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ABSTRACT
Striking evidence associates cancer stem cells (CSCs) to the high recurrence rates
and poor survival of patients with muscle-invasive bladder cancer (BC). However, the
prognostic implication of those cells in risk stratification is not firmly established,
mainly due to the functional and phenotypic heterogeneity of CSCs populations, as
well as, to the conflicting data regarding their identification based on a single specific
marker. This emphasizes the need to exploit putative CSC-related molecular markers
with potential prognostic significance in BC patients.
This study aimed to isolate and characterize bladder CSCs making use of different
functional and molecular approaches. The data obtained provide strong evidence
that muscle-invasive BC is enriched with a heterogeneous stem-like population
characterized by enhanced chemoresistance and tumor initiating properties, able to
recapitulate the heterogeneity of the original tumor. Additionally, a logistic regression
analysis identified a 2-gene stem-like signature (SOX2 and ALDH2) that allows a 93%
accurate discrimination between non-muscle-invasive and invasive tumors.
Our findings suggest that a stemness-related gene signature, combined with a
cluster of markers to more narrowly refine the CSC phenotype, could better identify BC
patients that would benefit from a more aggressive therapeutic intervention targeting
CSCs population.
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INTRODUCTION

surface marker CD44 expression showed substantial
variation among basal tumor subtypes and have been
unsuccessful in non-muscle-invasive tumors. Furthermore,
sorted CD44– cells were able to form tumors when
engrafted in nude mice, which is a major hallmark of CSCs,
reflecting both the ambiguity of CD44 in CSCs maintenance
and the variable phenotypic profile within bladder
CSCs populations [6, 20, 21]. Likewise, several groups
have been proposing that high aldehyde dehydrogenase
(ALDH) activity is an accurate predictive marker for the
identification of CSCs in several types of tumors, including
in BC [22–24]. However, conflicting studies reveal that
ALDH may be highly expressed in tumorigenic cells that
cannot be phenotypically characterized as CSCs [20]; in
addition, it has been suggested that the presence of different
ALDH isoforms might be the main responsible for tumor
progression [25, 26].
In this study we performed a functional and molecular
characterization of human bladder CSCs in human cell lines
and primary clinical samples, using different functional
approaches and a plethora of distinct stem cell-related
markers, including embryonic transcription factors [OCT4
(POU5F1), SOX2 and NANOG], aldehyde dehydrogenase
isoforms (ALDH1A1, ALDH2 and ALDH7A1), ABC
transporters [PGP (ABCB1) and BCRP (ABCG2)] and basal
urothelial stem cell markers (CD44, CD47 and KRT14). Our
results provided evidence that the muscle-invasive BC harbor
distinct cell subsets reflecting molecular features of stem-like
cells, together with an aggressive phenotype characterized
by enhanced chemoresistance and tumor initiating ability
recapitulating the heterogeneity of the original tumor in a
specific organ microenvironment. The gene expression
pattern analysis in primary clinical samples allowed the
identification of a two-gene stem-like signature (SOX2
and ALDH2) that could be useful to ascertain patients with
muscle-invasive tumors that are more susceptible to disease
progression or metastasis development.

Bladder cancer (BC) is the fourth most common
carcinoma among men and the ninth among women in
the Western world [1]. Two independent carcinogenic
pathways are clearly described, the papillary nonmuscle-invasive and the muscle-invasive [2, 3]; about
70% of newly diagnosed cases are non-muscle-invasive,
characterized by grown of hyperplastic urothelial cells
toward the bladder lumen [4]. Even though these low grade
tumors can be effectively treated by transurethral resection
followed by intravesical chemotherapy, often with a good
prognosis, they have a high propensity for recurrence [4,
5]. In fact, about 15% of these papillary bladder tumors will
progress to muscle-invasive and metastatic cancers, which
require long-term medical care, inevitably associated with
high personnel and socioeconomic costs [6].
To date, there are no reliable prognostic markers
in clinical practice able to identify and predict the subset
of patients with papillary tumors that will progress into
more aggressive muscle-invasive forms. It is currently
believed that the high frequency of recurrence in superficial
papillary BC is related with the presence of a population of
undifferentiated cells exhibiting stem-like properties, the socalled cancer stem cells (CSCs) or tumor initiating cells [7–
9]. These undifferentiated cells are able to undergo unlimited
self-renewal and are uniquely able to reform the tumors
when implanted in immunocompromised mice [10, 11].
CSCs have been described in an increasing number of solid
tumors and emerging evidences support that BC arises by
transformation of basal layer urothelial cells, based on the
expression of surface markers similar to that of normal
basal cells [12–14]. The clinical implications of CSCs are
attributed to the enhanced tumorigenic potential and ability
to dictate invasion and metastatic progression and enhanced
resistance therapy through a variety of mechanisms
including quiescence or slow cycle kinetics, enhanced
DNA repair mechanisms and overexpression of multidrug
resistance-type membrane transporters, which overalls
contribute to the failure of existing therapies [15–17].
Although in a clinical context the role of CSCs in BC
has gained considerable support, conflicting data exist and
the prognostic significance of these cells is still not firmly
established. The main cause for this doubt is the lack of
a universal CSC marker, together with variable levels of
expression according to the tumor stage, as well as, the
ultimate lack of correlation between the commonly tested
CSCs surface markers and the patient outcome/resistance
to therapy. Other confounding factors are the functional and
phenotypic heterogeneity of CSCs and their plasticity in the
context of tumor development and progression [18, 19].
Being BC a highly heterogeneous disease beyond the
dual pathway carcinogenesis, it is likely that a manifest
heterogeneity exists at the stem cell level that cannot be
assessed by using a “one-marker” approach. For example,
attempts to isolate bladder CSCs based on the basal cell
www.impactjournals.com/oncotarget

RESULTS
BC cells contain sphere-forming cells expressing
stemness-related markers
HT-1376 and UM-UC3 BC cell lines were allowed
to growth in matrigel coated plates with serum-free
DMEM/F12 medium supplemented with basic fibroblast
growth factor (bFGF), human recombinant epidermal
growth factor (EGF) and B27 to assess the presence of
putative CSCs. Following a period of culture, cells formed
visible spherical colony-like structures that continued to
grow reaching 50 μm diameter at day 11 (Figure 1A).
After plating in adherent conditions, these cells adhered to
the bottom of the flask and acquired a similar morphology
to their respective parental cells (data not shown), thus
demonstrating their ability to generate differentiated
progeny.
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Oncotarget

