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Abstract: Cancer stem cells (CSCs) are essential in every step of tumorigenesis and progression. As an important 
process in cancer development, epithelial-mesenchymal transition (EMT) has been reported to promote stem-like 
cells. Bladder cancer is one of the most common cancers in the urinary tract, and cigarette smoke (CS) is a pre-
ventable risk factor. In the present study, we tested the hypothesis that CS could promote stemness and EMT in 
bladder cancer. Bladder cancer UM-UC-3 and EJ cell lines were maintained in serum-free medium to grow as tumor 
spheres, characteristic of CSCs. Results demonstrated that CS enhanced tumor sphere formation capacity, up-
regulated expression of CSC markers, increased the proportion of the CD44+ cell population, and promoted EMT. 
Mechanistically, the Sonic Hedgehog (SHH) pathway regulated CS-triggered EMT and stemness. More importantly, 
among bladder cancer patients, smokers harbored higher levels of CSC markers and proteins for SHH signaling than 
non-smokers. Collectively, findings in this study highlight the critical role of CS in the stemness and EMT of bladder 
cancer. Smoking cessation and intervening in the SHH pathway may both be strategies to prevent bladder cancer.

Keywords: Bladder cancer, cigarette smoke, cancer stem cells, epithelial-mesenchymal transition, sonic hedgehog 
pathway

Introduction

Bladder cancer is one of the most common 
cancers in the urinary tract. Annually, there are 
estimated 430,000 newly diagnosed cases 
and 180,000 deaths related to bladder cancer 
[1]. Approximately 80,500 bladder cancer pa- 
tients were diagnosed in 2015 in China [2]. Due 
to recurrence and resistance to chemotherapy, 
the outcome for bladder cancer is poor. It has 
been reported that environmental factors par-
ticipate in the tumorigenesis of bladder cancer 
[3, 4]. More specifically, many lines of evidence 
have shown that cigarette smoke (CS) strongly 
correlates with the prevalence of bladder can-
cer, which has been recognized as the most 
important single risk factor [5]. 

Cancer stem cells (CSCs) are a subpopulation 
of cells with the characteristics of self-renewal, 
inducing tumor growth and resistance to treat-

ment [6]. A growing body of research has shown 
that CSCs are responsible for progression and 
recurrence of various types of tumors including 
bladder cancer [7-9]. Currently, strategies tar-
geting CSCs have been widely utilized to treat 
refractory cancer. Functions of CSCs are regu-
lated by crucial signal pathways such as Sonic 
Hedgehog (SHH), Wnt/β-catenin, and Notch 
pathways [10]. The SHH pathway is essential 
for the maintenance and functions of CSCs 
[11]. The SHH ligand binds 12-pass transmem-
brane Patched 1 (Patch1) receptor and then 
represses the associated 7-pass transmem-
brane Smoothened (Smo). Patch1, upon activa-
tion, executes its inhibitory action on Smo and 
induces the activation of Gli family, which  
ultimately upregulates target genes [12]. 
Epithelial-mesenchymal transition (EMT) con-
tributes to cancer invasion and metastasis by 
various mechanisms [13, 14]. EMT can not only 
exhibit a mesenchymal-like phenotype, but also 
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induce cells to acquire stem-cell-like character-
istics [15, 16]. 

CS has been confirmed to promote EMT in vari-
ous cancers. It has been reported that long-
term smoke exposure enhances EMT and 
acquires CSCs properties in the SV-40 urothe-
lial cell line [17]. Recently, induction of lung, 
renal, pancreatic, and oral cancer stem-cell-like 
cells by CS exposure has also been reported 
[18-23]. Nevertheless, it remains unknown wh- 
ether CS promotes bladder CSCs and by what 
mechanism. Therefore, we conducted the pres-
ent study to test the roles of CS on bladder CSC 
properties and the role of the SHH pathway in 
this process. Here, we report that cigarette 
smoke extract (CSE) promotes the stemness of 
bladder CSCs and their EMT. Activation of SHH 
signaling is essential for CSE-induced stem-
ness of bladder CSCs and EMT. Moreover, blad-
der cancer patients who smoke harbor incr- 
eased levels of markers for CSCs and SHH sig-
naling in their bladder cancer compared to non-
smoker patients. These results highlight the 
importance of CS in progression of bladder 
cancer.

