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ABSTRACT

Introduction: Bladder cancer (BC) has varied clinical behavior in terms of recurrence and progression. Current pathological
characteristics are insufficient to prognosticate the outcome of a given treatment. Cellular metabolic regulatory molecules,
such as micro RNA (miRNA), could be a potential biomarker to prognosticate the treatment outcomes.

Materials and Methods: PubMed and Google Scholar databases were searched for publications from 1990 to 2016,
related to miRNA biogenesis, its function, and role in the pathogenesis of bladder as well as other cancers. Articles were
searched using MeSH terms micrornas, micrornas AND neoplasm, and micrornas AND urinary bladder neoplasm. Out
of the 108 publications reviewed 75 references were selected based on the clinical relevance. Articles were reviewed to
assess the role of miRNA in various cancers and those in BC as a diagnostic or therapeutic tool.

Results: More than 35 miRNAs were found to be associated with different pathways of cellular dedifferentiation,
proliferation, and progression of BC as well as other cancers. A normal looking mucosa may show molecular changes
preceding phenotypic changes in the form of varied expression of miR-129, miR-200a, and miR-205. miR-214, miR-99a,
and miR-125b have been shown to be potential urinary biomarkers of BC. miRNAs could act as a repressor for protein
molecule functioning or activator of different pathways to be used as a therapeutic target too.

Conclusions: Despite certain limitations, such as instability, rapid plasma clearance, and targeting antagonist proteins

INTRODUCTION

According to studies from the United States,
approximately 74,000 new cases of bladder cancer (BC)
are recorded each year that makes it the second most
common cancer of genitourinary system after prostate
cancer.® In the Indian population, cancer exists with
an age-standardized incidence rate of 4.1 in males
and 0.4 in females per 100,000 persons.*>! BC can be
classified into nonmuscle-invasive BC (NMIBC) and
muscle-invasive BC (MIBC) on the basis of the degree
of invasion of the tumor into deeper muscular layer of
the urinary bladder wall. The pathology and clinical
behavior of these two groups are different.” Although
only 20% of patients are diagnosed with MIBC, the
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of cellular metabolic pathways, miRNAs have potential to be studied as a biomarker or a therapeutic target for BC.

majority of deaths are due to its invasion and metastasis.
Radical cystectomy is considered as the best procedure for
the treatment of MIBC, but about 50% of such patients
develop metastases within 2 years after cystectomy and
die of the disease.) Approximately 75% of patients with
NMIBC recur and have 5 year survival rates of 88%-98%.
[ The outcome of NMIBCs is hard to prognosticate based
on existing pathological characteristics as they have
unpredictable rates of recurrence and progression, so further
studies are required to explore the molecular mechanisms
and regulations for such unusual oncogenic behavior.

When talking about molecular mechanisms, micro
RNA (miRNA)-mediated posttranscriptional gene regulation
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plays an important role in oncogenesis. The last decade
has distinguishably been regarded as the decade of miRNA
research to explore possible weapons against various
cancers as well as BC.#2] However, there is a need for
more elaborative research which could make miRNA a
potential tool to define BC etiology and to prognosticate the
outcome for both MIBC and NMIBC. Apart from their role
in diagnosis and prognostication, an area of research into
the development of anti-miRNAs could further be explored
to develop a therapeutic molecule for the treatment of BC.
This review is aimed at comprehensive analysis on progress
in miRNA research in BC.

MATERIALS AND METHODS

We have searched PubMed and Google Scholar databases
for publications from 1990 to 2016, related to miRNA
biogenesis, its function, and role in the pathogenesis of BC
as well as other cancers. Articles were searched using MeSH
terms micrornas, micrornas AND neoplasm, and micrornas
AND urinary bladder neoplasm. In addition, we have
searched for articles explaining the role of miRNA in BC as
a diagnostic or therapeutic tool. Out of the 108 publication
reviewed, 75 references have been cited in this paper.
Rest of the articles was excluded due to irrelevant data.
Articles were reviewed and compiled to assess the role of
miRNA in various cancers and those in BC as a diagnostic
or therapeutic tool.

RESULTS

Database search provided more than 100 publications, in
which 75 were found to be relevant for this study. Studies

have shown that more than 35 miRNAs were associated
with different pathways of cellular dedifferentiation,
proliferation, and progression of BC as well as other cancers.
The biogenesis and functional significance of miRNA, their
role in BC as well as other cancers are described in following
headings, highlighting their biomarker, and therapeutic
potential.