Figure 1: BC cells contain a population of sphere-forming cells with stem-like properties. A. Parental monolayer HT-1376

and UM-UC3 cells form spherical colonies generated from a single cell, when cultured in serum-free DMEM/F12 medium, supplemented
with bFGF, EGF and B27 supplement in Matrigel coated plates after 11 days. Scale bars = 50 μm. B. qRT-PCR analysis expression of
pluripotency-related transcription factors (NANOG, POU5F1, SOX2), drug-resistance related genes (ABCG2, ABCB1, ALDH1A1,
ALDH2, ALDH7A1) and urothelial basal cell-related markers (CD44, CD47 and KRT14) by qRT–PCR. The graph shows the fold change
in gene expression in spheres relative to parental cell line that was set as 1 (mean + SEM, n = 4). C. Representative immunofluorescence
staining of CD44 and CD47 monoclonal antibodies in spheres and corresponding parental cells. Cell nuclei were counterstained with
Hoechst 33258 (in blue). The graph shows the mean fluorescence intensities in the confocal micrographs (n = 3). *p < 0.05, **p < 0.01,
***p < 0.001 compared to corresponding parental cells.
www.impactjournals.com/oncotarget
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These cells were further characterized regarding
expression of putative stemness-related markers by
qRT-PCR, grouped in three categories: pluripotency
transcription factors specific to embryonic stem cells
(SOX2, POU5F1 and NANOG); urothelial basal cellspecific markers (CD44, CD47 and KRT14) and drug
resistance-related genes including the ATP-binding
cassette transporters (ABCG2 and ABCB1) and isoforms
of ALDH (ALDH1A1, ALDH2 and ALDH7A1). The
genes were selected based on their seeming functions
in stem cells [27]. This analysis was conducted in both
adherent and corresponding sphere-forming cells.
The mRNA expression levels of SOX2 were
significantly up regulated (~4-fold, p < 0.001) in
sphere-forming cells when compared to the parental
cells. There was unchanged expression of the other
transcription factors analyzed (POU5F1 and NANOG).
The drug efflux transporters ABCG2 (p < 0.01) and
ABCB1 (p < 0.001) and the ALDH1A1 and ALDH2
(p < 0.01) isoforms of ALDH, showed a consistent
up-regulation in sphere-forming cells relatively to
their parental counterparts (Figure 1B). No significant
changes were observed on ALDH7A1 isoform between
spheres and adherent cells. Regarding the expression
of urothelial basal cell-related markers, both sphereforming cells showed a significant mRNA upregulation of CD44 (p < 0.05) and CD47 (p < 0.01),
which were further confirmed at the protein level by
immunofluorescence. In addition, sphere-derived cells
showed a marked membranous immunoreactivity for
CD44 and CD47, in opposition with the parental cells
that showed nearly no detectable staining for both
markers (Figure 1C). Although a higher expression
of the basal keratin marker KRT14 was found by
immunofluorescence staining in HT-1376-spheres, the
differences did not achieved statistical significant when
compared with the parental cells (data not shown).

Subsequently, we examined the expression profile
of stem cell-related genes in sorted ALDH+ and ALDH–
populations for comparison with spheres (Figure 2B).
The ALDH+ fraction sorted from the HT-1376 cell line
showed high expression levels of NANOG, POU5F1,
SOX2, ALDH1A1, ALDH2, ALDH7A1, CD44 and CD47
(p < 0.01), when compared with the ALDH– population.
All these genes, with the exception of NANOG, POU5F1
and ALDH7A1, are commonly overexpressed in spheres
and ALDH+ cells. The ALDH+ fraction of the UM-UC3
cell line exhibited overexpression of POU5F1, ABCG2,
ALDH1A1 and CD47 (p < 0.05), sharing the last three
with the sphere-derived cells.
Despite the similarities in gene expression between
spheres and ALDH+ cells, the partial overlapping suggests
the co-existence of distinct stem-like cells populations
within BC. Thus, each functional assay we used appears
to identify a unique subset of CSCs, rather than the same
population of cells.

Bladder cancer sphere-forming cells
display increased resistance to cisplatin and
methotrexate
To determine whether sphere-forming cells
possess a chemoresistance phenotype, both cell
populations were assayed for sensitivity to cisplatin
(CIS) and methotrexate (MTX), two drugs currently
used in the treatment of invasive BC. Both drugs
induced a pronounced decrease in cell viability in
a dose-dependent manner in parental cells, and had
only a modest effect on the viability of corresponding
sphere-forming cells, as assessed by the MTT assay
(Figure 3A). The same chemoresistance profile was
observed in spheres that were previously dissociated
and cultured in monolayer, suggesting that the culture
model (2D monolayer versus 3D spheres) does not
influence the drug bioavailability and cells drug
susceptibility (data not shown).
We also analyzed cells’ susceptibility to CISinducing apoptosis by measuring Annexin V staining
by flow cytometry analysis and caspase 3/7 activity.
This study was only performed for CIS, since MTX is a
cytostatic agent that does not directly induces apoptosis.
As shown in Figure 3B, treatment with 10 μM CIS
failed to induce apoptosis in sphere-forming cells. The
percentage of apoptotic cells was very low, to levels
similar to those of basal untreated controls; in contrast, a
significantly higher percentage of early and late apoptotic
cells was obtained in the parental cells under the same
treatment conditions (p < 0.001). Likewise, caspase 3/7
activity, measured using the caspase-Glo assay, was
significantly lower (p < 0.05) in spheres, compared to
parental cells upon 48 h treatment with CIS (Figure 3C).
Taken together, these results indicate that sphere-forming

