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Abstract

Urothelial carcinoma (UC) of the bladder is characterized
by high recurrence rate where a subset of these cells
undergoes transition to deadly muscle invasive disease
and later metastasizes. Urothelial cancer stem cells
(UroCSCs), a tumor subpopulation derived from trans-
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formation of urothelial stem cells, are responsible for
heterogeneous tumor formation and resistance to
systemic treatment in UC of the bladder. Although the
precise reason for pathophysiologic spread of tumor
is not clear, transcriptome analysis of microdissected
cancer cells expressing multiple progenitor/stem cell
markers validates the upregulation of genes that derive
epithelial-to-mesenchymal transition. Experimental
studies on human bladder cancer xenografts describe
the mechanistic functions and regulation of epithelial
plasticity for its cancer-restraining effects. It has been
further examined to be associated with the recruitment
of a pool of UroCSCs into cell division in response to
damages induced by adjuvant therapies. This paper
also discusses the various probable therapeutic app-
roaches to attenuate the progressive manifestation
of chemoresistance by co-administration of inhibitors
of epithelial plasticity and chemotherapeutic drugs by
abrogating the early tumor repopulation as well as
killing differentiated cancer cells.

Key words: Cancer stem cells; Clinical management;
Cytotoxic effects; Epithelial plasticity; Therapeutic
resistance; Urothelial carcinoma; Urothelial stem cells
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Core tip: A subset of bladder cancer cells, known as
urothelial cancer stem cells, have abilities to self-renew,
generate tumor heterogeneity via differentiation, and are
actually responsible for tumor relapse and metastasis
formation. Delineating the mechanistic complexity between
epithelial plasticity and cancer stemness in malignant
transformation of urothelial carcinoma provides the
basis for designing rational therapies. Differentiation and
elimination therapies targeting the potential biomarkers
could prove to be clinically beneficial by suppressing
the cancer stemness and inhibiting epithelial-to-mesen-
chymal transition phenotype and would provide novel
opportunities for targeted therapeutic approaches in the
clinical management of patients.
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INTRODUCTION

Urothelial carcinoma (UC) of the bladder, also known as
transitional cell carcinoma of the bladder, is the sixth most
common cause of cancer-related deaths worldwide™. It
is the second most frequent cancer of the genitourinary
tract where men are at four times greater risk than
women. It is caused by the accumulation of genetic
or epigenetic changes in the urothelium due to its
exposure to multiple risk factors including tobacco and
occupational/environmental carcinogens (polycyclic
aromatic hydrocarbons). People working in leather, dye,
rubber industries, painters, pesticide applicators or those
having chronic urinary tract infections are more prone to
develop urothelial carcinoma.

UC of the bladder is a heterogeneous disease, which
can arise through two different pathways - non-invasive
papillary pathway and invasive pathway. It represents a
spectrum of neoplasms, including non-muscle invasive
bladder cancer (NMIBC), muscle invasive bladder
cancer (MIBC) and metastatic lesions. Tumor staging
and grading (Tumor Node and Metastasis classification
by World Health Organization/International Society
of Urology Pathologists, 2004) are the gold standard
prognosticators for defining the various entities of UC of
the bladder (Figure 1)*?, Despite the successful treatment
of NMIBC through transurethral resection of bladder
tumor (TURBT), 70% to 80% of them have a tendency
to recur. Hence, there is a need for regular cystoscopy
and examination of cytologic and molecular markers in
urine, blood or tumor tissues in bladder cancer patients.
This intense surveillance after treatment makes this
cancer, one of the most costliest cancers to manage.
Although in the majority of the cases, these papillary
bladder tumors are not lethal, however, 20%-30% of
them can progress to more aggressive, invasive and
metastatic bladder tumors with an overall survival rate of
5% (Figure 2).

Characterization of molecular and biological me-
chanisms responsible for distinct bladder tumor pheno-
types would facilitate personalization of more effective
treatment decisions. Multiple genetic and epigenetic
abnormalities are known to be associated with diverse
types of urological malignancies. Cancer stem cell theory
sheds further light on understanding the biology of the
origin of distinct oncological pathways and heterogeneous
nature of this disease.

This paper discusses the current concepts on the
aberrant activation of epithelial-to-mesenchymal
transition (EMT), also known as epithelial plasticity, as
one of the primary causes of transformation of urothelial
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stem cells (UroSCs). Further, recent advancements on
the functions of urothelial cancer stem cells (UroCSCs),
a tumor subpopulation derived from transformation
of UroSCs, in the pathophysiology and its clinical
implications in the treatment of UC of the bladder are
reviewed.