BIOGENESIS AND FUNCTION OF MICRO RNA

miRNAs are short noncoding single-stranded ribonucleic
acids of 20-24 nucleotides in length. Long primary
transcripts (pri-miRNAs) transcribed from intronic regions
of genomic DNA are modified by RNase type-III enzymes
Drosha and Dicer endonuclease to produce pre-miRNAs.
Then, mature miRNAs are produced from these pre-miRNAs
with the help of a protein complex containing Argonaute
and Helicase [Figure 1].8% These small RNAs functions as
negative regulators of protein synthesis by pairing with
the 3’ untranslated region (UTR) of concerned messenger
RNAs (mRNAs) with the help of RNA-induced silencing
complex [Figure 1].019 This makes them an important
molecule to regulate different metabolic pathways of cellular
differentiation and dedifferentiation in all multicellular
organisms for example, such as nematodes Caenorhabditis
elegans, an arthropod Drosophila melanogaster (invertebrate)
or in humans (mammals) and other vertebrates.®*?4%! [n
cellular physiology, miRNA regulates protein expression
by feedback mechanism and from their buffering effects,
they provide accuracy to key biological processes. As such,
miRNA may control gene expression by decreasing the
synthesis of proteins, which are expressed outside their
physiologically optimum level.?*?! miRNA targets several

miRNA Gene

Transcrlptlon

Prl miRNA Pre-miRNA

Drosha+Pasha/DGCR8
Processing

Translational
Repression

|
(g | i T L

~

Precursor miRNA

Maturation

] [ym

miRNA*/miRNA
Duplex

Unwinding

\\.

Strand
selection

A

Helicase

N

{ PACT

-
P
(]
o

EEREEENEE L

Figure 1: MiRNA processing and posttranscriptional gene regulation
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mRNAs affecting a multitude of transcripts to control
metabolisms associated with cellular growth, division, death
and differentiation, influencing numerous cancer-relevant
processes such as proliferation, cell cycle checkpoints,
apoptosis, dedifferentiation, and metastasis. As we all know
that cancer cells are nothing but dedifferentiated cells
having persistence division capability. Therefore, before
going into the role of miRNAs in pathogenesis of cancer, it is
necessary to understand how these tiny molecules promote
a cell to lose its identity (de-differentiation) and become an
aggressively proliferating cell.

ROLE OF MICRO RNA IN CELL DIFFERENTIATION

Starting from fertilization and embryonic development
to growth, morphogenesis, and stem cell generation of
multicellular organisms, there is continuous phenomena of
switching OFF and switching ON of several genes, which
decides fate of each and every cell, known as cellular
differentiation. The cell further stays in its particular
morphology and physiology maintaining specific gene
pattern.?’’

Regulation of these genetic patterns can be altered by several
extracellular signals as well as intracellular posttranscriptional
regulation such as RNA interference. The expression of
miRNA at an optimum level is important because their loss of
function promotes cellular dedifferentiation and oncogenic
transformation.®**! Stem cells and their differentiation are
dependent on protein regulatory mechanism of miRNA.P
Early studies in worms provided evidence to show that
miRNAs serve as regulatory molecules in a particular
differentiation pathway.?¥ Similarly, in mammalian studies,
the role of miR-203 in regulating skin differentiation and
miR-143/145 regulating differentiation of smooth muscle
cells has also been defined.®*! The early overexpression
study has also shown that a single miRNA has potential
to transform the identity of a particular differentiated cell
or tissue into different form.? Similarly, miR-304 cluster
could induce pluripotency in human and mouse fibroblast
driving cells toward transformation. "3

MICRO RNA IN CANCERS

As we know that cancer is nothing but a dedifferentiated
mass of cells having uncontrolled capability of proliferation
and growth which could be a result of miRNA dysregulation.
More than 1400 human miRNAs have been identified
till 2010, mostly conserved even among distantly related
vertebrates and invertebrates, regulating expression of >60%
of all mRNAs.?*# The role of miRNAs in cancer pathogenesis
is supported by one of the studies, which has shown that
most of the genes of miRNA are located in cancer-associated
genomic regions or in fragile sites.""? miRNAs can function
as either oncogenes or tumor suppressor genes, likewise
oncogenic miRNAs could be overexpressed to target tumor
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suppressor genes, whereas tumor-suppressor miRNAs
could be underexpressed to promote the overexpression
of oncogenes."” miRNA expression data from in vitro
studies on wide spectrum of cancer diseases explained
their potential as oncogene, tumor suppressor gene, and
epigenetic regulators.!'*!¢ Several studies have shown that
miRNAs are associated with the regulation of oncogenic
pathways influencing the risk of recurrence in BC.["7-234142]
Expression and binding capacity of miR-3646 to rs3242
single nucleotide polymorphism in secreted frizzled-related
protein 1 in early age group patients were associated
with higher risk for BC.*! Another recent study has
demonstrated a role of miR-127-mediated regulation of
PIK3R1 (phosphatidylinositol 3-kinase regulatory subunit
alpha) in BC pathways.!'”!