Sphere-forming cells are enriched in ALDH+
cells expressing stemness-related markers
In addition to the matrigel clonogenic assay, we
also evaluated ALDH activity as a functional marker for
identifying stem-like cell populations. Flow cytometry
analysis revealed that both BC cell lines contain a
percentage of cells displaying high ALDH activity
(UM-UC3: 15.67 ± 2.49%; HT-1376: 10.50 ± 2.39%) as
depicted in Figure 2A. To verify whether sphere-forming
cells are enriched with ALDH+ cells we performed a
flow cytometry analysis of ALDH activity in sphereforming cells. The results showed that spheres isolated
from either UM-UC3 or HT-1376 cell lines are highly
enriched in ALDH+ cells, with percentages of 91.00
± 6.00% (p < 0.001) and 96.5 ± 1.50% (p < 0.001),
respectively (Figure 2A).
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Figure 2: Sphere-forming cells are enriched in ALDH-positive cells expressing cancer stem-like markers. A. Representative

flow cytometry analysis of ALDH enzymatic activity in parental and corresponding sphere-forming cells, showing a tremendous enrichment
of ALDH+ cells in spheres. The ALDH inhibitor DEAB was used as a negative control to establish the baseline fluorescence of the cells.
Cells without inhibitor that shifted to the right were considered ALDH+ cells. Bar graph shows the percentage of ALDH+ cells in parental
and sphere cells (mean + SEM, n = 3). **p < 0.01, ***p < 0.001 compared to control adherent cells. B. qRT-PCR analysis of mRNA
expression of pluripotency-related transcription factors (NANOG, POU5F1, SOX2), drug resistance-related genes (ABCG2, ABCB1,
ALDH1A1, ALDH2, ALDH7A1 and urothelial basal cell-related markers (CD44, CD47 and KRT14) in ALDH+ and ALDH– FACS sorted
cells. Gene expression levels in ALDH+ cells were normalized to the respective ALDH– population that was set as 1 (mean + SEM, n = 4).
*p < 0.05, **p < 0.01 and ***p < 0.001 compared to corresponding ALDH– cells.

cells display a clear chemoresistance profile to the
chemotherapeutic agents currently used in clinical
practice.

cell-like properties in parental cells, using ALDH activity
as readout of stemness, since this enzyme plays a vital
role in cellular detoxification. Flow cytometry analysis
showed a significant increase in the percentage of ALDH+
cells from 10.50 ± 2.39% to 25.40 ± 3.33% (p < 0.01) in
HT-1376 cells and from 15.67 ± 2.49% to 32.00 ± 4.93%
(p < 0.05) in UM-UC3 cells after 24 h of treatment with
10 μM CIS (Figure 4). MTX promoted similar effects in
both cell lines, increasing the percentage of ALDH+ cells
from 10.50 ± 2.39% to 27.00 ± 3.56% (p < 0.01) and

Enrichment of bladder cancer stem-like cells
following short-term chemotherapy
After demonstrating that sphere-derived cells are
highly resistant to MTX and CIS, we tested whether
short-term exposure to these drugs might induce stem
www.impactjournals.com/oncotarget
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Figure 3: Sphere-forming cells display enhanced chemoresistance to CIS and MTX. A. Cytotoxic effects of CIS and MTX

in viability of parental BC cell lines (black bars) and corresponding sphere-forming cells (white bars) determined by the MTT assay. The
percentage of viable cells was normalized to respective untreated control cells. B. Annexin V/PI flow cytometry analysis of apoptosis after
treatment with 10 μM CIS for 48 h. The lower right quadrant (Annexin V-FITC+/PI−) was considered as early-stage apoptotic cells, the
upper right quadrant (Annexin V-FITC+/PI+) was considered late-stage apoptotic cells, the upper left quadrant (Annexin V-FITC−/PI+) was
considered as necrotic cell and the lower left quadrant (Annexin V-FITC−/PI−) was considered as viable cells. Bar graph represents the mean
percentage of viable, early and apoptotic cells within each cell population (n = 3) ***p < 0.001 treated viable cells vs. untreated viable cells.
C. Caspase-3/7 activity measured using the Caspase-Glo assay following cells treatment with 10 μM CIS for 48 h. Values were normalized
to respective untreated control cells (mean + SEM, n = 3). *p < 0.05 and **p < 0.01 vs. treated parental cells.

to a chemo-tolerant state that offers an initial survival
advantage against anti-cancer treatments.

from 15.67 ± 2.49% to 40.50 ± 3.52% (p < 0.001) in HT1376 and UM-UC3, respectively. This increase in ALDH+
population seemingly to be due mainly to a phenotypic
transition and not to the selection of ALDH+ cells that
survive to therapy, since we did not observe a substantial
increase in the percentage of dead cells after exposure to
chemotherapeutic agents (see Supplementary Figure S1).
This finding suggests that a short-term single exposure
to chemotherapy induces a specific phenotypic transition
www.impactjournals.com/oncotarget

Bladder CSCs display high tumorigenic potential
in vivo and generate a tumor resembling the
patterns of a primary tumor
Since the tumorigenic potential is considered a
hallmark of CSCs, we compared the ability of spheres and
36190

Oncotarget

Figure 4: Short-term chemotherapy treatment induces enrichment of ALDH+ cells in BC cell lines. Representative FACS
dot-plots of ALDH activity in HT-1376 or UM-UC3 cells after treatment with 10 μM CIS or 10 μM MTX during 24 h and quantification of
the percentage of ALDH+ cells (mean + SEM, n = 3). *p < 0.05, **p < 0.01 and ***p < 0.001 compared to untreated cells.

respective parental cells to form subcutaneous tumors in
nude mice. Both cell populations resulted in the generation
of visible tumors; however, spheres were able to form larger
tumors when compared with the corresponding parental
cells, as indicated by the over 2-fold higher bioluminescent
signal intensity observed in both the HT-1376 and UMUC3 cell lines (Figure 5A). After confirming the enhanced
tumorigenic potential of CSCs, we evaluated the ability
of these cells to generate a primary tumor resembling
the clinical condition of invasive urothelial carcinoma
by orthotopic implantation. For that we inoculated by
intravesical instillation HT-1376-derived spheres and
respective parental cells into the bladder of nude mice.
Ten days post-implantation, a bioluminescent signal was
visible in the bladder that grew exponentially along 5
weeks (Figure 5B). At that moment, the animals showed
sporadic hematuria, which is the most widely presented
clinical sign of BC and were euthanized. Necropsy
examination showed a solitary papillary tumor located on
the posterior right bladder wall protruding into the bladder
lumen (Figure 5C). None developed distant metastasis or
tumor obstruction of the urethra. H&E staining revealed
the presence of large neoplastic cells with high cellular
and nuclear pleomorphism, large nuclei and high mitotic
count with atypical mitosis, and with some infiltrating the
muscular layer, resembling the histopathological features of
a typical high grade muscular-invasive bladder carcinoma
(Figure 5D). Immunohistochemical analysis revealed
high levels of proliferating cells characterized by robust
nuclear Ki67 staining and cytoplasmic CD44 and ALDH2
reactivity. The cell-surface protein CD47, together with
CD44 and ALDH2, that were found up regulated at gene
level in the CSCs subset, were also overexpressed in a high
fraction of tumor cells (Figure 5E). Consistent with previous
www.impactjournals.com/oncotarget

gene expression results, SOX2, the key gene regulator of
pluripotency, was detectable in about 30% of the urothelial
carcinoma, thus emphasizing the presence of different stemlike and differentiated cell populations within the bladder
carcinoma. Indeed, the expression of those markers within
the normal urothelium was negative/weak for Ki67 and low
for CD44, CD47, ALDH2 and SOX2.

