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Abstract: Cancer stem cells (CSCs), which have the abilities of tumor-initiating, self-renewal and differentiation, are 
thought to cause post-therapeutic recurrence and the progression of cancer. However, CSCs are commonly resistant 
to current cancer therapies including chemotherapy and radiotherapy. In this study, we isolated cancer stem cell-
like side population (SP) cells from human bladder cancer cell line SW780 by a flow cytometry-based SP technique. 
SP cells were only about 3.6% of SW780 cells and showed higher expression of ATP-binding cassette sub-family G 
member 2 (ABCG2) and CD133. In vitro assay of tumor sphere growth as well as in vivo assay of xenograft trans-
plantation confirmed the higher tumorigenicity of isolated SP cells. These data indicated that SP cells were enriched 
with CSCs of bladder cancer. Furthermore, we determined the expression of melanoma antigen family A, 3 (MAGE-
A3), one of the most studied cancer testis (CT) antigens, in these SP and main population (MP) cells derived from 
SW780 cells. SW780 SP cells representing CSCs of bladder cancer showed an up-regulated expression of MAGE-A3 
and a positive coexpression of MAGE-A3 and CD133, indicating that MAGE-A3 was a novel CT antigen preferentially 
expressed in the CSCs of bladder cancer. In summary, our findings confirmed the existence of cancer stem cell-like 
SP cells in bladder cancer cells, and further indicated that MAGE-A3 is a novel CSC antigen and therefore may serve 
as an immunotherapeutic target for CSCs of bladder cancer.
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Introduction

Bladder cancer is the fourth most common 
malignancy in the USA [1]. Although there are 
many treatment modalities, bladder cancer 
remains one of cancers with the highest recur-
rence rate, ranging from 60-90% [2]. Further- 
more, bladder cancer is a very heterogeneous 
disease with a broad spectrum of clinical pre- 
sentations. 

The high frequency of recurrence of bladder 
cancer and its heterogeneous presentations 
have prompted us to suppose that cancer stem 
cells (CSCs) could be involved in the develop-
ment of this kind of malignancy [3]. CSCs are 
defined as a small population of cancer cells 
that have high tumor-initiating, self-renewal 
and differentiation abilities [4]. With the detec-
tion of cell surface markers, CSCs have been 

isolated from leukemia and several solid tumors 
[5]. However, the stem cell markers of bladder 
cancer have not been clearly described yet [6]. 
Side population (SP) cells isolated from various 
cancer cells have emerged as an attractive 
alternative for CSCs. SP cells are a small subset 
of cancer cells detectable by dual-wavelength 
flow cytometry because they can efflux the 
DNA-binding dye Hoechst 33342 through ATP-
binding cassette (ABC) transporters. Since SP 
cells are enriched in primitive and undifferenti-
ated cells, they could be a useful tool for identi-
fying putative CSCs, particularly those CSCs 
with uncertain surface markers [7, 8]. 

Accumulating evidence has proposed that CSCs 
are responsible for the origin, progression and 
relapse of cancer. Based on the CSC hypothe-
sis, cancer therapy should target CSCs rather 
than the cancer cells generated by them in an 
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attempt to eradicate cancer cells. However, 
CSCs are commonly resistant to current cancer 
therapies, including chemotherapy and radio-
therapy by various mechanisms [6]. More effi-
cient CSC-targeting therapy thus is needed to 
cure cancer. Some recent studies have shown 
that immuno systems can efficiently recognize 
and kill CSCs [5, 9-11]. Therefore, CSC-targeting 
immunotherapy might be a promising thera-
peutic approach for cancer, especially for blad-
der cancer which has well-documented res- 
ponses to immunotherapy [12]. To this end, the 
tumor-associated antigens (TAAs) expressed in 
the CSCs of bladder cancer are needed to be 
identified.

