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Urinary microRNA-1913 to microRNA-3659 
expression ratio as a non-invasive diagnostic 
biomarker for prostate cancer
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Purpose: MicroRNAs (miRNAs) are small non-coding RNAs and are involved in the development, proliferation, and pathogenesis of 
prostate cancer (PCa). Urinary miRNAs are promising non-invasive biomarkers for PCa diagnosis because of their stability in urine. 
Here, we evaluated the diagnostic value of urinary miR-1913 to miR-3659 ratio in PCa patients and benign prostate hyperplasia 
(BPH) controls.
Materials and Methods: Candidate miRNAs were identified from urinary microarray data and tested by real-time PCR. The urinary 
miR-1913 to miR-3659 expression ratio was selected and tested in 83 urine samples (44 PCa and 39 BPH) to confirm its validity as a 
non-invasive diagnostic biomarker for PCa.
Results: The expression ratio of urinary miR-1913 to miR-3659 was significantly higher in PCa than in BPH (p=0.002) and showed a 
higher area under the receiver operating characteristic curve than prostate-specific antigen (PSA; 0.821 vs. 0.518) in patients within 
the PSA gray zone (tPSA: 3–10 ng/mL), with sensitivity of 75.0% and specificity of 78.6% (p=0.003).
Conclusions: The urinary miR-1913 to miR-3659 expression ratio was increased in PCa and may serve as a useful supplemental 
biomarker to PSA for the diagnosis of PCa, particularly in patients within the PSA gray zone.
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INTRODUCTION

Prostate cancer (PCa) is a common cancer with high 
mortality among men worldwide, and its incidence is rising 
rapidly [1]. Serum prostate-specific antigen (PSA) is currently 
used as the primary marker in preliminary screening for 

PCa. However, this serum marker lacks specificity and is 
limited in its ability to distinguish tumor from non-cancer-
ous tissue, which can lead to over-diagnosis and a high risk 
of false-positive results [2]. Numerous studies have aimed 
to identify PCa biomarkers to overcome the limitations of 
PSA [3]; however, most tests show poor reproducibility, or 
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their protocols are too complex for clinical application. Thus, 
identifying a novel PCa biomarker that can be tested in the 
clinic with accurate reproducibility is important.

MicroRNAs (miRNAs) are small (18–24 nt) non-protein-
coding RNAs that post-transcriptionally regulate gene ex
pression. miRNAs are involved in numerous biological func
tions including tumor cell proliferation and apoptosis [4]. 
Studies assessing the value of miRNAs as biomarkers were 
conducted using surgery tissue samples [5,6]. However, bio-
marker identification from tissues is not ideal because it in-
volves an invasive procedure [7]. Moreover, solid tumor tissues 
are extremely heterogeneous, which limits their reliability for 
biomarker studies [8].

Recent studies suggest that analysis of miRNAs in bio-
fluids such as urine is an attractive method with potential 
clinical application. Urine is more likely to represent the ge-
nomic landscape of the whole tumor than local tumor sam-
ples, and it is an easily approachable source that does not 
require invasive procedures [9]. Furthermore, the exosome 
protects miRNAs from damage in the microenvironment, 
such as RNA degradation, which increases the potential of 
urinary miRNAs as tumor biomarkers [10]. An increasing 
number of urinary cell-free miRNA studies suggest that 
analysis of this liquid biospecimen is a promising non-inva-
sive approach to PCa diagnosis [11]. Particularly considering 
the limitations of solid tumor tissues, urinary miRNAs could 

serve as reliable biomarkers in cancer.
The aim of this study was to identify novel non-invasive 

diagnostic biomarkers specific to PCa. Urine miRNA mi-
croarray profiling was performed to identify candidate bio-
marker genes in the urine of PCa patients compared with 
that of benign prostate hyperplasia (BPH). The clinical per-
formance of candidate miRNAs was evaluated using ratio 
analysis (ratio of up- to down- or similarly expressed gene), 
which improves the accuracy of real-time PCR (RT-PCR) 
data.

