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largest part, the central zone surrounds the ejaculatory ducts 
and the transition zone encircles the urethra (1). 

With increasing age, the prostate grows, causing an 
enlargement of the transition zone, which can lead to a benign 
prostatic hyperplasia (BPH) and obstruction (BPO). About 
50% to 75% of men among the age of 50, and more than 80%  
of men over 70 years of age are affected by BPO (2,3). The 
symptoms caused by this vary and may also resemble those of 
prostate cancer (PCa), such as incomplete bladder emptying, a 
decreased urinary stream, nocturia or infections of the urinary 
tract. However, prognosis and outcome differ substantially.

PCa is the second-most diagnosed cancer in the world. 
Among cancer-related death in men, it is the fifth leading 
cause with a mortality of 7.6 per 100,000 worldwide (4,5).

The distinction between the two entities is made using 
different diagnostic parameters. A digital rectal examination 
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ABSTRACT
Introduction: Prostate cancer (PCa) is the second most frequently diagnosed cancer and the fifth most cancer-
related cause of death worldwide. Various tools are used in the diagnosis of PCa, such as the Prostate-Specific 
Antigen (PSA) value or digital rectal examination. A final differentiation from benign prostate diseases such as 
benign prostatic hyperplasia (BPH) can often only be made by a transrectal prostate biopsy. This procedure carries 
post-procedural complications for the patients and may lead to hospitalization.
Urinary exosomes contain unique components, such as microRNAs (miRNAs) with information about their origi-
nal tissue. As miRNAs appear to play a role in the development of PCa, they might be useful to develop proce-
dures that could potentially make transrectal biopsies avoidable in certain situations. 
Methods: The current study aimed to investigate whether miRNAs from urinary exosomes can be used to differ-
entiate PCa from BPH. For this purpose, urine samples from 28 patients with PCa and 25 patients with BPH were 
collected and analysed using next-generation sequencing to obtain expression profiles.
Results and conclusion: The two miRNAs hsa-miR-532-3p and hsa-miR-6749-5p showed a significant differential 
expression within the group of patients with PCa in a training subset of the data containing 32 patients. They were 
further validated on the independent test data subset containing 20 patients. Additionally, a machine learning algo-
rithm was used to generate a miRNA pattern to distinguish the two disease entities. Both approaches seem to be suit-
able for the search of alternative diagnostic tools for the differentiation of benign and malignant prostate diseases.
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Introduction

The prostate is an accessory gland, located below the 
bladder. It consists of three different zones that are clinically 
and histologically relevant: the peripheral zone makes up the 
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and the determination of the PSA value are carried out as 
screening tools. In case of suspicion, further procedures 
such as multiparametric magnetic resonance imaging (MRI) 
and targeted and systematic biopsy are indicated (6). So far, 
the diagnostic gold standard is transrectal or transperineal 
biopsy that carries a certain risk of post-procedural complica-
tions (7), leading to an ongoing need for other non-invasively 
available and effective diagnostic tools (8).

MicroRNAs (miRNAs) from urinary exosomes might have 
the potential to serve as early biomarkers. Accordingly, this 
study investigates its use to differentiate patients with BPH 
and those with PCa.

Exosomes are extracellular vesicles (EVs) secreted by 
almost all cell types. They can be isolated from urine, an eas-
ily and non-invasively available body fluid. EVs are produced 
in the endosomal system and actively secreted. As they 
contain different molecular components, such as proteins, 
mRNAs and miRNAs of their respective origin cell (9,10), sev-
eral studies propose their potential as biomarkers in early 
stages of disease (11).

MiRNAs are single-stranded, non-coding RNA molecules 
consisting of ~22 nucleotides. More than 60% of human pro-
tein-coding genes are targeted by miRNAs (12). Thus, miRNAs 
are implicated in a variety of biological processes includ-
ing cell differentiation, development, proliferation, stress 
response and apoptosis (13). Various studies investigated the 
connection between miRNA expression profiles and certain 
types of cancer. An association between chronic lymphatic 
leukaemia and miRNA deregulation was shown for the first 
time in 2007 (14). The stability of miRNAs from solid tumour 
tissues was proven in serum and plasma samples (15), as well 
as miRNAs in urine and urinary exosomes (16), supporting 
their potential to serve as ideal biomarker. Recently, the high 
potential of small RNAs from urine to distinguish benign and 
malignant prostate diseases was shown (17).

