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Abstract. MicroRNAs (miRNAs/miRs) act as markers for
various cancers, including bladder cancer (BC). Plasma
miRNAs are potential biomarkers for the noninvasive
diagnosis and long-term surveillance of BC. The aim of the
present study was to identify diagnostically reliable miRNAs
in the plasma and examine their potential monitoring capacity.
miRNAs were measured by reverse transcription-quantitative
polymerase chain reaction. The study was performed as a
discovery phase, which included plasma samples from each of
the 10 patients with and without BC prior to transurethral resec-
tion (TURB). The results were validated in a second phase,
involving 36 patients with plasma samples collected before the
second TURB orradical cystectomy (RC), and after RC. During
the discovery step, three elevated miRNAs (miR-15b-5p,
miR-590-5p, miR-29b-3p) and two decreased miRNAs
(miR-10b-5p, miR-144-5p) were selected as potential miRNA
candidates for further validation. miR-15b-5p and miR-590-5p
were finally confirmed to discriminate between cancer cases
and controls; however, for disease monitoring of BC, both
miRNAs were not suitable as a decline in the miRNA levels
was not observed in some patients after tumor removal. Our
results suggested that circulating miR-15b-5p and miR-590-5p
have useful diagnostic potential for BC, but are rather unsuit-
able as monitoring markers for disease. The reasons of this
apparent contradictory observation may be due to the aspect
of biological variation of circulating miRNAs and serial
measurements could be unreliable.
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Introduction

Urinary bladder cancer (BC) is the most common tumor of
the urinary system. In the United States of America alone,
79,030 new cases and 16,870 mortalities were registered in
2017 due to urinary BC (1). These account for 50% of all
tumors of the urinary system (1). Cystoscopy remains as the
diagnostic ‘gold standard’ for primary diagnosis and follow-up
of bladder cancer. At the point of diagnosis, the majority of BC
cases (75%) are limited to the organ and are characterized as
non-muscle invasive bladder tumors (NMIBC) which affect
only the mucosa or submucosa (2). The remaining tumors are
muscle-invasive tumors (MIBC) which spread to the deeper
layers of tissue. For NMIBC, alterations in the fibroblast
growth factor (FGF) receptor 3 gene are common (3), while
for MIBC, mutations in P53, RbI and phosphatase and tensin
homolog have been reported (4). After initial diagnosis and
treatment, recurrence is likely to occur; thus, patients must
undergo a long period of surveillance (2). Repeated cystos-
copies are uncomfortable for patients, time consuming for
physicians and expensive. The main objectives of urological
research are to improve early diagnosis and the surveillance
of patients (5), and reduce the subsequent cystoscopies by
analyzing biomarkers in body fluids. Furthermore, the identi-
fication of novel markers of therapeutic responses is required
to reduce the number of necessary transurethral resection of
bladder tumor (TURB) procedures for patients with BC. In this
respect, the altered expression of microRNAs (miRNAs/miRs)
in the body fluids of patients, including blood and urine, is
of considerable interest. A systematic review reported this for
such patients and those with other urological cancers (6). The
advantage of miRNAs is their stability in body fluids and the
possibility of non-invasive collection of samples (7).

Six studies have investigated differentially expressed
miRNAs in the plasma of BC patients; the findings suggested
that circulating miRNAs in the plasma could be novel
non-invasive biomarkers for bladder cancer (8-13). However,
the focus of these studies was primarily the diagnostic validity
of miRNAs. The potential monitoring capacity during the
surveillance of these patients has not yet been studied. In
addition, inconsistent results have been reported from such
studies, not only from the heterogeneity of study cohorts but
also due to analytical differences in the sampling processes
and different normalization approaches (14). Considering
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these critical points, the objectives of the present study were:
i) To examine a broad panel of plasma miRNAs and identify
potential diagnostic and surveillance monitoring markers and
useful reference miRNAs; and ii) to focus on the pre-analyt-
ical process to exclude samples with interfering analytical
factors, such as the hemolysis of plasma samples. Based on
the promising results of previous studies using plasma (8-13),
we also decided to determine miRNAs in plasma samples
to avoid preanalytical/analytical issues with urine samples
(stability of mRNA, hematuria and the selection of urine
fractions, including non-centrifuged urine, urine sediments,
supernatant following centrifugation and exosome prepara-
tion). We proposed that addressing the preanalytical/analytical
issues of plasma samples are better to control than that of urine
samples. As hemolysis serves as an analytical limitation, we
aimed to isolate samples free of this factor. Hematuria is a
typical marker for urological disease and is difficult to avoid
as of the possible contamination of miRNAs from blood
cells. A cell-free plasma could be prepared only with two
centrifugation steps. miRNAs in plasma and serum samples
have high stability in harsh conditions such as temperature,
pH or long-time storage in frozen conditions (15). miRNAs
are protected by RNA-binding proteins (Argonaute)
and high-density lipoproteins, and are embedded inside
microvesicles (16).

To increase the validity of the present study, a two-step
procedure was performed: A discovery phase, including
patients of an early cancer stage and a subsequent validation
phase using samples from patients of different cancer stages.
To the best of our knowledge, the present study is the first
to obtain plasma samples from the same patient at different
stages of disease for surveillance monitoring.

