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Introduction
Bladder cancer is an important cause of death worldwide. 

This type of cancer is a major concern related to life expectancy 
worldwide, also in Romania. According to WHO publication, 
in 2017 a number of 1651 of bladder cancer deaths have been 
reported in Romania, representing 0.70% of total urinary bladder 
cancer deaths [1]. Presently, a lot of research data are published 
reporting insight aspects of tumorigenesis in bladder cancer, which 
are used in establishing diagnosis and prognosis of this devastating  

 
disease. The most of these reports focus mainly on non-genetic 
or epigenetic factors linked with prevention and personalized 
targeted treatments [2,3]. Also, much effort is involved in delimiting 
the stages and grades of tumorigenesis in bladder cancer, that are 
already classified by WHO 1973 and further completed in 2016, 
based on standardized pathological criteria [4]. The biological 
mechanism of bladder cancer tumorigenesis in terms of epigenetic 
factors involvement. It is already accepted by the worldwide cancer 
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ARTICLE INFO Abstract

Background: Bladder cancer is one of the dominating causes of death worldwide. 
The identification of microRNA functions in carcinogenesis has given a new direction for 
the development of novel biomarkers.

Aims: We have investigated seven microRNAs (miR-124, miR-126, miR-139, miR-
145-3p, miR-145-5p, miR-152, miR-182) in order to define their clinical relevance in 
diagnosis and prognosis of bladder cancer patients. We have analyzed expression levels 
of these microRNAs in tumor samples versus normal tissues, as well as correlation 
between their expression levels and staging and lymph node metastasis. 

Methods: Expression levels of selected microRNAs were assessed by TaqMan RT-
PCR assay. The data obtained were revealed using GraphPad Prism 6.01 software which 
enabled the statistical analysis of the correlation between the miRNA expressions and 
tumor stage.

Results: We have found a consistent epigenetic signature in tumor samples including 
significant downregulation of miR-126, miR-139, miR-145-5p, miR-145-3p, miR-152, as 
well as upregulation of miR-182 compared to normal tissues. The expressions of miR-
126, miR-139 and miR-152 were significantly downregulated in patients with T3N0 
stages compared to patients with T3N positive stages. Our preliminary data show 
that selected miRNAs are clinically relevant for monitoring the urinary bladder cancer 
patients.

https://biomedres.us/
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epigenetic research that tumorigenesis is a process implying both 
genetic and epigenetic changes. Malignant tumors have molecular 
features which have developed in successive steps resulting 
the excessive growth of cell clones in a normal tissue. The main 
feature of cancer cells is to be dependent on the abnormal pattern 
of gene expression, involving two essential types of genes: tumor 
suppressor genes (TSG) and oncogenes (OG). 

The reprogramming of their expression is realized through 
their epigenetic state: while TSG are active in any normal cell, they 
may be aberrantly silenced by either DNA methylation and histone 
covalent modifications of their promoter chromatin or microRNA 
high level expression in cytoplasm. By contrast, proto-oncogenes 
are normally silenced and aberrantly activated as oncogenes 
in tumor cells. Based on these processes, the investigation of 
microRNAs involvement in the regulation of several genes during 
cancer initiation and progression has led to the assumption of 
the microRNA’s role in cancer as TSG or OG [5]. Therefore, Lu et 
al. have proposed a molecular classification of tumor according to 
changes in microRNA expressions [6]. Differential expression of 
microRNA genes between malignant and normal cells is a complex 
process which underlies a lot of factors such as microRNA control 
of oncogenes and tumor suppressor genes and genomic location 
of microRNAs in cancer-associated regions. TS-miRNAs have anti-
proliferative roles by their ability to negatively regulate messenger 
RNA (mRNA) of oncogenes through their expression level as 
compared with the normal tissue. This role is proved by their 
under-expression which is correlated with overexpression of the 
oncogenes controlled by the TS-miRNAs. 