It should be emphasized that this study compares the 
miRNA expression patterns of two cohorts of diseased 
patients who may suffer from similar symptoms (BPO or 
PCa). Since the differentiation of BPH from PCa represents 
a certain difficulty in clinical practice, it can often only be 
definitively determined with a transrectal biopsy. The vision 
is to establish a biomarker from a potentially easily available 
source, such as urine, as an alternative diagnostic to avoid 
the invasive transrectal biopsy.

Materials and methods
Ethical approval

The study was approved by the ethics committee of the 
University of Witten/Herdecke in 3/2014 (application num-
ber: 07/2014). It was planned as a monocentric, comparative 
study. A following ethics application to investigate the same 
patient data and samples with an alternative method was 
approved in 2018.

Sample collection

The recruitment of 85 patients was realized from 03/2014 
until 02/2015 at the Helios University Hospital Wuppertal, 

Department of Urology. Included were patients who under-
went prostate biopsy due to elevated PSA levels or who were 
admitted for surgical BPO treatment (holmium laser enucle-
ation of the prostate).

For this study, a subset of PCa samples (n = 28) and BPH 
samples (n = 25) was analysed. The number of samples was 
limited by the amount of urine available, at least 8 mL, as 
4 mL was used for each assay run. A previous sample size 
determination was not performed due to lack of comparative 
data with respect to the method used here. 

Exclusion criteria were infectious diseases (HIV, hepatitis, 
tuberculosis), received antiandrogen therapy (due to poten-
tial effects on the PCa), radiotherapy of the little pelvis and 
the inability to agree to give informed consent to participate 
in this study.

Isolation of RNA from urinary exosomes

Urinary exosomes were isolated using the Norgen 
Urine Exosome RNA Isolation Kit (#47200, Norgen Biotek 
Corporation). While the kit allows the isolation of exosomal 
RNA from 1 to 10 mL urine samples, 4 mL starting volume was 
used in this study. The isolation was performed as specified 
in the related protocol (Norgen Biotek Corporation, 2018). 
The exosomal miRNA input for the library preparation was 
measured using the Qubit Fluorimeter 3.0 (Invitrogen Life 
Technologies Corp.) and the microRNA Assay Kit (#Q32881, 
Thermo Fisher Scientific).

Library preparation and next-generation sequencing

Library preparation was performed using the QIAseq 
miRNA Library Kit (cat no: 331505, Qiagen) following 
the QIAseq miRNA Library Kit Handbook (Qiagen, 2018). 
Implemented was a prolonged three-ligation step to 18 
hours, due to previous experiments.

The kit operates with unique molecular identifiers (UMIs), 
unique sequences that are integrated into the reverse 
transcription. Consequently, each miRNA is assigned to a 
unique sequence, enabling the exact quantification of input 
miRNA by next-generation sequencing (NGS). This approach 
reduces the usual amplification bias during polymerase chain 
reaction.

Quality and quantity control of the libraries was con-
ducted using an automated electrophoresis (Agilent 2100 
Bioanalyzer, DNA 1000 Kit), following the corresponding 
protocol (Agilent Technologies, 2016). NGS was carried out 
using an illumina sequencing platform (NextSeq 500) with 
a single read length of 75 bp and around 400 million reads 
per run.

Statistical and bioinformatic analysis

For raw data analysis the sequencing files were uploaded 
to the GeneGlobe Data Analysis Center and processed using 
the QIAseq miRNA Primary Quantification software (Qiagen, 
2018).

A downstream analysis was performed using R 3.5.3 (18) 
and RStudio 1.2.1335 and R-scripts created by the de.NBI ser-
vice centre BioInfra.Prot (19). The data table was read and 
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imported with R package openxlsx 4.1.0.1 (20). Two steps of 
filtering were conducted for cleaning of the relevant data. 
From the R package caret 6.0-84 (21) the nearZeroVar func-
tion was used, removing 100 miRNAs due to their low variance 
and therefore no ability to separate the groups. Additionally, 
miRNAs with more than three zero counts in each group were 
removed, 115 miRNAs remained. Normalization and statisti-
cal testing was performed using the R package DESeq2 1.22.2 
(22). Considering multiple testing and a potentially increased 
type I error rate, an adjusted p-value was calculated using the 
Benjamini-Hochberg procedure.

One sample was removed due to an insufficient vari-
ance resulting from a large proportion of zero counts. The 52 
remaining samples were randomly divided into a training set 
(PCa = 17 samples, BPH = 15 samples) and a test set (PCa and 
BPH = 10 samples each) to validate the results. 

