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MicroRNAs in urine supernatant as potential non-invasive markers for 
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Urinary bladder carcinoma contributes to 4% of newly diagnosed oncological diseases in the Czech Republic. Biomarkers 
for its early non-invasive detection are therefore highly desirable. Urine seems to be an ideal source of such biomarkers due 
to the content of cell-free nucleic acids, especially microRNAs (miRNAs).

To find potential biomarkers among miRNAs in urine supernatant, we examined in total 109 individuals (36 controls 
and 73 bladder cancer patients) in three phases. In the first – discovery – phase, microarray cards with 381 miRNAs were 
used for miRNA analysis of 13 controls and 46 bladder cancer patients. In the second – verification – phase, the results of 
this first phase were verified on the same groups of subjects by single-target qPCR assays for the selected miRNAs. For the 
third – validation – phase, new independent samples of urine supernatant (23 controls and 27 bladder cancer patients) were 
analyzed using single-target qPCR assays for 13 verified in the previous phase. The results of all phases were normalized to 
miR-191, miR-28-3p, and miR-200b, which were selected as suitable for our study by the qBase+®.

We found that miR-125b, miR-30b, miR-204, miR-99a, and miR-532-3p are significantly down-regulated in patients’ urine 
supernatant. In our experiments, the analysis of miR-125 levels provided the highest AUC (0.801) with 95.65% specificity and 
59.26% sensitivity, the analysis of miR-99a lead to AUC (0.738) with 82.61% specificity and 74.07% sensitivity. 

We demonstrate that levels of these miRNAs could potentially serve as promising diagnostic markers for the non-invasive 
diagnostics of bladder cancer.
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MicroRNAs (miRNAs) are 21-28 nucleotides long RNAs, 
which block the process of translation by mechanisms based 
on their complementarity with target mRNAs [1]. miRNAs 
were discovered by Lee et al. [2] in 1993 in Caenorhabditis 
elegans. They are found in most body fluids, often enclosed in 
exosomes [3]. miRNAs as small noncoding regulatory RNA 
molecules participate not only in many physiological pro
cesses, but they are involved also in different pathways included 
in pathogenesis of broad spectrum of diseases [4]. In some 
cases, alteration of particular miRNAs expression indicates 
the presence of pathological changes even before their clini-
cal manifestation [5]. Some miRNAs are tissue specific while 

others are ubiquitous [6]. Numerous target genes regulated by 
miRNAs are known [7-10], however, many regulatory relation-
ships remain undiscovered. 

Bladder carcinoma belongs to the most common uro-
oncological diseases. It is the sixth most often diagnosed 
oncological disease and it makes up 4% of newly diagnosed 
cancers in the Czech Republic [11]. Approximately 70% of 
bladder cancers are represented by non-invasive tumors in 
stage Ta with a  very good prognosis despite numerous re-
lapses. The remaining tumors are invasive with infiltration 
into sub-epithelial connective tissues and muscles (stages 
T1-T4). Molecular differences were found in these two types 
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of tumors [12], including altered miRNAs expression [13]. 
Five year stage-specific survival is between 8.1% and 90.8%, 
according to a  recent large Surveillance, Epidemiology and 
End Results analysis [14].

The incidence of bladder cancer and the mortality rate was 
20.33 cases and 7.63 cases, respectively, per 100,000 inhabit-
ants in the Czech Republic in 2013. The incidence shows 
a decreasing tendency since 2004 but mortality stays at the 
same level. Bladder cancer is three times more frequent in 
men than in women [15]. The application of methods for its 
early detection could contribute to decreased mortality rate of 
this disease. Currently, the one and only reliable examination 
is cystoscopy [16], an invasive and uncomfortable procedure 
with corresponding risks. Therefore, one of the priorities of 
medical research is finding the appropriate early non-invasive 
marker(s) for the early detection of bladder cancer. The stud-
ies focused on the search for such miRNA markers are listed 
in Supplement 1.

