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Abstract: Bladder cancer is believed to arise after a series of progressive pathological changes. Cell differentiation 
exists in almost all cells, when become aberrant, can initiate or promote diseases processes and tumorigenesis. 
Epithelial-mesenchymal transition (EMT) is a crucial pathophysiological process in cancer initiation and develop-
ment. Tobacco smoke is an important risk factor of bladder cancer. However, the molecular mechanisms of tobacco 
smoke-triggered abnormal cell differentiation and EMT in bladder tissues have not been well defined. The current 
study was designed to investigate the regulatory role of AP-1 in tobacco smoke-triggered urocystic abnormal cell 
differentiation and EMT in vivo. Exposure of male BALB/c mice to tobacco smoke for 12 weeks altered the expres-
sion of cell differentiation and EMT markers in bladder tissues. Importantly, we demonstrated that AP-1 modulated 
tobacco smoke-induced abnormal cell differentiation and EMT, as evidenced by the findings that tobacco smoke 
elevated AP-1 activation, and tobacco smoke-mediated cell differentiation and EMT were reversed by AP-1 suppres-
sion. These data indicated that AP-1 play an important role in tobacco smoke-induced urocystic abnormal cell differ-
entiation and EMT. These findings provide new insights into the mechanism of tobacco smoke associated urocystic 
tumorigenesis and may help to discover potential targets for novel therapies and chemoprevention.
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Introduction

In Western countries, bladder cancer is the fifth 
most common cancer and the most common 
cancer in urinary malignancies [1]. There were 
about 382,700 new diagnosed cases and 
143,000 deaths in 2013 worldwide [2]. Many 
factors are strongly associated with bladder 
cancer; tobacco smoke is one of the major 
causes of bladder cancer. It has been reported 
that current smokers have a ~4-fold higher risk 
of bladder cancer than nonsmokers [3]. It is 
estimated that approximately half of male blad-
der cancer patients and a quarter of female 
patients are associated with smoke habit [4]. 
Many compounds of tobacco smoke are attrib-
uted to its carcinogenic potential, including 
abnormal cell differentiation, cell hyperprolifer-
ation and progression of cancer. Although enor-

mous progress has been made in understand-
ing its molecular mechanisms leading to 
bladder cancer, the tumorigenic process of 
tobacco smoke remains largely unknown.

Bladder cancer is a common malignant tumor 
with high mortality due to its high recurrence 
rate [5]. Thus, molecular mechanisms of uro-
thelial carcinoma progression are needed to be 
clarified for early diagnosis and treatment. As 
with other epithelial malignancies, bladder can-
cer is believed to arise after a series of progres-
sive pathological changes. Molecular abnor-
malities in normal appearing and preneoplastic 
epithelium from patients with cancer and 
chronic smokers suggest that genetic changes 
may serve as biomarkers for early diagnosis, 
risk assessment and monitoring response to 
chemoprevention [6]. Normal cell differentia-
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tion is essential for various body normal devel-
opmental processes, it can be deregulated and 
become aberrant, which in turn can initiate or 
promote diseases processes, consisting in can-
cer [7]. Abnormal cell differentiation exists in all 
tumors, is the basic feature of cell oncogenic 
transformation. The aberrant differentiation of 
bladder epithelial cells should be recognized 
because of important clinical implications [8]. It 
is becoming more and more evident that there 
is a tight contact between abnormal cell differ-
entiation processes and cancer during recent 
years [7]. 

Epithelial-mesenchymal transition (EMT) is an 
important process of cellular transdifferentia-
tion including the changes from an epithelial to 
a mesenchymal phenotype [9]. These process-
es have been shown to be of capital relevance 
in the initiation and development of tumorigen-
esis [10]. However, the role of tobacco smoke-
triggered abnormal cell differentiation and EMT 
in bladder cancer has not been well defined.

The activator protein-1 (AP-1) is a hetero- or 
homo-dimeric complex transcription factor 
composed of the proto-oncogene proteins 
belonging to the Fos (c-Fos, FosB, Fra-1 and 
Fra-2), Jun (c-Jun, JunB and JunD) families [11, 
12]. In response to various extracellular stimu-
lus, AP-1 bind to the TPA-response element 
(TRE) to transcriptionally activate target genes 
that regulate a broad range of normal and path-
ological cellular events including differentia-
tion, proliferation, survival and apoptosis [13, 
14]. It has reported that AP-1 play an important 
role in the process of tumorigenesis [15, 16]. 
Previous reports have shown tobacco smoke 
exposure induces AP-1 activation [1, 17, 18]. 
However, almost no relevant studies have been 
done to investigate the regulation of AP-1 on 
abnormal cell differentiation genes and EMT in 
tobacco smoke-induced bladder cancer.

