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Abstract
Purpose  Prostate cancer (PCa) is a common tumor disease in western countries and a leading cause of cancer-driven mor-
tality in men. Current methods for prostate cancer detection, like prostate-specific antigen screening, lead to significant 
overtreatment. The purpose of the study was to analyze circulating microRNAs in serum as non-invasive biomarkers in 
patients with diagnosis of prostate cancer and healthy individuals.
Methods  This preliminary study included a population of 20 patients with mean age of 68.6 years and mean PSA of 21.3 ng/
ml. Eight healthy patients were used as control. MiRNAs were quantified in the total RNA fraction extracted from serum and 
levels of five microRNAs (miR-106b, miR-141, miR-21, mir-34a, and miR-375) were quantified by RT-qPCR. Statistical 
analyses evaluated correlation between clinicopathological data and miRNAs expression levels.
Results  Relative expression ratios of miR-106b, miR-141-3p, miR-21, and miR-375 were significantly increased (1.8-,  1.9-, 
2.4-, and 2.6-fold, respectively) in the PCa group compared to healthy control. Using receiver operating characteristics, the 
highest area under the curve equal to 0.906 was obtained for miR-357 and indicates a very good diagnostic properties of this 
biomarker. We found expression level of mir-34a not related with PCa.
Conclusions  Our results support previous findings on the possibility of discriminating prostate cancer patients from healthy 
controls by detecting miRNA (miR-141-3p, miR-21, and miR-375). Further insights into miRNA abundance and character-
istics are necessary to validate the panel of miRNA as surrogate markers in diagnosis of prostate cancer.
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Introduction

Prostate cancer (PCa) is a heterogeneous and one of the 
oncological diseases with a higher incidence in western 
countries. It includes several phenotypes, from indolent 
to highly aggressive forms, despite the fact that it tends to 
grow more slowly than other solid cancers [1]. Circulating 
prostate-specific antigen (PSA) is currently the most com-
mon non-invasive biomarker used to detect PCa, despite 
the controversies around its use as a screening tool. Actu-
ally, the blood levels of PSA are often elevated in men with 

benign conditions (e.g., prostatitis, urinary tract infection, 
or benign prostatic hyperplasia). PSA test is of low specific-
ity, because it is specific for the prostate gland, not for PCa 
[2]. The screening based on PSA blood levels results in a 
higher incidence of low-risk PCa, most of which require no 
treatment (active surveillance has been proposed for those 
patients). Therefore, a search for new, improved biomarkers 
is necessary for the diagnosis of PCa.

MicroRNAs (miRNAs) are small (18–22 nucleotides) 
non-coding RNAs that control gene expression posttran-
scriptionally and are part of the giant non-coding genome 
[3]. They can modulate the expression of approximately 
30–50% of the protein-coding genes in humans and have 
regulatory function on molecular signaling pathways in 
the cell. The first studies on PCa-altered miRNAs began 
in 2007–2008 with the purpose to identify miRNA profiles 
with diagnostic, prognostic, and predictive abilities [4, 5]. 
Recently, several miRNA expression profiles have been 
reported in prostate tumors and they all share an extensive 
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overall deregulation of miRNAs. Moreover, it was demon-
strated that miRNA differential expression profiles in pros-
tate cancer can be firmly correlated with its clinical expres-
sion. Finally, accumulating data suggest that microRNAs 
(miRNAs) are promising potential biomarker and can be 
used in the detection of PCa [6]. Recently, several miRNA 
expression profiles have been reported in prostate tumors and 
they all share an extensive overall deregulation of miRNA 
[4, 5, 7]. A large number of serum miRNAs have been found 
to be differently expressed in prostate cancer, among which 
numerous miRNAs are oncomirs, exhibiting overexpression 
in PCa and promoting tumorigenesis, negatively regulating 
many tumor suppressor genes [8, 9]. MiRNAs also function 
as tumor suppressors, exhibiting downregulation in PCa, 
which can lead to attenuation of inhibition of tumor initia-
tion and development [10, 11].

MiRNAs have a several properties to be excellent bio-
markers for the diagnosis of prostate cancer, such as dereg-
ulated expression in PCa, circulation in body fluids (non-
invasive way of sampling), usage in cancer monitoring, and 
prognosis. However, there are technical limitation associated 
with relatively low abundance, instability, and possible intra-
cellular miRNA contamination [12]. Despite these limita-
tions, alteration in circulating miRNAs reflects dysregulation 
of cancer immunity, cell growth, proliferation and stromal 
interaction, mediation, and promotion of cellular apoptosis 
[12] which makes miRNAs a suitable tool to identify diag-
nostic and prognostic marker.