Materials and methods

Sample collection. Plasma samples were collected from
patients with papillary BC before undergoing TURB or
radical cystectomy (RC) at the Department of Urology,
Charité-Universitdtsmedizin Berlin between May 2014 and
August 2016. In addition, we collected samples after primary
tumor removal prior to the control TURB or some days after
the radical cystectomy. The pathological classification of
tissues was performed according to the Union of International
Cancer Control 2010 (17). All patients provided written
informed consent; the present study approved by the Ethics
Committee of the Hospital Charité-Universitdtsmedizin
Berlin (EA1/134/12). The pathological classification for all
BC patients is summarized in Tables I and II. The study was
performed in two steps.

Firstly, a small discovery cohort of each 10 patients with
(6 males, 4 females) and without (7 males, 3 females) BC
was analyzed (Table I). The group of patients without BC
included 3 healthy persons and 7 patients with other urologic
diseases not related to any type of malignancy (Table I). All
BC patients underwent TURB or RC. They did not received
any pretreatments. In all groups patients with metastasis or
any other type of malignancy were excluded from BC group.
The result of the first analysis was validated in a second
cohort of 36 patients (Table 1) patients were distinguished
according to the result of the second surgery. The first group
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included 13 patients (12 males, 1 female) where the tumor was
completely removed during the first TURB and the second
TURB after some weeks showed a non-malignant result. The
second group comprised 15 patients (10 males, 5 females) with
a tumor after the second TURB, and a third group included
8 patients (7 males, 1 female) who received RC and had post-
operative plasma samples. Plasma samples were also collected
prior to the second surgeries.

Sample preparation and the control of interfering
hemolysis. Peripheral venous blood was collected in a 6.0 ml
K-EDTA-Vacutainer (BD Biosciences). Two centrifugation
steps at room temperature prepared cell-free plasma imme-
diately after collection. The first centrifugation step was
conducted at 2,500 x g for 15 min. The supernatant from this
step was centrifuged at 1,500 x g for 10 min. Aliquots of the
cell-free plasma were stored at -80°C. For a reliable miRNA
analysis, it is important that the plasma is free from hemolysis.
To exclude this interference, the absorption of plasma samples
was measured at 414 nm using NanoDrop 1000 spectrohotom-
eter (NanoDrop Techologies; Thermo Fisher Scientific, Inc.).
Only samples with an absorption lower than 0.3 were used for
further analysis (18). In addition to measuring the absorption
of samples, hemolysis was assessed by determining the levels
of miR-451 and miR-23a via reverse transcription-quantitative
polymerase chain reaction (RT-qPCR). The first is expressed in
red blood cells and the other is relatively stable in plasma and
is not affected by hemolysis (19-21). Quantification cycle (Cq)
differences between miR-23a and miR-451 higher than 7.0
indicate a high risk of hemolysis (19). Corresponding samples
were excluded from further analysis.

RNA preparation and RT-qPCR of miRNAs. Exiqon Services
performed all preparation and analytical steps for process in
the present study, including total RNA extraction from the
plasma, quality control and the RT-qPCR of miRNAs. During
the discovery phase, total RNA was extracted from the plasma
samples using the miRCURY™ RNA isolation kit-biofluids
(Exiqgon). An aliquot of 200 ul plasma per sample was used.
All following steps were performed according to the instruc-
tion manual v1.5 section B.

During the validation phase, total RNA was extracted
from 200 pl plasma using the miRCURY RNA isolation
kit-biofluids, a high-throughput bead-based protocol v.1
(Exiqon) in an automated 96-well format. In both phases, the
purified total RNA was eluted in a final volume of 50 pl.

In the discovery phase, 7 ul RNA was reverse transcribed
in a 35 ul reaction volume using the miRCURY LNA™
Universal RT microRNA PCR, Polyadenylation, and cDNA
synthesis kit (Exiqon). In the validation phase, the volume
was reduced to 2 ul RNA and 10 ul reaction volume for RT.
cDNA was diluted 50X and assayed in 10 ul PCR reactions
according to the protocol for miRCURY LNA™ Universal
RT microRNA PCR. Each miR was assayed once by qPCR
on the microRNA Ready-to-Use PCR, Serum/Plasma Focus
panel v.4.0, including 179 microRNAs and using ExiLENT
SYBR® Green master mix (Roche Diagnostics GmbH). In
both phases, the qPCR reaction was performed at 95°C for
10 min, followed by 45 amplification cycles at 95°C for 10 sec,
and 60°C for 60 sec. The primer sequences are proprietary
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Table I. Clinicopathological characteristics of the discovery
cohort of patients with and without bladder cancer.

Features Non-tumor Bladder cancer
All cases 10 10

Urolithiasis 3

Cystitis cystica 3

BPH 1

Healthy 3
Age, years 48-85 48-77
Median 65.0 66.5
Sex

Male 7 6

Female 3 4
Grading

Low 10
Tumor stage

NMIBC (9xpTa, 1xpT1) 10
Distant metastasis 0
Lymph nodes 0

BPH, benign prostatic hyperplasia; NMIBC, non-muscle invasive
bladder tumors.

information of Exiqon Services, available from QIAGEN
GmbH. The miRNA sequences and primer sets used were
listed in Table III. After selecting for reference miRNAs,
the geometric mean of let-7i-5p and miR-29¢c-3p was used
for relative quantification of RT-qPCR data in both phases.
The amplification was performed using a LightCycler® 480
Real-Time PCR system (Roche GmbH) in 384-well plates.
The amplification curves were analyzed using the Roche LC
software version 1.5.0.39, both for determination of Cq (by the
2nd derivative method) and for melting curve analysis (22).

