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Simple Summary: Prostate cancer (PCa) is the most prevalent neoplasia among men worldwide
but is commonly “mimicked” by benign prostate hyperplasia (BPH). Their discrimination by the
prostate-specific antigen (PSA) is often uncertain, resulting in lengthy diagnostic protocols and
recurrent tissue biopsies. The development of more appropriate biomarkers, possibly present in
liquid biopsy, would significantly improve PCa and BPH patient management. To address this
challenge, in this study miR-375-3p, miR-182-5p, miR-21-5p, and miR-148a-3p were analyzed by
ddPCR in blood plasma and seminal plasma of patients with PCa and BPH prior to tissue biopsy.
Among other findings, miR-182-5p and miR-375-3p were found to have statistically significantly
higher expression in PCa patients compared to BPH in blood, with a combined specificity of 90.2%
to predict positive or negative biopsy results. The data presented emphasize the great potential of
miRNAs as liquid biopsy biomarkers for PCa.

Abstract: Prostate cancer (PCa) is the most commonly diagnosed neoplasm among men. Since it
often resembles benign prostate hyperplasia (BPH), biomarkers with a higher differential value than
PSA are required. Epigenetic biomarkers in liquid biopsies, especially miRNA, could address this
challenge. The absolute expression of miR-375-3p, miR-182-5p, miR-21-5p, and miR-148a-3p were
quantified in blood plasma and seminal plasma of 65 PCa and 58 BPH patients by digital droplet PCR.
The sensitivity and specificity of these microRNAs were determined using ROC curve analysis. The
higher expression of miR-182-5p and miR-375-3p in the blood plasma of PCa patients was statistically
significant as compared to BPH (p = 0.0363 and 0.0226, respectively). Their combination achieved a
specificity of 90.2% for predicting positive or negative biopsy results, while PSA cut-off of 4 µg/L
performed with only 1.7% specificity. In seminal plasma, miR-375-3p, miR-182-5p, and miR-21-5p
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showed a statistically significantly higher expression in PCa patients with PSA >10 µg/L compared
to ones with PSA ≤10 µg/L. MiR-182-5p and miR-375-3p in blood plasma show higher performance
than PSA in discriminating PCa from BPH. Seminal plasma requires further investigation as it
represents an obvious source for PCa biomarker identification.

Keywords: prostate cancer; microRNA; liquid biopsy; biomarkers; benign prostate hyperplasia;
plasma; seminal fluid

1. Introduction

Prostate cancer (PCa) is the most commonly diagnosed neoplasm among men in
the Western world with constantly rising incidence worldwide [1]. The PCa diagnosis
is confirmed by histopathological analysis of prostate biopsy cores, after a suspiciously
elevated prostate-specific antigen (PSA) or positive digital rectal examination (DRE). PSA
has low specificity and only in up to 30% of patients with PSA 4–10 ng/uL PCa is it
confirmed by histopathology [2]. Benign prostate hyperplasia (BPH) is the most common
condition that presents with high PSA levels “mimicking” PCa. Such findings often result in
a tissue biopsy, which is the only clinical tool powerful enough to distinguish these diseases
with different therapy protocols and outcomes. Indeed, many unnecessary biopsies are
being performed causing significant stress and risk for patients, as well as a financial and
logistic burden for a healthcare system. To overcome these challenges, new biomarkers
with higher sensitivity and specificity are under intensive research. A special focus has been
put on liquid biopsy biomarkers, especially in the blood due to their minimal invasiveness
and fast real-time analysis [3,4].

Among liquid biopsy biomarkers, the most prominent ones are small non-coding
RNAs (miRNAs), epigenetically active oligonucleotides that post-transcriptionally regulate
gene expression [5]. Dysregulation of miRNAs was described in PCa tissue in 2006 and
soon after in sera of PCa patients [6,7]. These discoveries led to a sharp increase in the
number of related studies. Still, miRNAs as PCa biomarkers have many challenges that
should be overcome before significant progress could be achieved. The most challeng-
ing, are the lack of widely accepted guidelines regarding sample processing and storage,
experimental protocols, miRNA isolation and quantification, data analysis, and reliable
miRNA for normalization [8,9]. Some of these challenges can be addressed by the use of
digital droplet PCR (ddPCR). This technology allows absolute quantification overcoming
the normalization issue, as well as replicate samples [10,11]. Apart from technical issues
regarding miRNA quantification, most promising miRNAs were later found of low or no
value for clinical use as PCa biomarkers, especially in patient’s liquid biopsies. Therefore,
the identification of more specific and sensitive miRNAs in liquid biopsies as PCa biomark-
ers is still a challenge waiting to be addressed. Contrary to the standard relationship with
blood and urine in comparison to other tissues, prostate tissue is strongly related to seminal
fluid contributing to its volume by 40% by secreting prostatic fluid. It is reasonable to
expect that PCa-related miRNAs could be detected easier in seminal plasma than in blood
or urine [12]. Even so, seminal fluid is a source of miRNAs in PCa patients that is the least
researched, with only several papers published [13–16].

The present study aimed to investigate the possible clinical value of the miR-375-
3p, miR-182-5p, miR-148a-3p, and miR-21-5p as discriminatory biomarkers between PCa
and BPH patients when analyzed in patients’ blood plasma and seminal plasma using
ddPCR technology. In fact, miR-375-3p and miR-21-5p have already been under some
interest as cancer biomarkers, but there are almost no data on seminal plasma expression
in PCa patients. MiR-148a-3p and miR-182-5p in liquid biopsies as cancer biomarkers
are still under research and greatly underestimated despite confirmed overexpression
in PCa tissue [8]. Truly, these miRNAs represent a valuable target for research on PCa
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biomarkers especially in discriminating this malignancy from benign changes in prostate
tissue like BHP.

2. Materials and Methods
2.1. Study Population

In this prospective study, 123 patients scheduled for prostate biopsy due to clinical
suspicion of PCa were included from October 2018 to June 2020, at the University Hospital
Center Sestre Milosrdnice and University Hospital Center, Zagreb. Based on histopatholog-
ical analysis of prostate core biopsies performed by a pathologist, patients were divided
into two groups: 65 in PCa and 58 in the BPH group. For each patient PSA level in serum,
Gleason Score (GS) and WHO 2016/ISUP (International Society of Urological Pathology)
grade groups data were collected from routine patient medical documentation.

For some patients, this was a repeated biopsy, after previously negative results for
PCa. Still, no patient was subjected to prostate biopsy or DRE at least six months prior
to blood and semen sampling for this study, so as to avoid possible interference of recent
prostate tissue manipulation on miRNA expression in liquid biopsy.