UROTHELIAL STEM CELLS AND

UROTHELIAL CANCER STEM CELLS

The stratified epithelial lining of the urinary bladder wall,
also known as urothelium, consists of unilayered polygonal
basal cells which are in direct contact with the basement
membrane, intermediate cells and umbrella cells. Many
recent studies report the existence of a self-renewing
unipotent population of slow cycling, label-retaining
cells with long life span and high integrin subunit beta 4
expression, also known as urothelial stem cells, as clonal
patches among basal cell layer. High nuclear-cytoplasmic
ratio and expression of CD44, laminin receptor, cyto-
keratins (CK-5/14, CK17), B1 and p4 integrins are some
of the characteristic features of UroSCs™. These cells
confer increased regenerative and proliferative potential,
lower apoptosis rate and multilineage differentiation
at the edge of the basement membrane as compared
to other cell types. These cells undergo cellular diffe-
rentiation to give rise to transit-amplifying cells of inter-
mediate cell layers and later umbrella cells. However, an
alternative hypothesis suggests that adult stem cells can
give rise to two cell lineages and hence, umbrella cells
are formed separately from intermediate/basal cells
(Figure 3). Lineage tracing experiments in the murine
model of carcinogenesis provide a cellular and genetic
basis for the diversity in bladder cancer lesions which
could be responsible for their clinical and morphological
differences. According to the experimental results of this
study, the low grade, non-invasive papillary lesions arise
from intermediate cells whereas Keratin 5 expressing
basal cells are likely the progenitors of flat carcinoma
in situ, a flat aggressive lesion, as well as of muscle-
invasive lesions depending on the genetic background!..
A study by Dancik et ai! screened 874 bladder cancer
patients in five cohorts for the identification of UroCSCs
in muscle invasive tumors and validated the hypothesis
of differential origin of non-muscle invasive and muscle
invasive tumors from distinct progenitor cells. These
results provide a paradigm shift in better understanding
the biology of urothelial carcinoma for significant
diagnostic and therapeutic implications.

Mutational insults in adult UroSCs and differentiated
progenies, help them in acquiring tumorigenic properties
and result in the origin of a subpopulation of high tumor-
initiating potential cells called UroCSCs. Characterization
studies on these cells describe their self-renew ability,
clonogenic and proliferative potential. In addition, their
capability to conserve cellular heterogeneity via dif-
ferentiation can be explained by the research studies
on the regrowth of heterogeneous tumor after in vivo
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Figure 1 Staging, grading and prognosis of urothelial carcinoma of the bladder.

xenotransplantation of a small number of UroCSCs in
immunodeficient mice (Figure 3). These characteristic
features of UroCSCs document their large amount of
functional resemblance with the normal adult stem cells.
UroCSCs have been examined for the upregulation
of various oncogenes which help them to acquire self-
renewability. Beta-catenin (B-catenin), signal transducer
and activator of transcription 3, glioma associated onco-
gene 1, B lymphoma Mo-MLV insertion region 1 homolog
(BMI1), POU domain, class 5, transcription factor 1/
octamer-binding transcription factor 4 (POU5F1/Oct4),
sex determining region Y-box 2 (SOX2), Kruppel-like
factor 4, v-myc myelocytomatosis viral oncogene homolog
(avian) (MYC, formerly C-MYC) and NANOG are the
oncogenes/transcription factors that have been observed
to be responsible for maintaining the pluripotent properties
of stem cells and aggressiveness of tumor invasion®®”.,
Studies on the identification of co-expression of keratin
5 and CD44 markers on UroCSCs distinguish them from
differentiated tumor cells and support their basal-like
phenotype. Binding of CD47, a marker of tumor-initiating
cells, to signal-regulatory protein alpha on macrophages
and subsequent inhibition of phagocytosis of tumor cells
make it a suitable drug target®.. Increased expression
of POU5F1, an embryonic stem cell marker, and high
aldehyde dehydrogenase activity in a fraction of CD44*
tumors correlate with increased clonogenic capacity of
UroCSCs, and poor prognosis in UCs™., Identification of
an extracellular marker, prominin 1 (PROM1*) (CD133")
and intracellular markers POUSF1*, and nestin (NES") on
putative UroCSCs confer them self-renewal ability and
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proliferative advantages in clonogenic assays. However,
in due course of time, they allow these UroCSCs to lose
stem cell phenotype as well as proliferative capacity and
initiate the process of differentiation™. Differentially
expressed cancer stem cell markers CD24/CD44/CD47
in the urothelial cancer cells of bladder cancer patients
undergoing radical cystectomy could be of therapeutic
value as their presence influenced cancer-specific survival
of patients™". Many cell surface markers, intracellular
proteins and their activities are examined to identify and
characterize the putative UroCSCs, however, due to the
lack of consensus on these markers, functional assays
have been studied to confirm the stem cell phenotype of
these tumor cells.