MATERIALS AND METHODS

1. Overview
A workflow and overall study design are shown in Fig. 

1. Urine samples were provided by Chungbuk National Uni-
versity, a member of the National Biobank of Korea, which 
is supported by the Ministry of Health, Welfare and Family 
Affairs. All urine samples used in the study were obtained 
from the National Biobank of  Korea between January 
2016 and August 2018 (approval number: 2010-12-010-006). 
miRNA microarray analysis was performed to identify PCa-
specific miRNAs. A flexible and adaptive test based on p-
value comparison, fold-change, and expression stability was 
used. Twelve candidate miRNAs (11 miRNAs up-regulated 
in PCa urine: miR-1913, miR-20b-3p, miR-3938, miR-101-3p, 
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Fig. 1. Overview of the study. Twelve 
candidate miRNAs were identified in the 
screening cohort (11 up-regulated miR-
NAs and one down-regulated miRNA in 
PCa). For ratio analysis, the expression 
levels of 11 up-regulated miRNAs were 
compared with that of miR-3659 as the 
down-regulated miRNA. The diagnostic 
validity of 11 miRNA ratios was evalu-
ated in the training cohort, and two 
miRNA ratios (miR-1913 to miR-3659 
and miR-20b-3p to miR-3659) were se-
lected for further analysis. In the valida-
tion cohort, only the expression ratio of 
urinary miR-1913 to miR-3659 showed 
a significant difference between PCa 
patients and BPH controls. BPH, benign 
prostate hyperplasia; PCa, prostate 
cancer; RT-PCR, real-time polymerase 
chain reaction. a:Candidate showed 
higher expression in PCa. b:Candidate 
showed lower expression in PCa or simi-
lar expression in PCa and BPH. c:miRNA 
microarray-based cohort. d:RT-PCR-
based cohorts.
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miR-615-3p, miR-452-5p, miR-452-3p, miR-200c-3p, miR-643, 
miR-4261, and miR-183-3p; and one miRNA which showed 
similar expression in PCa urine: miR-3659) were identified 
by RT-PCR. For ratio analysis (up- to down-regulated ratio), 
the expression levels of up-regulated genes were compared 
with that of miR-3659 as; the down-regulated miRNA in 
PCa, instead of using internal controls. The diagnostic power 
of 11 miRNA ratios were examined in the training cohort 
(data not shown), and two ratios, miR-1913:miR-20b-3p and 
miR-1913:miR-3659, were selected as potential PCa-specific 
biomarkers. The two miRNA ratios selected were evaluated 
in the validation cohort.

2. Cases
Table 1 and Fig. 1 summarizes the characteristics of the 

current study subjects. The microarray data were based on 
urine samples from 14 PCa patients and five BPH patients. 
The training set included 17 urine samples from nine PCa 
patients and eight BPH patients. The validation cohort con-
sisted of 83 urine samples from 44 PCa patients and 39 BPH 
patients. All urine samples used in the study were collected 
in the morning and centrifuged at 2,500 rpm for 15 minutes; 
aliquoted supernatants were stored at -20°C until use. PCa 
samples were obtained from patients with histologically 
confirmed primary adenocarcinoma who underwent radical 
prostatectomy or palliative transurethral resection of the 
prostate (TURP). Patients with BPH who underwent TURP 
were selected as controls. Gleason scores were assigned to 

specimens obtained from 12-core transrectal biopsies, TURP, 
or radical prostatectomy. Tumor stage was estimated from 
specimens obtained by radical prostatectomy, or from com-
puted tomography, magnetic resonance imaging, or bone 
scans. The collection and analysis of all biospecimens were 
approved by the Institutional Review Board of Chungbuk 
National University Hospital, and written informed consent 
was obtained from each subject (approval number: 2010-12-
010-006). The study methodologies conformed with the stan-
dards set by the Declaration of Helsinki.

