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Urinary hsv2-miR-H9 to hsa-miR-3659 ratio is
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patients within the prostate-specific antigen grey
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Purpose: Tumor microRNAs (miRNAs) are released to biofluids directly or indirectly. Although urinary miRNAs are promising non-
invasive biomarkers for the diagnosis of prostate cancer (PCa), their clinical application is challenging for technical reasons. We
examined the efficacy of urinary hsv2-miR-H9 to hsa-miR-3659 ratio as a non-invasive diagnostic biomarker of PCa.

Materials and Methods: The expression of urinary miRNAs was quantified by real-time PCR in 116 samples from 53 patients with
benign prostatic hyperplasia (BPH) and 63 patients with PCa. The miRNA expression ratio was calculated using an upregulated
miRNA (hsv2-miR-H9) as the numerator and a downregulated miRNA (hsa-miR-3659) as the denominator.

Results: The urinary miR-H9 to miR-3659 ratio was significantly higher in PCa than in BPH controls (p<0.001). The diagnostic accuracy
of the urinary miRNA expression ratio was comparable with that of prostate-specific antigen (PSA) (receiver operating characteristic
[ROC] curve comparison, p=0.287). The area under the curve for urinary miRNA expression ratio was 0.862 and that for PSA was 0.642
in the “PSA gray zone” (3—10 ng/mL) (ROC curve comparison, p=0.034). The use of the urinary miRNA expression ratio would have pre-
vented 70.6% of unnecessary prostate biopsies; however, 28.6% of PCa cases could be missed in patients within the PSA gray zone.
Conclusions: The expression ratio of urinary miR-H9 to miR-3659 could be a relevant non-invasive biomarker for PCa diagnosis,
particularly for patients within the PSA gray zone.
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INTRODUCTION

Serum prostate-specific antigen (PSA) is the most com-
monly used biomarker for prostate cancer (PCa) screening.
However, the lack of specificity of this serum marker results
in a high rate of negative biopsies [1] A large population of
men present with elevated serum PSA levels but show nega-
tive findings on prostate biopsy, and the lack of an accurate
diagnostic test for PCa needs to be addressed [2] Although
several biomarkers have been identified to overcome the
limitations of PSA, most of these show poor reproducibility
or their detection requires complex protocols that limit their
use in clinical practice [3] Thus, identifying a novel diagnos-
tic biomarker of PCa with a reliable detection method and
good reproducibility is important.

There is a growing trend toward exploring the use of
non-invasive “liquid biopsies” to identify diagnostic bio-
markers of PCa [4,5] In particular, urinary biomarkers
have attracted attention because urine can be obtained in
a convenient and non-invasive manner. In addition, circu-
lating cell-free DNAs and circulating RNAs (microRNAs
[miRNAs], long non-coding RNAs, and messenger RNAs)
originating from tumor-derived necrosis or apoptosis are
released into the urethra through the prostatic ducts [6-8].
Urine-based liquid biopsies are also promising because they
can capture a snapshot of tumor heterogeneity [9] MiRNAs
are small, singlestranded, non-coding RNA molecules of ap-
proximately 18—22 nucleotides that regulate gene expression
post-transcriptionally [210] miRNAs play multiple roles in
tumor initiation and development [6] Despite the potential
of liquid biopsy, its clinical implementation is hindered by
poor specificity and sensitivity, lack of standardization, and
poor reproducibility [11] Relative quantification is the most
commonly used quantitative real-time PCR method for iden-
tifying urinary markers of PCa; however, there is a lack of
reliable endogenous reference genes in urine [12] To over-
come these limitations, ratio analysis, which measures the
expression patterns of multiple genes simultaneously, was
developed. Because this strategy does not require an endog-
enous reference gene, ratio analysis is a reliable method to
improve the accuracy of real-time PCR data.