Pumping of DNA-binding dyes, Hoechst 33342 and
DyeCycle violet, out of the cells due to overexpression
of ABC (ATP-binding cassette) transporters/multidrug
resistance (MDR) pumps are considered important
features of a side population of urothelial cancer cells,
enriched for CSCs. Co-localization of ABC transporters,
ABCG2 and ABCB1 (MDR1) and other stem cell markers
including POU5F1 and BMI1 further validates their
identity and existence™?. Initiation of tumor formation
upon subcutaneous injection of a small number of SP of
urothelial cancer cells into immunocompromised mice
has been examined by clonogenic assays, and these cells
showed rapid cell growth, chemo and radioresistance.

Accumulating evidence suggests that UroCSCs/pro-
genitor cells exhibiting epithelial plasticity are quiescent,
show increased DNA damage response, pump drugs out
of the cells, reside in difficult-to-reach CSC protective
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Figure 2 Multimodality approaches for urothelial carcinoma of the bladder. NMIBC: Non-muscle invasive bladder cancer; MIBC: Muscle invasive bladder cancer.

niches and are less affected by antiproliferative therapies.

UROTHELIAL CANCER STEM CELLS AND
EPITHELIAL PLASTICITY

During the analysis of transcriptome of microdissected
muscle invasive urothelial carcinoma of bladder/MIBC,
the cancer cells expressing multiple progenitor/stem
cell markers were found to be enriched with elevated
levels of genes that derive and regulate EMT!?., The
process of EMT is characterized by the loss of cell
polarity and cell-cell adhesion by sessile, epithelial cells
and their transition to motile, mesenchymal stem cells
with increased migratory and invasive potential. Cells
acquire phenotypic or epithelial plasticity when they gain
the ability to dynamically switch over between different
phenotypic states!*l, EMT helps to establish metastasis
by allowing the motile cells to invade the surrounding
tissues, intravasate, move to distant sites through blood-
stream, extravasate and colonize the target organs.
Re-establishment of cancer cells with more epithelial
phenotype at metastatic sites can be induced through
mesenchymal-to-epithelial transition (MET) (Figure 4).

A study by Franzen et al'** demonstrates the in-
creased expression of several mesenchymal markers,
including a-smooth muscle actin, S100A4 and snail,
in urothelial cells treated with muscle invasive bladder
cancer exosomes (small secreted vesicles that contain
proteins, mMRNAs and miRNAs and can potentially modu-
late signaling cascades in recipient cells) as compared
with phosphate-buffered saline-treated cells. Moreover,
these treated urothelial cells showed loss of epithelial
markers, E-cadherin and p-catenin in association with
increased migratory and invasive properties.

Loss of E-cadherin, a tumor suppressor gene, and
abnormal expression of N and P-cadherin (cadherin swit-
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ching) have been shown to be key mediators in invasive and
malignant phenotype of cancer. In addition, activation of
WNT signaling cascade by tumor cells owing to decreased
E-cadherin levels, loss of B-catenin expression, its nuclear
translocation and increased transcriptional activity have
been examined to be associated with epithelial plasticity
of tumor cells, disease aggression and metastasis forma-
tion. One of the serious implications of cadherin switching
include the development of cancer stem cell phenotype
and this makes the cadherin cell adhesion molecules and
associated pathways, the probable target candidates for
inhibition of cancer progression™®.,

Tumor stroma/microenvironment has been shown
to regulate tumor behavior by maintaining UroCSC
population, its properties and EMT. Although the
exact mechanism is not known, secretion of stroma-
modulating growth factors including basic fibroblast
growth factor 2, vascular endothelial growth factor,
platelet-derived growth factor, epidermal growth factor
receptor (EGFR) ligands, colony stimulating factors, and
transforming growth factor-beta; extracellular matrix-
degrading proteins, such as matrix metalloproteinases;
and chemoattractants result in activation of fibroblasts,
inflammatory cells, mesenchymal stem cells, smooth
muscle cells, and adipocytes™’*®), This contributes to
angiogenesis, tumor growth, invasion and metastasis
formation.