The aim of this paper is to identify specific miRNAs 
in patients for routine diagnosis of PCa. We investigated 
the expression pattern of five cancer-associated miRNAs, 
miR-106b, miR-141, miR-21, miR-34a, and miR-375 in the 
serum of PCa patients and control. We also analyzed cor-
relation between circulating levels of the tested miRNAs and 
clinicopathological characteristics (PSA, Gleason score and 
European Association of Urology risk group).

Materials and methods

Sample collection and hemolysis assessment

In the period between June and December 2017, 62 patients 
were selected for our study. 52 patients were referred to our 
department with suspicion of PCa. Digital rectal examina-
tion (DRE) and PSA tests were applied for the early detec-
tion of PCa. Three patients had negative biopsy before. 
Patients were diagnosed by an echo-directed transrectal 
biopsy along with the taking of 10 cylinders and following 
the performance of PSA analysis. Out of this population, 
20 patients with finally diagnosed PCa (19 positive biopsy, 
one positive specimen from transurethral resection of the 
prostate procedure (TUR-P)), were selected for miRNAs 

analysis, the other 10 cases were healthy. All biopsy pro-
cedures were performed by one physician. In PCa group, 
the mean age was 67.5 years (range 49–79), the mean total 
PSA 21.3 ng/ml (range 3.8–108 ng/ml), and a median of 7 
for Gleason grade. Those patients were classified into sub-
groups, obtaining 5 (25%), 6 (30%), and 9 (45%) patients 
with low-, intermediate- and high-risk of PCa, respectively 
(Table 1).

Eight control patients with mean age 68.6 years (range 
56–78) were also recruited and matched by mean age with 
the individuals affected by PCa. They were referred to our 
department for other clinical problems (non-PCa).

The ethics committee of the Clinical Research Ethics 
Committee of Subcarpathian Region approved this study 
(Nr 10/B/2017), and written consent was obtained from all 
patients to provide information and samples for research 
purposes.

2 ml of peripheral whole blood samples was collected 
from patients before prostate biopsy into tubes without anti-
coagulant. Blood samples were stored at room temperature 
for 30 min to allow complete coagulation. Coagulated sam-
ples were then centrifuged at 1500×g for 15 min at 4 °C 
to separate serum. The upper phase containing serum was 
carefully collected, aliquoted in 1.5 ml RNase-free tubes 
and frozen immediately at − 80 °C, until further use. To 
avoid quantifying miRNAs in hemolytic serum samples, 
spectral analysis was performed with readings from 350 to 

Table 1   Clinical characteristics of the patients

Characteristics Prostate cancer

Age
 Mean 68.6
 Range 56–78

Clinical stage
 cT1c 18
 cT2c 1
 cT3 1

PSA
 < 2.5 0
 2.5–10 9
 10 4
 > 20 7

Gleason score
 6 10
 7 5
 8 3
 9 2

EAU risk group
 Low-risk 5 (25%)
 Intermediate-risk 6 (30%)
 High-risk 9 (45%)
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620 nm. The absorbance peak at 414 nm was indicative for 
free hemoglobin, with additional peaks occurring at 541 and 
576 nm identifying very high levels of hemolysis. Accord-
ing to Kirschner et al., it was assumed that samples were 
hemolyzed if the A414 reading were higher than 0.2 [13]. 
The average absorbance values and standard deviations were 
calculated from triplicates.