Some studies tested only the tumor tissue to reveal miRNAs 
signatures in bladder cancer. For example Lin et al. [17] found 
that many miRNAs are deregulated in tumor tissue. Among 
others, the most significant down-regulation of miR-143 and 
miR-125b was detected. The authors found that the growth 
was inhibited in cell lines transfected with miR-143. This 
finding confirmed the theory that miR-143 may act as a tumor 
suppressor. Zhang et al. [18] analyzed miRNA composition 
in bladder tissue. They revealed six down-regulated miRNAs 
(miR-1, miR-99a, miR-125b, miR-133a, miR-133b and miR-
143) in cancer tissues. 

The comparison of the results obtained on tumor and 
control tissues may serve as a  serious background for the 
urine analysis. The examination of patients’ urine seems to 
be the most promising strategy for the development of the 
non-invasive early diagnostics. 

Some studies focused on miRNAs in urine supernatant. 
Zhang et al. [18] also evaluated the urine supernatant and 
found four down-regulated miRNAs (miR-99a, miR-125b, 
miR-133b and miR-143). They proposed miR-99a and miR-
125b as a non-invasive marker, whose concentration were 
significantly lower in the patients’ urine and showed a cor-
relation with a tumor grade. These two miRNAs returned 
to normal levels four weeks after a surgery. Snowdown et 
al. [19] confirmed decreased miR-125b levels in cancer 
patients’ urine supernatant. Yun et al. [16] found miR-145 
and miR-200a as bladder cancer markers – miR-145 levels 
were significantly lowered in patients’ urine supernatant 
compared to control samples and they correlated with the 
cancer grade. The down-regulated miR-200a indicated 
a higher risk of recurrence in lower tumor grades in this 
study. 

Zhou et al. [20] discovered that levels of miR-106b are 
increased in bladder cancer patients' urine supernatant. 
This miRNA belongs to miR-106b-25 cluster, which is often 
up-regulated in cancers [21, 22]. Higher levels of urinary 
miR-106b were detected in patients with invasive diseases, 

and were significantly reduced 14 days after surgery [20]. 
Kim et al. [23] examined miR-214 which was up-regulated 
in patients with bladder cancer. The patients with recurrence 
had lower levels of miR-214 in urine supernatant compared 
to the patients without it. 

Other studies focused on the whole urine. Hanke et al. 
[24] revealed that the miR-126/miR-152 ratio can detect blad-
der cancer in the whole urine. Yamada et al. [25] found that 
miR-96 and miR-183 are up-regulated in the whole urine of 
bladder cancer patients; these miRNAs had higher level in 
higher tumor stages.

All studies mentioned above and summarized in Supple-
ment 1 suggest that a realistic possibility to detect alterations 
in miRNA levels in urine supernatant exists and that it could 
be further explored as a non-invasive diagnostic procedure 
for bladder cancer detection. Therefore, we decided to test 
the levels of a broad panel of miRNAs in urine supernatant 
of Czech bladder cancer patients and corresponding control 
samples, then to verify and validate the results and to propose 
a potential non-invasive diagnostic strategy.

Patients and methods

Patients and samples. With the written consent of the 
patients and with the approval of the local Ethic committee, 
samples of naturally voided urine were collected during the 
period 5/2012 – 6/2015 from 109 individuals recruited at 
the Department of Urology, 1st Faculty of Medicine, Charles 
University in Prague, and General University Hospital in 
Prague, and the Department of Urology, 2nd Faculty of Medi-
cine, Charles University in Prague, and University Hospital 
Motol in Prague, Czech Republic. Patients with positive 
urine culture and/or leukocyturia were excluded from the 
study. The second morning urine, i.e. approximately 2 hours 
after the first morning urine [26], was analyzed from each 
subject. 

50ml of urine samples were collected in a tube with 1.5ml 
RNAlater (Ambion, Life Technologies, NY, USA) and cen-
trifuged at 4000rpm for 10min at 10°C. The supernatant was 
frozen at -20°C. 

Patients with known or suspected bladder cancer un-
derwent transurethral resection of the bladder or radical 
cystectomy and stages with grades were verified by patholo-
gists. The WHO 2004 grading system was used. All tumors 
were urothelial carcinomas.

The study consists of three parts:
In the first part of the study (the discovery phase), 59 individ-

uals (46 of them with bladder cancer and 13 healthy volunteers) 
were examined using array technique. Clinical characteristics 
of examined subjects are summarized in Table 1.