In previous work from our group, we performed a urine
miRNA array and identified differentially expressed uri-
nary miRNAs between PCa and benign prostatic hyperpla-
sia (BPH) controls [13-15] Two candidate urinary miRNAs
(hsv2miR-H9 and hsa-miR-3659) were sequentially validated
in urine [13,14] Initially, urinary miRNA expression was nor-
malized to the total RNA concentration using the Quant4T
Ribo-Green RNA Reagent and Kit (Invitrogen, Grand Island,
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NY, USA) [13]. However, normalization using total RNA
concentration limits the clinical application of novel urinary
miRNA markers because of high costs and time-consuming
procedures. In this study, we calculated the expression ratio
of urinary miRNAs that are differentially expressed be-
tween PCa and BPH controls. The aim of the present study
was to determine the diagnostic value of urinary hsv2-miR-
H9 to hsa-miR-3659 ratio as a non-invasive diagnostic bio-
marker of PCa.

MATERIALS AND METHODS

1. Patients and samples

The study complied with the applicable laws and regula-
tions, good clinical practice, and ethical principles described
in the Declaration of Helsinki. The study protocol was ap-
proved by the Ethics Committee of Chungbuk National Uni-
versity (IRB approval number: GR2010-12-010). All patients
provided written informed consent prior to enrollment in
the study. Sample collection and analysis procedures were
approved by the Institutional Review Board of Chungbuk
National University.

A total of 116 urine samples from 53 patients with BPH
and 63 patients with PCa were obtained from the National
Biobank of Korea between January 2016 and July 2018.
First morning voided urine was collected prior to surgery.
For patients undergoing biopsy, spot urine samples were
obtained immediately before the procedure. Urine samples
were centrifuged at 2,500 rpm for 15 minutes, and the ali-
quoted supernatant was stored at -20°C until use. PCa urine
samples were obtained from patients who underwent radical
prostatectomy (RP) or palliative transurethral resection of
the prostate (TURP) and who had histologically confirmed
primary adenocarcinoma. Patients with BPH who under-
went TURP were selected as controls. BPH controls with
serum PSA levels >3 ng/mL underwent transrectal 12-core
prostate biopsy prior to TURP to rule out the presence of
cancer. All tissue specimens were examined by an experi-
enced senior pathologist, and Gleason grades and TNM 2002
staging were assessed. Serum samples were obtained on the
morning of the operation and stored at -80°C until sample
preparation. Serum PSA concentrations of 3-10 ng/mL are
defined as the “PSA gray zone”.

2. miRNA purification from urine

Urine samples were purified using a Genolution urine
miRNA purification kit (Genolution Pharmaceuticals Inc,
Seoul, Korea). A volume of 500 pL of supernatant from each
urine sample was added to a tube containing the Genolution
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proprietary miRNA separation solution and vortexed for 20
seconds. Next, 200 pL 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 puL of the top aqueous
phase was removed without disturbing the white precipitate
and transferred to a new 15 mL tube, and 08 mL isopropa-
nol 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 pL of 70% EtOH was added, followed by centrifuga-
tion for 20 minutes at 15000 rpm at 4°C. After removing the
leftover ethanol, the pellet was dissolved in 40 pl. RNase-
free water and stored at -80°C until use.

3. cDNA synthesis of urinary miRNAs

The concentration of isolated RNA was measured using
the Quant-IT RiboGreen RNA Reagent and Kit (Invitrogen).
The ¢cDNA was synthesized using the Mir-X"™ miRNA First
Strand ¢cDNA Synthesis Kit (Clontech, TAKARA Bio Inc,
Otsu, Japan) according to the manufacturer’s protocol.