Total RNA extraction and reverse transcription

Extraction of total miRNA was performed from fro-
zen serum using RiboZol™ RNA Extraction Reagent 
(AMRESCO, LLC) according to the manufacturer’s 
instructions. Briefly, 1200 µl of Trizol Reagent was added 
to 400 µl of serum followed by room temperature incuba-
tion for 5 min. Then, 320 µl of chloroform was added, sam-
ples were vortexed, and incubated for 10 min at room tem-
perature followed by centrifugation at 12,000×g for 15 min 
at 4 °C. About 80% of the upper aqueous phase containing 
total RNA was transferred to a new tube and precipitated 
by adding isopropanol. The samples were enriched with 
0.8 µg of carrier RNA (MS2 RNA from MS2-phages, 
Roche) during the isopropanol precipitation. The pellet 
was washed with 75% ethanol, air-dried, and resuspended 
in 50 µl of RNase-free water. RNA concentration was 
measured using fluorometer Qubit 2.0 (Invitrogen, US), 
and purity was assessed with spectrophotometer UV–Vis 
(JASCO V-670). Ratio A260/280 near 1.8 indicated that 
RNA was free of DNA particles and proteins. Total RNA 
was divided into 5 µl aliquots and stored at − 80 °C until 
further use. The reverse transcription (RT) reaction mix 
contained 10 µM of miRNA universal primer (5′-CAG​
GTC​CAG​TTT​TTT​TTT​TTT​TTT​VN-3′) [14], 1 mM each 
of dNTPs, 1 mM ATP, 10 µM of reverse primers specific 
to reference genes (RNU6 and SNORD44) (Table 2), 10× 

Poly(A) Pol Reaction Buffer, 200 U of M-MuLV Reverse 
Transcriptase (200 U/µl, EurX), 5 U of Poly (A) polymer-
ase E. coli (5000 U/ml, Biolabs), and 10 ng of total RNA. 
RT reaction was carried out at 42 °C for 60 min and 95 °C 
for 5 min on Gene Amp® PCR System 9700 (Applied 
Biosystems, US).

miRNA expression profiling

The expression level of the selected genes (RNU6 and 
SNORD44) and miRNAs (miR-106b, miR-141-3p, miR-
21, miR-34a-5p, and miR-375) was determined by qPCR, 
which was performed using the Eco™ Illumina Real-Time 
PCR System. Based on the annotated sequences of mature 
miRNAs (http://www.mirBa​se.org) and selected reference 
genes (NCBI), specific forward and reverse primers were 
designed with the use of Primer-BLAST (Table 2) [15]. 
PCR reaction mixture included 1 µl of RT product, 1× 
GoTaq® qPCR Master Mix (Promega, US), 10 µM of each 
specific reverse, and forward miRNA and reference gene 
primers (Table 2). The qPCR experiments were performed 
at 95 °C for 5 min, followed by 45 cycles at 95 °C for 
20 s, 60 °C for 60 s, and 95 °C for 15 s. The melting 
curve analysis was carried out to verify specificity of PCR 
products. To generate standard curves, qPCR amplifica-
tion of cDNA and its 10-fold dilutions were performed. 
PCR amplification efficiencies (E) were calculated for 
each individual miRNA using the following equation: 
E = [(10−1/slope) − 1] × 100. The relative expression levels 
were determined taking into account different amplifica-
tion efficiencies of miRNAs and reference gene with the 
use of Livak 2−ΔΔC

T method [16]. Endogenous RNU6 gene 
was used as an internal control for normalizing data.

Table 2   MiRNAs and reference genes primers sequence used in qPCR analysis for circulating miRNA

a National Center of Biotechnology Information (NCBI) Reference Sequence Number
b miRBase: The MicroRNA Database Accession Number

Accession number miRNA/refer-
ence gene 
name

Primer forward (5′–3′) Primer reverse (5′–3′) Amplicon

Nucleotide 
position

Size (bp)

Start End

004394a RNU6 CGC​TTC​GGC​AGC​ACA​TAT​AC AGG​GGC​CAT​GCT​AAT​CTT​CT 329 434 106
002750a SNORD44 TGA​TGA​TAA​GCA​AAT​GCT​GACTG​ GAG​CTA​ATT​AAG​ACC​TTC​ATG​TTC​AG 8604 8664 61
0004672b mir-106b CGC​ACT​GTG​GGT​ACTTG​ GTC​CAG​TTT​TTT​TTT​TTT​TTT​GCA​G 52 73 22
0000432b mir-141-3p CGC​AGT​AAC​ACT​GTC​TGG​T GTC​CAG​TTT​TTT​TTT​TTT​TTT​CCA​TCT​ 59 80
0000076b mir-21-5p GCA​GTA​GCT​TAT​CAG​ACT​GATG​ GGT​CCA​GTT​TTT​TTT​TTT​TTT​TCA​AC 8 29
0000255b mir-34a-5p GCA​GTG​GCA​GTG​TCT​TAG​ GGT​CCA​GTT​TTT​TTT​TTT​TTT​TAC​