Data analysis. Data were presented as median values with
the interquartile range, or with the confidence interval. The
miRNA levels of the Serum/Plasma Focus panel v.4.0 were
assessed using the qBase™ (Biogazelle) software version 3.2
(20180721216) and the geNorm computer program. This
software was used to identify reference miRNAs and to detect
differential miRNA levels between controls and patients based
on the global normalization and reference miRNA-based
approaches described below. Statistical analyses and area
under the curves (AUC) of receiver-operating characteris-
tics (ROC) analyses were performed using GraphPad Prism
version 5.04 for Windows (GraphPad Software, Inc.) and
MedCalc Statistical Software version 18.5 (MedCalc Software
bvba). Non-parametric tests, a Mann-Whitney U test for
independent and a Wilcoxon test for paired samples, logistic
regression analysis, %> test, Fisher's exact test, Spearman rank
correlation coefficients, McNemar test and sample size calcu-
lations were applied. To evaluate the clinical validity of the
miRNAs with respect to avoiding type I and type II errors,
the conventional thresholds of a=0.05 (significance level) and
a power of 0.80 were selected for sample size calculations.
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An internal validation of relevant results was performed
using the bias-corrected and accelerated bootstrap method
via SPSS 25 software (IBM Corp.) with 2,000 bootstrap
replicates. Calculations concerning the within-subject and
between-subject components of biological variation were
conducted in consideration of the recommendations reported
by Fraser (23). P<0.05 (two-tailed) was considered to indicate
a statistically significant difference.

Results

Discovery phase: Differential plasma miRNA levels between
controls and BC patients. The BC cohort consisted of low
grade and early stage patients (Table I). These patients were
deliberately selected to establish a miRNA profile particularly
for patients suffering from an early cancer stage and facilitate
therefore the identification of single sensitive markers for diag-
nostic purposes. The control group included healthy individuals
and non-tumor patients with other urological diseases (Table I)
that did not exhibit differential miRNA levels. Of the total 179
miRNAs on the Exiqon panel, 122 miRNAs were detected in
the 20 samples of the non-malignant and BC group. Based on
the global normalization approach, the levels of nine miRNAs
(Table IV) were different between the two groups.

For the reference miRNA search, the inclusion criteria
included a fold change of +1.09 to -1.09 between controls and
patients; Cq<31. These criteria fulfilled 17 miRNAs of the 122
detectable miRNAs. According to these criteria, the miRNAs
let-7i-5p and miR-29c-3p were identified as useful normalizers
according to the geNorm approach in the software gBase™®
(Fig. 1). The average expression stability value (M) of all candi-
date reference miRNA between 0.235-0.5 denote good stability
for all candidate reference miRNAs that were distinctly lower
than the default limit of 1.5 in the geNorm program. The lowest
M-value indicates a gene with the highest stability (Fig. 1A).
Furthermore, the program calculates a normalization factor
(V), which is a criterion for determining the number of refer-
ence miRNAs. The program recommends V<0.15 for reliable
normalization. The pair of miRNAs (let-7i-5p and miR-29¢-3p)
achieved this cut-off value (Fig. 1B). Therefore, the geometric
mean of miRNAs let-7i-5p and miR-29¢-3p served as the
normalization factor for calculating the differential expression
levels of miRNAs between the control and BC patients.

Based on this reference miRNA approach, 13 differen-
tially expressed miRNAs were identified between the two
cohorts (Table IV). Eight of these 13 miRNAs were identical
with the nine miRNAs detected using the global normaliza-
tion approach. To select miRNAs for further validation, we
compared the two normalization approaches and applied the
following criteria: i) A fold change level higher or lower than
1.2 obtained in both normalization approaches; ii) Cq-values
<35 in controls and patients; and iii) equal significant P-values
with both normalization methods. According to these criteria,
three miRNAs with elevated levels (miR-15b-5p, miR-590-5p
and miR-29b-3p) and two miRNAs with reduced levels
(miR-10b-5p and miR-144-5p) were selected as potential
miRNA candidates for further validation in patient samples.

Validation phase: Plasma miRNA candidates as diagnostic
and surveillance markers. Based on the summarized mean
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Table II. Clinicopathological characteristics of the validation cohort of patients with bladder cancer.

TURB
“Patients with tumor

RC
*Patients with tumor
“Non-malignant in follow-up

aPatients with tumor

Features “Non-malignant in follow-up “Malignant in follow-up
All cases 13 15 8
Age (years) 55-85 48-87 52-79
Median 70.0 74.0 67.0
Sex

Male 12 10 7

Female 1 5 1
Time interval (days) 30-147 28-365 7-98
Median 43 86 7
Grading

Low 6 10 0

High 7 8
Tumor stage

NMIBC 13 13 0

MIBC 0 2 8
Distant metastasis 0 0 0
Lymph vessels 0 0 1

*Samples were collected from the same patient at different time intervals each before the TURB procedure or RC, and control TURB or after
RC (follow-up). MIBC, muscle-invasive tumors; NMIBC, non-muscle invasive bladder tumors; RC, radical cystectomy; TURB transurethral

resection of bladder tumor.