4, Real-time PCR

To quantify the expression of urinary hsv2miR-H9 and
hsa-miR-3659, RT-PCR was performed using a Rotor-Gene Q
instrument (Qiagen, Valencia, CA, USA) and SYBR Premix
EX Taq (TAKARA Bio Inc.) in microreaction tubes (Corbett
Research, Mortlake, NSW, Australia) in a final volume of
10 pL. Chemically synthesized RNA oligonucleotides (Inte-
grated DNA Technologies [IDT], Seoul, Korea) correspond-
ing to the target miRNAs were used to generate standard
curves. The standard curves ranged from 225x10° to 2.25x10°
The following forward primers were used for amplifying
miRNAs: hsv2miR-H9, 5-CTCGGAGGTGGAGTCGCGGT-3;
hsa-miR-3659, 5" TGAGTGTTGTCTACG AGGGCA-3. All
samples were run in triplicate, and RT-PCR conditions were
as described in the manufacturer’s protocol. Rotor-Gene Q
software 23149 (Qiagen) was used for capturing and analyz-
ing spectral data.

5. Statistical analysis
The expression ratio of urinary miRNAs was calculated

Up-regulated miRNA

Heusekeeping-gene Up-regulated miRNA
Ratio of miRNAs = = -
Down-regulated miRNA Down-regulated miRNA
Housekeeping-gene

Fig. 1. Schematic of the expression ratio of urinary miRNAs. Currently,
there are no reliable housekeeping genes in urine samples. Expression
ratio analysis does not require normalization based on housekeeping
genes in urine. miRNA, microRNA.
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using an upregulated miRNA (hsv2miR-H9) as the numera-
tor and a downregulated miRNA (hsa-miR-3659) as the de-
nominator (Fig. 1). The Mann—Whitney U-test was used to
compare the expression ratio of urinary hsv2-miR-H9 to hsa-
miR-3659 between the BPH and PCa groups. The diagnostic
performance of PSA and urinary miRNA expression ratio
was evaluated by plotting receiver operating characteristic
(ROC) curves and by calculating the area under the curve
(AUC). A comparison of ROC curves was performed to test
the difference between the AUC values for expression ratio
of urinary miRNAs and PSA. Multivariate logistic regres-
sion analysis was performed to adjust for compounding
variables such as age at diagnosis and prostate size. Statisti-
cal analysis was performed using IBM SPSS 240 (IBM, Ar-
monk, NY, USA) and MedCalc software ver. 158 (MedCalc
Software, Mariakerke, Belgium). Results with p-values <005
were considered to be significant and all reported p-values
are two-sided.

RESULTS

1. Baseline characteristics

The clinical and pathological characteristics of 53 pa-
tients with BPH and 63 patients with PCa are shown in
Table 1. The mean age of the PCa group was 67.27+6.76
(standard deviation) years, and the median baseline PSA
was 1162 (interquartile range [IQR], 515-17.90) ng/mL. The
BPH control group was significantly older (70.85+816 years)

Table 1. Clinical characteristics of the study subjects

Variable BPH PCa p-value

Patient number 53 63
Age (y) 70.85+8.16 67.27+6.76 0.011*
PSA (ng/mL) 1.87 (0.96-4.97) 11.62(5.15-17.90) <0.001"
Operation

TURP 53(100.0) 4(6.3)

Radical prostatectomy 59(93.7)
Gleason score

7 (3+4) 41(65.1)

7 (4+3) 16 (25.4)

>8 6 (9.5)
Stage

T2 29 (46.0)

T3 28 (44.4)

T4 or metastasis 6(9.5)

Values are presented as meantstandard deviation, median (interquar-
tile range), or number (%).

BPH, benign prostate hyperplasia; PCa, prostate cancer; PSA, prostate-
specific antigen; TURP, transurethral resection of the prostate.
p-values were obtained using the *Student’s t-test and the "Mann-
Whitney U-test.
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Fig. 2. The expression ratio of urinary miR-H9 to miR-3659 (A) in the total cohort, (B) in patients with PSA <3 ng/mL, (C) in patients within the PSA
gray zone (3-10 ng/mL), and (D) in patients with PSA >10 ng/mL. miRNA, microRNA; BPH, benign prostate hyperplasia; PCa, prostate cancer; PSA,
prostate-specific antigen. p-value was determined by Mann-Whitney U-test.

and had a lower baseline PSA (187 ng/mL; IQR, 0.96-4.97
ng/mL) than the PCa group (both p<0.05). Among the 63
PCa patients, 59 (93.7%) underwent RP and the remaining
patients underwent palliative TURP. At the time of diagno-
sis, 29 (46.0%) patients had T2 stage, 28 (44.4%) had T3 stage,
and 6 (95%) had T4 stage or metastasis. In the PCa group, 57
(905%) patients had a Gleason score of 7 (3+4) or 7 (4+3).