This process is in accordance with tumor development [7]. 
Particular epigenetic regulation of mRNAs corresponding to TSG or 
OG may characterize differently miRNAs as tumorigenic (having OG 
role), or tumor suppressive (having TSG role). Post transcriptional 
epigenetic control of OG or TSG mRNA translation may be positive 
in the context of miRNA under-expression and negative in the 
context of miRNA overexpression. Therefore, a miRNA species 
that negatively regulate an OG mRNA became a TS-miRNA with 
tumor suppressive role. By contrast, its under-expression is able 
to positively regulate an OG mRNA translation defining its OG or 
tumorigenic role. In the same way the overexpression of miRNA 
species that negatively regulating a TSG mRNA has tumorigenic or 
OG role, while its under-expression towards the same TSG mRNA 
may turn in to opposite tumor suppressive or TSG role.7 In some 
cases, the same microRNA may have dual activities acting either 
as an OG or TSG in a tissue-specific manner, in different stages of 
the tumor progression [8]. Previously, we have reported our results 
regarding the expression profile of certain microRNAs (miR-145-
3p, miR-145-5p, miR-152 and miR-182) in Romanian patients with 
urinary bladder cancer [9].

This work uses these preliminary results and investigates the 
clinical relevance of additional miRNAs species (miR-124, miR-

126 and miR-139) in our patients. The present approach aims to 
figure the possibility of defining an epigenetic molecular diagnosis 
algorithm. Moreover, the new results establish the tumorigenic 
role (as tumor suppressor gene or oncogene) for each microRNA. 
Detailed discussions of these aspects compared with statistical 
analysis values are reported as the final criteria for selection of 
relevant microRNAs. The extended microRNAs expression markers 
could provide more relevant information. We are interested to seek 
for the relevance of the selected miRNAs in delimitating the stages 
during bladder cancer progression related to TNM (Tumor, Node, 
Metastasis) classification. Modulation of microRNA expression 
is increasingly considered to be an important mechanism by 
which tumor suppressor proteins and oncoproteins exert some 
of their effects with important results regarding the stages of the 
carcinogenesis. This work considered such concepts by a particular 
statistical tool that enabled a comparison between the expressions 
of miRNA species during the various carcinogenesis stages. 

Patients and Methods 

Patients

In this study we have included ninety patients with urinary 
bladder tumors (73 males and 17 women) who were admitted in 
Fundeni Clinical Institute, Centre of Urology, Dialysis and Kidney 
Transplantation from May 2017 to November 2018. The median 
age was 66 years (ranging from 36 to 82).  The diagnosis was based 
on clinical, laboratory and imagistic examinations. All patients 
had undergone cystectomy and during the surgery were collected 
ninety bladder tumor tissues and twenty-two adjacent normal 
tissues. Collected tissue samples were immediately stored at -80°C. 
Also, all samples were processed for pathological examination by 
standard diagnostic procedure, according to TNM classification. 
Informed written consent was obtained from all patients, and the 
research protocol was approved by the Fundeni Clinical Institute 
Ethical Committee.

Methods

RNA Extraction and Amplification: Total RNA was isolated 
from frozen tumor and normal tissue samples using a mirVana 
miRNA Isolation Kit (Invitrogen) according to manufacturer’s 
instructions and the concentration was assessed by a Qubit 
Fluorometer (Invitrogen). Total RNA samples were reverse 
transcribed using a TaqMan MicroRNA Reverse Transcription 
Kit (Applied Biosystems USA). Quantitative real-time PCR for 
selected mature microRNAs was performed according to the 
manufacturer’s instructions for TaqMan MicroRNA Assays by using 
TaqMan Universal Master MixII, no. UNG (Applied Biosystems) on 
Applied Biosystems 7300 Real Time PCR system. The expression 
level values were normalized to the endogen control expression of 
RNU48. All reactions were done in duplicate.

