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Abstract: MicroRNAs (miRNAs) are small, noncoding RNA species with a length of 20–22
nucleotides that are recognized as essential regulators of relevant molecular mechanisms,
including carcinogenesis. Current investigations show that miRNAs are detectable not only
in different tissue types but also in a wide range of biological fluids, either free or trapped in
circulating microvesicles. miRNAs were proven to be involved in cell communication, both
in pathological and physiological processes. Evaluation of the global expression patterns of
miRNAs provides key opportunities with important practical applications, taking into account
that they modulate essential biological processes such as epithelial to mesenchymal transition,
which is a mechanism relevant in bladder cancer. miRNAs collected from biological specimens
can furnish valuable evidence with regard to bladder cancer oncogenesis, as they also have been
linked to clinical outcomes in urothelial carcinoma. Therefore, a single miRNA or a signature
of multiple miRNAs may improve risk stratification of patients and may supplement the histological diagnosis of urological tumors, particularly for bladder cancer.
Keywords: bladder cancer, miRNA, prognostic, diagnostic

Introduction
Bladder cancer most commonly refers to carcinoma of the epithelial lining of the
urinary bladder, the urothelium. Its symptoms are nonspecific and include hematuria,
discomfort during urination, and higher frequency and urgency of urination. Because
any or all of these symptoms can be caused by a number of other medical conditions,
including fairly common urinary tract infections, a clear diagnosis may be achieved
only by microscopically examining the cells either from urine or from tissue collected
from the bladder or by cystoscopy. This is an invasive procedure that sometimes
requires the administration of an anesthetic, especially when a biopsy is necessary.
The noninvasive diagnosis methods, which consist of examining the cells that were
shed into the urine, is not always reliable, as the quantity of cells depends on the stage
of the disease, with many fewer cells observed in the earlier phases.1
Although bladder cancer incidence has not increased in recent years in most Western developing countries, its rates are still high. According to Globocan 2012, bladder
cancer is the sixth most prevalent type of cancer in men, accounting for 4.4% of cases.
The incidence in women is about threefold lower, but for both sexes, it ranks ninth in
cancer incidence worldwide (3%). Regarding mortality rates, it is the ninth leading
cause of death by cancer among men and the 13th for both sexes.2
In the United States, an estimated 54,610 new cases of bladder cancer were expected
to occur in men in 2013, and 17,960 women presumably acquired this malignancy.
The probability of developing this disease seems to increase with age, growing from
a 0.02% chance of having bladder cancer by the age of 39 years to a 3.69% (1 in 27)
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chance of having this malignancy over the age of 70 years.3
According to the same source, the 5 year relative survival
rates in relation to the stage at the time of diagnosis are very
high for in situ bladder carcinomas (96%) but go down to
around 6% for advanced stages with distant metastases (as
seen in Figure 1). Regarding the mortality caused by this
illness, a total number of 15,210 fatalities were expected to
be attributed to bladder cancer in the United States during
2013, of which 71% are men.4
It was observed that 75% of diagnosed bladder cancer
cases are localized in the mucosa or submucosa (non-muscleinvasive bladder cancer), whereas in 25% of situations, the
tumor cells have already infiltrated the muscle (muscleinvasive bladder cancer [MIBC]).5
This malignancy has a complex and multifactorial etiology, incorporating both genetic and environmental causes.
Two main types of bladder cancers can be described: lowgrade superficial tumors (papillary and multifocal, which
occasionally progress to invasive disease and have a good
prognosis) and high-grade invasive cancer (nodular, metastasizes in the early phases, and has a poor prognosis).
According to its stage, bladder cancer presents itself in a
different manner. In staging bladder cancer, the most widely
used approach is the TNM system, where T stands for tumor
and indicates the size and the degree of tumor penetration
in adjacent tissue, N displays the amount of invasion to
nearby lymph nodes, and M shows whether the cancer has
metastasized to distant areas of the body. Each of the letters
is assigned numbers that describe how invasive the malignant
cells are and give more details about the precise localization
of the cancer. Thus, cancer that is confined to the urothelium
is considered to be Stage Tis, or carcinoma in situ, if the
cancer is high grade, or Stage Ta, or noninvasive papillary
tumor, if the cancer is low grade. Grading refers to the degree
of aggressiveness of the cancer cells, with low-grade cancer
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Figure 1 Five-year relative survival rates for bladder cancer in relation to the stage
at time of diagnosis.
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Clinical and pathological implication
of micro-RNA in bladder cancer
The challenges that clinicians face when caring for patients
with bladder cancer are the difficulties of early diagnosis,
disease recurrence, and progression. Current prognostic
strategies, such as tumor grade, stage, size, and number of
foci, have restricted utility for clinicians because they do not
specifically exhibit the clinical outcomes.6 Diagnosis and
monitoring strategies for bladder cancer have been based on
the integration of cystoscopy and urinary cytology data.7 As
a consequence, researchers have been searching for novel
biomarkers, and an important research direction was focusing
on the role of microRNAs (miRNAs) in the development of
bladder cancer (Figure 2).