2. Diagnostic value of urinary hsv2-miR-H9 to

hsa-miR-3659 expression ratio

The expression ratio of urinary miR-H9 to miR-3659
was significantly higher in the PCa group (median, 17.27,
IQR, 1452-1997) than in BPH controls (median, 1345; IQR,
1144-1493) (p<0.001) (Fig. 2A). After classifying patients by
baseline PSA value, the expression ratio of urinary miR-
H9 to miR-3659 differed significantly between the PCa and
BPH groups in patients within the PSA gray zone (3—10
ng/mL) (Fig. 2C) and in those with PSA >10 ng/mL (Fig.
2D) (both p<0.05); there was no significant difference in
patients with PSA <3 ng/mL (Fig. 2B). Multivariate logistic
regression analysis revealed that higher expression ratio of

Investig Clin Urol 2022;63:238-244.

Table 2. Multivariate logistic regression analysis for risk of having pros-
tate cancer

Variable qus rati9 p-value
(95% confidence interval)
Age at diagnosis (continuous) 0.952 (0.894—1.013) 0.121
Prostate size (continuous) 1.001 (0.969—1.034) 0.941
Urinary miRNAs expression ratio 1.479 (1.256—1.740) <0.001

(continuous)

urinary miRNA was significantly associated with the diag-
nosis of PCa (odds ratios 1479, 95% confidence interval [CI]
1.256-1.740, p<0.001; Table 2).

The AUC of the expression ratio of urinary miR-H9 to
miR-3659 was 0.803 (95% CI, 0.725—0.881) (p<0.001), which
was comparable with that of PSA (AUC, 0.857; 95% CI,
0.790-0925) (p<0.001) (Fig. 3A). Comparison of ROC curves
did not show significant differences between the expression
ratio of urinary miR-H9 to miR-3659 and PSA value (p=0.287).
Subgroup analysis showed that the AUC of urinary miR-H9
to miR-3659 ratio was significantly higher than that of the
PSA test in patients within the PSA gray zone (ROC curve
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Fig. 3. Receiver operating characteristic curve for discriminating PCa from BPH controls (A) for the total cohort (n=116) and (B) for patients within
the PSA gray zone (3—-10 ng/mL) (n=40). miRNA, microRNA; BPH, benign prostate hyperplasia; PCa, prostate cancer; AUC, area under the curve; Cl,

confidence interval.

comparison, p=0.034) (Fig. 3B).

Regarding pathologic characteristics, there was no sig-
nificant association between the expression ratio of urinary
miRNAs and pathological characteristics such as stage or
Gleason score in patients who underwent RP (data not
shown).

The optimal cut-off value for the expression ratio of uri-
nary miR-H9 to miR-3659, which provided optimal sensitiv-
ity and specificity for PCa detection, was 14.7 in those within
the PSA gray zone (sensitivity and specificity, 71.4% and
70.0%, respectively). Application of this cut-off value would
reduce 706% of unnecessary prostate biopsies, but 286% of
PCa could be missed in patients within the PSA gray zone.

DISCUSSION

Here, we determined the diagnostic value of urinary
hsv2-miR-H9 to hsa-miR-3659 expression ratio as a non-
invasive diagnostic marker of PCa. The urinary hsv2-miR-
H9 to hsa-miR-3659 ratio has comparable diagnostic power to
the PSA test for discriminating PCa from BPH and showed
superior diagnostic accuracy in the “PSA gray zone”.