0.4+

0.34

Average expression stability (M)

miR-148a-3p 4
miR-27b-3p
miR-23b-3p A
miR-142-3p -

let-7g-5p
miR-23a-3p
miR-30d-5p
miR-424-5p -
miR-222-3p -
miR-30a-5p
miR-660-5p 4
miR-32-5p
miR-363-3p -
miR-25-3p A
miR-15a-5p
let-7i-5p 4
miR-29¢-3p 1

B 0.08
S 0.06

0.04

Pairwise variation

Figure 1. geNorm analysis of potential reference genes to determine the most stable genes for the normalization of miRNA expression. (A) The expression
stability parameter M of one gene based on the average pairwise variation between all studied genes. The lowest M-value indicates genes with the most stable
expression. (B) Calculation of the optimal number of reference genes for normalization. The optimal number of reference genes in this experiment was two
(hsa-let-7i-5p and has-miR-29¢-3p). All results are presented according to the output files of geNorm program. miR, microRNA.

difference of the five significant candidate miRNAs between
controls and BC patients in the discovery phase, together
with the standard deviations in the two groups, the required
number of cases for the validation of the discovery results
were calculated with a power of 0.80 to obtain data for statis-
tical significance based on a=0.05. As the disease-monitoring
capacity of miRNAs following tumor removal was included
in the validation phase, the ratio of controls to tumor patients

was altered to 1:3. Under these conditions, necessary sample
sizes of 10 controls and 30 patients with BC were calculated.
The validation cohort included 36 BC cases, and 10 controls
from the discovery phase control group included three healthy
patients among non-tumor patients with other urological
diseases (Table I); their values did not significantly differ
from the values of healthy patients (P=0.517 and 0.732 for
miR-15b-5p and miR-590-5p, respectively; data not shown).
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Table III. miRs analyzed via reverse transcription-quantitative polymerase chain reaction.
A, miRs

Corresponding LNA™ microRNA
Human miR miR target sequence (5'-3") PCR primer set (cat. no.) Cat.no.
miR-29b-3p UAGCACCAUUUGAAAUCAGUGUU 204679 YP00204679
miR-590-5p GAGCUUAUUCAUAAAAGUGCAG 204222 YP00204222
miR-10b-5p UACCCUGUAGAACCGAAUUUGUG 205637 YP00205637
miR-15b-5p UAGCAGCACAUCAUGGUUUACA 204243 YP00204243
miR-144-5p GGAUAUCAUCAUAUACUGUAAG 204670 YP00204670
miR-29¢c-3p UAGCACCAUUUGAAAUCGGUUA 204729 YP00204729
let-7i-5p UGAGGUAGUAGUUUGUGCUGUU 204394 YP00204394
B, Internal RNA spike-in references

Corresponding LNA™ microRNA
Reference Sequence (5'-3") PCR primer set (cat. no.) Cat.no.?
UniSp2 - 203950 YP00203950
UniSp4 - 203953 YP00203953
UniSP5 - 203955 YP00203955
cel-miR39-3p - 203952 YP00203952

Interplate calibrator

Not for sale Not for sale

*Primers available from Qiagen GmbH. *-, sequences are proprietary information. miR, microRNA.

The consistent long-term quality control of the miRNA
measurements performed by Exiqon justified the use of the
control group for discovery as controls in the validation phase.
In line with the findings from the discovery phase, the plasma
levels of miR-15b-5p and miR-590-5p were significantly
elevated in patients, indicating diagnostic benefit (Fig. 2). As
the control group included not only healthy individuals but
also patients with typical urological diseases without cancer
(Table I), a selection bias could therefore be ruled out. The
internal validation of data by bootstrapping supported the
statistical results (Fig. 2).

The ROC curve analysis demonstrated an AUC of 0.997
[95% confidence interval (CI), 0.918-1.000] for miR-15b-5p
and an AUC of 0.774 (95% CI, 0.626-0.884) for miR-590-5p as
diagnostic biomarkers. The levels of miR-15b-5p discriminated
BC patients from control subjects with a sensitivity of 97.2%
and specificity of 100.0% with a Youden index of 0.9722. For
miR-590-5p, the sensitivity and specificity of miR-590-5p were
69.4 and 90.0%, respectively, with a Youden index of 0.5944.
The combination of the two miRNAs based on a logistic regres-
sion model did not further improve the discrimination ability
achieved by miR-15b-5p alone (Fig. 3). Increased miR-15-5p
levels were evident and were also supported by bootstrapping
calculations for high grade tumors and MIBCs; the levels of
miR-590-5p were markedly unchanged (Fig. 4). These data
correspond to Spearman rank correlation coefficients (r,)
obtained between tumor stage or grade and the two miRNAs as
follows: NMIBC/MIBC with miR-15b-5p (1,=0.308, P=0.0677)
and with miR-590-5p (r,=-0.023, P=0.8930) and low/high

grade with miR-15b-5p (r,=0.293, P=0.0823) and with miR-590
(r,=-0.070, P=0.6851). The results of correlation analysis
for clinicopathological characteristics were summarized
in Table V. The different levels of miR-29b-3p, miR-10b-5p, and
miR-144-5p between tumor patients and controls found in the
discovery phase could not be confirmed.