Among TAAs identified to date, cancer-testis 
(CT) antigens have been recognized as a group 
of highly attractive targets for cancer immuno-
therapy because of their broad presentation in 
cancer tissues but restricted expression in nor-
mal tissues, namely only in the testis [13]. Of 
the CT antigens studied, melanoma antigen 
family A3 (MAGE-A3) is one of the most com-
monly expressed CT antigens in a variety of ma- 
lignancies [14]. However, the expression and 
function of MAGE-A3 in CSCs, especially in the 
CSCs of bladder cancer, has not been docu- 
mented.

In this study, we applied flow cytometry-based 
SP analysis to isolate cancer stem cell-like SP 
cells from human bladder cancer cell line 
SW780 and confirmed the enrichment of CSCs 
in these SP cells via in vivo and in vitro assays. 
Then, we investigated the expression of 
MAGE-A3 in the isolated SP cells representing 
CSCs of bladder cancer to test whether 
MAGE-A3 may serve as an immunotherapeutic 
target for CSCs of bladder cancer.

Materials and methods

Cell line and cell culture

The human bladder cancer cell line SW780 was 
purchased from the Type Culture Collection of 
Chinese Academy of Science (Shanghai, China). 
The cells were cultured in RPMI-1640 (Invi- 
trogen, CA, USA) supplemented with 10% fetal 
bovine serum (FBS) at 37°C in incubator with 
humidified air and 5% carbon dioxide.

Flow cytometry-based SP analysis

SP cells were isolated as described previously 
with some modifications [8]. Briefly, cells were 
incubated with Hoechst 33342 (Molecular 
Probes, OR, USA) at a final concentration of 5 
μg/ml for 45 min at 37°C in the absence or 

Figure 1. Isolation of SP cells from SW780 cell line by Hoechst 33342 SP analysis in the absence (A) or presence 
(B) of verapamil.
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presence of 150 μM verapamil (Sigma-Aldrich, 
MO, USA) followed by staining with propidium 
iodine (PI) for the exclusion of dead cells. 
Fluorescence-activated cell sorting (FACS) was 
carried out with a FACSAria II cell sorter (Becton 
Dickinson, CA, USA). The fluorescence was 
measured using two filters, 450 nm (Hoechst 
blue) and 670 nm (Hoechst red). SP cells were 
then cultured in DMEM/F12 medium (Invitro- 
gen) supplemented with 2% B27, 40 ng/ml 
basic fibroblast growth factor (bFGF; Sigma-
Aldrich) and 20 ng/ml endothelial growth factor 
(EGF; Sigma-Aldrich). 

Reverse transcriptase-polymerase chain reac-
tion (RT-PCR)

Total RNA was isolated from homogenized SP 
and main population (MP) cells using RNeasy 

Mini Kit (Qiagen, TX, USA) following the manu-
facturer’s instructions with an additional step 
of treatment with DNase I (Invitrogen) to remove 
any genomic DNA contamination. cDNA was 
synthesized using iScript cDNA synthesis kit 
(BioRad, CA, USA). The housekeeping gene GAP 
DH was amplified using synthesized cDNA to 
confirm integrity. Primers for target genes were 
designed based on GenBank sequences. ATP-
binding cassette sub-family G member 2 (AB- 
CG2): F-5’-CCTGAGATCCTGAGCCTTTG-3’ and 
R-5’-AAGCCATTGGTGTTTCCTTG-3’, 124 bp; 
CD133: F-5’-ATGACAAGCCCATCACAACA-3’ and 
R-5’-AGCACTACCCAGAGACCAATG-3’, 197 bp; 
MAGE-A3: F-5’-ATGCTGACGCTCATTCAACCAT-3’ 
and R-5’-ATGCTGACGCTCATTCAACCAT-3’, 183 
bp; and GAPDH: F-5’-GAGTCAACGGATTTGGT- 
CGT-3’ and R-5’-GACAAGCTTCCCGTTCTCAG-3’, 

Figure 2. Expression of ABCG2 (A) and CD133 (B) detected by RT-PCR. 