In the present study, we assessed the regula-
tion ability of AP-1 in the tobacco smoke-medi-
ated abnormal cell differentiation and EMT 
alterations in the bladder of BALB/c mice. By 
using in vivo tobacco smoke exposure models, 
we demonstrate that AP-1 regulated tobacco 
smoke-induced abnormal cell differentiation 
and EMT in the bladder tissues of mice. These 
novel findings suggested the important role of 
AP-1 in tobacco smoke-associated bladder car-
cinogenesis and improving our understanding 

of these processes may help to discover poten-
tial targets for novel therapies and chemo- 
prevention. 

Materials and methods

Chemicals and reagents

The primary antibodies for phosphorylated 
c-Fos, phosphorylated c-Jun, FosB, JunB, E-ca- 
dherin, ZO-1, Snail-1, CK13, CK14, N-cadherin 
and Vimentin were obtained from Cell Signaling 
Technology (Beverly, MA). CK10, CK20, UpII, 
GAPDH antibody was from Biogot Technology 
(Nanjing, China). Primers for E-cadherin, N-cad- 
herin, Vimentin, Snail-1, ZO-1, CK10, CK13, 
CK14, CK20, UpII and GAPDH were synthesized 
by Invitrogen (Carlsbad, CA). SR11302 was pur-
chased from Tocris Bioscience (Bristol, UK). 
Sources of other materials are noted accord-
ingly in the text.

Mice and tobacco smoke exposure

Thirty-six male BALB/c mice (6-8 weeks old 
weighting 18-22 g) were purchased from the 
Animal Research Center of Nanjing Medical 
University (Nanjing, China). Animals were all- 
owed to acclimate for one week to the onset of 
experimental exposure. Mice were housed in 
polypropylene cages, maintained on controlled 
temperature and humidity, with a 12-h light/
dark cycle, and free access to food and water. 
The animal studies were carried out in strict 
accordance with the recommendations in the 
guidelines of the Animal Care and Welfare 
Committee of Nanjing Medical University. 

Six mice were randomly assigned into each 
group. The control group was exposed to fil-
tered, conditioned air. Mice were exposed to 
tobacco smoke generated from one of the most 
consumed Chinese commercial cigarettes 
(Hongtashan, contains 12 mg tar and 1.1 mg 
nicotine per cigarette) in a smoking apparatus. 
One filterless cigarette was combusted to gen-
erate tobacco smoke by a smoke machine 
design by ourselves, which smoked cigarettes 
and then pumped the mainstream smoke from 
the burning cigarette at a constant rate (5 min 
per cigarette). The mainstream smoke was 
delivered to whole-body exposure chambers 
with a target concentration of total particulate 
matter (TPM) of 85 mg/m3. BALB/c mice were 
exposed for 6 hours per day last for 12 weeks. 
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The exposure conditions were monitored and 
characterized as the followings: TSP (0 mg/m3), 
carbon monoxide (13.15±1.96 mg/m3) for the 
control group; TSP (84.29±6.38 mg/m3), car-
bon monoxide (116.62±21.88 mg/m3) for 
tobacco smoke group. After the completion of 
tobacco smoke exposure, mice were sacrificed 
and the bladder tissues were collected for 
analysis.

Delivery of specific AP-1 inhibitor in vivo

Animals were randomly divided into four groups 
as the followings (n = 6 per group): the control 
group, mice were exposed to filtered air; tobac-
co smoke group, mice were exposed to tobacco 
smoke; tobacco smoke + DMSO group, mice 
were injected with DMSO and exposed to 
tobacco smoke; tobacco smoke + SR11302 
group, mice were injected with SR11302 and 
exposed to tobacco smoke. SR11302, a spe-
cific AP-1 inhibitor was diluted with DMSO and 
injected intraperitoneally (1 mg/kg body weight) 
every day. Following the completion of expo-
sure, mice were sacrificed and bladder tissues 
were isolated and stored at -80°C until 
analysis.