One of the interesting features associated with
miRNA-mediated gene regulation is that a single miRNA
may target several mRNA producing antagonist proteins of
the same cellular pathway. Different miRNAs may corepress
the same target mRNA also. Hence, there is a need for more
extensive studies to resolve these mysteries associated with
miRNA-mediated gene regulation. These paradoxes exist
due to huge epigenetic diversity of organ-specific tumors,
that’s why it is difficult to associate the expression of one
particular miRNA to oncogenesis.*** Another aspect of
miRNA is that their function in oncogenesis may be context
dependent. Thus, a particular miRNA may be upregulated in
some cancers but downregulated in others, due to different
morphological and physiological features of different cell
before dedifferentiation. MiR-29 that appears to act as a
oncogenic in lung cancer may have tumor-suppressive
functions for breast cancer.*>#! In another example, miR-26a
is found to be downregulated in hepatocellular carcinoma,
but its overexpression promotes a metastatic phenotype in
lung cancer cells.[#48]

Hence, there is a need to carefully assess particular function
of a miRNA to define its role in cancer or other diseases.

BLADDER CANCER BIOLOGY AND MICRO RNA

The unique features of BC are its recurrence and progression.
The two broad clinical categories of BC have been defined
as NMIBC and MIBC, which have different clinical and
pathological characteristics at presentation and have
different treatment strategies.”’ One of the probable
hypotheses for the existence of these two categories is
miRNA-mediated gene regulation like we discussed earlier
in cell differentiation.

Expression of different miRNAs and their functional
role have been studied in BC along with their clinical
features such as stages and grades.'® A recent study in
2013 reported that expression of miR-23b was low in
BC tissue in comparison to the normal one, which could
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function as tumor suppressor by regulating Zinc finger E-box
1.7 Similarly, fibroblast growth factor receptor signaling
has a major role in differentiation of cell and their pathways
and have also been found to be dysregulated in BC. MiR-129,
miR-145, miR101, miR99a, miR-100, miR-7, miR-203, and
miR205 were found to orchestrate expression of different
proteins in BC.["® The role of miRNA-7 as tumor suppressor
was also demonstrated by showing a SNP (1010A/G) at
3’ UTR (target of miR-7) of Homeo Box B5 gene which may
act as an oncogene.?” Another study explained miR-182-5p
to downregulate RECK and Smad4 showing its oncogenic
nature.?!

miRNA expression profile in BC tissues and their normal
counterpart has been compared and correlated with different
stages to prognosticate the outcome.*! Expression of
miR-200 family has been shown as a marker of progression in
invasive BC.”® In one of the recent studies from our laboratory,
we have shown that there was differential expression of
miR-129, miR-200a, and miR-205 between normal looking
mucosa of a BC patient and that of a healthy person.*’!

Micro RNA studies in bladder cancer

The studies of miRNAs in BC can be broadly classified into
two groups, i.e. mechanistic studies (in vitro and in vivo
studies of forced miRNA expression either in cell lines
or in animal models) and observational studies (miRNA
expression in BC patients and their association with disease
parameters to elucidate their biomarker and therapeutic
potential) [Table 1].

Mechanistic studies

To elucidate the role of micro RNA in bladder cancer
pathogenesis

Broadly, miRNA could act in two ways, i.e., either to
downregulate a tumor suppressor gene or to downregulate
an oncogene. To further elucidate the mechanism of
miRNA-mediated gene regulation, cell lines of the urinary
bladder epithelium have been extensively used for in vitro
experiments. miRNA expression profile of T24 BC cell
line provides evidence that miR-127 may have a tumor
suppressive function.’” The miR-200 family maintains
epithelial phenotype and its transfection in BC cell lines
induces the expression of epithelial proteins and suppression
of mesenchymal proteins.!! Similarly, highly expressed Ras
oncogene in BC was found to be deregulated by miR-143
in EJ and T24 human BC cell lines.? Apoptotic cell death
was also shown on exogenous expression of miR-145.1%%