Figure 3. In vitro growth characteristics of SW780 SP cells. SP cells grew into sphere-like clusters/tumor spheres, 
as illustrated by phase contrast microscopy (20 ×).
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185 bp. PCR was carried out under the follow-
ing conditions: for ABCG2, denaturation for 30 
s at 95°C followed by annealing for 30 s at 
63°C, then elongation for 30 s at 70°C, 35 
cycles total; CD133 was identical to ABCG2 
except that 60°C was used as annealing tem-
perature; MAGE-A3 and GAPDH were identical 
to CD133 except that only 30 cycles were used. 
Electrophoresis was done by loading 10 μL of 
each sample on a 2% agarose gel, and visual-
ized by ethidium bromide staining using the 
Bio-Imaging System (Ultra-Violet Products, 
Cambridge, UK). Positive expression was defi-
ned as those bands that electrophoresed with 
the expected size.

Western blot 

Briefly, 25 μg protein was separated on a 
10-20% SDS-PAGE and transferred onto PVDF 
membrane (Millipore, MA, USA). The membrane 
was incubated with primary antibody overnight 
at 4°C followed by incubation with horseradish 
peroxidase-conjugated secondary antibody, 
and developed with the Super Signal West Dura 
Extended Duration Substrate kit (Pierce, IL, 
USA). The primary antibody to MAGE-A3 (mouse 
monoclonal antibody; Santa Cruz Biotechnology, 
CA, USA) was incubated at 1:500 overnight 
then 1:2000 secondary antibody (horse anti-
mouse antibody; Santa Cruz Biotechnology) 
was incubated for 2 h at room temperature. 
ß-actin was used as a loading control. 

Immunofluorescence

Double immunofluorescence was applied to 
determine the coexpression of MAGE-A3 and 
CD133. Briefly, cells were fixed with 4% parafor-
maldehyde in PBS (Affymetrix, CA, USA) for 15 
min at room temperature and blocked with 1% 
BSA (Thermo Fisher Scientific, MA, USA) in 

PBST (0.3% Triton X-100 in PBS) for 1 h. Slides 
were then incubated with the mixture of two pri-
mary antibodies including mouse anti-MAGE-
A3 monoclonal antibody (Santa Cruz Biote- 
chnology) and rat anti-CD133 monoclonal anti-
body (Novus, CO, USA) in 1% BSA in PBST over-
night at 4°C. The mixture of two secondary anti-
bodies including Alexa Fluor-555 labeled goat 
anti-mouse and Alexa Fluor-488 labeled goat 
anti-rat antibodies (Molecular Probes) in 1% 
BSA in PBST was applied and incubated for 2 h 
at room temperature in dark. The cells were 
then mounted with ProLong Gold antifade 
reagent (Invitrogen) with 4’, 6-diamidino-2-phe-
nylindole (DAPI) detecting nuclei. The slides 
were then imaged using a confocal microscope 
(200 × magnification).

Xenograft transplantation

Female nonobese diabetic/severe combined 
immunodeficient (NOD/SCID) mice at the age of 
6 to 8 weeks were provided by the Model Animal 
Research Center of China Medical University, 
Shenyang, China. All mouse procedures were 
carried out in accordance with institutional pro-
tocol guidelines at Shengjing Hospital of China 
Medical University. Freshly sorted SP and MP 
cells were resuspended in 50 μl PBS in quanti-
ties ranging from 102 to 104 cells. Cells were 
then mixed with 50 μl Matrigel (BD Biosciences, 
CA, USA) and injected into the subcutaneous 
space of the back of NOD/SCID mice (5 mice 
per group). Tumor growth was quantified by cali-
per measurements and monitored weekly. 
Tumor volume was calculated by XY2/2 (X = 
long axis, Y = short axis). Survival curves were 
constructed according to the Kaplan-Meier 
method.

Statistical analysis

Data are presented as means ± SD. Statistical 
analysis was done with SPSS 16.0 (SPSS Inc., 
IL, USA). Student’s t test for two samples was 
performed for the differences between SP and 
MP groups. P < 0.05 was considered statisti-
cally significant.