In the second phase (the verification phase), the same 
groups of individuals as in the discovery phase were examined. 
Only the miRNAs selected in the first part of the study were 
analyzed using the second part of stored urine supernatant 
and single-target qPCR assays.
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For the third part of the study (the validation phase), 50 
new individuals were analyzed (27 patients with bladder cancer 
and 23 controls – clinical characteristics are given in Table 2). 
Thirteen miRNAs selected in the previous parts of the study 
were examined using single-target qPCR assays. 

Isolation of miRNAs. In all three parts of the study, iden-
tical protocol for miRNAs isolation was employed. Collected 
samples were thawed at room temperature and 1ml of urine 
supernatant was used for isolation of circulating miRNAs by 
the Urine microRNA Purification Kit (NORGEN BIOTEK 
CORPORATION, Canada) in accord with the recommenda-
tion of the manufacturer. 

The purified miRNAs were immediately used for reverse 
transcription. 

Reverse transcription. For the discovery part of the study, 
reverse transcription was performed in accord with the pro-
tocol of TaqMan® MicroRNA Reverse Transcription Kit with 
the MegaplexTM RT Primers, Human Pool A  v2.1 (Applied 
BiosystemsTM, CA, USA). Reverse transcription was carried 
out in the Veriti® Thermal Cycler  (Applied BiosystemsTM, 
Germany).

For the second and the third part of the study, reverse tran-
scription was done in accord with the protocol of TaqMan® 
MicroRNA Reverse Transcription Kit with TaqMan® Micro-
RNA Assays (Applied BiosystemsTM, CA, USA) in the Veriti® 
Thermal Cycler (Applied BiosystemsTM, Germany). 

The cDNAs were frozen at -20°C immediately. 

Preamplification. The preamplification step was used only 
in the first part of the study. After thawing on ice, the cDNAs 
were preamplified in accord with the protocol of TaqMan® 
MicroRNA Preamplification with the MegaplexTM PreAmp 
Primers, Human Pool A  v2.1 (Applied BiosystemsTM, CA, 
USA) in the Veriti® Thermal Cycler (Applied BiosystemsTM, 
Germany). The samples were frozen at -20°C immediately 
without any dilution steps. 

Analysis of miRNAs in arrays. In the discovery part of 
the study, after thawing on ice the preamplified samples were 
loaded on to the TaqMan® Array Human MicroRNA Card 
A v.2.1 (Applied BiosystemsTM, CA, USA). 

The Array cards were run on the 7900HT Fast Real Time 
PCR System (Applied BiosystemsTM, CA, USA). 

Analysis of miRNAs using single-target qPCR assays. 
In the second and the third part of the study, single Taq-
Man® MicroRNA Assays (Applied BiosystemsTM, CA, USA) 
were used. Amplification reactions were performed in 14µl 
of total volume containing 3.2µl of nuclease-free water for 
injection (Fresenius Kabi, Czech Republic), 8µl of TaqMan® 
UNIVERSAL MasterMix II, no UNG (Applied BiosystemsTM, 
CA, USA), 0.8µl of TaqMan® MicroRNA Assay (Applied Bio-
systemsTM, CA, USA) and 4µl of cDNA. 

The plates with assays were run on the 7900HT Fast Real 
Time PCR System (Applied BiosystemsTM, CA, USA). 

Statistical analysis. Results were processed in Express
ionSuite Software v1.0.3 (Applied BiosystemsTM, CA, USA), 

Table 1. Clinical characteristics of subjects examined in the first and the second part of the study

  N Age range 
(mean) Male Female Subgroups N

Controls 13 29-80  
(54.8) 8 5 HEALTHY group 13

Patients 46 41-86  
(67.9) 32 14 LG HG

  pTa 8 0 8
  pT1 7 7 14
  pT2 0 9 9
  pT3 0 8 8
  pT4 0 7 7

Table 2. Clinical characteristics of subjects examined in the third part of the study

N Age range 
(mean) Male Female Subgroups N

Controls 23 50-81  
(66.5) 17 6

HEALTHY group 18
BENIGN group 5

Patients 27 62-76  
(68.1) 24 3 LG HG

  pTa 15 0 15
  pT1 0 7 7
  pT2 0 5 5
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qBase+© v2.4 (Biogazelle, Belgium), Statistica software version 
10 (StatSoft, Inc., Tulsa, USA) and software G*Power version 
3.1.9.2 (Franz Faul, Universität Kiel, Germany). 