To assess the validity of the five selected miRNAs as
surveillance biomarkers, the 36 BC patients were clas-
sified into three groups according to the tumor presence
in the control TURB specimens and the collection after
RC (Table II). Fig. 5 presented the expression levels of the
two potentially diagnostic miRNAs in the three groups. In
13 patients, the bladder tumor was completely removed at
the first TURB, while non-malignant results were reported
for the second control TURB (Fig. 5A). In the second group
with 15 patients, malignant lesions were detected in the
control TURB after a median follow-up of 86 days (Fig. 5B).
Plasma samples were also collected from 8 patients a few
days after the radical cystectomy (Fig. 5C). None of the five
selected miRNAs for validation showed any differences
between tumor samples before the first TURB, and follow-up
samples before the control TURB or after RC from the same
patient. Paired Wilcoxon analyses revealed that the levels
of miRNAs in the plasma were not statistically different in
patients with non-malignant or malignant histological results
after TURB compared with the data before the treatment
(Fig. 5A and B). After BC removal, the expected reduction of
miR-15b-5p and miR-590-5p miRNA levels occurred only in
7 and 8 of 13 patients, respectively (Fig. 5A). Similarly, notably
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Table IV. Differences in the expression levels of miRs in plasma samples of patients with bladder cancer compared with the

control group of discovery cohort.

Normalization
Two reference miRNAs Global mean
miR P-value Fold change P-value Fold change Cq (range)
has-miR-19a-3p 0.01 1.25 0.08 1.24 25.1-28.2
hsa-miR-29b-3p 0.01 1.33 0.02 1.32 29.6-32.8
hsa-miR-590-5p 0.01 1.34 0.03 1.33 30.5-33.3
has-miR-2110 0.02 -2.26 0.02 -2.28 34.6-ND
has-miR-144-3p 0.02 1.30 0.11 1.29 24.8-27.1
hsa-miR-144-5p 0.02 -1.85 0.02 -1.86 29.5-33.8
has-let-7b-3p 0.03 -2.01 0.01 -2.02 33.2-37.2
has-miR-19b-3p 0.04 1.24 0.13 1.24 23.8-274
has-miR-425-5p 0.04 1.20 0.15 1.19 28.2-31.5
hsa-miR-10b-5p 0.04 -1.46 0.04 -1.47 30.9-33.1
has-miR-324-5p 0.04 141 0.03 141 31.7-ND
has-miR-93-5p 0.05 1.33 0.08 1.32 26.3-30.4
hsa-miR-15b-5p 0.05 1.57 0.02 1.57 29.6-33.1
has-miR-29a-3p 0.09 -1.32 0.03 -1.32 29.7-32.1

P<0.05, marked in bold font, including miRs with equal P-values following both normalization methods, and Cq <35. Hsa, homo sapiens;

miRs, microRNA; ND, not detectable.

decreased or unchanged miRNA levels were observed when
the malignant lesions were detected in the follow-up control
TURB. Considering that the interval between the first and
the second sampling could be too short, which may account
for these unexpected values, a time-dependent regression
calculation of the miRNA levels in the two TURB cohorts
was performed. A time-dependent effect was not observed
(Fig. S1). Furthermore, both TURB cohorts did not differ in
their tumor aggressiveness (tumor grade and tumor stage:
Fisher's exact test with P=0.445 and 1.000, respectively). In
addition, in the cohort with the remaining tumor, tumor grade
and tumor stage did not differ in the paired samples in the first
and second TURB specimen (McNemar analysis, P=1.000).
We also conducted multivariate logistic regression analysis
for clinical parameters, tumor stage and grade, and the plasma
levels of both miRNAs between the first and second TURB,
but did not improve the prediction of complete tumor removal.
Only the tumor stage remained as independent variable (data
not shown). A change in the miRNA level was not observed
a few days after radical cystectomy (Fig. 5C). In all cases,
these statistically unchanged miRNA patterns could not be
attributed to obvious clinical manifestations.

To support these statistical data, we investigated the effects
of within-subject or intra-individual biological variation of
miR-15b-5p and miR-590-5p in these two time-dependent
measurements of our study. For that purpose, the database
from Ammerlaan and Betsou (24), which summarized the
within-subject variation of numerous miRNAs in blood
plasma and serum, was used. For example, miR-15b-5p was
characterized by a mean coefficient of variation of ~65%.
Considering an analytical variation of only 10%, the reference

change value (also known as ‘critical values’ between serial
data) of ~180% would result; 95% of the dispersions of
miR-15b-5p (and also of miR-590-5p) of the two values of
the patients considerably overlapped due to this inherent
intra-individual biological variation. Therefore, the results
were not significantly different. Monitoring of the follow-up
of disease would be hardly possible using these miRNAs due
their high biological variation, resulting in a large fluctuation
of the miRNA levels.