Results

Identification of SP cells 

SP cells were detectable in SW780 cells with a 
ratio of about 3.6% (Figure 1A) and these SP 
cells decreased dramatically in the presence of 

Table 1. In vivo tumorigenicity of SP and MP 
cells derived from SW780 cells 

Cells Cell number 
for inoculation

Tumor 
initiation

Tumor vol-
ume (mm3)

SP cells 102 0/5a

MP cells

103 3/5 96.8 ± 53.2
104 4/5 186.8 ± 93.4
102 0/5
103 0/5
104 1/5 16

aThe number of mice with a detected tumor; n = 5.
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verapamil (Figure 1B). We then investigated the 
expression of ABCG2, which is one of the best 
characterized ABC transporters and is essen-
tial in the efflux of Hoechst 33342 from SP 
cells. As compared to MP cells, ABCG2 mRNA 
was found to be up-regulated in SP cells (Figure 
2A). Furthermore, we evaluated the expression 
of CD133 which is an established CSC marker 
[3, 9]. As shown in Figure 2B, SP cells showed a 
higher level of CD133 mRNA than did MP cells, 

suggesting these SP cells present stem cell-like 
phenotype.

In vitro growth characteristics of SP cells

SP cells were cultured in serum-free medium 
for 2 weeks and then photographed while alive 
by a phase contrast microscope. As compared 
to MP cells, SP cells grew into sphere-like clus-
ters/tumor spheres (i.e., they had round bodies 

Figure 4. Higher in vivo tumorigenicity of SW780 SP cells. Data are means ± SD. 

Figure 5. Expression of MAGE-A3 in cancer stem cell-like SP cells. Expression of MAGE-A3 was detected by RT-PCR 
(A) and Western blot (B); Double immunofluorescence analysis (C) of coexpression of MAGE-A3 (red) and CD133 
(green) was performed in SW780 SP cells. DAPI was used to stain nuclei (200 × magnification).
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and were barely attached to the dish), indicat-
ing the stem cell-like phenotype of these SP 
cells (Figure 3). 

Higher in vivo tumorigenicity of SP cells 

The tumorigenicity of SP and MP cells was eval-
uated by inoculating serial dilutions of both 
subtypes of cells into NOD/SCID mice. As 
shown in Table 1 and Figure 4, SP cells initiated 
tumor formation with 103 (3 of 5 mice) and 104 
(4 of 5 mice) cells, whereas MP cells needed 
104 (1 of 5 mice) to initiate tumor formation. 
Therefore, SP cells have much more efficient 
tumorigenicity than MP cells. These data fur-
ther validated the enrichment of CSCs in the 
isolated SP cells.

Expression of MAGE-A3 in cancer stem cell-like 
SP cells

After isolating cancer stem cell-like SP cells, we 
further examined the expression of MAGE-A3 in 
these SP cells representing CSCs of bladder 
cancer. As shown in Figure 5A, 5B, SP cells 
showed a higher expression of MAGE-A3 than 
did MP cells at both mRNA and protein levels. 
Furthermore, SP cells showed a positive coex-
pression of MAGE-A3 (red) and CD133 (green) 
(Figure 5C), suggesting the potential correla-
tion of MAGE-A3 to the stem cell-like phenotype 
of these SP cells. These findings indicated that 
MAGE-A3 is predominantly expressed in cancer 
stem cell-like SP cells and therefore is a novel 
CT antigen preferentially expressed in the CSCs 
of bladder cancer.

Discussion

Although some cell surface markers have been 
reported useful for identification and character-
ization of the CSCs of bladder cancer, there is 
still no consensus on these markers [6]. SP 
cells isolated from cancer cells have proven to 
be an attractive alternative to study CSCs since 
these cells have been reported to be enriched 
with CSCs in several kinds of malignancies [8, 
11, 15-18]. SP sorting thus is a good place to 
start the research for resident CSCs in a par-
ticular cancer, such as bladder cancer, espe-
cially when the phenotype of the cells in ques-
tion is not known [8]. 