The study was performed under the approval of the Ethical Committees of the Univer-
sity Hospital Center Sestre Milosrdnice, University Hospital Center, Zagreb, and University
of Zagreb School of Medicine. The research was conducted in accordance with the Decla-
ration of Helsinki (2011), and written informed consent was obtained from every patient
before enrolment into the study. All patients were thoroughly informed about the details
of the study and were able to withdraw from the study of their own free will at any time.
Patients’ personal data were collected, coded, stored, analyzed, and presented following
effective national legislation.

2.2. Sample Collection

Peripheral venous blood samples were collected before biopsy in 6 mL EDTA-containing
BD™ Vacutainer® Blood Collection Tubes (Becton Dickinson, NJ, USA) and immediately
processed into plasma by dual centrifugation (at 1400× g and 4500× g, both for 10 min at
room temperature). All patients included in the study provided blood samples.

Semen samples were obtained by masturbation after 3–5 days of sexual abstinence,
one day before the biopsy, and processed after 30–60 min liquefaction at room temperature
into seminal plasma by dual centrifugation (at 400× g and 12000× g, both for 10 min at
room temperature). All fractions were subsequently stored at −80 ◦C until analysis. All
further analysis was performed on the Department of Medical Biology at the University of
Zagreb School of Medicine.

2.3. MiRNA Analysis

Total RNA was isolated from 200 µL of blood and seminal plasma using miRNeasy
Serum/Plasma Advanced Kit (Qiagen, Hilden, Germany), according to the instructions
in the manual. We applied TaqMan™ MicroRNA Reverse Transcription Kit (Applied
Biosystems, Foster City, CA, USA) to conduct reverse transcription of all miRNA in the
sample into cDNA using universal primer, according to the manufacturer’s instructions.
A fixed volume of the eluted RNA sample was used as input, in order to normalize the
sample-to-sample variability in miRNA content. The cDNA was stored at −20 ◦C and
further analyzed within a month.

Because of ddPCR high sensitivity, cDNA samples were diluted in Mili-Q® water
before miRNA quantification according to our optimized protocol. When isolated from
blood plasma miR-375-3p and miR-182-5p samples were diluted to 1:50, miR-148a-3p
to 1:250, and miR-21-5p to 1:10.000. When isolated from seminal plasma, all miRNA
samples were diluted 1:100. Total miR-375-3p, miR-182-5p, miR-148a-3p, and miR-21-3p
in every sample was quantified using the digital droplet PCR (ddPCR) system (Bio-Rad
Laboratories, Hercules, CA, USA). Briefly, 2 µL of the diluted cDNA were added to the
20 µL PCR reaction mixture containing 10 µL of ddPCR Supermix for Probes (Bio-Rad),
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1 µL of TaqMan primer/probe mix (Applied Biosystems, Foster City, CA, USA), and
7 µL of RNase-free H2O. Each ddPCR assay mixture was loaded into the disposable
DG8 Cartridge (Bio-Rad, Hercules, CA, USA) located in a cartridge holder (BioRad).
Seventy (70) µL of Droplet Generation Oil for Probes (Bio-Rad) was loaded into every well.
The cartridge was covered with the DG8 Gasket (Bio-Rad) and placed inside the QX200
Droplet Generator (Bio-Rad) where every sample was partitioned into 20,000 nanoliter-
sized droplets, with target and background cDNA being randomly distributed into the
droplets. After droplet generation, droplets were transferred to a ddPCR plate (BioRad),
heat-sealed with a pierceable aluminum foil (Bio-Rad) in the PX1 PCR Plate Sealer (Bio-
Rad). PCR amplification was carried out on the CFX96 Deep Well PCR thermal cycler
(BioRad). Thermal cycling conditions were 95 ◦C for 10 min, 50 cycles of 94 ◦C for 30 s
and 57.5 ◦C for 1 min, 98 ◦C for 10 min and infinite holding at 4 ◦C; with temperature
ramp rate set to 2 ◦C/s for every step during the cycling. No template control (NTC) was
included in every assay. QX200 Droplet Reader (Bio-rad, Hercules, CA, USA) was applied
for analyzing every droplet individually, using a two-color detection system. PCR-positive
(did contain target) and PCR-negative (did not contain target) droplets were counted,
respectively, to provide absolute quantification of target DNA using QuantaSoft software.
Quantification was performed assuming a Poisson distribution. The results were converted
in the number of copies present in the starting sample by multiplying concentration values
given by the software with the reaction volume, divided with the starting volume of cDNA,
and multiplied by the corresponding dilution factor to obtain the total copy number per µL
of sample plasma. The data were acquired using the 1-dimensional or 2-dimensional based
plotting systems as recommended by the manufacturer. Thresholds were set by excluding
only the true negative population, according to the no template control (NTC) which was
included in each assay [17].

2.4. Statistical Analysis

Statistical analysis was performed using GraphPad Prism software (Windows 5.00,
GraphPad Software, San Diego, CA, USA). A non-parametric test, Mann–Whitney sum
test, was used to compare miR-375-3p, miR-182-5p, miR-148a-3p, and miR-21-3p expres-
sion levels between PCa and BPH groups. Spearman′s rank correlation was applied to
correlate miR-375-3p, miR-182-5p, miR-148a-3p, and miR-21-3p expression levels with
clinicopathological parameters. The receiver operating characteristic (ROC) curve was
constructed and the area under the curve (AUC) was calculated to determine the potential
of miRNAs to discriminate between PCa and BPH samples. The highest Youden’s J index
(sum of sensitivity and specificity—1) was used to set up corresponding cut-off value
with maximized sensitivity and specificity for each ROC analysis [18]. Multiple logistic
regression analysis was performed to assess the association of target miRNAs′ expression
with PCa and BPH. A p value < 0.05 (two-tailed) was considered statistically significant.

3. Results
3.1. Patient’s Characteristics

From a total of 123 enrolled patients, 65 were diagnosed with PCa and 58 with BPH,
forming corresponding experimental groups. No difference in age (p = 0.2298) or pre-biopsy
serum PSA level (p = 0.9399) was found. Of all cancer patients, most had a GS of 7, of
which 75% had GS 3 + 4 belonging to WHO 2016/ISUP grade 2 (Table 1).
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Table 1. Clinicopathological details of patients included in the study.