Materials and methods

Cell culture and reagents

Human bladder cancer cell lines EJ and UM-UC-
3 were obtained from American Type Culture 
Collection (ATCC, Wiltshire, USA) and main-
tained in RPMI-1640 medium (Gibco, Thermo 
Fisher Scientific, Waltham, MA, USA) supple-
mented with 10% fetal bovine serum (Gibco) 
and 1% penicillin/streptomycin (Gibco). Cells 
were maintained at 37°C with 5% CO2. An- 
tibodies CD44, CD133, ALDH1A1, Nanog, Oct4, 
CyclinD1, PCNA, Smo, Shh, Gli1, Gli2, E- 
cadherin, N-cadherin, ZO-1, Vimentin, and 
GAPDH were purchased from Proteintech 
(Rocky Hill, NJ, USA). Anti-rabbit or anti-mouse 
secondary antibodies were purchased from 
ZSGBBIO (Beijing, China). 

Acquirement of cigarette smoke extract (CSE)

CSE was prepared freshly for every round of 
experiments, according to the protocol of a 
reported method, by combusting one filterless 
3R4F research cigarette (University of Ken- 
tucky) [24, 25].

Tumor sphere formation assay

Bladder cancer cells were seeded into 24-well 
plates with the density of 5000 cells per well 
and cultured in serum-free medium RPMI-1640 
(Gibco) with 20 ng/mL fibroblast growth factor 
(FGF), 20 ng/mL epidermal growth factor (EGF), 
5 μg/ml insulin and 2% B27 (all from Gibco). 
Formation of tumor spheres was photographed 
under a microscope (Nikon, Japan). In order to 
investigate the effects of CSE on the tumor 
sphere formation, UM-UC-3 and EJ cells were 
treated with a gradient of concentrations of 
CSE (0, 0.01%, 0.05%, and 0.1%). After 7 days 
of treatment, the number of UM-UC-3 and EJ 
tumor spheres that had formed larger than 50 
μm in diameter was counted.

Western blotting

Cells were washed with phosphate-buffered 
saline (PBS), followed by solubilization in the 
RIPA buffer containing protease inhibitors 
(Roche, Basel, Switzerland). The protein con-
centration was measured by BCA Protein Assay 
kits (Pierce, Rockford, WI, USA). Protein was 
separated by SDS-PAGE (8%-12%) electropho-
resis and transferred onto polyvinylidene difluo-
ride membranes (Millipore, Billerica, USA). The 
membranes were blocked with 5% skim milk at 
room temperature, and then incubated over-
night with primary antibodies (1:500-1:1000 
dilution) at 4°C overnight. Afterwards, the mem-
branes were incubated with secondary antibod-
ies (1:1000) at room temperature for one hour. 
GAPDH was used as the loading control.

RNA extraction and quantitative real-time PCR

Total RNA was isolated by Trizol reagent (In- 
vitrogen). A total of 1 μg of RNA was used for 
reverse transcription according to the manufac-
turer’s instructions (Abm, Canada). The quanti-
tative real-time PCR (qRT-PCR) was performed 
using the Power SYBR Green Master Mix 
(Applied Biosystems, Foster City, CA, USA) and 
LC96 real-time PCR detection system (Roche, 
Biosystems). 

The primers of CD44, CD133, ALDH1A1, 
Nanog, Oct4, GAPDH, PCNA and CyclinD1 were 
acquired from the Beijing Genomics Institute 
(Beijing, China), whose sequences are listed in 
Table 1. Fold changes in the expression of each 
gene were calculated through 2-(ΔΔCt) method 
with GAPDH serving as the housekeeping gene.
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Cell proliferation assay

Cells were plated into 96-well plates with a den-
sity of 1,000 cells per well and maintained in 
the serum-free medium. After treatment with 
various concentrations of CSE (0, 0.01%, 
0.05%, 0.1%, 0.25%, 0.5%, 0.75% and 1.0%) 
for 7 days, cell proliferation assay was conduct-
ed by cell counting kit 8 (CCK-8) assay 
(Beyotime, China). 