Graphics such as the volcano plot and Principal Component 
Analysis (PCA) were created with R package ggplot2 3.1.1 (23) 
and aligned with cowplot 0.9.4 (24); the volcano plots were 
labelled with ggrepel 0.8.1 (25). The performance of poten-
tial biomarker candidates to discriminate the two groups was 
additionally visualized with the help of receiver operating char-
acteristic (ROC) curve, conducted with R package pROC 1.15.0 
(26).

Data analysis to find a miRNA panel was carried out using 
a previously published machine learning algorithm (17). 
Briefly, on the training dataset a random forest (27) model 
with 100,000 trees was trained using the R-package ran-
domForest (28) to acquire a random forest-specific variable 
importance measure (mean decrease of the Gini index). For 
panel sizes m between 1 and 50, the m variables with the 
highest variable importance in the model were chosen as a 
panel. For each of these 50 sets of variables, the random for-
est was retrained on the training dataset. To evaluate all 50 
specific models (one for each panel size m) the samples of 
test dataset were classified. ROC curves were drawn and the 
panel with the best area under the curve (AUC) was chosen 
from the 50 sets of variables. For comparison, an additional 
ROC curve was drawn to show the performance of the cho-
sen panel on the training dataset (by splitting it 1,000 times 
randomly into a training and test subset with the ratio 2:1). 
In a heat map (z-scored values) the miRNAs from the chosen 
panel were visualized with dendrograms from hierarchical 
clustering.

Results
Demographic and clinicopathological characteristics

A detailed list of demographic and clinicopathological 
characteristics of the participants is displayed (Tab. I). The two 
cohorts of patients with PCa and BPH demonstrate a nearly 
even distribution, regarding patient age, PSA level, fPSA level 
and PSA ratio. Within the patient cohort with BPH, the increased 
prostate volume measured via transrectal ultrasound (TRUS) 
and the bacterial positive urinary status could be attributed to 
the urethral obstruction, the leading symptom of the under-
lying disease. In summary, two highly matching and therefore 
comparable patient cohorts were evaluated in this study.

Normalization

The dataset was normalized as described above, result-
ing in an apparently higher comparable dataset for further 
analysis (Fig. 1).

Comparison of expression profiles

The statistical analysis resulted in two miRNAs with a 
significant overexpression within the group of PCa samples. 
Both have a high log2-fold-change (>1.65), displaying their 
differential expression compared to other biomarker candi-
dates (Tab. II).

Compared to the group of BPH, five miRNAs are upregu-
lated with a log2-fold-change >1 among the PCa group, while 

Table I - Demographic and clinicopathological characteristics of 
study participants

Characteristics Patients 
with BPH

Patients 
with PCa

Number (n) 25 27

Age in years (median) 68 70

PSA in ng/mL (median) 6.89 8.34

fPSA in ng/mL (median) 1.43 1.095

PSA ratio (median) 0.18 0.165

Prostate volume in mL (median) 50 38.5

Urinary status: bacterial positive 48% (n = 12) 14.8% (n = 4)

Table II - Differentially expressed exosomal miRNAs

miRNA Log2-Fold-Change p-value adjusted p-value AUC (Test Dataset)

hsa-miR-6749-5p 2.05598389 0.00053395 0.03070213 0.678

hsa-miR-532-3p 1.6532989 6.0461E-05 0.00695299 0.644

hsa-miR-6756-3p 1.40729735 0.00169959 0.06515094 0.544

hsa-miR-3960 −1.4405426 0.00877074 0.16810583 0.589

hsa-miR-363-3p −1.0276721 0.00680747 0.16167405 0.7

Adjusted p-values <0.05 are marked in bold, corresponding to a significance niveau of 5%. Area under the curve (AUC) values were calculated on the test data-
set, shown in the last column. Subsequent over- and under-expressed miRNAs are also displayed (complete data are available at the following data repository: 
Online)

http://www.ebi.ac.uk/biostudies with the number S-BSST683
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Fig. 1 - Distribution of exosomal miRNAs. Before (top) and after (bottom) normalization

two of them meet the criterion for the adjusted p-value 
(<0.05). The results of the analysis are visualized in a volcano 
plot (Fig. 2).

Due to its upregulation with a log2-fold-change of ~1.65 
in urinary exosomes in patients with PCa, hsa-miR-532-3p is 
considered as a novel biomarker in the differentiation of PCa 
and BPH. 

