R:caaagtagaaaagggcgacaac 

 

Ethics Statement  
All the SD rat procedures were approved by the 

Animal Care and Use Committee of The Tenth 
People's Hospital of Shanghai with permit number 
2011-RES1. This study was also approved by the 
Science and Technology Commission of Shanghai 
Municipality (ID: SYXK 2007-0006). The SD rats were 
kept at 18ºC–26ºC on a 12 h light and dark cycle with 
free access to water and standard mice chow. All 
surgery was performed under sodium pentobarbital 
anesthesia, and every effort was made to minimize 
suffering. 

Statistical analysis 
All data represent the mean ± SD (standard 

deviation). Student's t-tests were performed to 
evaluate the differences between treated groups and 
their paired controls. A P value < 0.05 was considered 
statistically significant (denoted by aP < 0.05, bP > 
0.05). The analyses were conducted with Image J 
software (NIH, Bethesda, MD, USA), GraphPad Prism 
5.0 software (San Diego, CA, USA), and SPSS, version 
17 (SPSS, Chicago, IL, USA). 

Results 
PIO treatment results in morphological 
changes in NUTE and J82 cells 

The NUTE cells grew as monolayers with typical 
epithelioid cobblestone morphology. Compared with 
that of the control group, 10 μmol/L PIO treatment 
for 24 h resulted in apparent morphological 
alterations of NUTE cells as observed under light 
microscopy (Figure 1A and B). This inhibitory effect 
was enhanced with the prolongation of treatment 
time and increased PIO concentrations. For example, 
10 μmol/L of PIO treatment for more than 72 h led to 
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extensive cytoplasmic blebbing and nuclear 
fragmentation of NUTE cells (Figure 1B). PIO 
treatment resulted in only negligible cell morpholo-
gical changes of J82 cells with increased PIO 
concentrations and treatment times (Figure 1C and 
D), and J82 cells only became mildly tear-shaped 
following treatment with 10 μmol/L of PIO for more 
than 72 h (Figure 1D). In contrast, liver cells, kidney 
cells, and vascular endothelial cells (data not shown) 
from normal SD rats did not show any changes in 
morphology following treatments with 10 μmol/L of 
PIO for 72 h (Figure 2). These results indicated that 
PIO treatment led to obvious morphological changes 
of normal urothelial transitional epithelium cells in 
vitro. 

Effects of PIO on cells proliferation  
To assess the effects of PIO on the proliferation 

of NUTE and J82 cells, we treated NUTE and J82 cells 
with 0, 5, 10, 20, or 40 μmol/L PIO for 0, 24, 48, and 72 
h. Cell proliferation was evaluated by MTT assays. 
We found that either low (5–10 μmol/L) or high 
(20–40 μmol/L) concentrations of PIO had no 
significant effect on the proliferation of J82 cells (P > 
0.05). However, for NUTE cells, 10 μmol/L of PIO 
significantly inhibited the proliferation after 24 h 
when compared with that of the control group (Figure 
3). Moreover, greater inhibitory effects were observed 
when the cells were treated for 48 h and 72 h, or with 
20 μmol/L of PIO (P < 0.05, Figure 3). Thus, PIO 

inhibited the proliferation of NUTE cells in a time- 
and dose-dependent manner.  

PIO induces apoptosis of NUTE but not J82 
cells  

To test whether PIO induced apoptosis, we 
treated NUTE and J82 cells with 10 μmol/L of PIO for 
24 h and 72 h, and analyzed cell apoptosis by annexin 
V and PI staining coupled with flow cytometry 
analyses. There were no significant differences of the 
percentage of J82 cells undergoing apoptosis between 
the treated groups and the control group. After 
treatment with 10 μmol/L of PIO for 48 h, the 
percentages of surviving J82 cells with 
annexin-V-FITC staining for the PIO group and 
control group were 6.3 ± 1.5% and 6.9 ± 1.6%, 
respectively. In addition, the proportions of surviving 
J82 cells with annexin-V-FITC staining after treatment 
with 10 μmol/L of PIO for 24 and 72 h were 7.5 ± 1.6% 
and 7.7 ± 1.9, respectively. In contrast, 10 μmol/L PIO 
treatment for 24 h significantly increased cell 
apoptosis of NUTE cells (18.8 ± 2.1%) in comparison 
to that of control cells (9.4 ± 1.7%) (P < 0.05) (Figure 
4A and B). The percentage of apoptotic cells treated 
with 10 μmol/L of PIO for 72 h was 49.7 ± 2.3%, while 
that of the control cells was 11.3 ± 1.3% (P < 0.05) 
(Figure 4A and B). These results showed that PIO 
dose-dependently induced apoptosis of NUTE cells.  