Detection of CD44 positive cells by flow cytom-
etry

Briefly, adherent cells and tumor sphere-form-
ing bladder cancer cells were collected and 
then washed twice with ice-cold PBS. App- 
roximately 1×106 cells were stained with 1 μL of 
PE-conjugated CD44 (Miltenyi Biotech, Teterow, 
Germany) antibody or isotype control antibody 
(Mouse IgG1) (Miltenyi Biotech) in darkness at 
4°C for 15 minutes. Subsequently, the number 
of CD44 positive cells was applied by a 
FACSCalibur flow cytometer (BD Biosciences, 
NJ, USA). Flow cytometry data were analyzed by 
FlowJo (version 10.5, Windows edition, BD).

Immunofluorescence staining

The sphere-forming cells were fixed in 4% para-
formaldehyde and incubated with CD44 anti-
bodies at 4°C overnight. After washing with 
Tris-buffered saline Tween, cells were stained 

RNA (siRNA)

Bladder cancer cells were seeded at a density 
of 1×105 cells/well into six-well plates in the 
RPMI-1640 medium containing 10% FBS with-
out antibiotics. Following 12 h of incubation, 
cells were then transiently transfected with 
Gli1-siRNA (75 nM) or non-targeting control 
siRNA (75 nM) with Lipofectamine 2000 re- 
agents (Invitrogen, Carlsbad, California, USA) 
according to standard protocols. Twelve hours 
later, cells were trypsinized and cultured in the 
serum-free medium for 5 more days. Targeting 
sequences of siRNA were described as follows: 
Gli1 siRNA, 5’-CCAGGAAUUUGACUCCCAATT-3’. 
Gli1-siRNA and control-siRNA were obtained 
from Santa Cruz Biotechnology (Dallas, TX, 
USA).

SHH signaling inhibition

Vismodegib, a SHH signaling specific inhibitor, 
was purchased from Sigma (Oakville, ON, 
Canada). Vismodegib, resolved in DMSO to the 
designated concentrations, was added to cell 
culture in order to test the role of the SHH 
pathway. 

Clinical patients and bladder specimens

A total of 38 bladder cancer patients, diag-
nosed according to the WHO classification with-
out any treatment, were enrolled in the Second 

Table 1. Sequences of primers
Gene Primers
CD44 Forward 5’-GACACATATTGTTTCAATGCTTCAGC-3’

Backward 5’-GATGCCAAGATGATCAGCCATTCTGGAAT-3’
CD133 Forward 5’-TACAACGCCAAACCACGACTGT-3’

Backward 5’-TCTGAACCAATGGAATTCAAGACCCTTT-3’
Oct4 Forward 5’-TGGGATATACACAGGCCGATG-3’

Backward 5’-TCCTCCACCCACTTCTGAG-3’
Nanog Forward 5’-TTTGTGGGCCTGAAGAAAACT-3’

Backward 5’-AGGGCTGTCCTGAATAAGCAG-3’
ALDH1A1 Forward 5’-GCACGCCAGACTTACCTGTC-3’

Backward 5’-CCTCCTCAGTTGCAGGATTAAAG-3’
CyclinD1 Forward 5’-AGGCCCTGGCTGCTACAAG-3’

Backward 5’-ACATCTGAGTGGGTCTGGAG-3’
PCNA Forward 5’-CTGAAGCCGAAACAGCTAGACT-3’

Backward 5’-TCGTTGATGAGGTCTTGAGTGC-3’
GADPH Forward 5’-CAAGGTCACCATGACAACTTTG-3’

Backward 5’-GTCCACCACCCTGTTGCTGTAG-3’

with Cy3-conjugated goat anti-rabbit 
secondary antibodies for 2 h and DAPI 
for 15 min. The fluorescent images 
were captured using a fluorescence 
microscope (Nikon, Japan).

Transwell assay

Bladder cancer tumorsphere cells 
were pretreated with CSE (0, 0.01%, 
0.05%, and 0.1%) for 7 days, and  
were then added to the upper tran-
swell chambers (Millipore, USA) with 
Matrigel (BD, USA). After 24 h, cells 
that had migrated through the mem-
brane were stained with 0.1% crystal 
violet. Images of the stained cells 
were photographed under a micro-
scope (Nikon, Tokyo, Japan) and 
counted.