Three miRNAs (miR-191, miR-28-3p and miR-200b), cho-
sen by the geNorm analysis within the qBase+© program v2.4 
(Biogazelle, Belgium), were used for the normalization of the 
expression rates for all parts of the study. 

Man-Whitney’s U test with the Benjamini-Hochberg cor-
rection was used for statistical analysis of the data. 

The G*Power software was used for determination of the 
effective size of compared groups. The analysis was based on 
the data from the second phase of the study. The determined 
effective size was used for the determination of sample size of 
each group in the third phase of the study. The power analysis 
was computed for Mann-Whitney test which was used for 
testing of miRNA expressions in patient and control groups 
in the third phase of the study.

Decision tree was constructed in order to evaluate the di-
agnostic power of miRNAs selected in the validation phase. 
We used alternating decision tree with the boosting methods. 
The Waikato Environment for Knowledge Analysis (Weka) 
software the (University of Waikato, New Zealand) was used 
for this purpose.

Bioinformatics analysis. We performed the search for 
validated targets of selected miRNAs using the miRWalk 
database [27]. The selected gene sets were analyzed using 
the Database for Annotation, Visualization and, Integrated 
Discovery (DAVID) [28, 29] by the functional annotation 
clustering with medium classification stringency and with 
Benjamini correction calculations.

Results

Discovery phase. In the first – discovery – phase we ex-
amined 381 miRNAs at all. We aimed to test a large amount 
of miRNAs and to select the most promising ones for further 
analysis. Simultaneously, we tried to find the most suitable 
miRNAs, which would be useful for normalization pur-
poses when working with urine supernatant. Three miRNAs 
(miR-191, miR-28-3p and miR-200b) were chosen as the nor-
malizers by the geNorm analysis within the qBase+© program 
v2.4 (Biogazelle, Belgium).

For data analysis we applied two normalization methods: 
the normalization to the mean of selected miRNAs (miR-191, 
miR-28-3p and miR-200b) and the normalization to the glo-
bal mean on all data sets. We compared the patients’ results 
with the healthy peoples’ using Mann-Whitney tests with 
Benjamini-Hochberg corrections. The results of the first part 
of the study are summarized in Table 3. 

Verification phase. In the second – verification – phase, 13 
miRNAs were selected from the discovery phase for testing. 
The selection of miRNAs was based on the lowest p-values 
associated with the high difference between controls and 
patients (expressed in the form of Fold Change), determined 
independently by both normalization methods (Table 3). 

The verification part of the study served for the confirma-
tion of the results obtained in the discovery phase. In contrast 
to the discovery phase, which was based on the array technol-
ogy, we employed single-target qPCR assays in this one. For 
this purpose, miRNAs were isolated using the second part of 
stored urine supernatant and the normalization to the three 
selected miRNA normalizers (miRNAs miR-191, miR-28-3p 
and miR-200b) was used. We confirmed statistically signifi-
cant differences between controls and patients in 10 out of 
13 miRNAs tested (Table 4, Figure 1). 

Several classification views are used in the bladder cancer 
diagnostics: non-muscle invasive bladder cancer (NMIBC) 
and muscle invasive bladder cancer (MIBC) classifications 
are important for the choice of the treatment strategy; tumor 

Table 3. Results of array experiments (the discovery phase), p-values ob-
tained after two different normalization methods (Mann-Whitney tests 
with Benjamini-Hochberg correction)

miRNA

Data normalized  
to the mean of selected  
normalizers (miR-191,  

miR-28-3p and miR-200b) 

Data normalized to global 
mean

p-value Fold Change  
(controls vs. 

patients)

p-value Fold Change  
(controls vs. 

patients)
miR-99a 0.0001 12.51 0.0069 4.30
let-7c 0.0002 8.02 0.0157 2.76
miR-125b 0.0003 14.71 0.0085 5.06
miR-532-3p 0.0008 7.49 0.0221 2.58
miR-30b 0.0009 6.34 0.0476 2.18
miR-16 0.0011 0.17 0.0004 0.06
miR-204 0.0021 8.85 0.0375 3.04
miR-425 0.0042 0.14 0.0015 0.05
miR-93 0.0388 0.46 0.0015 0.18
miR-372 0.1968 0.04 0.1455 0.02
miR-519a 0.3395 0.25 0.1339 0.11
miR-301a 0.4106 0.57 0.0520 0.25
miR-199a-3p 0.5229 0.21 0.1192 0.09