Muscle-invasive BC samples overexpress SOX2,
ALDH1A1 and ALDH2
To further verify whether differential expression of
stem cell-like gene expression could discriminate between
grade/stage of the disease, we examined the expression
profile of the stem-cell related markers, previously
analyzed in sphere-forming cells, in a panel of 17 BC
samples classified based on pathology reports as nonmuscle-invasive low grade (n = 4), non-muscle-invasive
high grade (n = 8) and muscle-invasive (n = 5). The
expression of target genes was normalized to three internal
reference genes. All genes were expressed at variable
levels among the different samples analyzed (Figure 6A).
The expression of the pluripotency transcription factor
SOX2 and of ALDH1A1 and ALDH2 isoforms, were
significantly increased in muscle-invasive tumors when
compared to the non-muscle-invasive groups (p < 0.05).
Conversely, the surface markers CD44 and CD47, together
with the ABC transporters, the transcription factor
POU5F1 and the ALDH7A1 isoform were almost equally
distributed in the different BC samples and do not provide
discriminatory information regarding grading stages
of the disease. Although statistically not significant, the
results showed a clear trend towards an up regulation of
NANOG and KRT14 in muscle-invasive tumors. A radar
36191
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Figure 5: Sphere-forming cells present high tumorigenic potential and reproduce an orthotopic tumor resembling the
clinical features of muscle-invasive BC. A. Representative BLI images of mice inoculated subcutaneously with 1×104 of parental

or corresponding sphere-forming cells on day 30 post-inoculation. The tumor size was evaluated by quantification of bioluminescent
signal (photons/sec/cm2/sr) in a region of interest (ROI) drawn around the tumor. B. Representative BLI images of a mouse inoculated
intravesically with sphere-forming HT-1376 cells over 5 weeks. C. Macroscopic examination of a papillary tumor protruding into the
bladder lumen on day 40. D. Representative H&E–stained section with invasion into the muscular layer (x200) and high mitotic count
(x400). E. Immunohistochemical staining for Ki67, CD44, CD47, SOX2 and ALDH2 in serial sections of normal urothelium (upper row)
and in the orthotopic tumor (lower row). Original magnification: x400.

chart of the mean values of all genes expression in nonmuscle-invasive, low and high grade and muscle-invasive
tumors is depicted in Figure 6B. A logistic regression
analysis applied to the significantly up-regulated genes
identified a 2-gene signature (SOX2 and ALDH2) that
discriminates (with an accuracy of 93%) muscle-invasive
from non-muscle-invasive tumors. To confirm these
findings, we also examined the protein expression levels
of SOX2 and ALDH2 in paraffin-embedded tissue sections
representative of the three histological subtypes of BC.
Similarly to gene expression data, immunohistochemistry
www.impactjournals.com/oncotarget

analysis revealed a higher fraction of cells with strong
reactivity to SOX2 and ALDH2 in muscle-invasive
tumors, in comparison with the non-muscle-invasive
(Figure 6C). Despite the few number of samples analyzed
our results show that muscle-invasive tumors possess a
molecular signature assigned with a stem-like phenotype.

DISCUSSION
A major issue in the management of BC patients
is the identification of predictive markers for prognostic
36192
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Figure 6: A two-gene stemness signature, SOX2 and ALDH2, discriminates muscle-invasive from non-muscle-invasive
BC. A. qRT-PCR analysis of mRNA expression of pluripotency-related transcription factors (NANOG, POU5F1, SOX2), drug resistance-

related genes (ABCG2, ABCB1, ALDH1A1, ALDH2, ALDH7A1) and urothelial basal cell-related markers (CD44, CD47 and KRT14) in
BC samples divided in three groups based on tumor grade: non-muscle-invasive, low grade; non-muscle-invasive, high grade and muscleinvasive. The expression levels of target genes in each sample were normalized to three housekeeping genes and are shown in scatter plots
*p < 0.05, **p < 0.01 compared with low grade or high grade non-muscle-invasive tumors. B. Radar chart of all genes expression in nonmuscle-invasive, low and high grade (red and blue lines, respectively) and muscle-invasive (green line) tumors. The graphic only depict the
mean value for each gene. C. Immunohistochemical staining for SOX2 (upper row) and ALDH2 (lower row) in serial sections of tumoral
tissue from BC patients with non-muscle-invasive (low grade), non-muscle-invasive (high grade) and muscle-invasive tumors. Original
magnification: x400.
www.impactjournals.com/oncotarget
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risk stratification. Although the majority of new BC
cases are diagnosed as superficial papillary tumors, a
high percentage of patients experienced disease relapse
with an overall poor prognosis. So far, no molecularly
targeted agents have been approved for the treatment of
this disease, which underlies the need of novel targets for
therapeutic intervention. In the present study we isolated
and characterized CSCs from human cell lines and primary
material and provided evidence that muscle-invasive BC
harbor distinct cell subsets reflecting molecular features of
stem-like cells and an aggressive phenotype characterized
by enhanced chemoresistance and tumor initiating
ability. Based on a real time PCR analysis we identified
a potential molecular signature defined by SOX2 and
ALDH2, validated at protein level in tumor tissue sections,
that could be useful on the recognition of patients with
muscle-invasive tumors that are more prone to experience
disease progression or metastasis development.
We started by identifying stem-like cell populations
within two invasive BC cell lines using a matrigel
clonogenic assay and the Aldefluor surrogate assay as readout strategies for CSCs enrichment. The former is based on
the premise that only undifferentiated cells survive in serumfree medium growing in spherical colonies with all the other
cell types dying by anoikis [28]; this approach is specifically
useful to enrich the potential CSCs subpopulations when
specific stem-like makers have not been defined. The
second is based on the ALDH isozymes activity, which are
members of the NAD(P)+ family and are involved in the
detoxification of a wide variety of aldehydes, allowing the
conversion of retinol to retinoic acid, a function that has
been linked to stemness features of CSCs.
Our results demonstrated that B27-supplemented
serum-free containing bFGF/EGF medium provides an
optimal condition for isolation and enrichment of a cell
subpopulation that fulfills the functional criteria of CSCs.
The characterization of these cells showed a marked
expression of SOX2, which together with POU5F1 (OCT4)
and NANOG form a core transcriptional network governing
self-renewal and maintenance of pluripotency of adult and
embryonic stem cells [27, 29, 30]. The last two are equally
expressed in parental cells and spheres suggesting that these
factors are multifunctional and may have an oncogenic
role, other than regulating self-renewal and differentiation.
In agreement, Chang et al. detected high expression levels
of OCT4 in BC specimens and found a correlation with
tumor progression and metastasis through the activation of
metalloproteinases regulators of cell motility [31].
Given the parallelism between CSCs and normal
stem cells, it has been speculated that the regulatory
networks that control stem cells are active in specific
tumors cells. The expression of self-renewal transcription
factors have been found preferentially expressed in highgrade (poorly differentiated) tumors of various types
including glioblastomas and BC, while well-differentiated
tumors displayed an opposite pattern [32–34]; these
www.impactjournals.com/oncotarget