Transfection with small interfering 
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Affiliated Hospital of Anhui Medical University. 
The ethics committee of the Second Affiliated 
Hospital of Anhui Medical University, China 
approved and supervised the current project. A 
written consent form was explained, agreed to, 
and signed by each participant. Surgically 
resected samples from bladder cancer patients 
were prepared as formalin-fixed paraffin-
embedded tissue. Serial sections (4 to 6 μm in 
thickness) were cut. A fraction of freshly resect-
ed tumor (8 cm3) was stored in -80°C until uti-
lized for qPCR and western blotting.

Immunohistochemistry (IHC)

The paraffin sections were deparaffinized with 
xylene and hydrated in a graded ethanol series. 
After inhibition of the endogenous peroxidase, 
the sections were then incubated with antibod-
ies against CD133 (1:200), CD44 (1:200), Oct4 
(1:100), Nanog (1:100), Gli1 (1:200) and Smo 
(1:200). Visualization of targeting proteins was 
performed using a DAB kit. Subsequently, 
slides were imaged under an optical micro-
scope (Nikon, Japan).

Statistical analysis

Data are presented as the mean ± standard 
deviation (SD). Student t-tests were used for 
comparison between two groups, and one-way 
ANOVA with Dunnett post-hoc tests were used 
for analyses among more than two groups by 
Graph-Pad Prism 7.0 software (GraphPad Soft- 
ware, San Diego, CA, US). A p value < 0.05 was 
considered significant.

Results

Acquisition of bladder cancer stem cells (CSCs) 
by serum-free medium culture in vitro

Culture using serum-free medium (SFM) is 
widely used in isolation of CSCs in vitro. UM-UC-
3 and EJ cells were maintained in serum-free 
medium with FGF and EGF. As shown in Figure 
1A, these two bladder cell lines formed tumor 
spheres after SFM culturing. Both protein and 
mRNA levels of bladder CSCs markers, includ-
ing CD44, CD133, ALDH1A1, Oct4, and Nanog, 
were markedly upregulated in tumor sphere-
formed cells when compared with adherent 
cells maintained in the serum-supplied medi-
um (SSM) (Figure 1B and 1C). In addition, flow 
cytometry analysis showed that an increased 
percentage of CD44-positive cells observed in 

those sphere-forming cells compared to adher-
ent cells (Figure 1D). These results demon-
strated the characteristics of bladder CSCs in 
UM-UC-3 and EJ sphere-forming cells.

CSE promoted the stemness of bladder CSCs

In order to investigate the effect of CSE on the 
viability of bladder CSCs, UM-UC-3 and EJ 
tumor spheres were treated with various con-
centrations of CSE for 7 days and cell viability 
was examined by CCK-8 assay as described 
above (Figure 2A). To examine the effects of 
CSE on bladder CSCs, UM-UC-3 and EJ tumor 
spheres were treated with various concentra-
tions of CSE (0, 0.01, 0.05, or 0.1) for 7 days. 
Our data indicated that CSE increased the size 
and numbers of tumor spheres (Figure 2B and 
2C). The protein and mRNA levels of bladder 
CSCs markers were also significantly increased 
(Figure 2D and 2E). Immunofluorescence stain-
ing also indicated that CSE increased the pro-
portion of CD44 positive sphere-forming cells 
in a dose-dependent manner (Figure 2F). 
Moreover, flow cytometry analysis showed that 
CSE increased the percentage of CD44 positive 
cells in those sphere-forming cells (Figure 2G). 
These data suggested that CSE induced the 
stemness of bladder CSCs.

CSE promoted proliferation and the EMT on 
bladder CSCs

We further explored whether CSE affected the 
proliferation of bladder CSCs. As shown in 
Figure 3A and 3B, cell proliferation-associated 
proteins CyclinD1 and PCNA were markedly 
increased by CSE. Next, Transwell assay and 
western blot analysis were used to evaluate the 
effect of CSE on EMT of bladder CSCs. CSE 
treatment increased the invasive capacity of 
bladder CSCs. The protein expression of the 
epithelial markers such as E-cadherin and ZO-1 
was decreased whereas the protein level of the 
mesenchymal markers such as Vimentin and 
N-cadherin were increased by CSE treatment 
(Figure 3C and 3D). Taken together, these data 
suggested that CSE promoted the EMT process 
and proliferation of bladder CSCs.