miRNA definition

96

100

being the less aggressive cells, which grow slower, look quite
normal, and act similar to healthy cells, and with high-grade
cancer being characterized by fast-growing cells, which
look and act in a disorganized manner and are more likely
to progress into the muscle layer of the bladder. T-stages 1
through 4 represent the degree to which the cancer has grown
in the adjacent layers of tissue, from the connective tissue
just beneath the urothelium (T1) to tissue structures located
outside the bladder (T4). Regarding the potential spread of
cancer cells to the lymphatic system, or to the lymph nodes to
be more precise, the N-stages of bladder cancer describe this
phenomenon with the help of four stages. Thus, this type of
staging varies from N0, with no cancer found in any lymph
node, to N3, where the cancer has spread to one or more of the
lymph nodes located in the groin area. In some cases, bladder
cancer spreads to nodes found in the abdomen or even further
up in the body. The M-stages of bladder cancer describe
whether the cancer has metastasized to another organ in the
body (M1) or has not (M0). When it metastasizes, bladder
cancer most likely spreads to the lungs, liver, or bones.

miRNAs, small RNA molecules that are not translated into
proteins, are 18–22 nucleotide long transcripts that were
proven to have active roles in negatively regulating the
expression of genes resulting from their partial complementarity to the 3′ untranslated region of target messenger
RNAs. These miRNAs are not only differentially expressed
in malignant versus normal tissue but also vary between different types of cancer.8,9 Studies have shown that miRNAs
are active players in various cell activities, among which are
apoptosis, cell development, proliferation, and differentiation
(Figure 3). Because of their implication in different processes
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Figure 2 Role of micro-RNA signature in bladder cancer diagnostic and prognostic.
Abbreviation: qRT-PCR, quantitative reverse transcription polymerase chain reaction.

at the cellular level, miRNAs have been attributed the potential of becoming biological markers for early diagnosis or
prognostication, as well as the potential for using them as
therapeutic targets for different oncological diseases.7,10,11
One of the reasons for the biomarker potential of miRNAs
is the fact that their profiles were shown to be altered in tumor
cells compared with normal tissue at different levels, including miRNA regulation of transcription, miRNA maturation
processes, and alteration at genetic and epigenetic levels.

miRNA related to EMT,
invasion and metastasis:
miR-21, miR-124, miR-183,
miR-409, miR-23, miR-200,
miR-205

Hypoxia, activation
of angiogenic
factors: miR-124,
miR-214, miR-409

Uncontrolled cell cycle:
miR-29, miR-214, miR-590

miRNA dysregulation leads to the idea that these mole
cules have the potential to act as oncogenes, as well as
tumor suppressors. Just as in the case of oncogenes, when
oncogenic miRNAs are upregulated in cancer, they lead to
the downregulation of tumor suppressor genes or to the inhibition of genes with roles in cell cycle, cell proliferation, or
apoptosis. Following the same principle, tumor-suppressive
miRNAs contribute to the downregulation of oncogenes.
Understanding these mechanisms has great importance

Correlation with the
alteration of growth
factors: miR-210

Resistance to
apoptosis: miR-21,
miR-29, miR-214,
miR-205

Disruption of antigrowth signalling:
miR-183, miR-210, miR-205

Figure 3 Hallmarks of bladder cancer beyond miRNA perspective.
Abbreviations: miRNA, micro-RNA; EMT, epithelial–mesenchymal transition.
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in bringing the scientific community one step closer to
deciphering how miRNAs are involved in tumorigenesis,8
which can consequently contribute to the discovery of ways
to tamper with angiogenesis, invasion and metastasis, and
the immune response.
Expression profiles of miRNAs follow the same alteration
patterns in different types of cancers, which suggests they are
involved in signaling pathways that are modified in cancer.
Some of these correlations between altered miRNA expression patterns and cancer pathogenesis have been described
in the literature, but further studies are necessary to unravel
information on the degree of involvement of altered miRNA
levels on intracellular targets.7–9
To counteract the effects of oncogenic miRNAs and
to decrease their cellular involvement, the most suitable
approach is the development of various therapeutic strategies,
whereas in the case of tumor-suppressive miRNAs, the tactic
to restore biologic activity would involve bringing target
mRNA levels to their original state.5–9