evidences suggest that the degree of tumor differentiation
is determined, in part by the concerted activity of some
of these key factors that ultimately contribute to a tumor
aggressive behavior and to a poor prognosis.
Considering that BC arises from transformation in
progenitor slow-cycling urothelial basal cells, attempts
to isolate putative CSCs have been based on expression
of surface markers restricted to basal cells that is thought
to harbors multipotent stem cells required for normal
tissue homeostasis. Our results showed a significant coupregulation of CD44 and of basal-type KRT14, whose
expression is restricted to undifferentiated basal cells
within the normal urothelium. This cytokeratin is reported
as a primitive stem cell marker precursor to KRT5 and
KRT20 in urothelial differentiation and has been the basis
for differentiation risk stratification of BC patients, being
consistently associated with tumor recurrence and poor
overall survival, independent of established and clinical
pathological variables [35, 36]. We also observed a
significant up-regulation of CD47 in the surface of spheres,
which act as a “don’t eat me” signal for phagocytic cells
after interaction with receptor signal-regulatory protein
alpha (SIRPα) on macrophages. This ligand has been found
up-regulated in leukemic stem cells and more recently in a
CD44+ subpopulation in invasive BC samples, suggesting
that CSCs uses CD47 to escape immune system surveillance
through evasion macrophage phagocytosis [37, 38]. In
addition to this self-defense mechanism, we also observed a
significant up-regulation of genes encoding P-glycoprotein
and BCRP in sphere-forming cells enabling them to efflux
harmful toxins, xenobiotics and chemotherapeutical drugs
that are detrimental to cancer cells [39].
Furthermore, the analysis of ALDH isozymes
showed a marked expression of ALDH1A1 and
ALDH2 in spheres relatively to parental cells, but not
of ALDH7A1, that overall contributes to ALDH activity
measured by Aldefluor assay. Contrarily to some groups
that found higher levels of ALDH7A1 isoform in prostate
cancer bone metastasis, we found no correlation between
bladder CSCs and this specific isoform, reflecting the
high heterogeneity inherent to cancer type and tissue/
cell of origin [40]. It is likely that the enzymatic
activity of ALDH1A1 and ALDH2, together with the
high levels of ABC-transporters, accounts to the highly
chemoresistance profile exhibited by sphere-forming
cells to MTX and CIS treatment, which demonstrated
efficacy against parental cells.
We cannot exclude that other ALDH isoforms can
contribute to the Aldefluor activity and chemoresistance
profile observed in these cells. Indeed, ALDH1A1 along
with ALDH2, ALDH1A3, ALDH6A1, ALDH7A1 or
ALDH9A1 were found to be preferentially expressed in
stem-like cell populations of breast and prostate cancer,
but ALDH2 and ALDH7A1 were found to be part of an
overlap in a gene expression profile analysis in different
stem cell populations [26, 41, 42].
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Our results clearly demonstrated the inefficacy of
MTX and CIS against sphere-derived cells as indicated
by the MTT and apoptosis assays, which is in agreement
with previous studies in several other tumors, thus
confirming the intrinsic chemoresistance of stem-like
cells to conventional chemotherapeutic drugs, as well
as to radiotherapy [39, 43], which are important cancer
treatment strategies.
Previous studies showed that bladder CSCs isolated
on the basis of the Aldefluor assay have enhanced
resistance to CIS [44] providing evidence for a major role
of ALDH1A1 isoform in conveying resistance to CIS in
BC. We observed that 8–20% of the whole-cell population
of each cell line is ALDH positive, which is in agreement
with previous findings in BC cell lines and human tumor
samples [24]. Additionally, we observed a substantial
increase in the percentage of ALDH+ cells following
short-term incubation with CIS or MTX. This later
finding suggests that there is a phenotypic transition from
a non-CSC to a CSC state (considering ALDH activity as
a readout for stemness) when tumor cells experienced a
cytotoxic environment. Other studies have also observed
this switch through the interconversion of CD44– in
CD44+ prostate cancer cells and ABCG2– in ABCG2+
breast cancer cell as a result of microenvironmental
changes [45, 46]. These findings suggest that at least
some cells within the tumor population harbor a certain
degree of plasticity enable them to co-opt for a stemness
phenotype dependent on microenvironmental signals. This
plasticity in addition to the inherent heterogeneity of the
carcinogenic process, suggests the co-existence of cancer
cells with distinct functional and phenotypic stem-like
properties within tumors. Accordingly, ALDH+ sorted cells
showed a stemness signature that partially overlap with
that of sphere-forming population of individual cell lines,
suggesting that these functional assays might identify
distinct cancer stem-like subsets differing in molecular
characteristics. For instance, HT-1376 ALDH+ sorted cells
overexpress the three-pluripotency transcription factors
(POU5F1, NANOG and SOX2), while ALDH+ UM-UC3
cells only express POU5F1, differing both from spherederived cells that solely express SOX2. The expression
of ALDH isozymes responsible for ALDH activity also
differs between samples, being ALDH1A1 the only
commonly expressed across different CSCs subsets. The
two ABC transporters that were remarkably up regulated
in spheres were not found in HT-1376 ALDH+ cells,
which present high levels of the three ALDH isoforms
analyzed. Also in the UM-UC3 cell line, it was observed a
differential expression between spheres and ALDH+ cells,
with the ALDH+ cells displaying high levels of ALDH1A1
and BCRP (ABCG2) while spheres showed a substantial
higher expression of all drug-resistance related genes
except ALDH7A1. In addition, like spheres, the ALDH+
fraction also shared some markers with urothelium basal
cells; however, the hyaluronic acid CD44 that was upwww.impactjournals.com/oncotarget