3. Microarrays
Total RNA was extracted from each sample using the 

miRNA Microarray System labeling kit (Illumina, San 
Diego, CA, USA), and RNA quantity and integrity were 
assessed using the RNA 6000 Pico Chip Kit (Agilent Tech-
nologies, Santa Clara, CA, USA) and the Agilent 2100 Bio-
analyzer. miRNA profiling was performed using the Agilent 
Human miRNA Microarray Release 16.0 platform, which 
contains 1,205 human and 144 viral miRNAs [12]. The pro-
tocol used to generate microarray gene expression datasets 
was reported previously [13].

4. miRNA purification from urine
A Genolution urine miRNA purification kit (Genolution 

Pharmaceuticals Inc., Seoul, Korea) was used to purify the 
urine samples. A volume of 500 μL supernatant from each 
urine sample was added to a tube containing the Genolution 

Table 1. Clinical characteristics of the study subjects

Variable
Training cohort Validation cohort

BPH PCa p-value* BPH PCa p-value*
No. of patients 8 9 39 44
Age (y) 69.63±2.08 61.00±3.16 0.066 71.41±8.44 68.57±5.31 0.051
PSA (ng/mL)   2.72±1.60 10.79±7.59 0.054   1.92±3.53   10.76±95.33 <0.001
Operation 
   TURP 8 (100.0) 39 (100.0)
   Radical prostatectomy   9 (100.0)   44 (100.0)
Gleason score 
   6 1 (2.0)
   7 (3+4) 6 (67.0) 29 (66.0)
   7 (4+3) 3 (33.0) 10 (23.0)
   ≥8 4 (9.0)
TNM stage
   T2 2 (22.0) 24 (55.0)
   T3 6 (67.0) 15 (34.0)
   T4 or metastasis 1 (11.0)   5 (11.0)

Values are presented as number only, mean±standard deviation, or number (%). 
BPH, benign prostate hyperplasia; PCa, prostate cancer; PSA, prostate-specific antigen; TURP, transurethral resection of the prostate. 
*All p-values were obtained by the Mann–Whitney U-test for comparisons between urine from BPH patients and PCa patients in the study.
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proprietary miRNA separation solution and vortexed for 20 
seconds. Next, 200 μL chloroform was added and vortexed 
for 10 seconds, followed by centrifugation at 13,000 rpm for 
10 minutes at 4°C. A sample of 650 μL of the top aqueous 
phase was removed without disturbing the white precipitate 
and was transferred into a new 1.5 mL tube, to which 0.8 
mL isopropanol was added, followed by centrifugation for 
20 minutes at 15,000 rpm at 4°C. The solution was decanted 
by tilting the tube in the opposite direction of the expected 
RNA pellet, and 500 μL of 70% EtOH was added, followed 
by centrifugation for 20 minutes at 15,000 rpm at 4°C. After 
removing the leftover ethanol, the pellet was dissolved in 40 
μL RNase-free water and stored at -80°C until use.

5. cDNA synthesis from urinary miRNAs
The concentration of isolated RNA was measured using 

the Quant-IT RiboGreen RNA Reagent and Kit (Invitrogen, 
Grand Island, NY, USA). The cDNA was synthesized using 
the Mir-XTM miRNA First Strand cDNA Synthesis Kit (TA-
KARA BIO, Otsu, Japan) according to the manufacturer’s 
protocol.

6. Real-time PCR
The expression of miRNAs derived from the miRNA 

microarray (GSE54010) was quantified by RT-PCR using the 
Rotor-Gene Q instrument (Qiagen, Valencia, CA, USA) and 
SYBR Premix EX Taq (TAKARA BIO) in micro-reaction 
tubes (Corbett Research, Mortlake, Australia) in a final vol-
ume of 10 µL. Chemically synthesized RNA oligonucleotides 
(Integrated DNA Technologies [IDT], Seoul, Korea) corre-
sponding to the target miRNAs were used to generate stan-
dard curves. The standard curves ranged from 2.25×105 to 

2.25×108 copies. All samples were run in triplicate, and RT-
PCR conditions were those described in the manufacturer’s 
protocol. Rotor-Gene Q software 2.3.1.49 was used for captur-
ing and analyzing spectral data.