Clinicopathological Variables PCa (n = 65) BPH (n = 58)

median age, years (range) 65 (40–92) 63 (47–78)
pre-biopsy PSA median, µg/L

(n; 25–75 percentile) 7.10 (64; 5.53–10.67) 7.82 (58; 5.48–10.14)

pre-biopsy PSA levels, n (%)
≤10 µg/L 46 (70.8%) 42 (72.4%)
>10 µg/L 18 (27.7%) 16 (27.6%)
unknown 1 (1.5%) 0 (0%)
GS, n (%)

6 19 (29.2%) n.a.
7 40 (61.5%) n.a.
8 4 (6.2%) n.a.
9 2 (3.1%) n.a.

WHO 2016/ISUP grade
1 (GS 3 + 3 = 6) 19 (29.2%) n.a.
2 (GS 3 + 4 = 7) 30 (46.1%) n.a.
3 (GS 4 + 3 = 7) 10 (15.4%) n.a.

4 (GS 4 + 4, 3 + 5 or 5+3 = 8) 4 (6.2%) n.a.
5 (GS 9 or 10) 2 (3.1%) n.a.

Abbreviations: PCa, prostate cancer; BPH, benign prostatic hyperplasia; WHO, World Health Organization; ISUP,
International Society of Urological Pathology; n.a., not applicable.

3.2. Blood and Seminal Plasma Expression of miRNAs

Absolute quantification analysis revealed that miR-182-5p in blood plasma had signif-
icantly higher expression in PCa patients compared to BPH (p = 0.0363) (Figure 1). Even
higher significance was found for the expression level of miR-375-3p (p = 0.0226). The
difference in expression of miR-21-5p and miR-148a-3p showed no statistical significance
in discriminating PCa from BPH patients.
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Figure 1. Blood and seminal plasma miRNA levels in PCa patients compared to BPH patients. Significant differences
between groups are indicated: * p < 0.05.

ROC curve analysis of miR-182-5p expression showed 64.6% sensitivity and 61.4%
specificity in discriminating between PCa and BPH patients, corresponding to an AUC of
0.610 (95% CI: 0.508–0.712, p = 0.0365). For miR-375-3p 40% sensitivity and 80.7% specificity
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was detected, corresponding to an AUC of 0.620 (95% CI: 0.521–0.719, p = 0.0229). Both
miRNAs displayed much better diagnostic performance than PSA (AUC = 0.504, 95% CI:
0.401–0.608, p = 0.939), which showed 95.3% sensitivity and 1.7% specificity at its cut-off of
4 µg/L. By using multiple logistic regression and combining miR-375-3p, miR-182-5p, and
PSA, the ROC curve was constructed for PSA, using cut-off values for miRNAs determined
based on the Youden index. This analysis showed an improved AUC of 0.674 (95% CI:
0.576–0.772, p = 0.001). When applying it only on patients with PSA ≤10 µg/L, the ROC
curve was further improved to AUC 0.694 (95% CI: 0.567–0.821, p = 0.0068) (Figure 2). The
comparison of these two ROC curves did not show a significant difference between AUC
values (p = 0.8089). When sum scores were generated according to if miRNA expression
levels predicted a positive (1) or negative (0) biopsy result, specificity reached 90.2%, with
sensitivity at 39.1% (AUC = 0.653, 95% CI: 0.538–0.768, p = 0.014) for sum score >1.5,
meaning both miRNA levels were above the cut-off value. When either one of miRNA was
above the cut-off value, specificity was 53.7% and sensitivity 65.2%.
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Figure 2. ROC curve analysis of the combinations miR-375-3p/miR-182-5p/PSA and miR-375-3p/miR-182-5p/PSA using
sub-cohort of PCa patients with serum PSA levels ≤10 µg/L. is a figure.

There was no statistically significant difference between PCa and BPH groups regard-
ing seminal plasma expression of miR-375-3p, miR-182-5p, miR-21-5p, and miR-148a-3p
(p = 0.2038, 0.9562, 0.5186, and 0.8582, respectively) (Figure 1). Expression of miR-182-5p
was not detected at all in more than half of the samples in both patient groups.

3.3. Association of miRNAs with Clinicopathological Variables of PCa Patients

In order to investigate the association of miRNA with PCa aggressiveness, we com-
pared miRNA expression levels in PCa patients with different WHO 2016/ISUP grade
groups, Iow/high WHO 2016/ISUP grade group (≤2 vs ≥3), low/high biopsy GS group
(=6 vs ≥7), and low/high PSA levels (≤10 vs >10 µg/L).

In blood plasma, miR-21 expression was statistically higher in PCa patients belonging
to WHO 2016/ISUP grade groups 3 to 5, as compared to the patients with WHO 2016/ISUP
grade groups 1 and 2 (p = 0.0265). There is a tendency toward a higher expression of miR-21
in seminal plasma in high-grade PCa as well, but it was not found as statistically significant
(p = 0.0686) (Figure 3). No statistically significant difference was found between WHO
2016/ISUP grade groups as well, neither in blood nor in seminal plasma. There was no
statistically significant difference between PCa patients with GS 6 compared to GS 7 or
higher for none of the miRNA in neither blood nor seminal plasma.
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Regarding low/high PSA levels, we observed a statistically significant higher expres-
sion of miR-375-3p, miR-182-5p, and miR-21-5p (p = 0.0147, 0.0040, and 0.0082, respectively)
in seminal plasma of PCa patients with PSA levels >10 µg/L, as compared to the PCa
patients with PSA levels ≤10 µg/L (Figure 4).
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The correlation of miRNA expression with clinicopathological parameters (age, serum
PSA levels, GS, and WHO 2016/ISUP grade group) was examined in PCa patients for every
miRNA in both blood and seminal plasma samples. Expression of all analyzed miRNAs
appears stable across the age since no correlation with age was found. PSA levels positively
correlated with seminal plasma expression of miR-375-3p, miR-182-5p, and miR-21-5p
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(Spearman correlation coefficients: r = 0.4238 (p = 0.1250), 0.4404 (p = 0.0091), and 0.5275
(p = 0.0013)). In blood plasma, miR-21 showed statistically significant correlation with
WHO 2016/ISUP grade group (Spearman correlation coefficient r = 0.257 (p = 0.039)),
while miR-375 with both GS and WHO 2016/ISUP grade group (r = 0.299 (p = 0.0154) and
r = 0.254 (p = 0.041), respectively).