Statistical Analysis: The levels of microRNA species in 
investigated patient samples were expressed relative to control 
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samples using the double delta CT method. Statistical analysis was 
performed using GraphPad Prism 6.01 software. The results were 
expressed as mean ± SEM (Standard Error of Mean). P value was 
calculated using Student t test. The P-value < 0.05 was considered 
statistically significant.

Results

MicroRNA Expressions Profile Between Tumor Samples 
and Normal Tissue Samples

Investigation of urothelial tumors involved the evaluation 
of selected microRNAs relative expression in tumor samples 

compared with their expression in normal tissues. We have found 
that the microRNAs expression profiles differed between tumor 
and normal bladder tissues:

a)	 The expression levels of miR-126, miR-139, were 
significantly downregulated in tumor samples compared to 
normal samples (P<0.0001) (Figure 1)

b)	 miR-124 was also downregulated in tumor tissues 
although its expression was not statistically significant 
(P=0.2409) (Figure 1)

Figure 1: Expression profile of miR-124, miR-126 and miR-139 presented as 2-∆CT of the miRNA expression level in tumor and 
matched adjacent normal bladder tissues.

c)	 The expression levels of miR-145-3p, miR-145-5p and 
miR-152 remained significantly under-expressed (P<0.001 in 
tumor bladder tissues compared to normal bladder tissues [9]

d)	 miR-182 was significantly upregulated in bladder cancer 
tissues versus normal tissues [9].

MicroRNA Expression Analysis According to Cancer 
Stage

The patients were divided by their cancer stage as follows: I, II, 
III and IV (represented by 9, 21, 43 and 17 patients), respectively 
corresponding to the expression levels of the microRNA’s species.  

The expression levels have been divided in three groups comprising 
the following stages: stage I/II, stage III and stage IV. In this study, 
we have found a significant correlation of miR-126, miR-139,  miR-
145-5p, miR-152 and miR-182 expression levels with tumor stages 
I/II, III and IV, compared with normal tissues (P<0.0001) (Figure 
2). Also, for miR-145-3p and miR-124 we obtained significant 
correlations of change in expression only in stages III and IV 
compared with normal tissues (P<0.0001) (Figure 2). We have 
observed a tendency to a decreased miR-124 expression level 
in tumor stages III and IV compared with normal bladder tissue.  
(P=0.096 respectively, P=0.0117) (Figure 2). 

Figure 2: Correlation between the miR-124, miR-126, miR-139, miR-145-p, miR-145-5p, miR-152, miR-182 expression levels and 
tumor stages presented as 2-∆CT. Error bars represent SEM. 

http://dx.doi.org/10.26717/BJSTR.2020.24.004084
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MicroRNA Expression Analysis According to Every Stage 
of Primary Tumor Development (T)

Further, the statistical analysis was approached considering the 
samples divided in other four groups T1, T2, T3 and T4 (according 
to T from TNM classification). Only tissues from patients without 
metastasis were analyzed. In this analysis we did not obtained 
statistically significant results. It was observed a tendency for 

decreased expression level in T2 group compared with T1 group for 
miR-126 (P=0.0612), miR-139 (P=0.0830), miR145-5p  (P=0.0767). 
Also, miR expression levels were lower in T3 group compared with 
T1 group for miR-126 (P=0.0601), miR-139 (P=0.0845), miR145-
5p (P=0.0845). miR-152 level presented a tendency to decreased 
expression level in T3 group compared with T4 (P=0.0869). miR-
182 expression was a slightly  increased in T2 patients than T3 ones 
(P=0,0931). The results are presented in (Figure 3). 

Figure 3: Analysis of microRNAs expression level according to T stage in bladder cancer tissues: miR-152, miR-126, miR-139, 
miR-145-3p, miR-145-5p, miR-182 presented as Log 2-Fold Change. Error bars represent SEM.