Discussion

miRNAs have been proposed as optional novel biomarkers in
a variety of diseases (6,25). miRNAs may be applied as sensi-
tive and specific tools for diagnostic, prognostic and predictive
purposes, particularly in different types of cancer (26,27).
The urgent need for reliable non-invasive markers for patients
with BC has been emphasized as an important demand in the
European Association of Urology guidelines (2). However,
miRNAs in the blood plasma from BC patients have been
examined in only a few studies, exclusively as diagnostic
biomarkers (8-11,13). Thus, we performed this study with
aim to provide insight into miRNAs as diagnostic tools and
investigate the monitoring capacity of miRNAs with strict
control of potential interfering effect of hemolysis in plasma
samples. miR-15b-5p and miR-590-5p were finally confirmed
in the validation phase, based on five potential miRNAs candi-
dates identified in the primary discovery phase, as significant
discriminative markers between patients with BC and controls.
However, none of these miRNAs were determined to be
suitable for monitoring the disease.
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Figure 2. miR-15b-5p and miR-590-5p levels in plasma samples of controls
and patient with bladder cancer. miRNA levels were measured with
RT-qPCR, and normalized with miR-29¢c-3p and let-7i-5p. Patient samples
that were histologically confirmed for tumor were collected before trans-
urethral resection or radical cystectomy. All tumor stages are included. The
graphs show the median with interquartile range. Significances were calcu-
lated between control and patients using Mann-Whitney U-test in case of
miR-15b-5p bootstrap calculations (2,000 re-samples) confirmed the statis-
tical results of the Mann-Whitney U-test showing (P<0.0001 for miR-15-5p
and P=0.0015 for miR-590-5p, respectively). miR, microRNA; RT-qPCR,
reverse transcription-quantitative polymerase chain reaction.

To the best of our knowledge, neither plasma miR-15b-5p
or miR-590-5p have been reported in previous studies with
regards patients with BC (8-13). Previous studies revealed a total
of 22 miRNAs (Table SI) as potential significant diagnostic
markers but only three miRNAs (miR-92a-3p, miR-99 and
miR-100) were reported by at least two working groups. Four
miRNAs (miR-25-3p, miR-33b-5p, miR-92a-3p and miR-194)
may be influenced by hemolysis or could detectable in blood
cells (20,28). Due to a lack of consistent results, none of these
miRNA panels has been applied in practice. The present study
reported the degree of hemolysis with two methods (absorp-
tion measurement and the detection of specific miRNAs) and
rigorously disclosed hemolyzed plasma samples.

miR-15-5p and miR-590-5p were determined to be
upregulated in BC in a previous own study (29) and confirmed
by others (30-32). Armstrong et al (33) reported on the top
25 miRNAs with highest concentrations in BC tissue,
white-blood cells, urine and plasma only in patients with BC
but not in controls. In tissue and urine samples, the authors
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Figure 3. Receiver-operating characteristic curve analysis using plasma
miR-15b-5p, miR-590-5p, and the combination of both miRNAs based on
a logistic regression model to differentiate bladder cancer patients from
normal subjects. The combination of both miRNAs had the same AUC value
as miR-15b-5p alone. AUC, area under the curve; miR, microRNA.

detected miR-15b-5p in the aforementioned top 25 miRNA
whereas miR-15b-5p in plasma samples was not among
the top 25 miRNAs. However, it should be considered that
Armstrong et al (33) did not compare the data between controls
and patients. Thus, the plasma concentration of miR-15b-5p
between BC patients remained unknown in the report of
Armstrong et al (33), whereas our data reflect the different
levels between healthy individuals and BC patients. In addi-
tion, in the plasma samples of our study for the discovery
phase, 122 miRNAs were detected, while miR-15b-5p was the
53rd miRNA ranked in tumor patients and 64th in controls
according to the measured levels. However, as shown in
Table IV, this miRNA had the highest increase in expression
in cancer patients compared with controls. Thus, this result
corresponds with the findings of Armstrong et al (33) in
which miR-15b-5p was not observed in the top 25 miRNAs
with the highest abundance in the plasma. This phenomenon
of non-concordance between tissue and circulating miRNA
levels was particularly evident in the study of Xie et al (34).
These authors reported diagnostic markers for BC based on a
meta-analysis of studies of tissue data of BC. The meta-anal-
ysis included 26 publications; 21 were related to tissue, four
to urine and only one to serum. Therefore, the suggested
potentially diagnostic miRNAs may be used for the differ-
entiation of tissue material. The were notable discrepancies
between the six common differentially expressed miRNAs in
BC tissue of the meta-analysis by Xie et al (34); none of them
were found in our analysis of plasma samples. This phenom-
enon termed distortion between cellular and circulating
markers (35) reflects the lack of concordance in changes of
circulating miRNAs with tissue expression levels described
in other studies (36,37). The possible explanation for this are
non-uniform releasing processes of miRNAs by cells (38).
The levels of miR-15b-5p were increased by 1.2- and 2.4-fold
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Figure 4. miR-15b-5p and miR-590-5p levels in plasma samples of bladder cancer patients depending on tumor stage and grade. miRNA levels were measured
via reverse transcription-quantitative polymerase chain reaction, and normalized with miR-29¢-3p and let-7i-5p. Samples was collected before transurethral
resection or radical cystectomy. The patients were classified according to their (A) tumor grade (low and high grade) and (B) their tumor stage (NMIBC and
MIBC). Significances were calculated between the two groups using a Mann-Whitney U-test. Bootstrap calculations (2,000 re-samples) resulted in P=0.069
for the low vs. high grade group and P=0.120 for NMIBC vs. MIBC, respectively. MIBC, muscle-invasive tumors; miR, microRNA; NMIBC, non-muscle
invasive bladder tumors.