Higher tumorigenicity is the fundamental phe-
notype of CSCs and can be confirmed function-

ally by serial xenograft transplantation of a 
small number of putative CSCs in immunodefi-
cient mice [11]. It can be complemented by in 
vitro assays of colony formation and tumor 
sphere growth [6]. Therefore, to further validate 
the enrichment of CSCs in the isolated SP cells, 
it is essential to confirm the higher tumorigenic-
ity of SP cells via these in vivo and in vitro 
assays.

In the present study, we isolated CSCs of blad-
der cancer as SP cells from the bladder cancer 
cell line SW780. These SP cells decreased dra-
matically in the presence of verapamil and 
showed an up-regulation of ABCG2, indicating 
that this population was made up of bona fide 
SP cells. Furthermore, SP cells cultured in 
serum-free medium grew into sphere-like clus-
ters/tumor spheres and showed higher tumori-
genicity than that of MP cells by xenograft 
transplantation, suggesting that these SP cells 
possess CSC phenotype and therefore are suit-
able for analysis of CSCs of bladder cancer. Our 
study outlined a successful strategy for isolat-
ing cancer stem cell-like SP cells, which made it 
possible to further study the CSCs of bladder 
cancer.

Since CSCs are thought to cause post-thera-
peutic recurrence of cancer and make it 
untreatable, it is important to eliminate these 
CSCs to efficiently treat cancer. However, CSCs 
are commonly resistant to current cancer ther-
apies including chemotherapy and radiothera-
py by various mechanisms [19]. More efficient 
CSC-targeting therapy thus is needed to cure 
cancer. 

With the identification of TAAs, cancer immuno-
therapy is becoming a reality [20]. However, 
can immunosystems recognize and kill therapy-
resistant CSCs? Recently, some immunologic 
effector cells, including natural killer (NK) cells 
and γδT cells, have been reported to be able to 
efficiently recognize CSCs [5]. Furthermore, 
cytotoxic T lymphocytes (CTLs) have been 
shown to efficiently recognize and kill CSCs of 
human melanoma, colon cancer and renal can-
cer [9-11]. Therefore, immunotherapy targeting 
CSCs might be a reasonable candidate for CSC-
targeting therapy, to possibly eliminate CSCs 
and cure cancer.

To apply efficient CSC-targeting immunothera-
py, it is critical to identify the TAAs expressed in 
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CSCs [11, 21]. Among TAAs identified to date, 
CT antigens represent the most promising tar-
gets for cancer immunotherapy. In our previous 
study, we found that MAGE-A3 was one of the 
most commonly expressed CT antigens in blad-
der cancer [13]. However, the expression and 
function of MAGE-A3 in CSCs of bladder cancer 
has not been documented yet. To address this 
question, we then determined the expression 
of MAGE-A3 in those isolated SP cells repre-
senting CSCs of bladder cancer. We found that 
SP cells showed a higher expression of 
MAGE-A3 than MP cells at both mRNA and pro-
tein levels, indicating that MAGE-A3 was a novel 
CT antigen preferentially expressed in the CSCs 
of bladder cancer. Furthermore, a positive coex- 
pression of MAGE-A3 and CD133, which is an 
established CSC marker, was detected in SP 
cells by double immunofluorescence, suggest-
ing the potential correlation of MAGE-A3 with 
CSC phenotype. 

Taken together, in this study, we isolated SP 
cells from human bladder cancer cell line 
SW780 and confirmed the higher tumorigenici-
ty of these SP cells, indicating the enrichment 
of CSCs in the isolated SP cells. We further 
detected an up-regulation of MAGE-A3 in these 
SP cells representing CSCs of bladder cancer. 
Thus, we showed for the first time that MAGE-A3 
is a novel CSC antigen of bladder cancer and 
therefore may serve as an immunotherapeutic 
target for CSCs of bladder cancer.
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