AAC​
22 43

0000728b mir-375 AGT​TTG​TTC​GTT​CGG​CTC​ GGT​CCA​GTT​TTT​TTT​TTT​TTT​TCA​C 40 61

http://www.mirBase.org
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Statistical analysis

Data preprocessing and statistical analyses were performed 
using GenEx v.6.0.1 (MultiD Analyses AB, Göteborg, Swe-
den) and STATISTICA v.12 (StatSoft, OK, USA) software. 
Mann–Whitney U test and Spearman rank correlation were 
used to analyze the data. Receiver operating characteristics 
(ROC) curves were calculated to determine the potential of 
miRNAs to discriminate between PCa and healthy controls 
(HC) samples. To combine biomarkers, logistic regression 
analysis was applied. Statistically significant differences 
were set at p < 0.05 using two-sided test.

Results

Selection of miRNAs and reference genes

Five human microRNAs: miR-106b, miR-141-3p, miR-
21, miR-34a-5p, and miR-375 were chosen based on lit-
erature [3, 6, 7, 11, 13, 17–20]. These miRNAs were the 
most frequently analyzed and showed the highest diagnostic 
potential. Two reference genes RNU6 and SNORD44 were 
selected as they are frequently used as endogenous controls 
with equal level of expression between normal and cancer 
cells. The putative reference gene, SNORD44, showed a 1.2-
fold lower expression in tumor serum sample (Mann–Whit-
ney U test, p = 0.0007) and was therefore excluded. Whereas 
the second reference gene candidate RNU6 showed no sig-
nificant expression changes (Mann–Whitney U test, p = 0.11) 
and was used to normalize subsequent miRNA analyses.

Statistical analysis of miRNAs relative expression 
and correlation analysis

The expression ratios of selected miRNAs from serum sam-
ples of patients with prostate cancer (PCa) and HC were 
normalized to RNU6. Among them miR-106b, miR-141-3p, 
miR-21, and miR-375 showed statistically significant differ-
ences. No significant difference in the expression of miR-
34a-5p were detected between the case and control groups, 
and this particle was excluded from further analyses. The 
miR-106b, miR-141-3p, miR-21, and miR-375 showed an 
increased expression level in the PCa group (expression ratio 
1.8, 1.9, 2.4, and 2.6, respectively) (Fig. 1).

Patients enrolled in the study were characterized clin-
icopathologically (Table 1). The two studied groups did not 
differ statistically in age, therefore age is not the basis for 
variability between patients with and without prostate can-
cer. Whereas, miRNAs expression levels were correlated 
with PSA value, Gleason score, and European Association 
of Urology (EAU) risk groups. As the control group con-
sisted of healthy patients who did not have an episode of 

abnormal prostate function (with no PSA level), the cor-
relation analysis was conducted within the PCa group. Sta-
tistically significant interdependence was observed between 
miR-141-3p and Gleason score (rs = 0.655; p = 0.015). 
Expression profiles of the selected miRNA were also com-
pared. Spearman correlation coefficients (rs) values were 
evaluated from − 0.323 to 0.655, but statistically significant 
correlations between miRNAs expression levels were only 
obtained for miR-141-3p/miR-375 (rs = 0.662; p = 0.035), 
miR-141-3p/miR-21 (rs = 0.483; p = 0.014), and miR-21/
miR-375 (rs = 0.453; p = 0.034).

MiRNAs as diagnostic markers

ROC analyses were performed to evaluate the capability of 
miRNAs to discriminate between PCa and non-PCa serum 
samples (Table 3; Fig. 2). As a result of ROC analysis, the 
highest AUC was indicated for miR-375 (0.906, 95% CI 
between 0.797 and 1.001). The miR-21, miR-141-3p showed 
also a very high AUC values: 0.856 (95% CI 0.680–1.003), 
0.831 (95% CI 0.657–1.00), and miR-106b high AUC value 
equal 0.750 (95% CI 0.545–0.955), respectively.

The cut-off value was chosen to maximize both, sensitiv-
ity and specificity, by applying the Youden’s index (Maxi-
mum = Sensitivity + Specificity − 1) for each ROC analysis 
(Table 3). Comparative analysis of diagnostic power of more 
than one circulating miRNA showed no significant improve-
ment of AUC values for miR-106b, miR-141, and miR-21. 
However, it was found that combinations of three studied 
miRNAs (miR-141, miR-21, and miR-375) provide the high-
est positive predictive value (0.93) with AUC lower than 
AUC for miR-375 (0.864 and 0.906), respectively (Fig. 3).