7. Statistical analysis
Receiver operating characteristic (ROC) curves were used 

to estimate the optimal cutoff point yielding high sensitiv-
ity and specificity for the miR-1913 to miR-3659 ratio in both 
training and validation cohorts. Differences in the hsv2-miR-
H9 to hsa-miR-3659 ratio were identified using the Mann–
Whitney U-test in each cohort. Statistical analysis was 
performed using IBM SPSS 21.0 (IBM, Armonk, NY, USA). 
Results with p-values <0.05 were considered significant.

RESULTS

1. Screening cohort: miRNA microarray
PCa-specific miRNAs in urine specimens were identified 

using a miRNA microarray assay as described in the Mate-
rials and Methods section. In the microarray-based screening 
cohort, we identified 12 miRNAs with potential to distin-
guish PCa from controls, including 11 up-regulated miRNAs 
(miR-101-3p, miR-183-3p, miR-1913, miR-20b-3p, miR-200c-3p, 
miR-3938, miR-452-3p, miR-452-5p, miR-4261, miR-615-3p, miR-
643) and one miRNA (miR-3659) which showed similar ex-
pression in PCa and BPH controls (Table 2).

2. Training cohort: Diagnostic ability of selected 
miRNAs
Seventeen urine samples (eight BPH and nine PCa) in 

the training cohort were used to determine the diagnostic 

Table 2. The microarray data of 12 miRNA candidates

Expression Gene FC of log BPH/Raw PCa/Raw p-value*
Down or similar hsa-miR-3659 1.61 788.399 6,893.83 0.737
Up hsa-miR-101-3p 7.98 -0.83044 8.379992 0.0545

hsa-miR-183-3p 9.04 -1.66955 7.628885 0.0000395
hsa-miR-1913 8.70 -2.5046 9.96242 0.00104
hsa-miR-20b-3p 5.95 -2.46165 1.318423 0.0458
hsa-miR-200c-3p 8.19 -1.86396 11.526 0.0065
hsa-miR-3938 7.93 -1.42385 10.66832 0.058
hsa-miR-452-3p 8.10 -2.29163 17.37931 0.00867
hsa-miR-452-5p 8.01 -2.01941 5.322599 0.000595
hsa-miR-4261 9.02 -1.85743 10.23327 0.000595
hsa-miR-615-3p 10.88 -1.67958 48.16512 0.000595
hsa-miR-643 6.09 -2.45995 2.827512 0.252

BPH, benign prostate hyperplasia; PCa, prostate cancer. 
*All p-values were obtained by the Mann–Whitney U-test for comparisons between urine from BPH patients and PCa patients.
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ability of the candidate miRNAs. We used ratio analysis 
(measurement of the expression ratio of up- to down-regu-
lated genes) to improve the accuracy of the data and avoid 
the instability of internal controls. The ratios of the expres-
sion of 11 up-regulated miRNAs to that of miR-3659 were 
evaluated in PCa and BPH urine. The results showed that 
the miR-1913 to miR-3659 ratio and the miR-20b-3p to miR-
3659 ratio differed significantly between PCa patients and 
controls (both p=0.043; Fig. 2).