 

 
Figure 1. Pioglitazone (PIO) treatment resulted in morphological changes of NUTE and J82 cells. A: NUTE cells were cultured in the absence of PIO 
for the indicated times, and cell morphology was observed under a light microscope. B: NUTE cells were treated with 10 μmol/L PIO for the indicated times, and cell 
morphology was observed under a light microscope. C: J82 cells were cultured in the absence of PIO for the indicated times, and cell morphology was observed under 
a light microscope. D: J82 cells were treated with 10 μmol/L PIO for the indicated times, and cell morphology was observed under a light microscope. Scale bars: 200 
μm. 
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Figure 2. Pioglitazone (PIO) treatment did not alter the morphology of the liver cells and kidney cells from normal Sprague Dawley (SD) rats. 
Liver cells and kidney cells from normal SD rats were treated with 10 μmol/L of PIO for 72 h. Cell morphology was observed under a light microscope. Scale bars: 
200 μm. 

 

PIO downregulates the protein levels of p53 
and cyclin D1 after long-term treatment in J82 
cells. 

We measured the expressions of p53, cyclin D1, 
Bcl-2, and Bax by qRT-PCR and western blotting, 
respectively. The qRT-PCR results showed that the 
mRNA levels of p53, cyclin D1, Bcl-2, and Bax 
displayed little change both in the NUTE cells and the 
J82 cells following treatments with 5, 10, 20, and 40 
μmol/L of PIO for 24, 48, and 72 h (data not shown). 
Similarly, PIO did not significantly alter the protein 
levels of p53, cyclin D1, Bcl-2, and Bax in NUTE cells 
treated with 10 μmol/L of PIO for 24, 48 and 72 h 
(Figure 5). In J82 cells, PIO did not change the protein 
levels of Bcl-2 and Bax after treatment with 10 μmol/L 
of PIO for 24, 48, and 72 h (Figure 5A, D, and E). 
Interestingly, PIO decreased the protein levels of p53 
and cyclin D1 in J82 cells after treatment with 10 
μmol/L of PIO for 192 hr (Figure 5A, B, and C).  

Discussion 
PPAR-γ a member of the nuclear receptor 

superfamily, and takes part in the regulation of 
adipogenesis and insulin sensitivity. A wide range of 
synthetic PPAR-γ ligands have been identified and 
several, such as PIO, are clinically used as 
anti-diabetic agents. Since the adoption of PIO, its use 
has been questioned due to concerns about the 