MicroRNA Expression Analysis According to Lymph Node 
Metastases

This analysis involved the comparison of microRNAs expres-
sion in tumor tissues with different, invasive/noninvasive. In to-
tal, 40 (44.5%) patients had positive and 50 (55.5%) had negative 
lymph node metastases. With the exception of miR-126, for which 
we obtained a borderline result (P=0.0512), not significantly cor-
relation between positive or negative lymph nodes and microRNA 
expression levels were observed (Figure 4). In addition, analyzed 
tissues were divided according to tumor development stage as T2, 

T3 and T4 and subdivided according to the presence (N+)/absence 
(N-) of lymph node metastasis. Further, the correlation between mi-
croRNA levels and lymph node metastases were evaluated in tumor 
development stages T3 and T4. The results showed the statistically 
significant decrease of miR-126 (P=0.0233), miR-139 (P=0.0416) 
and miR-152 (P=0.0273) in T3N0 patients compared with T3N+ 
subjects (Figure 4). For miR-145-5p we obtained a borderline re-
sult (P=0.0514) (Figure 5). Within the T4N0 and T4N+ groups not 
significantly difference in the expressions of the analyzed microR-
NA species were observed (Figure 5).

Figure 4: Relative expression of miR-124, miR-126, miR-139, miR-145-3p, miR-145-5p, miR-152, miR-182 between positive and 
negative lymph node metastases tissues, presented as 2-∆CT.
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Figure 5: Analysis of miR expression level according to lymph node metastases versus metastasis-free patients in bladder 
cancer tissues: T3N0 versus T3N+ and T4N0 versus T4N+.

Patients monitoring after cystectomy by imagistic examination 
lead to their classification in two categories: patients with metas-
tases (39%) and patients without metastases (61%). microRNA 
expression levels comparison between the two groups highlighted 
a significant increasing of miR-182 (P=0.0039) at patients with me-
tastases compared with patients without metastases. In contrast, 
miR-126 showed a significant decrease in patients without metas-
tases (P=0.0081). For the other microRNA species no significant 
differences were obtained. 

Discussion
Recent studies in the field of epigenetics have contributed to 

a better understanding of carcinogenesis processes and therefore 
to a better characterization of urinary bladder tumors. The newly 
discovered molecular features of tumors could be used in defining 
diseases prognosis and in anticancer therapeutic schemes. Post-
transcriptional control of tumor suppressor genes and oncogenes 
is performed in cytoplasm by the activity of OG-miRNAs and TSG-
miRNA species. Consequently, expression level of microRNAs 
involved in such processes could be considered a differentiation 
marker between normal and tumor tissues. Interpretation of our 
results in this context is based on data from literature [10] which 
explain the oncogenic/tumor suppressor roles of microRNAs 
according to expression level. Thus, microRNA overexpression 
in cancer could indicate its oncogenic role, promoting cancer 
development by a negative control of tumor suppressor genes and 
genes that control cellular differentiation and apoptosis. Under-
expression of a microRNA species in cancer could indicate its acting 
like tumor suppressor genes and inhibition of cancer by controlling 
oncogenes and genes that control cellular differentiation and 
apoptosis. 

The evaluation of selected miRNA expression levels between 
tumor and normal bladder tissues led to their classification in two 
subgroups which define the molecular mechanism underlying their 
tumorigenic function: subgroup marked by under-expression and 
the subgroup marked by overexpression. The common element of 
these microRNA species in terms of mode of action is the negative 