Table V. Spearman correlation coefficient between miR and ~ in urothelial carcinoma than in adjacent normal bladder

clinicopathological characteristics. tissue (29,30). Furthermore, based on bioinformatics analysis
of The Cancer Genome Atlas, Wang et al (32) reported a
Validation cohort n=36 relationship between miR-15b-5p and age-associated genes
in BC. This is interesting as the incidence of BC increases
Features miR-15b-5p miR-590-5p  after the 40th year of life and reaches a maximum in the sixth
and seventh decade (39). The examined patient collective
Sex were aged in their 60s and 70s in the analysis conducted by
IS -0.1740 -0.0800 Wang et al (32). Moreover, the long-life expectancy in western
P-value 0.3108 0.6410 countries has been linked to an increase in BC cases as the risk
Age of disease increases with age (1). The expression of the other
s 202360 0.1990 relevant miRNA miR-590-5pwas determined to be 2.98- and
P_value 0.1655 02442 3..14-f01d higher in mahgna.nt than in nqn-mahgnant bladder
tissue (29,31). Thus, these tissue expression data support that
Grade (low/high) as of the altered levels of these miRNAs due to the extent of
TS 0.2930 0.0700 their release from carcinoma tissue, these miRNAs may serve
P-value 0.0823 0.6851 as potential circulating biomarkers (38). Under the stringent
Stage (NMIBC/MIBC) f:onditions of the pre.sent study, the Qiagnostic gspect of the
s 03080 00230 increased .levels of miR-15b-5p and miR-590-5p m.thelplasma
of BC patients could be confirmed by further validation and

P-value 0.0677 0.8930

may be an indication for the presence of BC. In addition,

MIBC. muscle-invasive tumors; miR. mictoRNA; NMIBC, ©Ur study reported that the tendency of increased levels of

non-muscle invasive bladder tumors; rs, Spearman rank correlation miR-15b-5 p depend{ng on the aggre§81veness of the cancer
coefficient. supported its potential as a cancer biomarker. Furthermore,

miR-15b was identified as a diagnostic marker in urine (40).
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Figure 5. miR-15b-5p and miR-590-5p levels in plasma samples of bladder cancer patients in the follow-up after the first TURB. miR levels were measured with
reverse transcription-quantitative polymerase chain reaction, and normalized with miR-29¢-3p and let-7i-5p. Samples of patients were collected before TURB
who were histologically confirmed for tumor and during follow-up before control TURB. Analysis revealed (A) the complete removal of the tumor (median
follow-up: 43 days) or (B) the continuing tumor presence (median follow-up: 86 days), and (C) in samples of patients before radical cystectomy and during
follow-up (median) 7 days after surgery. Statistical analysis was conducted between cancer patients and the follow-up of the same patient using a Wilcoxon

test. miR, microRNA; TURB, transurethral resection.

Jiang et al (41) also reported on the use of miR-15b-5p with
a decreased level in serum of patients, although it is recom-
mended that carefully prepared plasma samples from selected
specimens should be used for the quantification of circulating
miRNAs (42). Therefore, we proposed that this discrepancy
could be a result of a hemolysis-impaired normalization
approach as Jiang et al (41) used miR-16-5p, in addition to
miR-193-5p, for normalization. These miRNAs was typically
found to be increased in samples that could be characterized
as hemolytic by hemoglobin sensitivity measurements or the
ratio miR-451/miR-23a, whereas the effects of hemolysis are
difficult to observe (20,21). Furthermore, the use of different
RNA isolation kits and different PCR systems could not be
excluded as other analytical reasons for discrepancies in the
levels of miR-15-5p in our study and that by Jiang et al (41). On

the other hand, comparable increases in plasma miR-15b-5p
of NMIBC and MIBC patients, and the use of a similar
patient cohort to Jiang et al (41) support the conclusion that
pre-analytical/analytical reasons are may be more likely
to explain for these different expression levels between the
studies, than biological reasons. Other researchers have
detected miR-15b-5p in plasma samples in relation to other
tumor types, such as colorectal carcinomas (43), hepatocellular
carcinoma (44) and melanoma (45).

Few studies have reported the potential functions of
miR-15b and miR-590-5p, especially in bladder cancer.
Wang et al (46) detected an increased level of miR-15b-5p
relative to the decreased expression of long noncoding RNA
MAGI2-AS3 and the tumor suppressor CCDC19 in BC tissues
and cell lines. Transfection experiments with cell cultures
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indicated miR-15b-5p as a potential an oncogene in BC (46).
Similarly, overexpression of miR-15b-5p in gastric cancer
was associated with the expression of the tumor suppressor
progestin and adipoQ receptor family member 3 (47).
Furthermore, the process of epithelial-mesenchymal transition
was promoted (47).

To the best of our knowledge regarding miR-590-5p in
plasma, only one report exists for patients undergoing chemo-
radiotherapy for the treatment of head and neck cancer (48).
miR-590-5p was described as part of a six-miRNA panel that
reflects the response to chemoradiotherapy (48). One target of the
miR-590-5p is Yes associated protein (YAP) (49), which induces
cell growth and invasion in BC (50). Overexpression of YAP is
partly responsible for poor prognosis in BC (50,51). Furthermore,
for NMIBC, epigenetic regulation of the FGF gene family was
described (52), which is involved in a variety of biological
processes, including tumor growth (53). Zhang et al (53) revealed
that FGF18 is negatively regulated by miR-590-5p, which leads
to a promotion of gastric tumorigenesis.