3. Validation cohort: miR-1913 to miR-3659 ratio
Two expression ratios (miR-1913 to miR-3659 and miR-

20b-3p to miR-3659) were tested in the validation cohort. The 
results showed that urine miR-1913 to miR-3659 ratio dif-
fered significantly between PCa patients and BPH controls 
(p<0.01; Fig. 3A). In cases of PSA gray zone (tPSA, 3–10 ng/
mL), the miR-1913 to miR-3659 expression ratio was remark-
ably higher in the urine of PCa patients than in that of con-
trols (p<0.01; Fig. 3B). ROC curve analysis was performed to 
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Fig. 2. The expression ratio of 11 urinary miRNA ratios (start left top: miR-101-3p, miR-183-3p, miR-1913, miR-20b-3p, miR-200c-3p, miR-3938, 
miR-452-3p, miR-452-5p, miR-4261, miR-615-3p, miR-643 to miR-3659) in the training cohort. Two urinary miRNA ratios; miR-1913 to miR-3659 
and miR-20b-3p to miR-3659, showed significant differences between PCa patients and BPH controls. BPH, benign prostate hyperplasia; PCa, 
prostate cancer. A p-value was determined by the Mann–Whitney U-test. *p<0.05.
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determine the sensitivity and specificity of urinary miR-1913 
to miR-3659 ratio for detecting PCa. The area under the ROC 
curve (AUC) of urinary miR-1913 to miR-3659 ratio was 0.700 
(95% confidence interval [CI]=0.589–0.812), with a sensitivity 
of 61.4% and a specificity of 71.8% (p=0.002), respectively. The 
sensitivity and specificity of PSA assay was 65.9% and 89.7% 
(AUC 0.858 [95% CI=0.779–0.936]), with a cutoff point 7.65 
(p<0.001) (Fig. 4A). Nevertheless, when using the standard 
cutoff of PSA (>3 ng/mL) for PCa detection, the McNemar 
Test showed a negative correlation between PSA assay and 
pathological diagnosis (p=0.012), indicating the limitation of 
PSA in PCa diagnosis; although, no difference was explored 
between urinary miR-1913 to miR-3659 ratio and pathologi-
cal diagnosis (p=0.345). Moreover, a statistical difference was 

identified when compared urinary miR-1913 to miR-3659 
ratio to PSA (p=0.007) (Supplementary Table 1). For patients 
within the PSA gray zone, the AUC of the miR-1913 to miR-
3659 ratio was considerably higher than that of the PSA as-
say (0.821, 95% CI=0.673–0.970), with sensitivity of 75.0% and 
specificity of 78.6% (p=0.003) (Fig. 4B). However, there was no 
significant relationship between the expression ratio of tar-
get miRNAs and pathological characteristics (Gleason score 
≤7 vs. ≥8; and ≤T3 vs. T4 or metastasis; data not shown).

DISCUSSION

The current study identified the miR-1913 to miR-3659 
expression ratio as a promising non-invasive biomarker for 
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PCa diagnosis. This biomarker may be useful as a comple-
ment to the serum PSA test, particularly in patients within 
the PSA gray zone (tPSA, 3–10 ng/mL).

PSA, the most commonly used serum marker for diag-
nosing PCa, lacks the required sensitivity and specificity to 
detect tumor tissues [14]. Because of the inherent limitations 
of the PSA test, a novel biomarker to replace or refine the 
diagnostic accuracy of the PSA test is urgently needed.

Prostate cancer antigen 3 (PCA3) mRNA, for which the 
encoding gene maps to chromosome 9q21-22, has been widely 
reported as a specific biomarker that is elevated in men 
with PCa compared with controls [15]. The ConfirmMDx, an 
epigenetic assay for determining the risk of cancerization at 
the DNA level was suggested as a useful method to identify 
high-risk patients for further testing or accurate clinical de-
cision making [16]. The prostate health index test measures 
three markers using the formula [-2] proPSA/fPSA×PSA1/2 
to determine the need for biopsy in cases within the PSA 
gray zone [17]. Decipher measures the expression levels of 22 
RNAs involved in aggressive PCa [18]. These tests and others 
have been examined as potential biomarker assays for the 
detection of PCa [19]. However, few tests have been approved 
for clinical practice because most of the suggested markers 
show unsatisfactory reproducibility, and the optimal thresh-
old cutoff values for these markers remain undefined [20,21]. 
Moreover, protocol to analyze most markers mentioned 
above, is too complex to utilize as clinical implementations 
and the invasive procedure is inevitably included as the 
origin sources of these markers are generally derived from 
tumor tissues or blood. The identification of a biomarker 
that can be analyzed using non-invasive and cost-effective 
methods has thus been challenging.