regulated in spheres (at gene and protein level) versus
parental cells was found ubiquitously expressed in the
ALDH+ and ALDH– subsets sorted from the UM-UC3
cell line, which reflects the functional ambiguity of this
putative marker in CSCs maintenance. Similar stories
hold true for CD133 in glioblastoma [47] and for CD44
and ALDH+ in breast cancer [22]. Even though the gene
expression signature of sphere-forming cells did not
entirely overlap with that of sorted ALDH+ cells, both
cell populations express a set of stemness-related genes,
which suggests the co-existence of CSCs pools regulated
by distinct signaling pathways that are probably related
with the diversity of oncogenic transformations and
microenvironmental factors occurring in individual BC
during tumor growth. Likewise, such heterogeneity
was described by Boesch et al. in ovarian cancer cells.
In this study, they identified multiple phenotypically
distinct subpopulations of stem-like cells even within
homogeneous cell line models and between cell lines,
which reflects the high level of plasticity and likely
influences in tumor progression and treatment response
[48].
Taken together, these results suggest that not all
putative CSCs markers are applicable to identify CSCs in
tumor samples; in addition, a single marker or functional
property may not always be effective to define a stem-like
population, generating conflicting results. It is therefore
conceivable that a combination of markers should be used
to more narrowly refine the CSC phenotype in BC as well
as in other tumors.
The ultimate hallmark of CSCs is their ability to initiate
and support tumor growth in vivo in immunocompromised
mice. We observed that both parental and sphere-derived
cells form tumors when inoculated subcutaneously in mice;
however, spheres were able to grow faster and developed
larger tumors than their corresponding parental cells,
clearly demonstrating their enhanced tumorigenic potential.
Additionally, we demonstrated that CSCs, when engrafted
orthotopically in the bladder, developed a phenotypically
heterogeneous tumor resembling the clinical and
histological features of primary invasive BC; under these
conditions, a minority of cells expressing markers of
undifferentiated cells including SOX2, ALDH2 and CD47,
was observed, together with an expanded population
of proliferating differentiated cells. These results
suggest that sphere-derived cells in an organ-specific
microenvironment are able to self-renew and to generate
the downstream differentiated tumor cells, fulfilling the
functional criteria for CSCs. Likewise in the subcutaneous
model, parental cells also formed an orthotopic tumor
resembling a primary BC (see Supplementary Figure S2),
but it required the inoculation of a 4-fold more cells because
of the lower frequency of tumor-initiating cells in the bulk
tumor cell population.
Finally, we extended our study to a cohort of human
tumor samples collected during endoscopic resection to
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evaluate the pathological significance of the analyzed
stemness-related genes and investigate whether these
markers can provide additional prognostic information
for both staging and grading. Despite the small number
of samples, we found a significant up-regulation of some
stemness-related markers, (SOX2 and ALDH isozymes
ALDH1A1 and ALDH2) in muscle-invasive tumors
versus non-muscle-invasive. Additionally, a logistic
regression analysis identified a 2-gene signature (SOX2
and ALDH2) that discriminates (with an accuracy of
93%) muscle-invasive from non-muscle-invasive tumors.
The oncogenic role of SOX2 has been described in stemlike cells of various cancers. Boumahdi et al. showed that
SOX2 is up regulated in CSCs of squamous skin tumors
and regulates the expression of key genes controlling
tumor stemness, survival, proliferation, adhesion, invasion
and the paraneoplastic syndrome [49]. Also, Nakatsugawa
et al. demonstrated the role of SOX2 in the maintenance
of stemness and tumorigenicity of human lung
adenocarcinoma cells. They found the down-regulation of
SOX2 by siRNA abrogated completely the tumorigenicity
further suggesting this transcription factor regulates the
expression of key genes and pathways that control tumor
initiation and progression [50].
Since patients with muscle-invasive tumors present
substantial risk of disease progression and recurrence,
this signature could be of predictive value as it may
prospectively identify BC patients that would particularly
benefit from a more aggressive therapeutic intervention
targeting CSCs at earlier time points. Obviously, before its
use in clinical practice, this gene profile must be validated
using a larger number of BC samples, which will be done
in the forthcoming phases of this research.
In conclusion, we provided evidence that
BC contains distinct cell populations exhibiting a
differential gene expression pattern strongly related
with stem cell pluripotency, basal urothelial stem cells
or drug-detoxifying systems that are highly resistant to
chemotherapy and endowed with tumor initiating ability.
In addition, by employing distinct functional methods, we
were able to shown that individual tumors harbor distinct
cell populations expressing different CSCs markers. The
preferential expression of at least two stemness-related
markers in muscle-invasive tumors strongly reinforces the
role of CSCs as a driving force in the pathogenesis and
relapse of invasive BC, highlighting the need to delineate
novel therapeutic approaches considering CSCs as a target
population.

1640 medium (Gibco, Scotland, UK) supplemented with
10% heat inactivated fetal bovine serum (FBS) (Gibco,
Carlsbad, CA), 200 mM of L-glutamine (Sigma) and
penicillin-streptomycin (Gibco, penicillin: 100 IU/mL and
streptomycin: 100 mg/mL) at 37°C in 5% CO2.
The matrigel clonogenic assay was performed
as described elsewhere [28] with minor modifications.
Briefly, 40 μL of single cell suspension (2 × 105/mL) was
added to 60 μL of cold Matrigel (BD Biosciences) and
plated around the rims of wells in a 12-well plate, and
allowed to solidify at 37°C. After 30 min, 1 mL of serumfree DMEM/F12 medium (Sigma) supplemented with
1% penicillin/streptomycin (Gibco), 20 nM progesterone
(Sigma), 100 μM putrescine (Sigma), 1% insulintransferrin-selenium A supplement (Gibco), 10 ng/ml basic
fibroblast growth factor (bFGF, Peprotech EC, London,
UK), 10 ng/mL human recombinant epidermal growth
factor (EGF, Sigma) and 2% of B27 supplement (Gibco).
The medium was replenished every 3 days. Ten days
after plating, the medium was removed and Matrigel was
digested with 500 μL of dispase solution (Invitrogen) 1
mg/mL, dissolved in serum-free DMEM/F12 medium
for 30 min at 37°C. Digested cultures were pelleted and
incubated with 400 μL of accutase solution (Gibco) for 5
minutes. Dissociated cells were maintained in the sphereforming medium in the 37°C incubator for 30 min prior
to use.