SHH pathway mediated the promotive effects 
of CSE on bladder CSCs

Next, we investigated the involvement of the 
SHH pathway in the promotive effects of CSE 
on bladder CSCs. As shown in Figure 3E, CSE 
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treatment increased the expression of Shh, 
Smo, Gli1 and Gli2 in both UM-UC-3 and EJ 
tumor sphere-forming cells. In order to further 

examine the role of SHH pathway in the effects 
of CSE on bladder CSCs, Vismodegib, a specific 
inhibitor of SHH pathway, was used. Vismodegib 

Figure 1. Tumor sphere formation assay of bladder CSCs by serum-free medium culture. UM-UC-3 and EJ cells were 
cultured in serum-supplied medium and serum-free medium for 7 days, respectively. A. Representative images of 
tumor spheres after 7 days of culture. Bar = 100 μm. B. The protein levels of bladder CSCs markers (CD44, CD133, 
ALDH1A1, Oct4, and Nanog) were measured by western blot. C. The mRNA levels of bladder CSCs markers were 
measured by qRT-PCR. D. The number of CD44+ cells was detected by flow cytometry. Data are expressed as mean 
± SD. *P < 0.05, **P < 0.01 compared with control group.
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Figure 2. CSE promoted the stemness of bladder CSCs. UM-UC-3 and EJ cell tumor spheres were treated with different concentrations of CSE for 7 days. (A) Cell 
viability was examined by CCK-8 assay. (B) Images of tumor spheres. Bar = 100 μm. (C) The number of tumor spheres was counted. (D) Western blotting and (E) 
qRT-PCR were used to analyze the protein and mRNA levels of bladder CSC markers. (F) Immunofluorescent staining of CD44 expression in UM-UC-3 and EJ spheres. 
Bar = 100 μm. (G) Percentage of CD44+ cells after CSE treatment. Data are expressed as mean ± SD. *P < 0.05, **P < 0.01 compared with control group.
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treatment suppressed expression members in 
the SHH pathway as shown in Figure 4A, re- 
duced the expression of bladder CSCs markers 
(Figure 4C) and suppressed tumor spheres for-
mation in both UM-UC-3 and EJ cells (Figure 
4B). Vismodegib treatment also diminished the 
effect of CSE on EMT and proliferation of blad-
der CSCs (Figure 4D-F). Additionally, induction 
of bladder CSCs markers by CSE was also abro-
gated by Gli1 siRNA (Figure 4G). These results 
suggested that CSE promoted the stemness 
and EMT of bladder CSCs through activation of 
the SHH pathway. 

Clinical association of smoking and CSCs in 
bladder cancer patients

The clinical characteristics of a total of 38 blad-
der cancer patients are shown in Table 2, in- 
cluding 20 smoker patients and 18 non-smoker 
patients. qRT-PCR, western blotting, and immu-
nohistochemistry (IHC) staining were used to 

examine the expression of bladder CSCs mark-
ers and SHH pathway-related proteins in the 
tumor tissues. qRT-PCR showed that the mRNA 
level of CD133 was upregulated in smoker 
tumor tissues (Figure 5A). Western blot analy-
sis showed that the expression levels of CD133, 
Oct4, and Nanog were higher in smokers’ tumor 
specimens than in non-smokers’ tumor speci-
mens (Figure 5B and 5C). Furthermore, the lev-
els of Shh, Smo, and Gli1 were also increased 
in smokers’ tumor specimens (Figure 5D and 
5E). Similar results were also revealed by IHC 
staining (Figure 5F and 5G). Collectively, these 
results suggested that bladder CSC markers 
and SHH pathway-related proteins were upreg-
ulated in the bladder cancer of smokers.