Western blot analysis

Bladder tissues were homogenized in a lysate 
buffer and centrifuged at 4°C for 25 min. 
Protein concentrations were measured and fifty 
micrograms of proteins were fractionated by 
electrophoresis through 7.5-10% SDS-PAGE 
and then transferred to PVDF membrane 
(Millipore, Billerica, MA). The membranes were 
blocked with 5% (w/v) skim milk powder and 
subsequently probed with primary antibodies 
overnight at 4°C, and then incubated with 
horseradish peroxidase-conjugated goat anti-
mouse or goat anti-rabbit secondary antibody. 
GAPDH served as the loading control. 

Quantitative real-time PCR

Total RNA was extracted from bladder samples 
by using RNAiso Plus according to the manufac-
turer’s instructions (TaKaRa, Japan). The quali-
ty and quantity of the RNA samples were ana-
lyzed by UV spectrophotometry (260/280 nm 
ratio). The cDNA was synthesized from two 
micrograms of total RNA by using AMV Reverse 
Transcriptase (Promega, Madison, WI). qRT-
PCR was performed using the Power SYBR 

Green Master Mix (TaKaRa, Japan) and an ABI 
7300 real-time PCR detection system (Applied 
Biosystems, CA). The primers used were as fol-
lows: ZO-1, forward 5’-GCAGCCACAACCAATT- 
CATAG-3’ and reverse 5’-GCAGACGATGTTCAT- 
AGTTTC-3’; CK10, forward 5’-CCATCGATGACC- 
TTAAAAATCAG-3’ and reverse 5’-GCAGAGCTA- 
CCTCATTCTCATACTT-3’; CK13, forward 5’-AA- 
TCCTGCTCTCACCATGAG-3’ and reverse 5’-GG- 
TTCTGCATGGTGATCTTC-3’; CK14, forward 5’- 
AAGACCATTGAGGACCTGAGGA-3’ and reverse 
5’-AGACGGGCATTGTCAATCTG-3’; CK20, for-
ward 5’-ACGCCAGAACAACGAATACC-3’ and re- 
verse 5’-TTCAGATGACACGACCTTGC-3’; UpII, for-
ward 5’-AACAACCCCACACTTACCACTG-3’ and 
reverse 5’-GGAGCTTGCTGGAATACACCTC-3’; E- 
cadherin, forward 5’-TCGACACCCGATTCAAAGT- 
GG-3’ and reverse 5’-TTCCAGAAACGGAGGC- 
CTGAT-3’; Snail-1, forward 5’-GACCACTATGCC- 
GCGCTCTT-3’ and reverse 5’-TCGCTGTAGTTA- 
GGCTTCCGATT-3’; Vimentin, forward 5’-CCTT- 
GACATTGAGATTGCCA-3’ and reverse 5’-GTAT- 
CAACCAGAGGGAGTGA-3’; N-cadherin forward 
5’-ATCAAGTGCCATTAGCCAAG-3’ and reverse 
5’-CTGAGCAGTGAATGTTGTCA-3’; GAPDH, for-
ward 5’-GCTGCCCAACGCACCGAATA-3’ and 
reverse 5’-GAGTCAACGGATTTGGTCGT-3’. All of 
the primers were synthesized by Invitrogen 
(Carlsbad, CA). The 2-(ΔΔCt) method was used for 
the quantification, with GAPDH as the relative 
abundance normalized to the control.

Histological analysis and Immunohistochem-
istry

The bladder tissues were isolated and fixed in 
paraformaldehyde. After tissues fixation, these 
were subjected to dehydration and the embed-
ded in paraffin. Thin sections (5 μm) of the  
paraffin embedded tissues were cut using a 
microtome. Subsequently, the sections were 
de-waxed in xylene, rehydrated in a series of 
different grades of alcohol and washed with 
distilled water. The sections were stained with 
hematoxylin or incubated with the primary anti-
body. After counterstained with eosin or incu-
bated with biotinylated goat anti-rabbit for 1 h, 
the sections were dehydrated in graded etha-
nol series and dehydration in xylene. 