3.4. MiRNAs Co-Expression

Concerning mutual miRNA correlation, the expression levels of all miRNAs showed a
statistically significant positive correlation with each other in blood plasma (Supplementary
Table S1). The strongest correlation was observed between levels of miR-375-3p/miR-182-
5p (r = 0.6346, p < 0.0001) and miR-182-5p/miR-148a-3p (r = 0.6031, p < 0.0001). Likewise,
all miRNAs mutually positively correlated in seminal plasma as well, apart from miR-182-
5p/miR-148a-3p (Supplementary Table S1). Moreover, a very strong correlation was found
for miR-375-3p/miR-21-5p (r = 0.7933, p < 0.0001) and miR-182-5p/miR-21-5p (r = 0.8496,
p < 0.0001). Statistically significant correlation between blood and seminal plasma was
found for miR-21-5p (r = 0.3710, p = 0.0282).

4. Discussion

In recent years, the research has been focused on liquid biopsies as a source of potential
biomarkers for improving PCa diagnosis, prognosis, and patient management. The expres-
sion of miRNAs in serum, plasma, or urine is being eagerly studied for this purpose [19–21].
Still, there are almost no published studies on seminal plasma as a potential source of
miRNA as a PCa biomarker. In the present study, we investigated the expression of cancer-
related miR-375-3p, miR-182-5p, miR-21-5p, and miR-148a-3p in blood plasma and seminal
plasma of men undergoing biopsy due to the elevated PSA levels and suspicion on PCa.
According to the histopathological examination, these patients were later distinguished
as PCa and BPH patients. The obtained ddPCR data showed statistically significantly
higher expression of miR-375-3p and miR-182-5p in blood plasma in men with PCa, as
compared to men with BPH. These two miRNAs showed significantly better diagnostic
characteristics than PSA, in terms of specificity and sensitivity, as we show in the Results
and as was indicated by other researchers [22]. We further assessed their clinical value by
constructing the ROC curve and combining its expression with PSA levels, which resulted
in AUC = 0.694. Moreover, we reported great specificity of 90.2% for a combination of
these miRNA cutoffs when predicting the biopsy result as positive or negative for PCa.

MiR-182-5p has been explored in plasma of PCa patients in only one study so far by
Bidarra and Constancio et al., where elevated levels in PCa were reported as well [23].
They described a somewhat higher specificity of miR-182-5p (77.9%), but lower sensitivity
(47.6%) [23]. However, we compared miR-182-5p expression in PCa with BPH patients,
while they compared it with asymptomatic controls. The greatest challenge in clinical
practice is to differentiate PCa and BPH since they differ greatly in treatment and manage-
ment [3]. Therefore, study design where PCa is contrasted to BPH seems like a direction
that has the most value for translational research. There is also a difference in plasma pro-
cessing conditions since we used platelet-poor plasma obtained by two-step centrifugation,
as opposed to one-step centrifugation [23]. It has been shown that the measurement of
miRNAs is critically dependent on the removal of residual platelets before freezing plasma
samples [24–26]. Eventually, the potential of miR-182-5p has been shown in PCa tissue [27],
contributing to the understanding of the miR-182-5p role in recognized drivers of PCa–Wnt
and PI3K pathways [28] and representing a possibly attractive miRNA for research and
diagnostic use.

Regarding miR-375-3p, our results are in concordance with the majority of the previ-
ously published studies where plasma miR-375-3p expression was compared in PCa and
BPH patients [29–31]. However, plasma downregulation of miR-375 in PCa compared to
BPH was also observed [32], and no difference in expression was observed by Bidarra and
Constancio et al. [23]. MiR-375 expression was often associated with PCa progression [27],
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but we have not found the difference in its expression between high and low-grade PCa
when different GS or WHO 2016/ISUP grade groups were compared. However, the major-
ity of our PCa patients were diagnosed with lower-stage PCa, which may have influenced
the results.

A great potential of miR-182-5p and miR-375-3p lays in the fact that their combined
levels in blood plasma could predict positive or negative biopsy results for PCa with 90.2%
specificity, as we have shown.

Regarding the two other miRNAs we studied, miR-21-5p has not shown the difference
in plasma expression between studied groups, despite being recognized as onco-miRNA
involved in a positive expression feedback loop, together with an androgen-receptor [33].
Many studies showed its overexpression in PCa, but opposing data have been published as
well [8]. However, it has been repeatedly correlated with tumor progression, especially in
tumor tissue [27], corresponding with our findings which show higher expression in WHO
2016/ISUP grade groups 3–5 compared to groups 1–2 (Figure 3). The WHO 2016/ISUP
grade group system was introduced to allow better prediction of patient outcome, by better
discriminating GS 3 + 4 = 7 (WHO 2016/ISUP grade group 2) and GS 4 + 3 = 7 (WHO
2016/ISUP grade group 3), which differ in aggressiveness and prognosis [34]. That could
explain why we found no difference in miR-21-5p expression between PCa patients with
GS 6 compared to patients with GS 7.

Recently, Pastor-Navarro and García-Flores et al. proposed using a panel of four
miRNAs for serum PCa diagnosis, including miR-375-3p, miR-182-5p, and miR-21-5p [35].
They showed that these miRNAs have great potential for PCa diagnostics, regarding
their AUC values [35]. Again, our findings encourage these conclusions, showing that
miR-182-5p and miR-375-3p deserve and require focus in further research.

MiR-148-3p has only recently started to be researched as a biomarker in liquid biopsy,
after being repeatedly shown to be dysregulated in PCa tissue [8]. From studies published
so far, two include using plasma as a sample and one each using sera and whole blood.
They all showed overexpression in PCa compared to healthy controls [36–39]. These studies
included healthy men as controls, which might be a reason for different findings in our
study. Again, it is of great interest to use BPH patients as controls in PCa research since
it reflects “real-life” challenges, as well as clinical needs of discerning between those two
conditions. Interestingly, miR-148a-3p has been described as a miRNA with a dual role
in PCa pathogenesis, meaning facilitating both PCa proliferation, as well as impairing
drug-resistance in castrate-resistant PCa [40].