Bladder cancer miRNA profiling
studies to discriminate malignant
from normal tissue
The miRNA alterations profile is connected with the alteration of the normal phenotype and is able to predict tumor
progression. To date, the role of miRNA mechanisms of
bladder cancer carcinogenesis has not been completely
deciphered, but as in the case of many other cancers, it
is characterized by an alteration of the molecular profile
caused by the accumulation of genetic and epigenetic
changes.12
Evaluation of global expression patterns of miRNAs
provides key opportunities with important practical application, taking into account the fact that they modulate key
biologic processes.13 The expression pattern of miRNAs
varies between tissues and developmental stages, and several miRNAs are related to the disease stage, not only in a
tissue-specific manner. The evaluation of miRNA patterns
will lead to a better diagnostic strategy or to the development
of methods to assess prognosis and the response to treatment.
As in other cancer types, a distinct miRNA signature among
normal tissue was observed, even in the case of carcinoma in
situ or among the different stages of the disease.
There are several studies focused on the identification of
miRNAs involved in bladder carcinogenesis with prognostic or diagnostic potential or with therapeutic implications
(Table 1). Another study performed on 166 non-muscleinvasive bladder cancer cases and 80 MIBC cases led to
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the identification of the particular signature of 15 miRNAs
that can differentiate normal from malignant phenotypes.14
The same study observed the upregulation of miR-146b and
miR-9 only in the case of MIBC.
A recent deep sequencing evaluation of nine bladder cancer samples revealed 656 differentially expressed miRNAs;
respectively, antisense sequences (miRNA*s).15 Hsa-miR-96
displayed the highest statistically significant overexpression
value, and miR-490-5p presented the highest downregulation value.
Evaluation of miRNA signatures provided the means
to distinguish among muscle-invasive bladder cancer, nonmuscle-invasive bladder cancer, and noncancerous controls,
using microarray technology in a small study on only 20
bladder cancer and 18 control patients.16 Despite the limitations caused by the low number of participants, this proofof-concept study provides preliminary data that suggest the
practicality of this method for the early detection of bladder
cancer. A screening study performed by Ratert et al,5 using
microarray technology followed by a validation step using
quantitative reverse transcription polymerase chain reaction
(qRT-PCR), reveals a specific miRNA signature containing
15 miRNAs, of which seven (miR-100, miR-125b, miR130a, miR-139-5p, miR-145*, miR-199a-3p, miR-214, and
miR-222) were upregulated and eight were downregulated5
in tumor tissue versus healthy tissue. Furthermore, miR20a, miR-106b, miR-141, and miR-205 were found to be
upregulated in bladder cancer,17,18 in contrast to an inverse
expression behavior in other locations such as renal or
prostate cancer.18,19

miRNA profiling studies in bladder
cancer patient stratification
The critical roles of miRNAs in cancers are gradually
explored, and their applications as potential therapeutic targets
have generated great interest in developing novel strategies for
treating cancer. miRNA alteration profile is connected with
the alteration of the normal phenotype, and thus it may be
involved in the prediction of tumor progression.20,21 To date,
the role of miRNA mechanisms in bladder cancer carcinogenesis has not been completely deciphered. Still, similar to other
malignancies, bladder cancer is characterized by an alteration
of the molecular profile caused by the accumulation of genetic
and epigenetic modifications.22,23 This has raised the interest
of several research groups in using miRNA in diagnostic
and prognostic ways, and recently, a greater amount data on
this subject became available. In one of these studies, it was
observed that the inhibition of the miR-200 family, miR-205,
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Table 1 Specific miRNAs altered in bladder cancer