Discussion

In our study, five prostate cancer-specific miRNAs were 
successfully detected in the serum samples of PCa patients 
and four of them (miR-106b, miR-141, miR-21, miR-375) 
showed different abundance when compared with healthy 
patients. Real-Time qPCR analysis revealed that all four 
miRNAs were overexpressed in PCa serum samples com-
pared with healthy controls which is in agreement with 
other studies [21, 22]. Haldrup et al. [21] demonstrated 
14.66-fold change in miR-375 expression in PCa serum 
samples and rather low level of diagnostic properties 
(AUC = 0.650). Our results differ in values of fold change 
expression and AUC, indicating a lower differentiation 
between PCa and HC groups, but higher diagnostic val-
ues (expression level 2.6 and AUC = 0.906, respectively). 
This could be caused by involving different negative con-
trols: benign prostatic hyperplasia (BPH) by Haldrup et al. 
(2014) and patients with lack of prostate changes arranged 
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in our study. High diagnostic value of mir-141-3p revealed 
in our study (AUC = 0.831) was also confirmed by Gonza-
les et al. [22] and Mitchell et al. [23] with AUC comparing 
PCa and healthy patients equal to 0.907. Brase et al. [12] 
described miRNA-375 and miRNA-141-3p as the most 
pronounced markers for high-risk tumors (elevated level 
in metastatic PCa patients and significant association with 

poor overall survival) [24]. MiR-375 and miR-141 levels 
also correlate with high Gleason score [12], which is par-
tially confirmed in our study (correlation between miR-
141-3p and Gleason score was significant at p = 0.015). 
Consistent with previous reports [21], levels of miR-
141-3p and miR-375 revealed direct correlation (rs = 0.662 
and p = 0.035). Their observations suggest that miRNA-
375 and miRNA-141 expression is enhanced in prostate 
cancer specimens and their release into the blood is further 
associated with advanced cancer disease, which is partially 
confirmed in this study. Also miR-21 demonstrated sig-
nificant correlation with miR-375, confirmed by Gao et al. 
[25], and miR-141-3p (rs = 0.453; p = 0.033 and rs = 0.483; 
p = 0.014, respectively). The study also concerned the 
identification of less studied miR-106b, as it appears to be 
a PCa oncogene, and was suggested as a candidate prog-
nostic marker for prostate cancer [26]. We observed 1.8-
fold significant increase of miR-106b expression in PCa 
group compared with 1.03-fold increase obtained by Sun 
et al. [27]. Nevertheless, miR-106b showed no significant 
correlation with clinicopathological data (Gleason score, 

Fig. 1   Box plots representing serum miR-21, miR-375, miR-106b, and miR-141-3p expression levels in prostate cancer (PCa) patients and 
healthy controls (HC). Expression levels of the miRNAs are normalized to RNU6

Table 3   The results of ROC analysis for the miRNAs tested and com-
bination

AUC values, standard error (SE) sensitivity and specificity are given
a, b Sensitivity and specificity with different cut-off values

miRNA AUC​ SE Sensitivity Specificity

miR-106b 0.750 0.10 0.95 0.50
miR-141-3p 0.831 0.08 0.65a (0.90)b 0.88a (0.63)b

miR-21 0.856 0.09 0.90 0.75
miR-375 0.906 0.05 1.00 0.75
miR-141-3p/miR-

21//miR-375
0.864 0.04 0.93 0.63
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PSA) or other studied miRNAs and also indicated the low-
est significance as diagnostic test (AUC = 0.750; p = 0.1).

In our study, we failed to validate miR-34a as prostate 
cancer biomarker. The expression level of this oligonucle-
otide was probably too low for reliable testing [28]. miR-
34a was downregulated in prostate cancer and inhibited 
malignant growth by repressing genes involved in various 
oncogenic signaling pathways [29] and it is suggested that 
miR-34a therapy may be among the first miRNA mimics 
to reach the clinic. However, different studies provided 
opposite data on expression of miR-34a no significant dys-
regulation in tissue [30] and serum (this study), 0.8-fold 
downregulation in tissue [31] or upregulation [32].