THERAPEUTIC IMPLICATIONS AND
CHALLENGES

Intravesical instillations of drugs or adjuvant therapies
following TURBT are the standard of care for non-muscle
invasive cancer. Similarly neoadjuvant therapies with
radiotherapeutic or chemotherapeutic drugs and in some
cases radical cystectomy are the standard treatment
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Figure 3 Cellular differentiation and mutational transformation of urothelial stem cells and dual pathways of carcinogenesis. A: Cellular differentiation of
UroSCs (exist in the form of clonal patches in basal layer) gives rise to basal cells which further differentiate to intermediate cells and then into single layer of umbrella
cells; B: Mutational insults including epithelial plasticity result in malignant transformation of UroSCs into self-renewing UroCSCs which undergo aberrant activation
and differentiation to form papillary non muscle invasive and muscle invasive bladder cancer; C: In vivo xenotransplantation of a small number of UroCSCs that have
the potential for the regrowth of heterogeneous tumor cells. UroCSCs: Urothelial cancer stem cells; NMIBC: Non-muscle invasive bladder cancer; MIBC: Muscle

invasive bladder cancer.

options for more aggressive muscle invasive disease!..

Cytotoxic effects of these drugs can potentially de-
bulk tumor masses initially but tumors progressively
develop between or after multiple treatment cycles in
due course of time. The SP of tumor cells was found to
be enriched for UroCSCs which can possibly contribute
to progressive development of therapeutic resistance
through enhanced survival. A number of experimental
studies on human bladder cancer xenografts provide
the probable mechanistic explanation for unexpected
proliferative response to repopulate residual tumor cells
between chemotherapy cycles. Urothelial carcinoma
cell lines were examined for enriching CSCs with CD90
and CK14 expression and the effects of short- and
long-term treatment with cisplatin on tumor initiating
potential of these separated cells were studied. Sub-
stantial phenotypic plasticity as evident by increased
expression of EMT markers, an altered pattern of CKs,
and WNT-pathway target genes were observed in these
sublines and instead of inducing apoptosis, it promoted
neighboring CSC repopulation and subsequently the
development of clinical resistance to cisplatin®®”. A strong
correlation between the existence of CSC-like cells in
the population of cisplatin-resistant bladder cancer cells,
levels of Bmil and Nanog expression and the degree
of malignancy of urothelial carcinoma tissues has been
observed. This may play a role in the progression and
drug resistance of bladder cancer"’,

Recruitment of a quiescent pool of UroCSCs into cell
division in response to the cytotoxic effects of clinical
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drugs, similar to the mobilization of UroSCs during
wound repair, reduces the efficacy of existing drugs and
dramatically accelerates the pathophysiological spread of
more aggressive type of bladder cancer. Combinatorial
approaches based on in vivo administration of inhibitors
of epithelial plasticity could be the probable therapeutic
strategy for enhancing chemotherapeutic drug-induced
damages by abrogating early tumor repopulation
(source of cancer) and killing a bulk of bladder cancer
cells, thereby customizing a new method to counter
CSC-driven resistance, prevent relapse and improve the
survival outcome in the patients with UC of the bladder.
Sox4, a biomarker of UroCSCs and one of the im-
portant candidate oncogenes, results in advanced
cancer stages and poor survival rate. The results of
its knockdown include reduced sphere formation and
enriched cell population with high levels of aldehyde
dehydrogenase [ALDH (high)]; inhibition of cell migration,
colony formation as well as MET; and decreased tumor
formation potential of urothelial cancer cells®. The ess-
ential role of av integrins has been shown in migration,
EMT and maintenance of ALDH activity, tumor growth
and metastasis. Therefore, targeting of av integrins could
be a promising therapeutic approach for prevention of
metastatic bladder cancer. Treatment with an av integrin
antagonist and its knockdown in the bladder carcinoma
cell lines resulted in reduced expression levels of EMT-
inducing transcription factors including SNAI2 and self-
renewal genes NANOG and BMI1; low ALDH activity;
and decreased CDH1 (E-cadherin)/CDH2 (N-cadherin),
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Figure 4 Epithelial mesenchymal transition and mesenchymal epithelial transition in urothelial carcinoma. EMT/epithelial plasticity allows invasive bladder
cancer cells to become motile, invade the surrounding tissues and intravasate. Through bloodstream, primary tumor cells move to distant sites, extravasate, colonize
the target organs and establish the metastasis. MET induces regrowth and re-establishment of cancer cells with epithelial phenotype at secondary/metastatic sites.