Statistical analysis 

The SPSS 16.0 software system was used for 
statistical analysis. All data were expressed as 
mean ± standard deviation. One-way ANOVA 
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Figure 1. Tobacco smoke induced alterations in the expression of cell differentiation markers in the bladder of mice exposed to tobacco smoke for 12 weeks. A. 
Tobacco smoke-induced the morphological changes of bladder cells. B. Tobacco smoke reduced mRNA levels of CK13 and ZO-1, and induced mRNA levels of CK10, 
CK14, CK20 and UpII, detected by q-PCR after normalization to GAPDH. C. Tobacco smoke decreased the protein levels of CK13 and ZO-1, and increased the protein 
levels of CK10, CK14, CK20 and UpII. GAPDH was used as loading control for Western blotting. D. Tobacco smoke decreased CK13 protein expression and increased 
UpII protein expression shown by immunohistochemical staining. Data are expressed as mean ± SD. *P < 0.05, **P < 0.01, compared with FA. FA = filtered air; TS 
= tobacco smoke.
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was used for comparison of statistical differ-
ences among multiple groups, followed by the 
LSD significant difference test. Unpaired Stu- 
dent’s t-test was also used for two-group com-
parisons. P < 0.05 indicated statistical sig- 
nificance.

Results

Tobacco smoke induced urocystic abnormal 
cell differentiation and EMT in vivo

Tobacco smoke-triggered abnormal cell differ-
entiation and EMT are critically involved in neo-
plastic transformation. In the current study, we 
investigated whether long term tobacco smoke 
induces abnormal cell differentiation and EMT 
in the bladder tissues of mice. Male BALB/c 
mice were exposed to tobacco smoke for 12 
consecutive weeks, and then the morphologi-
cal changes, the expression levels of the cell 
differentiation markers and EMT markers in 
bladders were examined. Tobacco smoke-
induced the morphological changes of bladder 
cells were shown as Figure 1A. Our results 
demonstrated that tobacco smoke exposure 
decreased the mRNA expression of CK13, 
ZO-1, UpII, and E-cadherin, and increased the 

mRNA expression levels of CK10, CK14, CK20, 
Snial-1, Vimentin, and N-cadherin (Figures 1B 
and 2A). As while, we found that tobacco smoke 
exposure reduce CK13, ZO-1, and E-cadherin 
protein expression, and elevate CK10, CK14, 
CK20, UpII, Snial-1, Vimentin, and N-cadherin 
protein levels (Figures 1C, 1D and 2B). 

Tobacco smoke-mediated urocystic abnormal 
cell differentiation and EMT was associated 
with AP-1 activation

AP-1 is implicated in several cellular events 
including differentiation, proliferation, and car-
cinogenesis. The role of AP-1 in tobacco smoke-
induced urocystic abnormal cell differentiation 
and EMT regulation has not been well revealed. 
To determine whether tobacco smoke-induced 
abnormal cell differentiation and EMT in the 
bladder of mice are associated with AP-1 acti-
vation, the expression levels of phosphorylated 
c-Fos, phosphorylated c-Jun, FosB, and JunB 
were measured. It was found that tobacco 
smoke exposure increased the activation of 
AP-1 proteins as indicated by elevated levels of 
phosphorylated c-Fos, phosphorylated c-Jun, 
FosB, and JunB (Figure 3).

Figure 2. Tobacco smoke induced alterations in the 
expression of EMT markers in the bladder of mice 
exposed to tobacco smoke for 12 weeks. A. Tobac-
co smoke reduced mRNA levels of E-cadherin, and 
induced mRNA levels of Vimentin, N-cadherin and 
Snail-1; B. Tobacco smoke decreased the protein 
levels of E-cadherin, and increased the protein lev-
els of Vimentin, N-cadherin and Snail-1. Data are ex-
pressed as mean ± SD. **P < 0.01, compared with 
FA control. FA = filtered air; TS = tobacco smoke.
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SR11302 reversed tobacco smoke-induced 
AP-1 activation in mice bladder

Since above results revealed that AP-1 may 
play an important role in the onset and progres-
sion of abnormal cell differentiation and EMT. 
Herein, our study was designed to determine 
the role of AP-1 in urocystic abnormal cell dif-
ferentiation and EMT regulation. We first treat-
ed the male BALB/c mice with the specific AP-1 
inhibitor SR11302 (1 mg/kg body weight) every 
day. Western blot analyses results revealed 
that SR11302 markedly decreased tobacco 
smoke increased the expression levels of phos-
phorylated c-Fos, phosphorylated-c-Jun, FosB, 
and JunB (Figure 4). 