Aldefluor assay and fluorescence-activated cell
sorting (FACS)
Both parental and corresponding sphere-forming
cells were assayed for aldehyde dehydrogenase (ALDH)
activity using the Aldefluor kit (Stem Cell Technologies)
according to the manufacturer’s instructions. FACS was
performed on a BD FACSAria III (BD Biosciences)
cell-sorting system. Data was analyzed with the FlowJo
software (Tree Star, Inc, Ashland, USA).
To further verify whether treatment with
chemotherapeutic agents might induce an enrichment
of ALDH-positive cells, we performed an ALDH
enzymatic assay in parental cells following 24 h
incubation with 10 μM CIS (Teva Pharma, Portugal) or
10 μM MTX (Teva Pharma, Portugal).

Gene expression by quantitative real-time PCR
analysis (qRT-PCR)
Total RNA from adherent parental cell lines and their
respective sphere-forming cells was extracted using TRIzol
(Gibco). Total RNA from ALDH+ and ALDH– sorted cells
was extracted using the ReliaPrep RNA Cell Miniprep
System (Promega) following the manufacturer’s protocol.
The quantity and quality of isolated RNA was measured by
the ND-1000 spectrophotometer (NanoDrop Technologies).
Reverse transcription from 1 μg of total RNA was performed
using NZY First-Strand cDNA Synthesis kit (Nzytech) in

MATERIALS AND METHODS
Cell culture and matrigel clonogenic assay
Human HT-1376 and UM-UC3 BC cell lines
derived from high grade transitional cell carcinoma
(ATCC, Manassas, VA, USA) were cultured in RPMI
www.impactjournals.com/oncotarget
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a reaction volume of 20 μl. Quantitative real-time PCR
analysis (qRT-PCR) was performed using a Quantitect
SYBR Green qRT-PCR kit (Biorad) for NANOG, POU5F1
(OCT4), SOX2, ABCG2 (BCRP), ABCB1 (PGP),
ALDH1A1, ALDH7A1 and ALDH2 in a Bio-Rad CFX 96
Thermal Cycler (Bio-Rad Laboratories, CA, United States).
qRT-PCR amplification of CD47, CD44 and KRT14
genes was performed using the SYBR-Green I Master
(Roche) according to the manufacturer’s instructions in a
LightCycler 480 II system (Roche Diagnostics, Mannheim,
Germany). mRNA expression was normalized to three
housekeeping genes: 18S, GAPDH and HRPT-1 using the
δδCt method and Bio-Rad CFX Manager™ 3.0 software.
Primers sequences are listed on Supplementary Table S1.

[3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide] (Sigma) was added to each well, for formation
of formazan crystals. The precipitated dye was
dissolved in 0.04M HCl (in isopropanol) and quantified
at a wavelength of 570 nm, using 620 nm filter as
a reference, in a microplate reader (SynergyTM HT,
Biotek Instruments). Cell viability was expressed as the
percentage of absorbance values of the treated wells
related to the untreated control wells considered as 100%.
Drug concentration required to inhibit cell viability by
50% (IC50) was estimated using a sigmoidal dose-response
fitting using the OriginPro8 (OriginLab Corporation).

Annexin V apoptosis detection by flow
cytometry

Immunofluorescence and laser confocal
microscopy

Cells were incubated with 10 μM CIS for 48 h, which
correspond to mean IC50 value of parental cells provided
by the MTT assay. After treatments, cells were incubated
with FITC-Annexin V and propidium iodide (PI) from
Immunostep (Salamanca, Spain) following the manufacturer
instructions. Stained cells were subjected to flow cytometry
analysis using FACSCanto flow cytometer (BD Biosciences).

Cytospins were prepared with freshly dissociated cells.
After spinning, cells were fixed with 4% paraformaldehyde
for 10 min and permeabilized with 1% Triton X-100 in PBS
for 10 min. Cells were blocked with 10% of normal goat
serum for 30 min at 37°C, and then incubated with a primary
antibody against CD44 (1:100; Santa Cruz Biotechnology),
CD47 (1:100, Abcam) and KRT14 (1:100, Santa Cruz
Biotechnology) for 1 h in humid atmosphere. After rising,
cells were incubated with secondary goat anti-mouse
IgG-Alexa Fluor 594-conjugated (1:100, Invitrogen), and
the nuclei were counterstained with Hoechst (5 μg/mL).
Negative controls were prepared by omitting staining with
the primary antibody. Images were acquired in a confocal
microscopy Zeiss LSM710 system (Carl Zeiss AG) using
a × 63 1.4 NA oil immersion lens. The quantification of
fluorescence intensities was performed using the NIH
ImageJ 1.47v analysis software. Regions were drawn around
each fluorescent cells and in a region without fluorescent
objects for background subtraction. The corrected total cell
fluorescence (CTCF) was determined using the following
formula: CTCF = integrated intensity - (area for the selected
cell × mean background). Data is represented as the mean of
fluorescence intensity (MFI).

Measurement of caspase 3/7 activity
Caspase 3/7 activity were measured in cells treated
with 10 μM CIS for 48 h using the Caspase-Glo 3/7
assay Kit (Promega, Corp., Madison, WI) following
manufacturer’s instructions. The generated bioluminescent
signal was measured in a microplate reader (SynergyTM
HT, Biotek Instruments). Signal intensity of treated cells
was normalized to corresponding untreated controls.

Lentiviral transduction of cell lines
For luciferase (Luc) gene transduction, HT-1376
and UM-UC3 cells were incubated with a 1:3 mixture of
lentiviral supernatants pLenti6/CMV/fLuc (Invitrogen)
in RPMI-1640 medium containing polybrene (10 μg/mL,
Millipore). After 48 h, fresh culture medium containing
8 μg/mL blasticidin S hydrocloride (Life Technologies,
Basel, Switzerland) was added for selection of transduced
cells. Clones with the highest bioluminescent signal
were expanded for further studies. CSCs were isolated
from Luc-transduced parental cells using the matrigel
clonogenic assay as previously described.

Chemosensitivity assays
Parental monolayer cells and matched spheres were
assayed for chemosensitivity to Cisplatin (CIS, Teva
Pharma, Portugal) and methotrexate (MTX, Teva Pharma,
Portugal) using the MTT colorimetric viability assay.
Being CIS a cytotoxic drug-induced cell dead, we also
evaluated cells’ susceptibility to apoptosis using Annexin
V staining and caspase 3/7 activity.