Discussion

In the present study, we report that CSE sup-
ports bladder cancer progression by promoting 
the stemness of CSCs of bladder cancer cell 

Figure 3. CSE promoted EMT and proliferation of bladder CSCs. A. Expression levels of cell proliferation related-pro-
teins were determined by western blotting. B. Expression levels of cell proliferation related-genes were determined 
by qRT-PCR. C. Expression of EMT related-proteins was determined by western blotting. D. Transwell invasion assay 
was used to determine the invasive ability of bladder CSCs. E. Expression of SHH pathway related-proteins was mea-
sured by western blotting. Data are expressed as mean ± SD. *P < 0.05, **P < 0.01 compared with control group.
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Figure 4. SHH pathway regulates the promotive effects of CSE on bladder CSCs. The tumor spheres were treated with CSE and Vismodegib or Gli1-siRNA. A. SHH 
pathway related-proteins were detected by western blotting. B. Images of tumorspheres. C. Expression of bladder CSCs markers was measured by western blotting. 
D. Expression of cell proliferation related-proteins was determined by western blotting. E. The invasive ability was determined by Transwell assay. F. Expression of 
EMT related-proteins was determined by western blotting. G. Expression of bladder CSC markers after Gli1 siRNA treatment was measured by western blotting. Data 
are expressed as mean ± SD. *P < 0.05, **P < 0.01 compared with control group. ##P < 0.01 compared with the 0.1% CSE group.
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lines, enhancing EMT, and proliferation of CSC. 
Mechanistically, SHH signaling is involved in 
the above phenomena. More importantly, in 
patients with bladder cancer, the above obser-
vations are reproducible. 

CSCs play multiple roles in the development 
and progression of malignant tumors. Resi- 
stance to chemotherapy is correlated with a 
poor outcome of bladder cancer where CSCs 
are drastically implicated in drug resistance. 
Bladder CSCs were first identified in 2009 from 
primary human bladder cancer cells [26]. It has 
been acknowledged that bladder CSCs contrib-
ute to the tumor progression and recurrence. 
Studies have been focused on the regulatory 
mechanisms and therapeutics of bladder CSCs. 
Bladder CSCs markers such as CD133, CD44, 
ALDH1A1, Oct4, Nanog, Sox2, and CD47 have 
been identified [27].

In the present study, we used a series of mark-
ers to identify CSCs. It has been demonstrated 
that CD133+ cells possess higher tumorigenic 
features and capacities of chemoresistance 
compared to CD133- cells in bladder cancer 
cells [28]. CD44+ bladder cancer cells were first 
isolated from tissue specimens, which showed 
an enhanced capacity to form xenografts in 
immune-compromised mice in comparison 
with CD44- cells [26]. ALDH1A1+ bladder can-

cer cells have been confirmed to have the char-
acteristics of CSCs with tumorigenicity and self-
renewal potential [29, 30]. Nanog and Oct4 are 
reported to be upregulated in tumor sphere 
formation in bladder cancer and have also 
been recognized as CSC markers [31, 32]. In 
the present study, these markers have been 
used to identify CSCs of bladder cancer.

Serum-free medium culture is one of the most 
commonly used methods to enrich and isolate 
CSCs, which is based on the tumor sphere for-
mation ability of CSCs under serum-free culture 
condition--a specific feature of CSCs [33, 34]. 
In the previous study, we found that UM-UC-3 
and EJ cells formed three-dimensional spheres 
with the serum-free medium. Compared to 
adherent cells cultured in the completed medi-
um, significant increased expression levels  
of bladder CSCs markers (CD44, CD133, 
ALDH1A1, Oct4, Nanog) in tumor sphere-form-
ing cells were observed. Meanwhile, flow cytom-
etry analysis showed that the numbers of CD44 
positive cells were also elevated. These data 
suggested the characteristics of bladder CSCs 
were encouraged through culture with serum-
free medium. The in vivo tumorigenic potential 
of these bladder cancer cell lines used in our 
study agrees with previous publications [35- 
37].