potential risk of bladder cancer. There are currently 
two main views regarding PIO in bladder cancer risk. 
First, PIO can lead to an increased risk of bladder 
cancer. Several studies showed an increased risk of 
bladder cancer in diabetic patients using PIO, 
especially for men with long-term and high dose 
exposures [16, 26-27]. Data from the U.S. Food and 
Drug Administration (FDA) Adverse Event Reporting 
System (AERS) between 2004 and 2009 indicated a 
definite risk from PIO [hazard ratio (HR), 4.30; 95% 
confidence interval (CI), 2.82–6.52] [28]. A French 
observational retrospective cohort study of 1,491,060 
patients also found a moderate but significantly 
increased risk of bladder cancer among PIO users 
(HR, 1.22; 95% CI, 1.05–1.43; P = 0.01) [29]. In further 
support of this view, it was reported that PIO in rats 
induced bladder tumors related to the formation of 
urinary solids, which were cytotoxic to the 
urothelium, resulting in regenerative proliferation 
and ultimately tumors [2, 30]. However, the opposite 
opinion is that PIO usage does not increase the risk of 
bladder cancer. Levin et al. [31] reported that among 
1.01 million cases from six populations across the 
world, there was no evidence for any association 
between cumulative exposure to PIO and bladder 
cancer in males (RR, 1.01; 95% CI, 0.97–1.06) or 
females [relative risk (RR) 1.04; 95% CI, 0.97–1.11], 
after adjustment for age, calendar year, diabetes 
duration, smoking status, and any previous use of 
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PIO. Moreover, Chedgy et al. [32], reported that in 
193,099 diabetic patients aged ≥ 40 years, 18% (34,181) 
of the patients in the bladder cancer cohort had 
received PIO for a median duration of 2.8 years. 
During the observation period, a new bladder tumor 
was diagnosed in 1,261 (0.65%) patients. Further 
analyses indicated that no association was found 
between PIO use and risk of bladder cancer (HR, 1.06; 
95% CI, 0. 89–1.26). In addition, no association was 
observed with time since initiation, duration of PIO 
use, and increasing PIO dose. Furthermore, Pasi et al. 
[33] found that in patients with type 2 diabetes who 

initiated PIO use (n = 56,337), matched with patients 
with type 2 diabetes in the same country exposed to 
diabetes drug treatments other than PIO (n = 317,109), 
with regards to risk of bladder cancer, the adjusted 
HR for patients exposed versus never exposed to PIO 
was 0.99 (95% CI, 0.75–1.30). The results showed no 
evidence of an association between those having used 
PIO and risk of bladder cancer, compared with those 
never using PIO. The recent meta-analyses also 
showed there was no association of PIO use with 
bladder cancer occurrence [15]. Data from some 
animal studies also supported this finding [34].  

 

 
Figure 3. Pioglitazone (PIO) inhibited the proliferation of NUTE cells but not J82 cells. NUTE and J82 cells were treated with 0, 10, or 20 μmol/L PIO 
for 0, 24, 48, and 72 h. Cell proliferation was evaluated by the 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) assay. 
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Figure 4. Pioglitazone (PIO) induced apoptosis of NUTE cells but not J82 cells. A. J82 cells were treated with 10 μmol/L or without PIO for 24 and 72 h, 
and cell apoptosis was analyzed by annexin V and propidium iodide (PI) staining coupled with flow cytometry analyses. A representative flow cytometry scan is shown. 
Q1: late stage apoptotic cells; Q2: dead cells; Q3: living cells; Q4: early stage apoptotic cells. Apoptosis rate (%) of cells = (Q1 + Q4) × 100%. B. Quantitative analyses 
of apoptosis rate (%) of NUTE cells treated with 10 μmol/L PIO for 24 h and 72 h. 

 
The current studies mainly involved 

epidemiological investigations. Due to the limited 
number and short time period study in the random 
control trials, and the inherent limits in observational 
studies, the association between PIO use and bladder 
cancer is still controversial [6]. Therefore, both in vitro 
investigations and animal models are needed to 
resolve this debate. Here, we have studied the effects 
of PIO on rat normal urothelial transitional 
epithelium cells and human bladder cancer J82 cells to 
explore the association between PIO and bladder 
cancer from the perspective of basic research.  

In this study, we showed that PIO treatment led 
to morphological changes of normal urothelial 
transitional epithelium cells (NUTE cells). Moreover, 
PIO inhibited the proliferation and induced apoptosis 

of NUTE cells but not J82 cells in a time- and 
dose-dependent manner. In addition, PIO downregu-
lated the protein levels of p53 and cyclin D1 in J82, but 
not NUTE cells, after long-term treatment. Our 
findings suggested that PIO may not elevate the risk 
of bladder cancer in NUTE cells or promote bladder 
cancer cell proliferation. 