Table 4. Results of the second – verification – phase of the study based on 
single-target assays.

miRNA p-value Fold Change  
(controls vs. patients)

miR-125b <0.0001 11.77
let-7c <0.0001 9.18
miR-204 0.0002 7.99
miR-16 0.0002 0.23
miR-532-3p 0.0002 3.19
miR-425 0.0002 0.42
miR-30b 0.0005 3.60
miR-99a 0.0006 6.09
miR-93 0.0006 0.54
miR-199a-3p 0.0060 0.30
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stages Ta-T4 show biological characteristics; low grade (LG) 
and high grade (HG) show the differentiation of tumor and 
are also important for the treatment choice especially in the 
lower tumor stages. We decided to test the distribution of 
patients in NMIBC (pTa and pT1, 22 patients) and MIBC 
(pT2-pT4, 24 patients) against controls. Groups were com-
pared by Kruskal-Wallis ANOVA test. Statistically significant 
differences were observed among controls and both groups 
of patients. There is one exception: miR-199a-3p which is 
statistically significant only among controls and MIBC. There 
are no differences among groups of patients. The results are 
shown in Table 5, Figure 2.

Validation phase. In the third – validation – part of the 
study, we aimed to validate the results of the previous phase 
on a new cohort of patients and controls. The same normaliza-
tion procedure as in the verification phase was used. Power 
analysis was performed, using the data from the second phase, 
to determine the effective size of compared groups. We con-
sidered the miRNAs from Table 6 in the third phase of the 
study. The power analysis determined the minimum sample 
size in the interval of 7 – 21 individuals in both groups for 
all the miRNAs. The expressions in the patients’ group were 
at least two times higher than the expressions in the control 
group for all the considered miRNAs. Thus, the sample size 
of dataset in the third phase (23 controls and 27 patients) 
is sufficient for the analysis as defined in the methodology. 
Among control subjects, the patients with benign urologi-
cal diseases were also included, to simulate the real clinical 
situation (Table 2). Using these new sets of samples, we 
confirmed significant differences in miRNAs levels between 

Figure 1. Boxplots illustrating the results obtained in the verification phase. Medians given by squares, 25th and 75th percentiles given by rectangles. 
Dark grey columns = control subjects, light gray columns = bladder cancer patients. 

Table 5. Results of the second – verification – phase of the study based on 
the distribution of patients to NMIBC and MIBC

p-value

Controls vs. 
NMIBC

Controls vs. 
MIBC

NMIBC vs. 
MIBC

miR-125b 0.0015 <0.0001 0.4530
let-7c 0.0032 <0.0001 0.3626
miR-204 0.0020 0.0002 1
miR-16 0.0203 <0.0001 0.1429
miR-532-3p 0.0051 0.0003 1
miR-425 0.0198 <0.0001 0.2107
miR-30b 0.0454 0.0001 0.1853
miR-99a 0.0154 0.0009 1
miR-93 0.0475 0.0003 0.2782
miR-199a-3p 0.3833 0.0012 0.0607

controls and patients in five miRNAs: miR-125b, miR-30b, 
miR-204, miR-99a, and miR-532-3p. All these miRNAs were 
down-regulated in patients’ urine supernatant. The results are 
summarized in Table 6. The boxplots illustrating these results 
are shown in Figure 3.

Due to the findings of correlation between miR-99a and 
miR-125b levels (r=0.89, p-value<0.0001), we performed the 
bioinformatics analysis of validated targets of these miRNAs 
and the potential roles of these targets in cell cycle regula-
tion and tumor growth. The most significant results of this 
analysis are listed in Table 7. The results suggest that both 
miRNAs are able to regulate large sets of genes included in 
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pathways crucial for tumor development, especially in the 
bladder cancer.