AP-1 suppression attenuated tobacco smoke-
elicited abnormal cell differentiation and EMT

To further determine the role of AP-1 in tobacco 
smoke-triggered abnormal cell differentiation 
and EMT in the mice bladder tissues, the 
expression of the cell differentiation and EMT 
markers were examined after treatment with 

SR11302 and tobacco smoke. We found  
that tobacco smoke-induced alterations in  
the mRNAs of CK13, ZO-1, E-cadherin, CK10, 
CK14, CK20, UpII, Snial-1, Vimentin, and 
N-cadherin were effectively attenuated by AP-1 
inhibitor (SR11302) (Figures 5A and 6A). 
Western blot analyses demonstrated that treat-
ed with SR11302 reversed both tobacco 
smoke-mediated decrease of CK13, ZO-1, and 
E-cadherin levels, and the increase of CK10, 
CK14, CK20, UpII, Snial-1, Vimentin, and N-ca- 
dherin in the bladders of BALB/c mice (Figures 
5B and 6B). These data demonstrated the reg-
ulatory role of AP-1 in tobacco smoke-induced 
abnormal cell differentiation and EMT in the 
bladder tissues.

Discussion

Bladder cancer is still one of the major causes 
of cancer-related death worldwide and the first 
leading cause of cancer mortality in the urinary 
malignancies [19]. The relationship between 
bladder cancer and tobacco smoke has been 
established [20, 21]. Tobacco smoke is one of 
the primary causes of bladder cancer, which 
promote the initiation and progression of uro-
cystic tumorigenesis. However, the underlying 
molecular mechanisms by which tobacco sm- 
oke causes the initiation and development of 
bladder cancer remain to be well established. 
In the current study, we revealed that tobacco 
smoke triggered abnormal cell differentiation 
and EMT in the mice bladder. Furthermore, our 
data demonstrated that AP-1 regulated tobac-
co smoke-induced urocystic abnormal cell dif-
ferentiation and EMT in vivo tobacco smoke 
exposed model.

Bladder cancer is believed to arise after a 
series of progressive pathological changes. 
Cell differentiation exists in almost all cells of 
the body, when become aberrant, w can initiate 
or promote diseases processes, consisting in 
tumorigenesis. It has been documented that 
tobacco smoke induces cell aberrant differen-
tiation in many cell types [13, 22, 23]. Tobacco 
smoke is one of the key risks of bladder cancer. 
Tobacco smoke triggered abnormal cell differ-
entiation may play an important role in the 
onset and progression of bladder cancer. 
Cytokeratins expression are the most common-
ly used markers to investigate the differen- 
tiation status of the epithelial cells [24]. 

Figure 3. Tobacco smoke increased AP-1 activation 
in the bladder of mice. Western blotting analyses of 
phosphorylated c-Fos, phosphorylated c-Jun, FosB 
and JunB after exposed to tobacco smoke for 12 
weeks. FA = filtered air; TS = tobacco smoke.

Figure 4. SR11302 attenuated tobacco smoke in-
duced AP-1 activation in the mice bladder. Western 
blotting analyses of phosphorylated c-Fos, phosphor-
ylated c-Jun after exposed to tobacco smoke for 12 
weeks. FA = filtered air; TS = tobacco smoke.
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Cytokeratins are believed to be involved in the 
precancerous lesions, and their expression pro-
files are quite specific in the early cancer lesions 
[25]. Each type of epithelium has its specific 
pattem of cytokeratin polypeptides expression, 
are thought to be epithelial differentiation of 
different types and stages of molecular mark-
ers. UPII is a high specificity and moderate sen-
sitivity marker in detection of primary and met-
astatic bladder cancers. ZO-1 is a commonly 

used epithelial marker [3, 26, 27]. In the pres-
ent study, we also found that tobacco smoke 
altered the expression of cell differentiation 
markers, including decreased ZO-1, CK13, and 
increased CK10, CK14, CK20 and UpII. These 
results revealed that long-term tobacco smoke 
exposure induced abnormal cell differentiation 
in the bladder tissues of male BALB/c mice. 
Tobacco smoke-induced changes of morpho-
logical were observed (Figure 1A).