Three miRNAs miR-141-3p, miR-375, and miR-21 
repeatedly appear in various studies and are characterized 
as being highly overexpressed in PCa, playing important role 
in tumor growth processes [8, 33, 34]. In order to evaluate 
the diagnostic value of combination of the three mentioned 
miRNAs, we performed correlation analyses of expression 
levels to identify miRNA combinations, which could poten-
tially supplement each other in a diagnostic test, and thus 
increase sensitivity when compared to individual miRNAs. 
Testing pair of miRNA resulted in no further improvement 
of high AUC values observed for single miRNAs (miR-
141-3p, miR-21, and miR-375, AUC values were 0.831, 
0.856, and 0.906, respectively). However, the combination 

Fig. 2   Receiver operating curve (ROC) curve analysis with the use of miR-106b, miR-141-3p, miR-21, and miR-375 to differentiate PCa and 
healthy controls (HC) samples
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of three miRNAs (miR-141-3p, miR-21, and miR-375) in a 
single test would significantly increase predictive value (to 
93%), which indicate the probability that the prostate cancer 
develops when the test is positive, which would be essential 
for reducing the quantity of overdiagnosis events in prostate 
cancer treatment.

In conclusions, our results have revealed that miR-106b, 
miR-141-3p, miR-21, and miR-375 are overexpressed in 
serum samples of PCa patients when compared with healthy 
patients. These data are promising for the use of these serum 
miRNAs for non-invasive and specific detection of PCa. 
Moreover, our study indicates that combined analysis of 
serum miR-141-3p, miR-21, and miR-375 can significantly 
improve the prediction level of the presence of prostate 
cancer. Within the PCa group, we also found no significant 
correlation between the miRNA expression and PSA value, 
which is known to be imperfect prostate cancer indicator. 
Our results support previous findings on the possibility of 
detecting miRNA in serum sample for PCa diagnosis and 
that a combination of detected miRNAs stand out as prom-
ising panel markers with a diagnostic potential. However, 
before microRNAs become a tool for routine diagnostics, 
additional research is required: (i) fully understand miRNA 
expression in the human body, (ii) elucidate preanalytical 
variables that impact miRNA detection, (iii) standardize 
existing or develop novel miRNA detection methods, and 
(iv) compare the performance of different miRNA detection 
platforms.

Within 6 months, 38% of all patients enrolled in our study 
were diagnosed with prostate cancer. The small sample size 
can be considered as the limitation of the present study, 

compared to 46–102 samples tested in related microRNAs 
projects [11, 21, 25]. However, internal controls correspond-
ing to samples (no hemolysis, no protein, or DNA contami-
nation) and procedures (the performance of isolation, and 
RT-PCR were checked for particular markers) were main-
tained to assure high quality of data. Moreover, the statistical 
analysis showed significant differences of miRNAs expres-
sion levels between cohorts.

Compliance with ethical standards 

Conflict of interest  The authors declare no conflict of interest.

Open Access  This article is distributed under the terms of the Crea-
tive Commons Attribution 4.0 International License (http://creat​iveco​
mmons​.org/licen​ses/by/4.0/), which permits unrestricted use, distribu-
tion, and reproduction in any medium, provided you give appropriate 
credit to the original author(s) and the source, provide a link to the 
Creative Commons license, and indicate if changes were made.

References

	 1.	 Ferlay J, Soerjomataram I, Dikshit R, Eser S, Mathers C, Rebelo 
M, Parkin DM, Forman D, Bray F (2015) Cancer incidence and 
mortality world-wide: sources, methods and major patterns in 
GLOBOCAN 2012. Int J Cancer 136:359–386

	 2.	 Xu W, Zhou M (2014) A concise update on prostate pathology. 
Cesk Patol 50(4):120–128

	 3.	 Bertoli G, Cava C, Castiglioni I (2015) MicroRNAs: new bio-
markers for diagnosis, prognosis, therapy prediction and thera-
peutic tools for breast cancer. Theranostics 5:1122–1143

	 4.	 Ozen M, Creighton CJ, Ozdemir M, Ittmann M (2008) Wide-
spread deregulation of microRNA expression in human prostate 
cancer. Oncogene 27:1788–1793

	 5.	 Porkka KP, Pfeiffer MJ, Waltering KK, Vessella RL, Tammela TL, 
Visakorpi T (2007) MicroRNA expression profiling in prostate 
cancer. Cancer Res 67(13):6130–6135

	 6.	 Sita-Lumsden A, Dart DA, Waxman J, Bevan CL (2013) Circulat-
ing microRNAs as potential new biomarkers for prostate cancer. 
Br J Cancer 108(10):1925–1930