Liquid biopsy is a topic of emerging interest because of
its potential for cancer diagnosis and as a prognostic bio-
marker [16] It has opened a plethora of clinical opportunities
because tumor-derived material (circulating tumor cells, cell-
free DNA, proteins, metabolites, extracellular vesicles, and
cellfree RNA) is released into different biofluids such as

blood, urine, saliva, cerebrospinal fluid, and pleural effusion
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[17] Among various biofluids, urine has emerged as a prom-
ising material for minimally-invasive diagnostic detection of
urologic cancer. Analysis of urine is a non-invasive method
that provides abundant and readily accessible sample mate-
rial [8] In addition, urine represents an abundant source of
tumor-derived material without background noise [18] The
aim of the present study was to identify a non-invasive
urine biomarker for PCa diagnosis with particular focus on
urinary miRNAs. Although RNAs are highly unstable mol-
ecules, miRNAs are stable in plasma and serum and resis-
tant to RNase activity, as well as extreme pH and multiple
freeze—thaw cycles [19]. Extracellular miRNAs are loaded
into microvesicles and are protected from RNases [20,21].
Circulating blood miRNAs have been investigated as novel
biomarkers, and urinary miRNAs have shown potential as
markers of genitourologic malignancies. Recently, Mall et
al. [22] investigated the stability of urinary miRNAs under
various storage conditions. Despite modest degradation, suf-
ficient miRNA for quantitative analysis was detected after
a b-day period of storage at room temperature and after ten
freeze—thaw cycles. Besides instability and low abundance of
urinary miRNAs, another technical hurdle is that appropri-
ate reference genes are needed for comparison with target
genes [12] Serum miRNA expression is usually normalized
using the expression of housekeeping genes such as glyc-
eraldehyde 3-phosphate dehydrogenase (GAPDH), B-globin,
U6, and B-actin [23]. Appropriate genes for normalization
of miRNA expression in urine remain to be identified [24]
Concentration-based quantification methods have also

https://doi.org/10.4111/icu.20210493
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been used for normalization of miRNA expression in urine;
however, normalization using total RNA concentration is a
costly and time-consuming procedure. In the present study,
we calculated the ratio of the expression of two genes, which
does not require an internal control. A similar approach was
previously used by our group to analyze urinary cell-free
DNA and urinary miRNAs [14,2526] Analysis of the ratio of
urinary miRNAs is a relatively simple method that shows
good reproducibility and could thus be applied in clinical
practice. In this study, we showed that the diagnostic ac-
curacy of the expression ratio of our novel urinary miRNAs
was comparable to that of PSA. Furthermore, the diagnostic
performance of the urinary miRNA expression ratio was su-
perior to that of PSA in patients within the PSA gray zone.
The expression ratio of urinary miR-H9 to miR-3659, alone
or together with serum PSA, is a relevant non-invasive bio-
marker for PCa diagnosis.

The present study had both limitations and strengths.
Limitations include the single center retrospective design,
which could lead to selection bias. The small sample num-
bers may also reduce statistical power. There was no signifi-
cant association between the urinary miRNA ratio and the
pathologic aggressiveness of PCa. The negative findings can
be attributed to the small cohort of patients who underwent
RP (n=59). Our study should be viewed as exploratory and
preliminary investigation. Further collaborative studies are
required to validate the diagnostic accuracy and clinical ap-
plication of the expression ratio of urinary miR-H9 to miR-
3659 as a non-invasive diagnostic and prognostic biomarker
of PCa. Despite the above limitations, the present study
represents an important step toward the practical use of
urinary miRNAs for PCa diagnosis.

CONCLUSIONS

The expression ratio of urinary miR-H9 to miR-3659
could be a relevant non-invasive biomarker for PCa diagno-
sis, particularly in patients within the PSA gray zone. Ratio
analysis of urinary miRNA 1is a relatively simple method
that shows good reproducibility and does not require correc-
tion with an internal control. Implementation of the urinary
miRNA ratio represents a promising alternative or adjunct
to serum PSA tests for PCa diagnosis.
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