According to miRNA database (miRBase), hsa-mir-532-3p  
was found in 139 experiments (29). The exact understand-
ing of its biological function in cancer genesis is an ongo-
ing research process, in which hsa-mir-532-3p is mainly 
described as a putative tumour supressing miRNA. For 
example, it directly regulates the expression of the water 
channel protein aquaporin 9 (AQP9), which is significantly 
associated with poor prognosis in renal cell carcinoma 
(30). A decreased level of intracellular hsa-miR-523-3p is 

associated with metastatic progression in hepatocellular 
cancer, due to its direct regulation of the oncogenic kine-
sin family member C1 (KIFC1) (31). Moreover, a decreased 
level of intracellular hsa-miR-532-3p in colorectal cancer 
promotes cell growth and metastasis. It directly regulates 
E26 oncogene homolog 1 (ETS1) and transglutaminase 2 
(TGM2), which are associated with cell proliferation via the 
Wnt/β-catenin pathway. Interestingly, it also shows poten-
tial as an in vitro chemotherapy sensitizer in colorectal 
cancer (32). In non-small cell lung cancer, hsa-miR-532-3p 
regulates the forkhead box P3 (FOXP3) and thereby inhib-
its proliferation and metastasis (33). It must be noted that 
in terms of cancer research, the understanding of one dys-
regulated miRNA affecting a specific target mRNA is limited 
until further understanding of other miRNAs affecting the 
same mRNA is available (34).
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Fig. 2 - Volcano plot of the com-
parison of PCa vs. BPH. Fold 
changes (log2(fc)) are displayed 
on the x-axis, the y-axis shows 
the t-statistic calculated as the 
negative decimal logarithm of 
the p-value (−log 10(p)). Th-
resholds are highlighted with 
dotted lines presenting the pro-
mising miRNAs in the upper left 
and upper right corners.

A rather new potential biomarker is hsa-miR-6749-5p. It 
was found in 16 experiments (29), for instance, it was dif-
ferently expressed in serum of patients with breast cancer 
(35). Moreover, it was significantly upregulated in serum of 
patients with nasopharyngeal cancer (36). In the current 
study, hsa-miR-6749-5p was significantly upregulated with 
a log2-fold-change of ~2.0 within the group of patients with 
PCa. The validation on the test set shows a diagnostic test 
accuracy of 80% specificity and 66.7% sensitivity. Among the 
compared data, hsa-miR-6749-5p has the highest fold change 
and therefore might be an interesting new biomarker in the 
differentiation of PCa and BPH.

Both miRNAs, especially hsa-miR-532-3p, seem to play a 
role in the genesis of different types of cancer. It should be 
considered that the present study only found a correlation of 
two upregulated miRNAs in urinary exosomes in patients with 
PCa. Conclusions about the causality of this upregulation can-
not be drawn as the dysregulated miRNAs can either be the 
cause or the effect of cancer development. As shown in two 
further studies, hsa-mir-532 is presented once upregulated 
and once downregulated as a potential biomarker. In serum 
of patients with breast cancer, it was significantly upregu-
lated as a part of the miR-532-502 cluster (37), whereas it 
was found significantly downregulated in urine supernatant 
of patients with bladder cancer (38). 

Considering the found candidates, it is not known if 
those are prostate-specific miRNAs, as the prostate gland 

can be grouped with salivary glands, seminal vesicles and 
the lactating breast, regarding their miRNA expression pro-
files (39) and no prostate-specific miRNAs are described so 
far. However, further experiments need to proof their reli-
ability and enhance the understanding of its biological func-
tion, such as target genes and signalling pathways in the 
human body.

Validation

The two significant differentially expressed miRNAs (hsa-
miR-6749-5p, hsa-miR-532-3p) were validated, using the 
remaining 10 samples of each group (BPH/PCa), which were 
not used for the selection (i.e. the test set). Specificity and 
sensitivity were determined and visualized in ROC curves 
(Fig. 3). The calculated AUCs show that the miRNAs do not 
reach the set limit of 0.7, thereby the two groups cannot be 
finally distinguished.

Panel calculation

The panel calculation resulted in a panel of eight miRNAs:

hsa-miR- hsa-miR- hsa-miR- hsa-miR- 
4322 4532 532-3p 1307-3p
hsa-miR- hsa-miR- hsa-miR- hsa-miR- 
3656 196a-5p 6749-5p 92a-3p
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Fig. 3 - Validation of biomarker candidates. Receiver operating characteristic (ROC) curves show the ability of differently expressed exoso-
mal miRNAs (adjusted p-value <0.5) to differentiate PCa and BPH samples of the test dataset.