control of the expression (mRNA translation) of oncogenic or 
tumor suppressor proteins. Subgroup defined by under-expression 
was represented by the most microRNA species: miR-124, miR-
126, miR-139, miR-145-3p, miR-145-5p and miR-152. Their role 
has been suggested to be the promotion of oncogenes expression 
and they are free to perform their tumorigenic function while the 
cancer progression occurs. miR-182 is the only representative 
of subgroup defined by overexpression, its oncogenic role may 
be based on an inhibitory mechanism  of the tumor suppressor 
genes expression.  A correlation of miR-124 under-expression 
tendency was observed with advanced tumor stages, which could 
suggest that this is contributing to tumor aggression by loss of 
control of targeted oncogenes. Such results are confirmed by 
numerous scientific reports. Neuronal-enriched miR-124  have a 
role in modulation of innate and adaptive immune systems and in 
inflammatory diseases [11,12]. Its downregulation has tumorigenic 
effects in multiple cancer types: oral carcinoma, nasopharyngeal 
carcinoma, hepatocellular carcinoma, breast cancer, lung cancer, 
bladder cancer [13-19]. Numerous studies conducted in bladder 
tumor tissues and in bladder tumor cell lines have revealed the 
tumor suppressor function of miR-124 by its ability to target mRNA 
of genes involved in complex biological processes underlying cell 
transformation. 

The identification of miR-124 tumor suppressor role by its 
direct binding to the 3’-UTR region of mRNA of the ROCK1, CDK4, 
AURKA, UHRF1, CAV1 genes has established the relationship 
between it and bladder cancer. Thus, miR-124 under-expression 
lead to the increase of ROCK1, AURKA, UHRF1, CAV1 expression 
levels that are correlated with the progression of bladder cancer 
by proliferation, apoptosis suppression  and metastasis [20-23]. 
In relation with TNM stages, the tumor suppressor miR-126 was 
significantly under-expressed in all stages of bladder tumors tissues 
compared with normal bladder tissues analyzed. Statistical analysis 
of the miR-126 level revealed its tendency to be downregulated 
depending on tumor progression: miR-126 expression was lower 
in T2 and T3 groups compared with T1 group. In the case of lymph 
node metastases, we obtained a borderline significance for miR-
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126 increased expression in group of tumors that have spread to 
the lymphatic flow compared with metastases-free tumors. miR-
126 expression level was significantly lower in T3N0 compared 
with T3N+. Considering the initial hypothesis according to that the 
decreasing of tumor-suppressor miRNA expressions are leading to 
increased aggressiveness, this is not confirmed by the lower miR-
126 expression levels in tumors without lymphatic invasion than in 
lymphatic invasion tumors. An explanation for this could be related 
to the tumor tissue heterogeneity regarding the stages of neoplastic 
progression, which is also based on pathological staging. In this 
way, the population of cells in which the microRNA is expressed at 
a certain value compared to normal cells cannot be controlled by 
such a statistical approach. 

However, another biological explanation would refer to the 
intense dynamics of reprogramming processes of gene function 
in neoplastic progression. These would involve the activation of 
other oncogenes and the inactivation of other suppressor tumor 
genes, against which the studied microRNA species did not have 
control.  Downregulation of miR-126 expression was also observed 
in various solid cancers (colorectal, pancreatic, thyroid, breast, 
esophageal, kidney and bladder cells), but not in leukemia where 
the expression of miR-126 varied depending on the leukemia 
subtype [24]. Identification of numerous targets for miR-126 in 
different tumors highlights its major impact in cancer development 
and progression. In most cases, miR-126 acts as tumor suppressor 
[25]. However, miR-126 have a complex behavior acting either 
as oncogene, or as tumor suppressor in different physiological 
and pathological states [26]. The tumor suppressor role of miR-
126 in the progression of bladder cancer was first described by 
the identification of inverse correlation between its expression 
and metalloproteinase ADAM9 expression. Increasing of ADAM9 
level expression due to miR-126 under-expression is involved in 
increasing invasive potential of bladder cancer cells [27].