Seminal fluid has been proposed as a source of PCa biomarkers, especially after
the differences in its components among PCa patients compared to age-matched healthy
individuals have been recognized [12,41]. However, the field lacks studies in which seminal
fluid is used for the investigation of its potential to discriminate PCa and BPH. To our
knowledge, our study is the first one up to date where miRNA levels were analyzed in both
blood and seminal plasma of the same PCa patients. Furthermore, this is the study that
included the highest number of participants for research on miRNA expression in seminal
plasma, as well as the largest one where BPH patients were used as controls. A similar
study design was used by Barceló et al. in a significantly smaller patient subset [13,14]. In
seminal fluid, we report finding no differences in the expression of miR-375-3p, miR-182-5p,
miR-21-5p, and miR-148a-3p in PCa compared to BPH patients. Certainly, not observing
any differences does not make the ground for eliminating miRNAs in seminal plasma as
potential PCa biomarkers since other prospective miRNAs could be explored. Nonetheless,
we report significantly higher levels of miR-375-3p, miR-182-5p, and miR-21-5p in PCa
patients with PSA levels >10 µg/L compared to ones with PSA ≤10 µg/L. That goes in
favor of data reporting their role in PCa progression [27,42–44].

Selth et al. were the first ones who assessed miRNA expression in the seminal fluid of
PCa patients, showing higher expression compared to cancer-free controls with elevated
PSA [16]. Among PCa-overexpressed miRNAs they studied, miR-375-3p was also included,
but in a somewhat small validation group. Roberts et al. also looked into seminal miR-375-
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3p which performed with AUC 0.758 as PCa discriminating biomarker [15]. However, both
of these analyses were performed in a non-sperm seminal fluid cellular fraction [16], rather
than in a cell-free seminal plasma fraction.

In the aforementioned study, Barceló et al. managed to elevate specificity up to 91.7%
and sensitivity up to 42.9% when combining several miRNAs originating from exosomes
with PSA levels to discriminate between PCa and BPH [14], similar to what was performed
in this study. Again, these valuable results should be compared with caution and hesitation,
since it has not been shown that different seminal fractions can be compared. For instance,
it has been shown that in plasma of PCa patients miRNA profiles from exosomes and
whole plasma differ greatly [30], as was shown in other liquids and conditions [8]. Another
study published by the same research group investigated miRNA expression in seminal
plasma in PCa comparing it with BPH [13], with a focus on a different set of miRNAs from
ours. Moreover, they proposed a combined model of three miRNAs measured in seminal
plasma and PSA to predict PCa in men with elevated PSA levels [13]. Although the study
was done in a small set of patients (24 with PCa and 5 with BPH), it certainly shows there
is potential in seminal plasma as a source of biomarkers for PCa.

Although a respectable number of patients has been included in this research, espe-
cially regarding seminal plasma analysis for which to the best of our knowledge this is
the largest study presented until now, and an important limitation of the presented results
is a lack of a validation cohort. Namely, a study including a validation cohort would
further test the potential of miR-375-3p and miR-182-5p translation in clinical practice as
discriminatory biomarkers.

One challenge we would like to point out is the sampling of seminal fluid, which
caused the patient enrolment to be challenging. Apart from the related taboo present in
a population, objective challenges such as a high age of the target population prone to
sexual activity disturbance and extremely low volume or compact seminal fluid, caused
low compliance. This has to be taken into account in future research on seminal plasma as
well as in the possible clinical development of seminal fluid biomarkers.

Another novelty of this study is using ddPCR to assess seminal miRNA levels. After
investigating miRNA levels in blood plasma and seminal plasma of the same patients
for the first time, we have not found any correlation in miRNA levels between these
two specimen types. Still, there are no studies that clearly elucidate the physiological
relationship between miRNA expression variability in different body fluids. However, a
positive correlation between the expression of miRNAs in certain human tissues, including
the prostate, and blood has been shown [45]. Certainly, malignant conditions lead to many
changes, which could differently reflect in various body fluids, therefore representing an
important area for future research on liquid biopsies.

5. Conclusions

This study showed that the expression of miR-182-5p and miR-375-3p in blood plasma
is a superior biomarker for PCa and BPH discrimination than PSA, with potential clinical
value. Further supporting their role in disease progression, miR-375-3p, miR-182-5p, and
miR-21-5p demonstrated altered levels in the seminal plasma of PCa patients with different
serum PSA levels. For studied miRNAs, seminal plasma did not manifest as an ideal source.
However, after showing the potential of seminal fluid by other authors, further research is
needed, especially due to the lack of comparable studies. Upon researching, for the first
time, the expression of specific miRNAs in both blood and seminal plasma of the same
patients, we highlight no correlation in the expression of these miRNAs in both specimens.

Supplementary Materials: The following are available online at https://www.mdpi.com/article/10
.3390/cancers13092068/s1. Table S1: Correlation of clinicopathological parameters in PCa patients
with miRNA levels and correlation of miRNAs in blood and seminal plasma.

Author Contributions: Conceptualization, T.K., G.S., M.U., A.K.-B. and N.S.; methodology, I.A.,
F.B.-J. and M.U.; validation, M.U., A.K.-B. and N.S.; formal analysis, I.A., B.V., L.S., A.V. and D.L.;

https://www.mdpi.com/article/10.3390/cancers13092068/s1
https://www.mdpi.com/article/10.3390/cancers13092068/s1


Cancers 2021, 13, 2068 11 of 13

investigation, I.A., B.V., L.S. and A.V.; resources, I.A., B.V., L.S. and A.V.; data curation, I.A.; writing—
original draft preparation, I.A.; writing—review and editing, N.N.G., T.K., B.R., Z.K., B.K. and
F.B.-J.; visualization, I.A. and N.S.; supervision, N.N.G., G.S., B.R., Z.K., M.U. and N.S.; project
administration, M.U., A.K.-B., N.S. and I.A.; funding acquisition, N.S. All authors have read and
agreed to the published version of the manuscript.

Funding: This research was funded by Croatian Science Foundation, grant number UIP-2017-05-8138
and supported by Scientific Center of Excellence for Reproductive and Regenerative Medicine, the
European Union through the European Regional Development Fund, under grant agreement no.
KK.01.1.1.01.0008, project “Reproductive and Regenerative Medicine—Exploring New Platforms and
Potentials”, and School of Medicine University of Zagreb.

Institutional Review Board Statement: The study was conducted according to the guidelines of
the Declaration of Helsinki, and approved by the Ethics Committee of University of Zagreb School
of Medicine (protocol code 641-01/18-02/01, 25 January 2018), University Clinical Hospital Center
Sestre milosrdnice (protocol code EP-18327/17-2, 7 December 2017) and University Clinical Hospital
Center Zagreb (protocol code 8.1-17/213-2, 11 December 2017).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: In this study the authors have not used any data from publicly available
datasets, neither have the authors generated any. Namely, as stated in Materials and Methods,
according to national legislation, patients included in this study agreed that their personal data will
only be used for this research, not available in public datasets. Moreover, other laboratory data are
owned by institutions included in this research and therefore not available to be published in publicly
available datasets.