For the potential development of a practically useful diag-
nostic strategy, we listed the values of sensitivity, specificity 
and AUC achieved in the third part of our study in Table 6. 
The best decision tree obtained by the software Weka (Uni-
versity of Waikato, New Zealand) was based on combined 
analysis of miR-125b, miR-204, miR-5323p and miR-99a and 
achieved AUC=0.836, sensitivity 80% and specificity 71%.

All our datasets contained information about the stages 
of bladder cancer in examined patients. However, the power 
analysis determined the sample size as too high for a reliable 
testing of differences in the miRNA levels between stages. 
Therefore, our analysis was focused predominantly on the 
effective differentiation between patients and controls. In the 
validation phase, no patients with stages pT3 and pT4 were 
included, in order to test the ability of the method to detect 
patients with lower bladder cancer stages.

Discussion

In miRNA studies, there are no generally accepted endog-
enous controls as normalizers for different tissues and body 
fluids, but the process of data normalization is fundamental 
and it is known that it can highly alter the results of the study. 
We did not use the commonly employed endogenous controls 
as U6 or RNU6B because these small nuclear RNAs are not 
suitable for normalization purposes neither in all tissues [30] 
nor in all body fluids. [31]. Ratert et al. [32] also recommend 
the use of other endogenous controls than these small nuclear 
RNAs, even for the study of bladder cancer tissues. As there 
is no study aiming to find appropriate endogenous controls 
in urine supernatant for the purposes of miRNA studies, we 
decided to rely on the geNorm analysis within the qBase+© pro-
gram v2.4 (Biogazelle, Belgium) as a widely used tool searching 
for the normalizers [33]. Three miRNAs (miR-191, miR-28-3p 
and miR-200b) were selected by this algorithm.

Table 6. Results of the third – validation – phase. 

p-value Fold Change (con-
trols vs. patients)

Sensitivity
(%)

Specificity
(%)

AUC Cut-off value

miR-125b <0.0001 3.50 59.26 95.65 0.801 ≤0.618
miR-204 0.0001 3.00 53.85 100.00 0.771 ≤0.703
miR-99a 0.0019 2.67 74.07 82.61 0.738 ≤1.003
miR-30b 0.0002 2.10 66.67 82.61 0.760 ≤1.115
miR-532-3p 0.0031 1.64 59.26 86.96 0.718 ≤1.002

Figure 2. Boxplots illustrating the results of the verification phase based on the distribution of patients to NMIBC and MIBC. Medians given by squares, 
25th and 75th percentiles given by rectangles. Dark grey columns = control subjects, striped columns = NMIBC, squared columns = MIBC.



805Urinary miRNAs as non-invasive biomarker of bladder cancer

For the discovery phase of our study, the array technology 
was used to obtain the pilot data which were verified using the 
single-target qPCR reactions. Then the data were validated on 
the independent sets of samples, whose size was determined 
with regard to the results of the power analysis.

Using this approach, we determined five miRNAs with 
significantly decreased levels in urine supernatant of bladder 
cancer patients compared to controls: miR-125b, miR-204, 
miR-99a, miR-30b, and miR-532-3p. 

Our results are in partial agreement with the results of 
previous studies listed in Supplement 1, namely with regard 
to the decreased levels of miR-99a and miR-125b, found 
in urine supernatant [18, 19]. The partial overlap among 
different studies may be regarded as the consequence of 
applications of the broad spectrum of methodological ap-
proaches by different researchers [33]. Due to this variability 

of methodological strategies, the confirmatory results among 
various studies may represent the findings with the real bio-
logical significance. 

Previous studies found the decreased levels of miR-125b 
and miR-99a not only in patient’s bladder cancer tissue [17, 
18, 34] in comparison with normal tissue, but also in urine 
supernatant [18, 19].

The functions of miR-125b in bladder cancer were studied 
using transfection experiments. After transfection of miR-125b 
in bladder cancer cell lines, the cell growth was significantly 
inhibited in comparison to controls. The authors found also 
a potential target of miR-125b – an oncogene E2F3. The trans-
lation of this protein was inhibited by miR-125b [35]. 

The down-regulation of miR-99a was detected by Feng’s 
team in bladder cancer cell lines, cancer tissue and plasma 
of the bladder cancer patients [36]. The genes for both above 

Figure 3. Boxplots illustrating the results obtained in validation phase. Medians given by squares, 25th and 75th percentiles given by rectangles. Dark 
grey columns = control subjects, light gray columns = bladder cancer patients.