miR-126 has important regulatory function in PI3K/Akt 
pathway transduction, which is thought to play a major role in 
bladder carcinogenesis [28]. Inhibition of PIK3R2 expression and 
the PI3K /Akt signaling pathway by miR126 suggests that it can 
negatively regulate targeted gene and inhibit the signaling pathway 
PIK3R2/PI3K/Akt [29]. miR-139 is located on chromosome 11q13.4 
and has anti-oncogenic and anti-metastatic activity. Deregulation 
of miR-139 expression was reported in many diseases, including 
cancer.30, 31 Under-expression of miR-139 was first shown in the 
process of neurodegeneration and later, its role in cancer diagnosis, 
prognosis and therapy was identified.31 miR-139 downregulation 
in cancer was significantly associated with unfavorable prognosis 
and with metastatic tumors features including venous invasion, 
absence of tumor encapsulation and poor differentiation [30]. 
Cao discovered that p53 regulates miR-139 transcription which 
suppress the expression of PDE4D oncogene and, also induce 
cell growth arrest mediated by cAMP/BIM. They suggested that 
deregulation of p53-miR-139-PDE4D-cAMP-BIM pathway could be 

associated with tumorigenesis [31,32]. Other studies confirmed our 
findings regarding the participation of miR-139 in the migration 
and invasion of bladder cancer cells. 

Yonemori et al. have identified that MMP11 is directly targeted 
by miR-139. Under-expression of miR-139 has been correlated 
with MMP11 overexpression which is involved in regulation of 
many oncogenes related to migration and invasiveness of bladder 
cancer cells [33]. Luo have demonstrated that miR-139 inhibits 
bladder tumor growth by directly blocking of Bmil expression. miR-
139 under-expression leads to the activation of Bmi1 oncogenic 
role in the bladder cancer tumorigenesis, which is associated with 
tumor growth stimulation and with the maintaining cancer stem 
cells proprieties [34]. Our study also showed that the expression 
level of miR-139 was significantly downregulated in all bladder 
tumor stages compared with normal bladder tissues. In addition, 
a significant result was obtained for expression level of miR-139 
between T3N0 versus T3N positive. Therefore, the expression 
level was significantly lower in T3N0 compared with T3N positive. 
Under-expression of miR-139 in tumors that have not spread 
in lymph nodes compared with the tumors that have spread to 
lymph nodes, could suggest its intensive tumorigenic role in tumor 
progression. 

Thus, a decrease of miR-139 level could lead to loss of control of 
some oncogenes and consequently, to activation of novel molecular 
signaling pathways where miR-139 function is less involved. 
Based on correlative analyzes of miRNA expression, we suggest 
that miR-139 could serve as a progression marker for bladder 
tumors and also could represent a negative prognostic biomarker. 
Additionally, the role of miR-139 in tumor progression can also 
be suggested by comparative analysis of its expression between 
groups T1 vs T2 / T3. The miR-139 level has shown a tendency 
to decrease in T2 and T3 compared to T1. The assessment of the 
tumorigenic role of the microRNA species approached in the initial 
phase of this study (miR-145-3p, miR-145-5p, miR-152, miR-182), 
from the point of view of their correlation with tumor stages and 
lymphatic invasion provided new data on their dynamics in tumor 
progression. Our study has shown that the expression of miR-145-
3p was significantly decreased in tumor stages III and IV compared 
with normal bladder tissues, suggesting that it has an intensive 
tumorigenic role in advanced tumors. miR-145-3p tends to be 
downregulated in T3N0 compared with T3N+.

The expression level of miR-145-5p was significantly lower in 
all tumor stages, suggesting that its tumor suppressive function 
is altered since the first tumor stage. In relation to the extent of 
primary tumor (T), it was observed a tendency to decrease of miR-
145-5p expression in groups T2 and T3 compared with T1 group. In 
addition, borderline result was obtained for miR-145-5p expression 
in the case of metastasis to the lymph nodes. Its expression level 
was decreased in T3N0 patients compared with T3 metastases-
free subjects. miR-152 expression was downregulated in group 
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of bladder tissues versus normal tissues. In accordance with this 
result, we found that miR-152 was strongly downregulated in all 
bladder cancer stages. In the case of primary tumor extension (T), 
it was observed its tendency to be more downregulated in T3 group 
than T4. The negative correlation of miR-152 with T stage could 
suggest its tumorigenic behavior, dependent on its expression; it 
decreases with tumor growth. By the other hand, in the correlative 
analysis with lymph node metastases, we obtained a significant 