Observational studies

Studies showing association of micro RNA profile with

bladder cancer profile
Aggressiveness of the different phenotypes of BC can be

classified into different stages and grades [Table 2]. It is
a general hypothesis that being a regulatory molecule,
expression of miRNAs should vary in different stages and
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Table 1: Micro RNA studies in bladder cancer

Types of Goal of studies

studies

Mechanistic To elucidate the role of miRNA in bladder cancer
studies pathogenesis

Observational Studies showing association of miRNA profile
studies with bladder cancer profile

Studies showing association of miRNA profile
with survival

Studies showing biomarker potential of miRNA
Studies showing therapeutic potential of miRNA

miRNAs=Micro RNAs

Table 2: Stages of bladder tumor and some of the
up-regulated micro RNAs

Tumor Degree of invasion Upregulated
stage miRNAs in
particular stage
CIS CIS (flat tumor)
Ta Noninvasive papillary carcinoma MiR-10a upregulated
in Tak>’!
T1 Tumor invades subepithelial
connective tissues
T2a Tumor invades superficial muscle
T2b Tumor invades deep muscle MiR-222 and
T3a Tumor invades perivesical tissue miR125b
microscopically up-regulated in T2b,
T3b Tumor invades perivesical tissue T3a, and T3bP’!
macroscopically (extravesical
mass)
T4a Tumor invades adjacent organs MiR-452 and
like prostate, uterus, or vagina miR452Ple
T4b Tumor invades pelvic wall or upregulated in

metastatic tumors
T4a and T4b"’!

miRNAs=Micro RNAs, CIS=Carcinoma in situ, MiRNA=micro RNA

abdominal wall

grades. The expression of miR-159-3p, which was shown to
be downregulated in BC tissue as compared with adjacent
normal tissues was found to be negatively correlated with
grades.’¥ It is not always necessary that expression of
miRNA would correlate with stage and grade of the tumor
because during the dedifferentiation process, there could be
switching “ON” and “OFF” of many genes, which give unique
morphology and physiology to tumors to survive in the
vicinity. Some of the miRNAs may be present/absent or over/
under expressed at specific stage and grade, like miR-145 is
under-expressed in low-grade, noninvasive, and high-grade
invasive tumors.” Alteration in miRNA expression could
be a characteristic feature of high and low grade BC.!'®
miR-182, miR-183, miR-10a, miR-203, and miR-224 were
all found to be significantly upregulated whereas miR-1,
miR-143, miR-145, miR-133a, miR-133b, and miR-125b
were found to be significantly downregulated in BC.2>¢
miR-222 and miR125b were found to be upregulated in
MIBC and miR-10a in NMIBC [Table 2]. Further, miR-452
and miR-452* were found to be upregulated in metastatic
tumors of higher stage and grade.b”

Besides stages and grades for tumor aggressiveness,
NMIBC is known for its multifocality (tumors arising from
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different locations in the bladder) and higher recurrence
rate. A normal looking mucosa may show molecular
changes preceding phenotypic changes in the form of a
visible tumor. In a study done at our center, we found
varied expression of miR-129, miR-200a, and miR-205
between normal looking mucosa of a BC patient and that
of a healthy person.[* Therefore, normal looking mucosa
of patients with bladder tumor may not be genetically
normal. Genetic changes precede phenotypic changes,
which could be the reason for recurrence of tumor in
different zones of bladder epithelium. There is a need for
elaborative studies, which could profile miRNA expression
in recurrent tumor for better prognosis of the outcome.
In this regard, one of the recent studies in 2013 classified
two groups of NMIBC, i.e., one in which tumor progressed
to muscle invasive tumors and the other in which tumor
did not progress. They have shown that the expression of
miR-29¢ was downregulated in tumors that progressed
to muscle invasive. Hence, miR-29¢ could be used to
identify patients with tumors of T1 stage and high grades
for potential risk of muscle invasion.® Expression of
miR-3646 has also been shown to be associated with risk
and recurrence of BC.[*!

Metastasis is the ultimate outcome of MIBC. Cancer cells in
mesenchyme or circulatory system are responsible for the
metastasis of a localized cancer. Cellular metabolic pathways
associated with proliferation and epithelial-mesenchymal
transition (EMT) is generally hyperactive during the
progression of a cancer to metastatic stage. Different miRNA
regulatory mechanisms for EMT and metastasis in BC
have been studied. miR-221 has been demonstrated to
facilitate transforming growth factor (TGF-B1) mediated
EMT in BC.P ROCK1 is a protein, which promotes EMT and
metastasis and found to be deregulated by miR-124-3p and
miR-1280 explaining their potential to suppress metastasis
of BC.1%*6J MiR-590-3p and miR-574-3p have also been
recognized as metastatic suppressors.>**2 miRNAs, instead
of suppressor of metastasis, they could also induce metastasis,
such as MiR-182-5p has been demonstrated to be promoting
cell viability, migration, invasion, and inhibition of apoptosis
on its overexpression.!!