TFAM, (PI3K), Akt,
MMP2 and MMP9

β-catenin

ZEB1, ZEB2
and ERFFI‑1
PTEN, AKT, VEGF

Zeb1

c-Met and c-Fos

E2F3, FGFRL1,
HOXA1
ROCK1

Methyltransferases

PI3K/AKT/mTOR
pathway

P53, AKT, PTEN

Target gene

Epithelial–mesenchymal
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Migration and invasion
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Therapeutic target
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Diagnosis and prognosis
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miR-152, and miR-10a, was connected to an increased DNA
methylation pattern in normal versus tumor tissue.24–26 At the
same time, miR-200c downregulation is related to disease
progression and poor outcome.20 miR-9, miR-182, and miR200b were identified as being related to tumor aggressiveness
and prognosis in bladder cancer.27 miR-100 downregulation
presents unfavorable prognosis, and therefore can be used as
biomarker for risk stratification.28
miR-205 was observed as being able to discriminate
between low-grade papillary urothelial carcinoma and highgrade papillary urothelial carcinoma, whereas miR-145
distinguished high-grade papillary urothelial carcinoma from
infiltrating carcinoma.29 In another study, HG was connected
with miRNA-21 upregulation that suppresses p53 function, and
low-grade urothelial carcinoma has been associated with the
downregulation of miRNAs-99a/100; at the same time, miR129, miR-133b, and miR-518c* were identified as potential
markers for disease progression, and miR-452 and miR-452*
were shown to be markers with prognostic value.30
In a study conducted by Wang et al9 on a group of patients
with confirmed bladder cancer, the expression levels of miR200c and miR-141 were altered in the urine sediment of these
patients, with the values being normalized after surgery.9
Other particular signatures, such as miR-21 and miR-373
overexpression, were observed for high-grade, muscleinvasive bladder cancer when compared with normal tissue,
targeting p53 pathway, or epithelial–mesenchymal transition (EMT).31 In contrast, overall increased expression of
miRNAs is observed in high-grade, muscle-invasive bladder
cancer compared with adjacent normal bladder urothelium,
including miRs predicted to target p53, such as miR-21 and
miR-373. Furthermore, p53 inhibits transcriptional factors
that sustain mesenchymal differentiation, such as ZEB-1 and
ZEB-2, by modulating members of the miR-200 family.
Fibroblast growth factor 3 regulates important cellular
processes, such as cell growth, differentiation, and angiogenesis, which are important in bladder cancer development
and progression.32,33 Some studies presented the relationship
with outcome possibly because of different its related miRNA
target such as miR-145, miR-101, miR-100, and miR-99a
being characteristic for low-grade, non-muscle-invasive
bladder cancer.23
The miR-183-96-182 cluster was shown to be upregulated
in many human cancers, such as breast, lung, and prostate,
but also in bladder malignant tumors.34 In a recent study
using synthetically designed miRNA-mowers, researchers
proved the ability of the miR-183-96-182 cluster and miR210 to reduce cell proliferation, to activate the apoptotic
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machinery, and to inhibit migration.35 Knockdown of the
miR-183/96/182 cluster targeted the PI3K/AKT/mTOR
pathway and subsequently enhanced apoptosis. miR-210 is
recognized as a novel biomarker for hypoxia, but an in vitro
study using anti-miR-210 suggested it was connected with
reduced proliferation and with migration and an activation of
apoptosis.27 Other miRNAs have been proved to act as key
factors in tumorigenesis. One example is miR-590-3p, which
is negatively regulated by mitochondrial transcription factor A
(TFAM).36 TFAM has an active role in mitochondrial DNA
replication and transcription, whereas miRNAs are important
regulators of gene expression. However, the exact means by
which TFAM and particular miRNAs associate to promote
cancer development still need to be deciphered. Nonetheless,
this particular study reported that TFAM expression was considerably amplified in bladder cancer, whereas the expression
of miRNA-590‑3p was decreased.
EMT is an essential mechanism activated during cancer
invasion and metastasis and is characterized by loss of cell
adhesion, inhibition of E-cadherin expression, and increased
cell mobility.37 Members of the miR-200 family appear to
control the EMT by targeting ZEB1, ZEB2, and EGFR. This
fact has important clinical applications that may lead to the
development of novel EGFR therapy by modulation of miR200.29 At the same time, loss of miR-200 expression promotes
EMT and resistance to EGFR-based therapies.22
Another important aspect was the identification of a
specific miRNA signature able to predict drug resistance.
miRNAs 1290, 138, let-7i, and let-7b, via mucin-4, proved
to be connected with resistance to gemcitabine in in vitro
models.38 In another study, it was observed that miRNA-27a
is involved in cisplatin-resistant bladder cancer.39
miR-126 was downregulated in tumor tissue versus normal tissue and, moreover, was observed to target ADAM9,
a key gene related to angiogenesis.40 Another study revealed
that miR-1280 targets oncogene ROCK1, leading to the
reducing of migration and invasion, mechanisms that are
related to the metastasis.41 It was observed that downregulation of miR-195 and miR-497 is related to bladder cancer progression and metastasis.42 In a bladder cancer animal model
study, it was observed that miR-582 delivery was connected
with the inhibition of tumor growth and metastasis.43