Table 2. Clinical characteristics of patients (n = 38)
Variable Cases n (%) Non-smoker n (%) Smoker n (%) P-value
Age (years) 0.342
    ≥ 70 16 (42.11) 6 (37.5) 10 (62.5)
    < 70 22 (57.89) 12 (54.55) 10 (45.45)
Gender 0.521
    Male 34 (89.47) 14 (41.18) 20 (58.82)
    Female 4 (10.53) 4 (100) 0 (0)
Tumor grade 0.746
    G1/G2 19 (50) 10 (52.63) 9 (47.37)
    G3 19 (50) 8 (42.11) 11 (57.89)
Tumor stage 0.522
    T1/T2 23 (60.53) 12 (52.17) 11 (47.83)
    T3/T4 15 (39.47) 6 (40) 9 (60)
Lymph node metastasis 0.719
    No 28 (73.68) 14 (50) 14 (50)
    Yes 10 (26.32) 4 (40) 6 (60)
Distant metastasis 0.238
    No 30 (78.95) 16 (53.33) 14 (46.67)
    Yes 8 (21.05) 2 (25) 6 (75)
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Figure 5. Analysis of clinical bladder cancer tissues. 
A. The mRNA level of CD133 in non-smoker and 
smoker bladder cancer patient tissues was mea-
sured by qRT-PCR. B, C. The protein levels of bladder 
CSCs markers were measured by western blotting. 
D, E. The expression levels of SHH pathway related-
proteins were measured by western blotting. F, G. Im-
munohistochemical (IHC) staining of bladder CSCs 
markers and SHH pathway related-proteins, 200× 
magnification. Data are expressed as mean ± SD. *P 
< 0.05, **P < 0.01 compared with control group.
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EMT is highly related to functions of CSCs. Mani 
et al. have reported that EMT promotes the 
generation of CSCs [16]. Other studies have 
indicated that EMT is associated with the char-
acteristics and development of CSCs [38, 39]. 
Both stemness and EMT are extremely critical 
factors for cells to obtain more invasive and 
malignant biologic behaviors. 

Environmental and genetic factors, such as 
aging, exposure to CS and occupational chemi-
cals, are important in bladder carcinogenesis. 
It has been reported almost 50% male patients 
and 25% female patients of bladder cancer are 
associated with smoking in Americans [40]. CS 
is one of the leading risk factors for bladder 
cancer and exposure to smoke often persists 
after the diagnosis. Evidence suggests that CS 
is associated with the development of various 
cancer stem cells and is responsible for blad-
der cancer progression [41-44]. Thus it is spec-
ulated that the effects of CS on bladder CSCs 
may also be stimulatory. In the present study, 
we showed that CS significantly promoted the 
properties of bladder CSCs stemness by en- 
hancing tumor sphere formation capacity, 
increasing the expression levels of bladder 
CSCs markers and elevating the population of 
CD44 positive cells. Transwell assay and west-
ern blotting also revealed that CS enhanced 
EMT process and proliferation of bladder CSCs. 
Moreover, we illustrated that the levels of blad-
der CSC markers were significantly upregulated 
in smokers’ bladder cancer specimens in com-
parison with non-smoker tumor specimens. 
Together, our data suggested promotor effects 
of CS on bladder CSC properties.

Hedgehog pathway plays a crucial role in regu-
lating CSC generation. Hedgehog homologs in 
human beings, composed of SHH, Desert 
Hedgehog (DHH) and Indian Hedgehog (IHH), 
have been reported to be associated with CSCs 
and EMT progression [45, 46]. It has been 
shown that the SHH signaling pathway is impor-
tant for maintenance of CSCs [47]. Evidence 
has also illustrated that SHH is critically in- 
volved in the invasion and metastasis of blad-
der cancer. Fei et al. described an important 
role of SHH signaling in regulating the tumorige-
nicity of bladder cancer [48]. Islam et al. also 
showed that SHH promoted tumorigenicity, 
stemness, and EMT features in bladder cancer 
patient tumors and cell lines [49]. In addition to 

the above knowledge, we found that CS- 
promoted CSCs and EMT of bladder cancer 
cells by the activation of the SHH pathway. We 
also found that the levels of SHH related-pro-
teins were higher in bladder tumor tissues of 
smokers compared to non-smokers. Moreover, 
we demonstrated that suppression of SHH 
pathway by Vismodegib and Gli1-siRNA dimin-
ished the stimulatory effects of CS on the stem-
ness and EMT of bladder CSCs. Collectively, 
these results revealed that CS promoted the 
stemness and EMT of bladder CSCs through 
the SHH signaling pathway.  

In conclusion, our data illustrated for the first 
time that the SHH pathway regulates CS- 
stimulated stemness and EMT features of  
bladder CSCs through the SHH pathway. 
Findings from this study could give new insight 
into the regulatory mechanisms of CS-triggered 
bladder CSCs as well as its being a target for 
intervention.
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