Studies showing association of micro RNA profile with

survival

As described earlier miRNAs are responsible for the
regulation of tumor progression and metastasis and thus
could be directly correlated with the survival of the patient.
Overexpression of miR-23b has been found to be positively
correlated with higher overall survival while overexpression
of miR-182-5p has been shown to be associated with reduced
survival.'®2!) Downregulation of miR-100 and upregulation
of miR-222 have also been shown to be independently
associated with shorter progression-free survival and overall
survival of BC patients.[6364
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Studies showing potential of micro RNA as biomarker

Cystoscopy despite being invasive procedure is considered
as the gold standard for detecting recurrence in NMIBC.
Keeping the fact in mind that all cancers show miRNA
dysregulation, there are studies going on in search of specific
miRNA as molecular biomarker for prognostication of
BC.U131622851 Tn vitro studies on BC cell lines and mouse
model-based studies have shown the potential of miRNA as
biomarker.5”6¢ MiR-23b, miR-182-5p, miR-10a, miR-125b,
and miR-222 have been identified as biomarkers on the basis
of their expression level in malignant and nonmalignant
tissues.!!?257] Expression of miR-10a, miR-125b, and
miR-222 have been found to be specific for muscle-invasive
tumors.’”! Hence, depending on the expression of such
miRNAs, one could plan the protocol of surveillance by
altering the number of cystoscopic examination and thereby
reducing the frequent visit to the clinic for an invasive
test like cystoscopy to detect recurrence. Urine is an ideal
body fluid to detect a biomarker which could tell us about
the recurrence of BC. There is a possibility that miRNAs
might be present in patient’s urine as it remains in contact
with tumor for a significant period. miR-214, miR-99a,
and miR-125b have been shown to be potential urinary
biomarkers for screening as well as predicting recurrences
in NMIBC.[7¢] MiR-497 and miR-663b were found to
be circulating biomarkers in clinical detection of BC.[®”]
miRNA-141 and miRNA-200b having roles in the invasive
ability and EMT phenotype could also help biomarker to
identify patients undergoing cystectomy who are likely to
have lymph node metastasis./’”

Studies showing therapeutic potential of micro RNA
Chemotherapy and drug-based therapy are being studied

by targeting protein molecules either, ligand, receptor or
intermediate metabolite of signaling pathways, responsible
for cellular proliferation, migration, and invasion. miRNAs
could act as a repressor for protein molecule functioning
or activator of different pathways, according to cellular
metabolic demands. Thus, considering these natural
regulators as diagnostic as well as therapeutic molecules,
they could be part of a new area of research.’”%6772 The two
possible approaches by which researcher could investigate
therapeutic potential of these molecules would be, either
using a miRNA, which targets an oncogene or using an
anti-miRNA, which targets an overexpressed miRNA
against tumor suppressor gene. A protein survivin, which
was upregulated in high-grade BC, could be shown to be
downregulated in miR-1826 transfected BC cell lines.??!”!
In the same study, three oncogenes, i.e., beta-catenin,
mitogen-activated protein kinase 1, and vascular endothelial
growth factor C were shown as targets of miR-1826, which
was confirmed through Western blotting technique.?"
Limitations to miRNA-based cancer therapy such as unstable
nature of miRNA, their rapid plasma clearance and poor
uptake into the tumor cells are challenging.’ There have
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been efforts to overcome these challenges for miRNAs to
reach to the target cells in vivo. Lipid-based vesicles such as
stable nucleic acid-lipid particles having stability in serum
and good transfection efficiency could be potential delivery
system for tumor suppressive miRNAs.!

CONCLUSIONS

BC has unique characteristics of presentation, wherein
NMIBC are notorious for recurrence and progression and
MIBC have not yet shown a good outcome in general. Existing
clinicopathological characteristics of BC are not sufficient
to meet the desired goals of prediction and prognostication.
miRNA is a new ray of hope in finding out a new marker for
surveillance in NMIBC after initial endoscopic resection of
the tumor with the aim of replacing regular cystoscopy to
look for recurrence. At the same time, miRNAs could serve
as target for therapeutic purpose to get survival advantage
in MIBC. With these two clinical goals, this review article
would strengthen the potential application of miRNA
research in understanding the bladder tumor biology and
would give a new direction in translational research.
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