	 7.	 Gandellini P, Folini M, Zaffaroni N (2009) Towards the definition 
of prostate cancer-related microRNAs: where are we now? Trends 
Mol Med 15:381–390

	 8.	 Medina-Villaamil V, Martínez-Breijo S, Portela-Pereira P, 
Quindós-Varela M, Santamarina-Caínzos I, Antón-Aparicio 
L, Gómez-Veiga F (2014) Circulating microRNAs in blood of 
patients with prostate cancer. Actas Urol Esp 38:633–639

	 9.	 Lan H, Lu H, Wang X, Jin H (2015) MicroRNAs as potential 
biomarkers in cancer: opportunities and challenges. Biomed Res 
Int 2015:1–17

	10.	 Kanwal R, Plaga AR, Liu X, Shukla GC, Gupta S (2017) Micro-
RNAs in prostate cancer: functional role as biomarkers. Cancer 
Lett 407:9–20

	11.	 Souza MF, Kuasne H, Barros-Filho MC, Cilião HL, Marchi FA, 
Fuganti PE, Paschoal AR, Rogatto SR, Cólus IMS (2017) Circu-
lating mRNAs and miRNAs as candidate markers for the diagno-
sis and prognosis of prostate cancer. PLoS ONE 12(9):1–16

	12.	 Brase JC, Johannes M, Schlomm T, Falth M, Haese A, Steuber T, 
Beissbarth T, Kuner R, Sültmann R (2011) Circulating miRNAs 

Fig. 3   Multimarker ROC curve analysis by combinations of miR-
141-3p, miR-21, and miR-375 to differentiate PCa from healthy con-
trols

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/


1626	 International Urology and Nephrology (2018) 50:1619–1626

1 3

are correlated with tumor progression in prostate cancer. Int J 
Cancer 128:608–616

	13.	 Kirschner MB, Kao SC, Edelman JJ, Armstrong N, Vallely MP, 
van Zandwijk N, Reid G (2011) Haemolysis during sample prepa-
ration alters microRNA content of plasma. PLoS ONE 6(9):1–9

	14.	 Alvarez ML, Nourbakhsh M, Reboll MR et al (2014) RNA map-
ping. Methods and protocols. In: Methods in molecular biology, 
vol. 1182. Springer, New York, pp 3–18

	15.	 Ye J, Coulouris G, Zaretskaya I, Cutcutache I, Rozen S, Madden 
T (2012) Primer-BLAST: a tool to design target-specific primers 
for polymerase chain reaction. BMC Bioinform 13(134):1–11

	16.	 Livak KJ, Schmittgen TD (2001) Analysis of relative gene 
expression data using real-time quantitative PCR and the 2−∆∆CT 
method. Methods 25:402–408

	17.	 Redova M, Poprach A, Nekvindova J, Iliev R, Radova L, Lakomy 
R, Svoboda M, Vyzula R, Slaby O (2012) Circulating miR-378 
and miR-451 in serum are potential biomarkers for renal cell car-
cinoma. J Transl Med 10:55

	18.	 Antolín S, Calvo L, Blanco-Calvo M, Santiago MP, Lorenzo-
Patiño MJ, Haz-Conde M, Santamarina I, Figueroa A, Antón-
Aparicio LM, Valladares-Ayerbes M (2015) Circulating miR-200c 
and miR-141 and outcomes in patients with breast cancer. BMC 
Cancer 2(15):297

	19.	 Zhao Y, Ren Q, Zhu K (2018) Serum miR-106b upregulation pre-
dicts poor prognosis in patients with colorectal cancer. Cancer 
Biomark. https​://doi.org/10.3233/CBM-18124​6

	20.	 Zhou X, Ye F, Yin C, Zhuang Y, Yue G, Zhang G (2015) The 
interaction between MiR-141 and lncRNA-H19 in regulating cell 
proliferation and migration in gastric cancer. Cell Physiol Bio-
chem 36(4):1440–1452

	21.	 Haldrup C, Kosaka N, Ochiya T, Borre M, Høyer S, Orntoft 
TF, Sorensen KD (2014) Profiling of circulating microRNAs 
for prostate cancer biomarker discovery. Drug Deliv Transl Res 
4(1):19–30

	22.	 Gonzales JC, Fink LM, Goodman OB Jr, Symanowski JT, Vog-
elzang NJ, Ward DC (2011) Comparison of circulating Micro-
RNA 141 to circulating tumor cells, lactate dehydrogenase, and 
prostate-specific antigen for determining treatment response in 
patients with metastatic prostate cancer. Clin Genitourin Canc 
9(1):39–45