Acknowledgments: The authors wish to acknowledge and thank Ivan Pezelj for making this study
possible by helping us in including the patients in the research; and Jerka Dumic for her valuable
comments on our manuscript. The authors also thank Dora Raos, Jure Krasic, and Nina Gelo for help
with sample processing, as well as Milan Kopac for technical support.

Conflicts of Interest: The authors declare no conflict of interest. The funders had no role in the design
of the study; in the collection, analyses, or interpretation of data; in the writing of the manuscript, or
in the decision to publish the results.

References
1. Global Cancer Observatory. Available online: https://gco.iarc.fr/ (accessed on 17 August 2020).
2. Draisma, G.; Etzioni, R.; Tsodikov, A.; Mariotto, A.; Wever, E.; Gulati, R.; Feuer, E.; De Koning, H. Lead time and overdiagnosis

in prostate-specific antigen screening: Importance of methods and context. J. Natl. Cancer Inst. 2009, 101, 374–383. [CrossRef]
[PubMed]

3. McNally, C.J.; Ruddock, M.W.; Moore, T.; McKenna, D.J. Biomarkers that differentiate benign prostatic hyperplasia from prostate
cancer: A literature review. Cancer Manag. Res. 2020, 12, 5225–5241. [CrossRef]

4. Neuhaus, J.; Yang, B. Liquid Biopsy Potential Biomarkers in Prostate Cancer. Diagnostics 2018, 8, 68. [CrossRef] [PubMed]
5. Esquela-Kerscher, A.; Slack, F.J. Oncomirs-MicroRNAs with a role in cancer. Nat. Rev. Cancer 2006, 6, 259–269. [CrossRef]

[PubMed]
6. Volinia, S.; Calin, G.A.; Liu, C.G.; Ambs, S.; Cimmino, A.; Petrocca, F.; Visone, R.; Iorio, M.; Roldo, C.; Ferracin, M.; et al. A

microRNA expression signature of human solid tumors defines cancer gene targets. Proc. Natl. Acad. Sci. USA 2006, 103,
2257–2261. [CrossRef]

7. Mitchell, P.S.; Parkin, R.K.; Kroh, E.M.; Fritz, B.R.; Wyman, S.K.; Pogosova-Agadjanyan, E.L.; Peterson, A.; Noteboom, J.; O’Briant,
K.C.; Allen, A.; et al. Circulating microRNAs as stable blood-based markers for cancer detection. Proc. Natl. Acad. Sci. USA 2008,
105, 10513–10518. [CrossRef]

8. Abramovic, I.; Ulamec, M.; Bojanac Katusic, A.; Bulic-Jakus, F.; Jezek, D.; Sincic, N. MiRNA in prostate cancer: Challenges toward
translation. Epigenomics 2020, 12, 543–558. [CrossRef] [PubMed]

9. Schwarzenbach, H.; Da Silva, A.M.; Calin, G.; Pantel, K. Data normalization strategies for microRNA quantification. Clin. Chem.
2015, 61, 1333–1342. [CrossRef] [PubMed]

10. Hindson, C.M.; Chevillet, J.R.; Briggs, H.A.; Gallichotte, E.N.; Ruf, I.K.; Hindson, B.J.; Vessella, R.L.; Tewari, M. Absolute
quantification by droplet digital PCR versus analog real-time PCR. Nat. Methods 2013, 10, 1003–1005. [CrossRef]

11. Campomenosi, P.; Gini, E.; Noonan, D.M.; Poli, A.; D’Antona, P.; Rotolo, N.; Dominioni, L.; Imperatori, A. A comparison between
quantitative PCR and droplet digital PCR technologies for circulating microRNA quantification in human lung cancer. BMC
Biotechnol. 2016, 16, 60. [CrossRef]

https://gco.iarc.fr/
http://doi.org/10.1093/jnci/djp001
http://www.ncbi.nlm.nih.gov/pubmed/19276453
http://doi.org/10.2147/CMAR.S250829
http://doi.org/10.3390/diagnostics8040068
http://www.ncbi.nlm.nih.gov/pubmed/30698162
http://doi.org/10.1038/nrc1840
http://www.ncbi.nlm.nih.gov/pubmed/16557279
http://doi.org/10.1073/pnas.0510565103
http://doi.org/10.1073/pnas.0804549105
http://doi.org/10.2217/epi-2019-0275
http://www.ncbi.nlm.nih.gov/pubmed/32267174
http://doi.org/10.1373/clinchem.2015.239459
http://www.ncbi.nlm.nih.gov/pubmed/26408530
http://doi.org/10.1038/nmeth.2633
http://doi.org/10.1186/s12896-016-0292-7


Cancers 2021, 13, 2068 12 of 13

12. Roberts, M.J.; Richards, R.S.; Gardiner, R.A.; Selth, L.A. Seminal fluid: A useful source of prostate cancer biomarkers? Biomark.
Med. 2015, 9, 77–80. [CrossRef] [PubMed]

13. Barceló, M.; Castells, M.; Pérez-Riba, M.; Bassas, L.; Vigués, F.; Larriba, S. Seminal plasma microRNAs improve diagno-
sis/prognosis of prostate cancer in men with moderately altered prostate-specific antigen. Am. J. Transl. Res. 2020, 12, 2041–2051.
[PubMed]

14. Barceló, M.; Castells, M.; Bassas, L.; Vigués, F.; Larriba, S. Semen miRNAs Contained in Exosomes as Non-Invasive Biomarkers
for Prostate Cancer Diagnosis. Sci. Rep. 2019, 9, 13772. [CrossRef]

15. Roberts, M.J.; Chow, C.W.K.; Schirra, H.J.; Richards, R.; Buck, M.; Selth, L.A.; Doi, S.A.R.; Samaratunga, H.; Perry-Keene, J.;
Payton, D.; et al. Diagnostic performance of PCA3, Hepsin and microRNA biomarkers in ejaculate in combination with serum
PSA for the detection and triaging of prostate cancer. BJU Int. 2015, 75, 539–549. [CrossRef]

16. Selth, L.A.; Roberts, M.J.; Chow, C.W.K.; Marshall, V.R.; Doi, S.A.R.; Vincent, A.D.; Butler, L.M.; Lavin, M.F.; Tilley, W.D.; Gardiner,
R.A. Human seminal fluid as a source of prostate cancer-specific microRNA biomarkers. Endocr. Relat. Cancer 2014, 21, 17–21.
[CrossRef] [PubMed]

17. Kline, M.C.; Duewer, D.L. Evaluating Droplet Digital Polymerase Chain Reaction for the Quantification of Human Genomic
DNA: Lifting the Traceability Fog. Anal. Chem. 2017, 9, 4648–4654. [CrossRef]

18. Youden, W.J. Index for rating diagnostic tests. Cancer 1950, 3, 32–35. [CrossRef]
19. Glinge, C.; Clauss, S.; Boddum, K.; Jabbari, R.; Jabbari, J.; Risgaard, B.; Tomsits, P.; Hildebrand, B.; Kaèaèb, S.; Wakili, R.; et al.