MiRNAs have been widely studied as potential biomark-
ers because of their roles as key regulators of many biologi-
cal processes, including tumorigenesis, cell proliferation, and 
apoptosis [12,22]. miRNA expression profiling studies have 
been performed using solid tumor specimens [11]; however, 
the heterogeneity of tissues often leads to unreliable results 
[8]. Liquid biopsy (serum, plasma, or urine) specimens are 
considered ideal materials for analyzing the events associ-
ated with tumorigenesis, and tumors release miRNAs into 
biofluids directly or indirectly [23,24]. Among various sources 
of miRNAs, urine has become an attractive biospecimen for 
PCa biomarker studies [25,26]. Because the exosome encap-
sulates and protects miRNAs from most RNA-degrading 
agents, urinary cell-free miRNAs are often used in biomark-
er studies [10,27]. Furthermore, urine-based miRNA screening 
is non-invasive, and the ease of collection ensures the pos-
sibility of repeated analysis. These facts have increased the 

interest in urinary cell-free miRNAs as relevant potential 
molecules for biomarker studies. In the current study, we 
used RT-PCR to identify urinary miRNAs specific to PCa. 
This assay is the gold standard for the quantification of 
miRNA expression and is generally applicable to biomarker 
studies because of its simplicity and cost-effectiveness [28].

Most miRNA studies normalize RT-PCR results using 
U6; however, the instability of this internal control limits 
its use [29]. To overcome issues linked to data normalization 
and to improve the accuracy of the results, a new strategy is 
needed. Here, we used ratio analysis, which consists of mea-
suring and comparing the expression ratios of up-regulated 
to down-regulated miRNAs in PCa and control samples. This 
method has been suggested as an attractive strategy for RT-
PCR analysis as an alternative to the use of internal con-
trols [30].

The present results showed that urinary miR-1913 to 
miR-3659 expression ratio was significantly higher in pa-
tients with PCa than in controls. ROC curve analysis showed 
that urinary miR-1913 to miR-3659 ratio could discriminate 
PCa patients from controls with appropriate sensitivity and 
specificity. Furthermore, the diagnostic performance of this 
expression ratio was superior to that of PSA assays, show-
ing good sensitivity and specificity in cases within the PSA 
gray zone. There was no significant association between 
urinary miR-1913 to miR-3659 ratio and clinicopathological 
parameters of PCa (data not shown), which suggests that 
the urinary miRNA biomarker is limited for predicting the 
prognosis of PCa. However, to our knowledge, the roles of 
these two miRNAs; hsa-miR-1913 and hsa-miR-3659 in pros-
tate have not been studied yet.

The present study had several limitations. First, the sin
gle center retrospective design of the study may have result-
ed in selection bias. Second, the small sample size could have 
reduced the statistical accuracy. Further collaborative stud-
ies are needed to overcome these limitations. Despite these 
shortcomings, the present results may be clinically important 
because the simplicity and cost-effectiveness of the method 
proposed overcome several challenges associated with exist-
ing techniques. Moreover, this urinary miRNA biomarker 
can be assessed using easy and non-invasive methods, and it 
is not influenced by unstable internal controls.

Collectively, we showed that urinary miR-1913 to miR-
3659 ratio has high potential as a diagnostic biomarker for 
PCa, especially for patients within the PSA gray zone. This 
candidate biomarker may serve as a relevant non-invasive 
supplemental tool to the serum PSA assay for the diagnosis 
of PCa.
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CONCLUSIONS

The present study shows that the expression ratio of uri-
nary mir-1913 to mir-3659 could discriminate between PCa 
and BPH, especially for patients within the PSA gray zone 
of 3–10 ng/mL total PSA as valuable supplemental biomark-
er for diagnosing PCa.
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