miRNA as biomarkers for
diagnostics and prognostication
in bladder cancer
According to its definition, a biomarker should be a stable
molecule that is accessible, inexpressive to assess, and
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disease-specific. Lately, a lot of studies have indicated that
miRNAs are a novel class of cancer biomarkers.44 The circulating miRNAs were proposed as reliable markers of the
urological state.8,10 The characterization of miRNAs’ altered
pattern appears to be an alternative to serum proteins, and
significant recent experimental data have focused on analyzing and describing miRNAs circulating in biological fluids.45
Together with serum/plasma samples, one biological fluid
that has significant clinical relevance for this pathology is
represented by urine.
miRNAs in biological specimens can furnish valuable
information with regard to bladder cancer oncogenesis;
hence, the development and implementation of miRNAbased screening methods are anticipated to gradually become
a standard approach in clinical diagnostic, as an integrated
part of personalized medicine. The discovery of novel methods developed in the last years allows the quantification of
miRNA in low amounts, as in the case of biological fluids
that are used for biomarker screening.
Bladder cancer diagnosis is based on the detection of cancer cells in a urine specimen collected from the patient.46 Considering that urine passes via the normal tissue or malignant
lesions in the urinary tract, its miRNA content is connected
with the disease status as a result of the presence of tissue
with an altered phenotype. Urinary biomarkers, including
miRNAs, may be related to multiple urologic pathologies
(such as prostate or renal cancer), not only bladder cancer,
and hence it is important to develop specific ways to accurately differentiate among them.32
Some of these miRNAs have the potential of becoming
biomarkers for bladder cancer diagnosis and prognosis,
as well as for predicting treatment targets.47 For instance,
miR-143, miR-222, and miR-452 detected in urine specimens were clinically useful for noninvasive bladder cancer
diagnostics,6 and miR-9, miR-182, and miR-200b were
found to be related to bladder tumor aggressiveness and
survival.48
Moreover, miR-141 and miR-205 were associated with
overall survival time,5 underlining the potential of miRNAs
to function as diagnostic and/or prognostic markers for bladder cancer. Studies show that miR-9, miR-182, and miR200b appear to be related to MIBC tumor aggressiveness and
recurrence-free and overall survival.5,11 Ratert et al5 observed
a correlation between miR-141 and miR-205 expression
levels with the overall survival of the patients. Other studies revealed that some miRNAs, particularly miR-126,
miR-182, and miR-199a could be found in larger quantities
in the urine of bladder cancer patients than in the urine of
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controls, either healthy subjects or patients with infections.
Wang et al11 observed a decreased representation of miR200 family members (miR-141, miR-155, and miR-429) in
the urine of bladder cancer patients, whereas after tumor
resection, the levels of these particular miRNAs increased
considerably. The same observation was made during other
studies, which emphasizes the potential utility of the miR200 family in diagnostic or prognostic situations.33
The results of a study conducted by Hanke et al49 displayed a higher stability of urinary miRNAs, supporting
the development of a screening method for miRNA-126
and miRNA-182 with encouraging diagnostic potential.
A recent study performed by Li et al20 on 138 non-muscleinvasive bladder cancer patients versus 144 healthy controls
revealed higher urinary levels of cell-free miR-214 in cancer
than in the control groups, emphasizing the potential utility
of miR-214 as independent prognostic marker for disease
recurrence.
In a 2012 study, Wang et al11 assessed the expression levels
of several miRNAs involved in EMT on 51 patients with bladder cancer and 24 controls. This study showed that the miR-200
family, miR-192, and miR-155 were downregulated in the
urinary sediment, thus being correlated with the expression of
EMT urinary markers (ZEB1, vimentin, TGF-β1, and Ras).9
Another pilot study revealed that miR-26b-5p, miR144-5p, and miR-374‑5p were upregulated in the case of invasive carcinoma when compared with the control group, and at
the same time, it pinpointed the overexpression of miR-618
and miR-1255b-5p in the urine collected from the cases with
aggressive tumors.50 miR-96 and miR-183 expression levels in
the urine of bladder cancer patients were significantly higher
than in the case of healthy patients. This overexpression was
correlated with tumor grade and pathological stage.51