Deregulation of cell proliferation and evasion of 
apoptosis are two hallmarks of cancer cells. To 
address the contradictory observations regarding the 
usage of PIO and the risk of bladder cancer, one 
critical question is whether PIO can affect the 
proliferation and apoptosis of bladder cells. In the 
present study, the NUTE cell viability was significa-
ntly decreased after 24 h when cultured with 10 
μmol/L PIO, and the inhibitory effects were time- and 
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dose-dependent. Significant apoptosis was found in 
NUTE cells treated with 10 μmol/L of PIO. In 
contrast, cells from other tissues, including liver, 
kidney, and vascular endothelium, showed no cell 
death after treatment with PIO (10 μmol/L). This 
finding was consistent with those from a previous 
study [35]. These results suggested that PIO had 
selective toxicity to NUTE cells. These results also 
corroborated those of our clinical observations, that 
after taking PIO, several diabetic patients felt bladder 
discomfort, which may have been related with 
cellular apoptosis.  

The inhibition of bladder cell growth by PIO 

might be explained by cell cycle arrest, the induction 
of apoptosis, and/or terminal differentiation [36]. It 
was proposed that thiazolidinediones, PPARγ 
ligands, could induce tumor cell apoptosis by 
downregulating Bcl-2 and upregulating Bax [37-38]. 
Both Bax and Bcl-2 are expressed in the urothelium 
and play important roles in regulating apoptosis [39]. 
However, in our study, both western blots and 
qRT-PCR analyses showed that there were no 
significant changes in Bcl-2 and Bax expression in 
NUTE cells when cultured with PIO. Thus, the 
induction of apoptosis in NUTE cells by PIO was not 
through the classical Bcl-2 and Bax pathways.  

 

 
Figure 5. Pioglitazone (PIO) reduced the protein levels of p53 and cyclin D1 after long-term treatment of J82 cells. A. NUTE and J82 cells were 
treated with 10 μmol/L or without PIO for the indicated times. Total protein was extracted for immunoblotting of p53, cyclin D1, Bcl-2, and Bax, with β-actin used 
as a loading control. B. The protein expression of p53 is shown as gray stripes. C. The protein expression of cyclin D1 is shown as gray stripes. D. The protein 
expression of Bax is shown as gray stripes. E. The protein expression of Bcl-2 is shown as gray stripes. 

Enhanced cell proliferation due to loss of cell cycle regulation is one of the most important 
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molecular and genetic changes in bladder carcinoma 
[39]. The occurrence and development of a tumor are 
under the regulation of multiple oncogenes and 
tumor suppressor genes. Aberrant expressions of 
cyclin D1 and cyclin E, downregulations of p16 and 
p27, and mutations of Rb and p53 have been 
frequently observed in several types of cancers 
[40-42]. The altered expression of cyclin D1 is 
associated with a risk of bladder cancer. The wild type 
p53 gene, the most important tumor suppressor gene, 
prevents tumorigenesis by inhibiting cell proliferation 
and transformation. The p53 gene is mutated in most 
cancers and mutant p53 protein promotes malignant 
transformation. It was found that accumulation of 
mutant p53 was closely related to the grading of 
bladder cancer and the progress of tumor 
proliferation [43]. Generally, mutant p53 is easily 
detected by its longer half-life than wild type p53 [44]. 
In our study in NUTE cells and J82 cells treated with 
10 μmol/L PIO, there were no significant changes in 
both cyclin D1 and p53. This may be because PIO 
treatment in vitro may not promote the malignant 
alteration of NUTE cells, or accelerate J82 cell 
proliferation. However, chronic treatment (for 192 h) 
with 10 μmol/L of PIO reduced the expression levels 
of cyclin D1 and p53 in J82 cells, suggesting that PIO 
might slow the progress of bladder cancer. Our 
findings were consistent with a previous conclusion 
that PIO suppressed the growth of non-neoplastic and 
neoplastic urothelial cell in a dose-dependent manner 
[19-20].  

In summary, this study supported the following 
conclusions: 1) PIO usage may not elevate the risk of 
bladder cancer; 2) PIO might reduce the 
tumorigenesis of bladder cancer cells after a chronic 
process; and 3) PIO could exert a tissue-specific 
apoptosis in NUTE cells. Based on the existing data, 
we speculated that patients with diabetes treated with 
PIO may not have an increased risk of bladder cancer, 
and that PIO use in diabetic patients with diagnosed 
bladder cancer will not promote tumor progress, but 
may inhibit tumor development.  
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