Figure 5. SR11302 reversed tobacco smoke mediated 
urocystic abnormal cell differentiation in mice. A. qRT-
PCR analyses of CK13, ZO-1, CK10, CK14, CK20 and 
UpII mRNAs. B. Western blotting analyses of CK13, 
ZO-1, CK10, CK14, CK20 and UpII proteins. Data are 
expressed as mean ± SD. *P < 0.05 compared with 
FA control; **P < 0.01, compared with FA control; #P 
< 0.05, compared with TS; ##P < 0.01, compared with 
TS. FA = filtered air; TS = tobacco smoke. 

Figure 6. SR11302 reversed tobacco smoke induced urocys-
tic EMT alterations in mice. A. qRT-PCR analyses of E-cad-
herin, Vimentin, N-cadherin and Snail-1 mRNAs. B. Western 
blotting analyses of E-cadherin, Vimentin, N-cadherin and 
Snail-1 proteins. **P < 0.01, compared with FA control; #P < 
0.05, compared with TS; ##P < 0.01, compared with TS. FA = 
filtered air; TS = tobacco smoke.
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EMT is an areversible morphogenetic process 
capable of converting polarized epithelial cells 
into mesenchymal-like cells, which involved in 
cancer initiation and development [28, 29]. It 
has been reported that tobacco smoke pro-
motes the EMT program, resulting in loss of epi-
thelial traits and the acquisition of mesenchy-
mal features [30-32]. Consistent with previous 
reports, our results revealed that long time (12 
weeks) exposure to tobacco smoke induce 
bladder EMT in an animal model. We showed 
that tobacco smoke exposure reduced E-cad- 
herin expression, and increased Snail-1, Vi- 
mentin and N-cadherin expression levels.

Nonetheless, the underlying molecular mecha-
nisms of abnormal cell differentiation and EMT 
induction by tobacco smoke are not well under-
stood. The transcription factor AP-1is a com-
plex of proto-oncogene c-Jun and c-Fos, plays a 
critical role in the regulation of cell differentia-
tion, proliferation, migration and carcinogenic 
process. However, the role of AP-1 on tobacco 
smoke-induced bladder abnormal cell differen-
tiation and EMT has not been well character-
ized. Many studies have demonstrated that 
tobacoo smoke activated AP-1 via MAPK [3, 26, 
27], our previous studies also shown that toba-
coo smoke activated AP-1 through MAPK path-
way [1, 17, 18]. Few studies shown that toba-
coo smoke activated AP-1 may be associated 
with nuclear factor kappa B [33, 34]. In the 
present study we focused on whether AP-1 play 
an important role in tobacco smoke-induced 
abnormal cell differentiation and EMT in the 
bladder tissues. Our results showed that tobac-
co smoke-induced gastric elicited abnormal 
cell differentiation and EMT was associated 
with upregulation of AP-1 activation in the mice 
bladder. To determine the role of AP-1 in urocys-
tic abnormal cell differentiation and EMT regu-
lation, the male BALB/c mice were treated with 
a specific AP-1 inhibitor SR11302 (1 mg/kg 
body weight). As expected, SR11302 down-reg-
ulated the activation of AP-1 in the stomach of 
mice, as indicated by attenuated the levels of 
phosphorylated c-Fos, phosphorylatedc-Jun, 
FosB, and JunB. Furthermore, suppression of 
AP-1 reversed tobacco smoke-trigged altera-
tions in cell differentiation and EMT markers, 
including decreased CK13, ZO-1, and E-cad- 
herin levels, and the increase of CK10, CK14, 
CK20, UpII, Snial-1, Vimentin, and N-cadherin. 
Collectively, these data obtained clearly indi-

cated that AP-1 positively regulates tobacco 
smoke-mediated bladder abnormal cell differ-
entiation and EMT in the animal model.

Our present study demonstrated for the first 
time that AP-1 play an important role in tobacco 
smoke-induced abnormal cell differentiation 
and EMT in the bladder tissues of male BALB/c 
mice. These findings provide new insight into 
the mechanisms of tobacco smoke-associated 
bladder carcinogenesis and improving our 
understanding of these precancerous lesions 
processes may help to discover potential tar-
gets for novel therapies and chemoprevention. 
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