	23.	 Mitchell PS, Parkin RK, Kroh EM, Fritz BR, Wyman SK, Pogos-
ova-Agadjanyan EL, Peterson A, Noteboom J, O’Briant KC, Allen 
A, Lin DW, Urban N, Drescher CW, Knudsen BS, Stirewalt DL, 
Gentleman R, Vessella RL, Nelson PS, Martin DB, Tewari M 

(2008) Circulating microRNAs as stable blood-based markers for 
cancer detection. Proc Natl Acad Sci USA 105(30):10513–10518

	24.	 Filella X, Foj L (2016) Prostate cancer detection and prognosis: 
from prostate specific antigen (PSA) to exosomal biomarkers. Int 
J Mol Sci 17(11):1–22

	25.	 Gao Y, Guo Y, Wang Z, Dai Z, Xu Y, Zhang W, Liu Z, Li S 
(2016) Analysis of circulating miRNAs 21 and 375 as potential 
biomarkers for early diagnosis of prostate cancer. Neoplasma 
63(4):623–628

	26.	 Luu HN, Lin HY, Sørensen KD, Ogunwobi OO, Kumar N, Chor-
nokur G, Phelan C, Jones D, Kidd L, Batra J, Yamoah K, Berglund 
A, Rounbehler RJ, Yang M, Lee SH, Kang N, Kim SJ, Park JY, 
Di Pietro G (2017) MiRNAs associated with prostate cancer risk 
and progression. BMC Urol 17:1–18

	27.	 Sun Y, Jia X, Hou L, Liu X (2016) Screening of differently 
expressed miRNA and mRNA in prostate cancer by integrated 
analysis of transcription data. Urology 94(313):1–16

	28.	 Kachakova D, Mitkova A, Popov E, Popov I, Vlahova A, Dikov 
T, Christova S, Mitev V, Slavov C, Kaneva R (2015) Combina-
tions of serum prostate-specific antigen and plasma expression 
levels of let-7c, miR-30c, miR-141, and miR-375 as potential 
better diagnostic biomarkers for prostate cancer. DNA Cell Biol 
34(3):189–200

	29.	 Bader AG (2012) MiR-34—a microRNA replacement therapy is 
headed to the clinic. Front Genet 3(120):1–9

	30.	 Kelly BD, Miller N, Sweeney KJ, Durkan GC, Rogers E, Walsh 
K, Kerin MJ (2015) A circulating microRNA signature as a 
biomarker for prostate cancer in a high risk group. J Clin Med 
4(7):1369–1379

	31.	 Ambs S, Prueitt RL, Yi M, Hudson RS, Howe TM, Petrocca F, 
Wallace TA, Liu CG, Volinia S, Calin GA, Yfantis HG, Stephens 
RM, Croce CM (2008) Genomic profiling of microRNA and mes-
senger RNA reveals deregulated microRNA expression in prostate 
cancer. Cancer Res 68(15):6162–6170

	32.	 McDonald AC, Vira M, Shen J, Sanda M, Raman JD, Liao J, Patil 
D, Taioli E (2018) Circulating microRNAs in plasma as poten-
tial biomarkers for the early detection of prostate cancer. Prostate 
78(6):411–418

	33.	 Filella X, Foj L (2017) MiRNAs as novel biomarkers in the man-
agement of prostate cancer. Clin Chem Lab Med 55(5):715–736

	34.	 Yaman Agaoglu F, Kovancilar M, Dizdar Y, Darendeliler E, Hold-
enrieder S, Dalay N, Gezer U (2011) Investigation of miR-21, 
miR-141, and miR-221 in blood circulation of patients with pros-
tate cancer. Tumor Biol 32(3):583–588

https://doi.org/10.3233/CBM-181246

	Combination of three miRNA (miR-141, miR-21, and miR-375) as potential diagnostic tool for prostate cancer recognition
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusions 

	Introduction
	Materials and methods
	Sample collection and hemolysis assessment
	Total RNA extraction and reverse transcription
	miRNA expression profiling
	Statistical analysis

	Results
	Selection of miRNAs and reference genes
	Statistical analysis of miRNAs relative expression and correlation analysis
	MiRNAs as diagnostic markers

	Discussion
	References