In the heat map (Fig. 4), the hierarchical clustering 
based on these eight miRNAs is shown via the dendro-
grams. Besides, the blocks in black and grey visualize the two 
patient cohorts. The expression profiles of the miRNAs are 
graphically represented through different colour intensities. 
A clear separation of the two groups cannot be concluded, 
yet three clusters can be identified, of which the leftmost 
cluster contains only PCa except for one outlier. The middle 
cluster is split in half between PCa and BPH and the one on 
the right has a slight tendency towards BPH. A tendency of 
lower expression values is remarkable in the upper left cor-
ner (PCa). In contrast, the upper right corner (BPH) displays 
higher expression values.

Using a machine learning algorithm is an alternative 
approach to find a stable diagnostic tool for the differentia-
tion of patients with PCa and those with BPH. Single miRNAs 
can be variously affected, either in cancer genesis or through 
other cellular processes. As shown above, some miRNAs are 
dysregulated, but not over all patients in the same extent. 
The found panel consists of eight miRNAs, combines highly 
dysregulated miRNAs (fold change >1.5) with those that were 
not prominent in the search for single biomarkers. There 
seem to be certain ranges of values that can be grouped into 
clusters. From this, it could be suggested that a patient falling 
within the left value range is very likely to have a diagnosis of 
PCa. If a patient is categorized in the middle or right cluster a 
statement cannot be made with certainty and the currently 
performed diagnostics should be carried out. 

The detected panel of eight miRNAs was further validated 
on the training and test dataset and visualized in ROC curves 
(Fig. 4). On the training dataset, the AUC of >0.8 indicates 

a high distinguishing potential. A decline of the AUC based  
on the test dataset was expectable, although a clear  
distinction of the patient cohorts cannot be stated in this 
case (AUC < 0.7). A reason might be the relatively small sam-
ple size in this study.

Nonetheless, the use of miRNA panels is a promising 
approach, as it is not as susceptible to interference as an 
individual biomarker, whose expression depends on various 
factors.

Limitations

We are aware that this study is limited by the currently 
still high costs for high-throughput processes. The sample 
selection was influenced by the availability of the required 
amount of urine volume and the quality of the samples 
collected, as the protein concentration or the presence of 
blood cells may also affect the concentration of small RNAs 
(40). Due to the number of samples, a correlation between 
clinicopathological parameters such as the Gleason score 
and individual miRNAs could not be determined. The com-
parability with other studies is also limited due to a lack of 
standardized protocols and quality standards. The results of 
this study for both the search for single biomarkers and the 
miRNA panel certainly depend on the underlying data qual-
ity, especially the UMI read count. Furthermore, we tried 
to consider the conditions in everyday clinical practice and 
therefore used a low possible initial urine volume. A higher 
starting volume might have led to an increased output of 
small RNA reads.
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Fig. 4 - Heat map and valida-
tion of the miRNA panel. Heat 
map (using Z scores) of miRNA 
pattern detection with dendro-
grams from hierarchical cluste-
ring for the identified panel of 
exosomal miRNAs (top). ROC 
curves of miRNA panel (bot-
tom): left = ROC curve based 
on training dataset, right = va-
lidation of test dataset.

Conclusion

PCa is a serious disease with far-reaching consequences 
for the patient, whereas BPH is a benign disease that affects a 
large proportion of the male population at an advanced age. 
Further diagnostic tools are needed to improve the current 
differentiation standards, since the PSA is not cancer specific 
and may be elevated in BPH and other non-malignant condi-
tions of the prostate as well (6).

The possibility of using miRNAs from urinary exosomes to 
differentiate benign and malignant prostate diseases is dem-
onstrated in this study. In particular, two promising biomarker 
candidates for the diagnosis of PCa have been identified. 
Since their exact molecular effects are not known yet, their 
biological function should be investigated in follow-up stud-
ies for a better understanding. The results of this work should 
also be validated and confirmed in, at best, multicentre study 
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cohorts with a larger sample size. The search for biomarker 
panels using a machine learning algorithm is a promising and 
robust approach by which previously overlooked miRNAs 
might increase the assay accuracy when additional data from 
a larger study will be available. To date, the transrectal biopsy 
remains the gold standard in the diagnosis of PCa. However, 
if the current development of high-throughput methods 
continues in terms of efficiency and cost-effectiveness, we 
believe that a non-invasive urine test based on miRNAs from 
urinary exosomes is a promising future option.
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