decrease of miR-152 expression in T3N0 compared with T3N+.  
miR-182 expression was changed in all tumor stages compared 
with normal tissues and presented a tendency to be overexpressed 
in T2 group compared with T3.  Finally, only several miRNAs proved 
statistical significance in their association with bladder cancer 
tumor progression. These results are summarized in the diagram of 
tumor progression in Table 1. 

Table 1: The most relevant variations of selected microRNA expressions. ↓↓↓ = significant (P <0.005), ↓↓ = borderline (0.05), ↓ = 
tendency (>0.07<0.1).

Tumor Tissues 
vs Normal 

Tissues

Stage I\II 
vs Normal 

Tissues

Stage III 
vs Normal 

Tissues

Stage IV 
vs Normal 

Tissues
T2 vs T1 T3 vs T1 T2 vs T3 T3 vs T4 N0 vs N+ T3N0 vs 

T3N+

miR-124 - - ↓↓↓ ↓↓↓ - - - - - -

miR-126 ↓↓↓ ↓↓↓ ↓↓↓ ↓↓↓ ↓↓ ↓↓ - - ↓↓ ↓↓↓

miR-139 ↓↓↓ ↓↓↓ ↓↓↓ ↓↓↓ ↓ ↓ - - - ↓↓↓

miR-145-3p ↓↓↓ - ↓↓↓ ↓↓↓ - - - - - ↓

miR-145-5p ↓↓↓ ↓↓↓ ↓↓↓ ↓↓↓ ↓ ↓ - - - ↓↓

miR-152 ↓↓↓ ↓↓↓ ↓↓↓ ↓↓↓ - - - ↓ - ↓↓↓

miR-182 ↑↑↑ ↑↑↑ ↑↑↑ ↑↑↑ - - ↑ - - -

Conclusions
Deregulation of molecular mechanisms control can be caused by 

synergic cooperation of several microRNA species which modulate 
the mRNAs transcripts involved in key cellular processes. Changes 
of miRNA expressions may be drivers of carcinogenesis processes 
but may also be the result of tumor progression. In this way, the 
expression profiles of the microRNA species could become useful 
biomarkers in cancer patient’s diagnosis. In addition, such results 
may be useful in personalized therapy decisions and also in cancer 
prevention by direct use of microRNA species in diagnosis.  In this 
study, the most representative microRNA in terms of prognostic 
prediction is represented by miR-182. Increasing of miR-182 
expression level to patients with metastases suggest its role in 
tumor progression and metastasis and, also could be correlated 
with an unfavorable prognostic. The selection and inclusion of 
microRNA species on a panel representative for each neoplastic 
stage impose an extended testing on a larger group of patients.

Our results are important for the elaboration of personalized 
diagnosis scheme of bladder cancer tumors which include 
staging of the cancer progression in both terms of TNM criteria 
and molecular miRNA expression profiles. Post-transcriptional 
modification control in different stages of neoplastic progression 
is highlighted by dynamic of microRNAs expression. Evaluation 
of microRNAs expression and their role in tumorigenesis is a 
clinically relevant marker which could correlated with tumor 
development for a better approach of bladder cancer management. 
Molecular characterization of urinary bladder tumors by the 
selected microRNAs panel investigation provide new perspectives 
in precision medicine by improving the diagnostic and prognostic 
prediction. Also, they may be efficiently used for the innovative 

molecular treatment of tumor tissues by injecting precise synthetic 
oligonucleotides able to modify the in vivo miRNA expression that 
could have a particular tumorigenic activity. 
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