Table 7. Selected top terms identified by DAVID for 256 genes regulated either by miR-99a or by miR-125b

Term p-value after Benjamini correction Number of genes
Regulation of apoptosis 1.8 x 10-22 64
Regulation of transcription from RNA polymerase II 6.5 x 10-23 62
Response to organic substance 1.4 x 10-16 52
Response to steroid hormone stimulus 1.9 x 10-13 26
Response to organic cyclic substance 3.5 x 10-6 14
Regulation of DNA binding 1.2 x 10-13 22
Bladder cancer 4.3 x 10-11 15
Blood vessel development 2.2 x 10-5 18
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discussed down-regulated miRNAs (miR-125b and miR-99a) 
are localized together in the cluster on chromosome 21 [37]. 
We found the correlation between their levels in bladder cancer 
patients and controls (r=0.89, p-value<0.0001). Bioinformatics 
analysis of validated targets of both miRNAs revealed the set 
of genes, which are included in pathways relevant for bladder 
cancer development. The finding of 52 genes included in the 
“Response to organic substances” and 14 genes included es-
pecially in “Response to organic cyclic substances” may be of 
special interest with regard to smoking as the important risk 
factor for the bladder cancer development [38]. According to 
these findings we tried to interpret our data with regard to 
the smoking behavior of examined subjects, but after a criti-
cal revision of the group sizes (non-smokers, ex-smokers and 
smokers), we realized that our sets are not suitable for this type 
of analysis due to their limited sizes and clinical heterogene-
ity. The further research focused on this complex regulatory 
network containing miR-99a and miR-125b may provide 
better understanding of the roles of these two miRNAs in the 
bladder cancerogenesis.

According to the fact that bladder cancer is more frequent in 
men [15], we tested differences in miRNAs expression patterns 
among men and women. We didn’t find any statistically significant 
differences in expression of miRNAs examined in our study. 

The down-regulation of miR-204 was found in bladder 
cancer cell lines [39, 40], bladder cancer tissues [13, 40], and 
in urine sediment [40] of bladder cancer patients (Supple-
ment 1), but the levels of this miRNA has not been analyzed 
in the urine supernatant yet.

The studies performed till today provided inconsistent re-
sults regarding the altered levels of miR-30b in bladder cancer 
patients. Wszolek et al. [41] confirmed down-regulation of 
miR-30b in bladder cancer tissue but in invasive compared to 
non-invasive tumors, other studies written by the same team 
of authors described up-regulation of miR-30b in tumor tissue 
[42, 43] (Supplement 1).

Another study didn’t show a significant difference in levels 
of miR-30b in whole urine in patients with bladder cancer and 
in healthy controls [44].

No study describing the altered expression of miR-532-3p 
in bladder cancer was published, according to our knowledge. 
This miRNA was found as up-regulated in esophageal cancer 
tissue [45].

The comparison of AUC values, sensitivities and specifici-
ties for miRNAs selected in the validation phase (Table 6) 
with the performance of tests based on cytology suggests 
that the analysis of these selected miRNAs in urine super-
natant may potentially enrich the portfolio of non-invasive 
tests for bladder cancer detection. Urine cytology nowadays 
represents the only routinely used clinical test. Its diagnostic 
performance is very good in high grade cancer (sensitivity 
of 86.5% and specificity of 92.6%), but poor in low grade 
tumors (sensitivity of 38.5% and specificity of 92.6%) [26]. 
A combination of the novel markers with cytology may be 
the future prospect.

Our results suggest that we found a  set of biologically 
relevant miRNA markers (miR-125b, miR-204, miR-99a, 
miR-30b and miR-532-3p) with the down-regulated levels in 
urine supernatant in patients with bladder cancer. The sensi-
tivity, specificity, and AUC values, especially for miR-125b, 
belong to the best ones reported till today, with respect to the 
performance of a biomarker for non-invasive bladder cancer 
detection [26].

The findings of our study are promising. After elaboration 
of a user-friendly laboratory protocol and after validation on 
larger cohorts of control subjects and patients with different 
bladder cancer stages, the reported approach could be ap-
plied routinely for non-invasive detection of bladder cancer 
patients.
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