Stability of circulating blood-based microRNAs-Pre-Analytic methodological considerations. PLoS ONE 2017, 12, e0167969.
[CrossRef]

20. Matias-Garcia, P.R.; Wilson, R.; Mussack, V.; Reischl, E.; Waldenberger, M.; Gieger, C.; Anton, G.; Peters, A.; Kuehn-Steven, A.
Impact of long-term storage and freeze-thawing on eight circulating microRNAs in plasma samples. PLoS ONE 2020, 15, e0227648.
[CrossRef]

21. Faraldi, M.; Sansoni, V.; Perego, S.; Gomarasca, M.; Kortas, J.; Ziemann, E.; Banfi, G.; Lombardi, G. Study of the preanalytical
variables affecting the measurement of clinically relevant free-circulating microRNAs: Focus on sample matrix, platelet depletion,
and storage conditions. Biochem. Medica 2020, 30, 010703. [CrossRef]

22. Thompson, I.M.; Ankerst, D.P.; Chi, C.; Lucia, M.S.; Goodman, P.J.; Crowley, J.J.; Parnes, H.L.; Coltman, C.A. Operating
characteristics of prostate-specific antigen in men with an initial PSA level of 3.0 ng/mL or lower. J. Am. Med. Assoc. 2005, 294,
66–70. [CrossRef]

23. Bidarra, D.; Constâncio, V.; Barros-Silva, D.; Ramalho-Carvalho, J.; Moreira-Barbosa, C.; Antunes, L.; Maurício, J.; Oliveira, J.;
Henrique, R.; Jerónimo, C. Circulating MicroRNAs as Biomarkers for Prostate Cancer Detection and Metastasis Development
Prediction. Front. Oncol. 2019, 9, 900. [CrossRef] [PubMed]

24. Mitchell, A.J.; Gray, W.D.; Hayek, S.S.; Ko, Y.A.; Thomas, S.; Rooney, K.; Awad, M.; Roback, J.D.; Quyyumi, A.; Searles, C.D.
Platelets confound the measurement of extracellular miRNA in archived plasma. Sci. Rep. 2016, 6, 32651. [CrossRef]

25. Binderup, H.G.; Houlind, K.; Madsen, J.S.; Brasen, C.L. Pre-storage centrifugation conditions have significant impact on measured
microRNA levels in biobanked EDTA plasma samples. Biochem. Biophys. Rep. 2016, 7, 195–200. [CrossRef]

26. Cheng, H.H.; Yi, H.S.; Kim, Y.; Kroh, E.M.; Chien, J.W.; Eaton, K.D.; Goodman, M.T.; Tait, J.F.; Tewari, M.; Pritchard, C.C. Plasma
Processing Conditions Substantially Influence Circulating microRNA Biomarker Levels. PLoS ONE 2013, 8, e64795. [CrossRef]

27. Luu, H.N.; Lin, H.Y.; Sørensen, K.D.; Ogunwobi, O.O.; Kumar, N.; Chornokur, G.; Phelan, C.; Jones, D.; Kidd, L.C.; Batra, J.; et al.
miRNAs associated with prostate cancer risk and progression. BMC Urol. 2017, 17, 18. [CrossRef]

28. Baumann, B.; Acosta, A.M.; Richards, Z.; Deaton, R.; Sapatynska, A.; Murphy, A.; Kajdacsy-Balla, A.; Gann, P.H.; Nonn, L.
Association of High miR-182 Levels with Low-Risk Prostate Cancer. Am. J. Pathol. 2019, 189, 911–923. [CrossRef]

29. Fredsøe, J.; Rasmussen, A.K.I.; Mouritzen, P.; Bjerre, M.T.; Østergren, P.; Fode, M.; Borre, M.; Sørensen, K.D. Profiling of circulating
microRNAs in prostate cancer reveals diagnostic biomarker potential. Diagnostics 2020, 10, 188. [CrossRef]

30. Endzelinš, E.; Berger, A.; Melne, V.; Bajo-Santos, C.; Sobolevska, K.; Abols, A.; Rodriguez, M.; Šantare, D.; Rudnickiha, A.;
Lietuvietis, V.; et al. Detection of circulating miRNAs: Comparative analysis of extracellular vesicle-incorporated miRNAs and
cell-free miRNAs in whole plasma of prostate cancer patients. BMC Cancer 2017, 17, 730. [CrossRef] [PubMed]

31. Gao, Y.; Guo, Y.; Wang, Z.; Dai, Z.; Xu, Y.; Zhang, W.; Liu, Z.; Li, S. Analysis of circulating miRNAs 21 and 375 as potential
biomarkers for early diagnosis of prostate cancer. Neoplasma 2016, 63, 623–628. [CrossRef] [PubMed]

32. Kachakova, D.; Mitkova, A.; Popov, E.; Popov, I.; Vlahova, A.; Dikov, T.; Christova, S.; Mitev, V.; Slavov, C.; Kaneva, R.
Combinations 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. 2014, 34, 189–200. [CrossRef] [PubMed]

33. Mishra, S.; Deng, J.J.; Gowda, P.S.; Rao, M.K.; Lin, C.L.; Chen, C.L.; Huang, T.; Sun, L.Z. Androgen receptor and microRNA-21 axis
downregulates transforming growth factor beta receptor II (TGFBR2) expression in prostate cancer. Oncogene 2014, 33, 4091–4106.
[CrossRef] [PubMed]

34. Egevad, L.; Delahunt, B.; Srigley, J.R.; Samaratunga, H. International Society of Urological Pathology (ISUP) grading of prostate
cancer-An ISUP consensus on contemporary grading. APMIS 2016, 124, 433–435. [CrossRef]