Clinical trials
During the last decade, an ever-increasing number of studies
have been conducted on the implication of miRNAs in the
initiation and progression of the malignant phenotype, as well
as on their roles and possible uses for early diagnosis, prognosis, and prediction of response to therapy. Among these
studies, only some are focused on the research of miRNA
involvement in bladder cancer. For instance, a search on the
National Center for Biotechnology Information’s PubMed
using the string “bladder cancer” AND “miRNA” returned
more than 200 articles.
However, from the clinical, practical perspective,
the importance of these studies can be quantified in their
translational abilities to transcend from the bench to the
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Table 2 Overview of the query results returned by different searches
regarding bladder cancer on the ClinicalTrials.gov webpage
Initial search query

Additional
key words

Number of clinical
trials

“bladder” AND “cancer”
“bladder” AND “cancer”
“bladder” AND “cancer”
“bladder” AND “cancer”
“bladder” AND “cancer”
“bladder” AND “cancer”
“bladder” AND “cancer”
“bladder”

–
Biomarker
Signature
Diagnosis
Treatment
Therapy
MicroRNA/miRNA
MicroRNA/miRNA

674
93
27
90
542
481
1
2

Abbreviation: miRNA, mircoRNA.

b edside, and the first step toward achieving this takes the form
of clinical trials. The National Institutes of Health provides
an online database (http://clinicaltrials.gov/) in which they
publish, according to their own homepage, “publicly and
privately supported clinical studies of human participants
conducted around the world.” It currently lists 155,545
clinical trials, located in all 50 states and in 185 countries
around the world, and is thus one of the most valuable sources
for centralized information on this topic. In our attempt to
find out the share of clinical trials focused on urinary bladder malignancies, we first searched this database using the
search query “bladder” AND “cancer,” which returned a
total number of 674 studies in the “Conditions” field. We
further refined the search using different additional key terms,
and the results returned by these searches are presented in
Table 2.
As can be observed, the returned results for clinical trials
that included references to both bladder cancer and miRNAs
consisted of only one study, which is actually not focused on
bladder cancer per se but, rather, on prostate adenocarcinoma.
The name of the trial is “Hypofractionated, Dose Escalation
Radiotherapy for High Risk Adenocarcinoma of the Prostate,” and the only reference to bladder cancer is made in
“Secondary Outcome Measures,” where the authors mention
the correlation of “dose-volume histograms of the rectum
and bladder by studying wall and whole organ volumes to
the development of GI (gastro-intestinal) and GU (genitourinary) toxicity.” In the description of this study, miRNAs
are not the main focus of this study, being mentioned only
once, as well in the context of secondary measures, more
precisely when discussing the predictive and prognostic
value of various biological variables, which in this case is
the expression of X-linked miRNAs.
To see whether there are any other studies on miRNA
implication in bladder diseases in general, we relaxed the
search, using only the key words “bladder” and “miRNA.”
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This inquiry returned two results, of which one was the trial
we already mentioned, and the second has the title “The Role
of microRNAs in Organ Remodeling in Lower Urinary Tract
Dysfunction” and does not make any reference to malignant
pathology. So it is safe to assert the fact that for the time
being, there are no clinical trials focused on the implication
of miRNAs in bladder cancer or on topics that are connected
to our subject of research.

Conclusion
Distinct miRNAs expression signatures were observed
among the different stages and histological subtypes of
bladder cancer. This miRNA altered pattern may provide
knowledge into the molecular pathways affected in bladder carcinogenesis being investigated by several research
teams. At this time, there is an increasing amount of literature data, but the implementation into the clinic remains
limited. This may be because of the higher heterogeneity
of biological specimens and lack of confirmed methods for
in vitro and in vivo validation of the in silico miR data.
Despite that, miRNAs might be promising biomarkers for
the prognostic and diagnostic features of bladder cancer.
Accumulation of novel data concerning miRNA signatures holds great potential, permitting progress leading to an
accurate diagnosis. In this context, the clinician might furnish
an appropriately optimized treatment scheme impairing the
tumors, as well as a better quality of life.
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