In terms of disease follow-up, we assumed that the dysreg-
ulated miRNAs in plasma samples from BC patients may
return to the levels recorded for the non-tumor samples after
some time. In the present study, the levels of the five selected
miRNAs in the plasma samples, particularly miR-15b-5p and
miR-590-5p, did not independently return to that for the control
after the second TURB. This suggested these two miRNAs as
potential diagnostic biomarkers. The median time of 50 days
corresponds to the usual time interval between the first and
second TURB (2); 7 days after RC, the miRNA levels had
not yet returned to normal. Time-dependent regression line
calculations of the miRNA levels measured before the control
TURB and percentage related to the levels before the first
TURB, did not show a time-dependent effect. The half-lives of
different cellular miRNAs differ between 1 and 120 h (54-56).
Based on these data, it could be assumed that circulating
miRNAs released by cancer cells may rapidly degrade or at
least notably decrease in their levels after cancer removal.
In BC patients, a tumor reversal based on miRNA changes
was observed only for urinary cell-free miRNAs (57-59).
A postoperative decrease of circulating miRNAs was also
reported in hepatocellular, gastric, colorectal, lung and breast
cancer within 7-10 days after surgery (16,44,60-62). However,
compared with the preoperative levels of tumor-associated
miRNAs in lung and prostate carcinoma, both unchanged and
decreased miRNA levels, depending on specific miRNAs and
the cancer type, were observed after surgery (61,63-66). This
phenomenon of statistically comparable pre-and postoperative
miRNA levels corresponds with our results.

Additionally, a selection bias is very unlikely for this
contradictory observation in the clinical use as diagnostic
and monitoring markers in our case-control study. However,
the relatively high biological variation in comparison to the
analytical variation of the two miRNAs should be consid-
ered as one essential reason for this phenomenon. The result
is an overlap of the 95% dispersion of the repeated values
and the lack of statistical significance. A similar fluctuating
miRNA pattern was measured in blood samples collected
before, and 7-17 days and six subsequent 3 month intervals
after lung cancer resection (64). This effect may impair the
clinical validity of biomarkers particularly for monitoring
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purposes (23). At present, only scarce data (24,67) are avail-
able regarding the within-subject variability of circulating
miRNA levels to support this view. However, we believe
that this aspect in the application of circulating miRNAs as
monitoring markers requires further investigation. This issue
requires greater attention in the future, taking into account the
recent recommendations for evaluating studies on biological
variation (68).

Certain limitations of the present study should be addressed,
including the low number of included patients, their short
follow-up times, and the different composition of the discovery
and validation cohorts with regard to tumor stage and grade.
To avoid possible type I and type II errors with the low number
of patients, we performed an additional internal validation
using a bootstrapping approach with confirming results. The
limited number of patients was evident for the lack of statis-
tically significant associations between the increased levels
of miR-15b-5p depending on the cancer aggressiveness. As
more patients could not be recruited, we believe that the data
of the post hoc power analysis are appropriate to support this
influencing effect. To further investigate this, a post hoc power
analysis was conducted based on these population-related effect
sizes of median differences, the study cohort proportions, and a
power of 0.80 to obtain data for statistically significant results
on a level of a=0.05. For the low/high tumors, NMIBCs and
MIBCs, the participants of the present study would have to
increase from 36 to 72 and 94, respectively. It could be criticized
that the time interval between the first and second TURB was
too short to achieve stable circulating miRNA levels in plasma.
This interval corresponds to the regular follow-up examinations
within the risk management of these patients. In addition, the
time-dependent regression line calculations could not confirm
this concern of a time-dependent effect. Furthermore, there are
differences in patient cohorts in the discovery and validation
phase. The discovery phase included only low grade tumors
and NMIBCs while the validation phase included high grade
tumors and MIBCs. However, as explained in the objective of
our study, this design was deliberately selected in the discovery
phase in order to identify potential diagnostic markers already
in early cancer stages.

In conclusion, despite these limitations but based on the
selected stringent pre-analytical and analytical conditions,
and the evident statistical significances of the two circulating
miRNAs, miR-15b-p and miR-590-5p could be verified as
discriminative biomarkers between cancer cases and controls
to provide an initial indication of a possible tumorigenic
disease. Further diagnostic methods must confirm our first
hypothesis. However, for the surveillance of BC patients,
neither of the investigated miRNAs seem to be informative. An
expected postoperative decline of the levels of miR-15b-5p and
miR-590-5p as the miRNAs of interest could not be observed in
some patients after tumor removal. This contradictory behavior
of miRNA patterns could not be attributed to any notable or
latent clinical manifestations. On the other hand, calculations
of the ‘critical differences’ (23) of the miRNA levels in the
follow-up reported in our study may explain this phenomenon
caused by a high biological variation of the examined circu-
lating miRNAs. Similar patterns have been described in the
literature and confirm our observations (61,63-66). Our find-
ings support the view that diagnostic markers are by no means
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always suitable as monitoring markers (69); however, current
knowledge of the effects of biological variation of circulating
miRNAs is markedly limited. Particular attention and further
research to this critical point will be necessary to evaluate
the true validity of circulating miRNAs in clinical practice.
Further prospective investigations of circulating miRNAs are
warranted to consider the aforementioned issues for a suitable
study design.
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