35. Pastor-Navarro, B.; García-Flores, M.; Fernández-Serra, A.; Blanch-Tormo, S.; de Juan, F.M.; Martínez-Lapiedra, C.; de Alcantara,
F.M.; Peñalver, J.C.; Cervera-Deval, J.; Rubio-Briones, J.; et al. A tetra-panel of serum circulating mirnas for the diagnosis of the
four most prevalent tumor types. Int. J. Mol. Sci. 2020, 21, 2783. [CrossRef]

http://doi.org/10.2217/bmm.14.110
http://www.ncbi.nlm.nih.gov/pubmed/25689895
http://www.ncbi.nlm.nih.gov/pubmed/32509198
http://doi.org/10.1038/s41598-019-50172-6
http://doi.org/10.1002/pros.22942
http://doi.org/10.1530/ERC-14-0234
http://www.ncbi.nlm.nih.gov/pubmed/24859988
http://doi.org/10.1021/acs.analchem.7b00240
http://doi.org/10.1002/1097-0142(1950)3:1&lt;32::AID-CNCR2820030106&gt;3.0.CO;2-3
http://doi.org/10.1371/journal.pone.0167969
http://doi.org/10.1371/journal.pone.0227648
http://doi.org/10.11613/BM.2020.010703
http://doi.org/10.1001/jama.294.1.66
http://doi.org/10.3389/fonc.2019.00900
http://www.ncbi.nlm.nih.gov/pubmed/31572685
http://doi.org/10.1038/srep32651
http://doi.org/10.1016/j.bbrep.2016.06.005
http://doi.org/10.1371/journal.pone.0064795
http://doi.org/10.1186/s12894-017-0206-6
http://doi.org/10.1016/j.ajpath.2018.12.014
http://doi.org/10.3390/diagnostics10040188
http://doi.org/10.1186/s12885-017-3737-z
http://www.ncbi.nlm.nih.gov/pubmed/29121858
http://doi.org/10.4149/neo_2016_417
http://www.ncbi.nlm.nih.gov/pubmed/27268927
http://doi.org/10.1089/dna.2014.2663
http://www.ncbi.nlm.nih.gov/pubmed/25521481
http://doi.org/10.1038/onc.2013.374
http://www.ncbi.nlm.nih.gov/pubmed/24037531
http://doi.org/10.1111/apm.12533
http://doi.org/10.3390/ijms21082783


Cancers 2021, 13, 2068 13 of 13

36. Dybos, S.A.; Flatberg, A.; Halgunset, J.; Viset, T.; Rolfseng, T.; Kvam, S.; Skogseth, H. Increased levels of serum miR-148a-3p are
associated with prostate cancer. Apmis 2018, 126, 722–731. [CrossRef]

37. Al-Qatati, A.; Akrong, C.; Stevic, I.; Pantel, K.; Awe, J.; Saranchuk, J.; Drachenberg, D.; Mai, S.; Schwarzenbach, H. Plasma
microRNA signature is associated with risk stratification in prostate cancer patients. Int. J. Cancer 2017, 141, 1231–1239. [CrossRef]

38. Paunescu, I.A.; Bardan, R.; Marcu, A.; Nitusca, D.; Dema, A.; Negru, S.; Balacescu, O.; Balacescu, L.; Cumpanas, A.; Sirbu, I.O.;
et al. Biomarker Potential of Plasma MicroRNA-150-5p in Prostate Cancer. Medicina 2019, 55, 564. [CrossRef]

39. Gurbuz, V.; Kiliccioglu, I.; Ugras Dikmen, A.; Bilen, C.Y.; Sozen, S.; Konac, E. Comparative analysis of epi-miRNA expression
levels in local/locally advanced and metastatic prostate cancer patients. Gene 2020, 758, 144963. [CrossRef]

40. Lo, U.G.; Yang, D.; Hsieh, J.T. The role of microRNAs in prostate cancer progression. Transl. Androl. Urol. 2013, 2, 228–241.
[CrossRef]

41. Ponti, G.; Manfredini, M.; Tomasi, A. Non-blood sources of cell-free DNA for cancer molecular profiling in clinical pathology and
oncology. Crit. Rev. Oncol. Hematol. 2019, 141, 36–42. [CrossRef] [PubMed]

42. Zedan, A.H.; Osther, P.J.S.; Assenholt, J.; Madsen, J.S.; Hansen, T.F. Circulating miR-141 and miR-375 are associated with treatment
outcome in metastatic castration resistant prostate cancer. Sci. Rep. 2020, 10, 227. [CrossRef] [PubMed]

43. Yao, J.; Xu, C.; Fang, Z.; Li, Y.; Liu, H.; Wang, Y.; Xu, C.; Sun, Y. Androgen receptor regulated microRNA miR-182-5p promotes
prostate cancer progression by targeting the ARRDC3/ITGB4 pathway. Biochem. Biophys. Res. Commun. 2016, 474, 213–219.
[CrossRef] [PubMed]

44. Wang, D.; Lu, G.; Shao, Y.; Xu, D. MiR-182 promotes prostate cancer progression through activating Wnt/β-catenin signal
pathway. Biomed. Pharmacother. 2018, 99, 334–339. [CrossRef] [PubMed]

45. Cui, C.; Cui, Q. The relationship of human tissue microRNAs with those from body fluids. Sci. Rep. 2020, 10, 5644. [CrossRef]
[PubMed]

http://doi.org/10.1111/apm.12880
http://doi.org/10.1002/ijc.30815
http://doi.org/10.3390/medicina55090564
http://doi.org/10.1016/j.gene.2020.144963
http://doi.org/10.3978/j.issn.2223-4683.2013.08.01
http://doi.org/10.1016/j.critrevonc.2019.06.005
http://www.ncbi.nlm.nih.gov/pubmed/31212145
http://doi.org/10.1038/s41598-019-57101-7
http://www.ncbi.nlm.nih.gov/pubmed/31937854
http://doi.org/10.1016/j.bbrc.2016.04.107
http://www.ncbi.nlm.nih.gov/pubmed/27109471
http://doi.org/10.1016/j.biopha.2018.01.082
http://www.ncbi.nlm.nih.gov/pubmed/29353209
http://doi.org/10.1038/s41598-020-62534-6
http://www.ncbi.nlm.nih.gov/pubmed/32221351

	Introduction 
	Materials and Methods 
	Study Population 
	Sample Collection 
	MiRNA Analysis 
	Statistical Analysis 

	Results 
	Patient’s Characteristics 
	Blood and Seminal Plasma Expression of miRNAs 
	Association of miRNAs with Clinicopathological Variables of PCa Patients 
	MiRNAs Co-Expression 

	Discussion 
	Conclusions 
	References