EMT: Epithelial mesenchymal transition; MET: Mesenchymal epithelial transition.

indicative of a shift towards epithelial phenotype and
decreased proliferative, migratory, clonogenic capacity
and metastatic growth™®. Overexpression of EGFR has
been examined to be associated with poor prognosis
in epithelial cancers. Hence, targeting cancer cells with
an EGFR inhibitor (anti-EGFR antibody, cetuximab) has
been shown to increase the expression of CDH1 and
confer cancer cells with epithelial phenotypic property™*.
Implications of miRNAs (a class of small non-coding
RNA molecules of 21-23 nucleotides in length) in the
maintenance of epithelial plasticity, cancer stemness and
mediating drug sensitivities make it a potential therapeutic
system towards eradication of tumor recurrence and
metastasis’>*®’. Forced expression of miR-200 family (miR-
200a, miR-200b, miR-200c, miR-141, and miR-429) has
been associated with induction of MET in mesenchymal
bladder cancer cell lines, which thereby restored EGFR
inhibitor sensitivity to attenuate tumor aggressiveness
in bladder cancer®®. Re-expression of miR-23b may
be a beneficial therapeutic strategy for the treatment
of human bladder cancer by targeting Zeb1l, a crucial
regulator of EMT, inhibiting cell proliferation and migration
and inducing apoptosist*”’.

Direct suppression of epithelial plasticity with the
use of inhibitors or knocking down EMT markers can
also potentially reduce migration, invasion, and survival
of cancer cells. Inhibitory effects of prostate-derived
E-twenty six (Ets) factor (PDEF), an epithelium-specific
member of the Ets family of transcription factors, on
the proliferation, invasion, and tumorigenesis have been
studied. Its ectopic overexpression in bladder carcinoma
cells has been examined to modulate EMT by upregu-
lating E-cadherin expression and downregulating the
expression of N-cadherin, SNAIL, SLUG, and vimentin,
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thereby resulting in lower migration and invasion abilities
of cancer cells®®, Molecular mechanisms for ERK1/2
inhibitor to exert its antiproliferative effects in bladder
cancer have been investigated. Treatment of SV-HUC-1
cells with ERK1/2 inhibitor (U0126) significantly reduced
the expression of EMT markers including Snail, B-catenin,
Vimentin, and MMP-21%),

Besides inhibiting epithelial plasticity which can
check dissemination and migration of invasive cells, it
is also important to attenuate the reestablishment of
cancer cells at distant sites through MET mechanism. In
addition, elimination therapies are required to modulate
the properties of UroCSCs, hence facilitate their
chemosensitivity and apoptosis. This can be achieved by
the application of inhibitors to target ABC transporters
and drug-detoxifying enzymes. Cracking the difficult-
to-reach protective niche of UroCSCs and creating
an inhospitable microenvironment for them as well as
for heterogeneous cancer cells at primary and distant
sites may provide a basis for developing improved and
effective therapeutic strategies for selective elimination
of tumor cells. One of the recent studies identify the
possible role of connexins, gap junction proteins found
in the smooth muscles of detrusor muscle, in bladder
tumorigenesis. Preliminary assessment detects the upre-
gulation of connexin 43 in human urothelial carcinomas.
Its functions in enhancing the adherence of tumor cells
to stroma, increased migration potential as well as disse-
mination of cancer cells make it a promising target for
genetic therapeutic approaches™.

Long-term follow-up of patients and definite pre-
diction of the biomarkers for patient survival or disease
progression are the most important requirements in
designing suitable therapies. High-throughput drug
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screening for its anticancer effects, reliable methods
for detecting the population of UroCSCs, their charac-
terization and validation in appropriate disease models
are some of the additional challenges for successful
therapies.

Understanding the mechanisms and biology of
UroCSCs that can control their proliferation and differ-
entiation allows the possibility of developing effective
anti-cancer drugs. Deciphering the connection between
epithelial plasticity and cancer stemness paves the way
to design rationale therapies for its anti-tumor effects in
the dlinical management of bladder cancer.

CONCLUSION

Depending upon the genomic integrity and its background,
UroCSCs in basal urothelium aggressively colonize a
significant region of stratified urothelium to generate
histologically different tumor lesions, identical to muscle
invasive bladder cancer and carcinoma in situ. However,
intermediate cells derived from the cellular differentiation
of UroSCs can give rise to hon-muscle invasive papillary
lesions, suggestive of dual pathways of urothelial car-
cinogenesis. Basal-cell specific markers are examined
to be good candidates for enriching UroCSCs in the
SP of tumor cells. These cells are characterized by re-
markable plasticity, contribute to tumor heterogeneity,
relapse, and metastasis, and thereby carry significant
information in the clinical management of bladder cancer.
Therapeutic applications of EMT inhibitors to reverse the
epithelial plasticity may account for inhibitory functions
of UroCSCs, reduced migratory and invasive properties
of cancer cells and can improve therapeutic planning for
better patient management.
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