Animal studies
Animal studies were approved by the Institutional
Ethics Committee of the Faculty of Medicine,
University of Coimbra (ORBEA_91_2015/08) and
were performed according to the local and international
guidelines on animal experimentation. Female nude mice
(Swiss nu/nu), 6–8 weeks old, were obtained from Charles
River Laboratories, (Barcelona, Spain) and housed under
pathogen free conditions in individual ventilated cages.

MTT viability assay
Cells were plated in 96-well plates and incubated
with increasing concentrations of CIS (0.1 – 100 μM)
or MTX (0.1 – 10 μM) during 48 h. After treatments,
the medium was removed and 0.5 mg/mL MTT
www.impactjournals.com/oncotarget
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Subcutaneous xenografts tumors

(UltraView Universal DAB Detection Kit, Ventana
Medical Systems, Inc, Tucson, Arizona, USA) was
applied for 8 min at 37°C, and reaction signal was
developed
with
3-3′-diamino
benzidine
tetrahydrochloride chromogen. Standard procedures were
used for visualization and the intensity and percentage
of positive staining was registered. Two investigators
blinded to the data reviewed all slides independently.

Animals were inoculated subcutaneously into the
lower flank with 1×104 of parental or corresponding
sphere-forming cells resuspended in 100 μL of a 1:1
PBS/Matrigel mixture. Tumor growth was monitored
weekly by whole-body bioluminescence imaging
(BLI) on an IVIS Lumina XR (Caliper Life-Sciences,
Hopkinton, MA, USA) following intraperitoneal
administration of 150 mg/kg D-luciferin (Synchem,
BHg, Germany) with the animals previously
anesthetized with 100 mg/Kg ketamine and 2.5%
of chlorpromazine solution. Bioluminescent images
were analyzed using the Living Image software
version 4.10 (Xenogen). A region of interest (ROI)
was drawn around the tumor for quantification of the
bioluminescent signal. Values are expressed photons/
sec/cm2/sr. After 5 weeks, the animals were sacrificed
by cervical dislocation and primary tumors were
collected for histopathological analysis.

Clinical samples
Bladder tumor samples were obtained from 17
patients (14 males and 3 females) by transurethral
resection, at Coimbra’s University Hospital. The patients’
mean age was 74 years (ranging, 63–90) and all bladder
samples were obtained after appropriate informed consent
and ethical regulatory approval. A pathologist classified
tumors stage and grade according to the WHO criteria
(2004). At initial diagnosis all patients with primary
diagnosis of BC were eligible for our study, and were
submitted to a clinical history and a cystoscopy. Patients
were submitted to an initial transurethral resection of
the BC, according to the EAU Guidelines. Patients
with superficial tumors were treated with intravesical
instillation of Mitomycin C while radical cystectomy was
applied to patients with invasive tumors. The excluding
criteria were: recurrent BC, previous pelvic radiotherapy,
intravesical or systemic chemotherapy, Karnofsky
performance status < 90, concomitant bladder diseases
(tuberculosis, schistosomiasis, cystitis) and significant
comorbidities with short survival expectancy. A minimal
follow up of one year was considered.
After transurethral resection, a tumour sample
was immersion-fixed in 4% buffered formaldehyde and
processed for paraffin sectioning to histological and
immunohistochemistry (IHC) analysis. A small section
of tissue sample was also immediately submerged in
RNAlater solution (QIAGEN, Netherlands) for RNA
assays. Total RNA extraction from tumor samples was
performed using MagNA Lyser Green Beads (Roche
Diagnostics, Mannheim, Germany) and High Pure RNA
Isolation Kit, Tissue (Roche Diagnostics, Mannheim,
Germany), according to the manufacturer’s instructions.
Subsequent cDNA synthesis and qRT-PCR were performed
as described above. As a control, bladder samples were
taken from patients who had bladder transurethral surgery
for non-bladder cancer pathologies.

Orthotopic bladder cancer model
The orthotopic implantation was performed as
described by Chan et al. [51]. A 24-gauge catheter
lubricated with xylocaine gel was inserted transurethrally
into the bladder of anesthetized mice. After flushing with
sterile PBS, the bladder was pre-treated with 0.1 mg/mL
poly-L-lysine (Sigma, the Netherlands) for 30 min and
then infused with a single-cell suspension containing
1×106 of CSCs or 4×106 of parental cells. The animals
were kept under anesthesia with hind limbs up for 3 h
before the catheter was removed to assure that the cells
were retained in the bladder. Tumor growth was monitored
weekly for 5 weeks by BLI as previously described above.
The animals were sacrificed when presenting hematuria or
when they lose 20% of initial body weight.

Histological analysis
Tumors were fixed in formaldehyde 4% and
processed for paraffin embedding. Sections of 3-μm were
stained with hematoxylin and eosin (H&E), periodic acidSchiff and Masson trichrome. Histological examination
was done by two independent pathologists.

Immunohistochemistry
Formalin-fixed paraffin-embedded tissue blocks
were sectioned at 3-μm thickness and incubated in a
Bench Mark Ultra Ventana, with primary antibodies
against Ki67, clone SP6 (1:50, NeoMarkers, LabVision,
Fremont, CA, USA), SOX2 clone D6D9 (1:100,
Cell Signaling), CD44 clone DF1485 (1:50, Santa
Cruz), CD47 clone B6M12.2 (1:100, Abcam) and
ALDH2 clone EPR4493 (1:100, Abcam), for 30 min
at 37°C. A 2-step multimer conjugated with peroxidase
www.impactjournals.com/oncotarget

Statistical analyses
Data are reported as the means + SEM of the
indicated number of experiments. Statistical analyses
were performed using the Student’s t-test for two
samples and ANOVA with Bonferroni correction for
multiple comparisons. Statistical significance was
defined as: *p < 0.05, **p < 0.01 and ***p < 0.001.
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A logistic regression model was carried out aiming
at discriminate non-muscle-invasive from muscle-invasive
tumors. The up-regulated genes were used as independent
variables in a backward (conditional) procedure. The
Wald test was considered to assess the statistical meaning
of the variables. The performance of the regression was
evaluated by ROC analysis and the area under the curve
(AUC) was determined.
Statistical analysis and graphic illustrations were
performed using GraphPad Prism 6.0 software (San
Diego, CA).
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