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Development of a highly sensitive digital PCR assay to quantify
long non-coding RNA MYU in urine samples which exhibited
great potential as an alternative diagnostic biomarker for prostate
cancer
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Background: The diagnostic methods of prostate cancer (PCa) present major drawbacks in that serum
prostate specific antigen (PSA) testing lacks specificity for PCa and prostate needle biopsy is a painful and
highly invasive procedure for patients. Thus, new alternative screening methods which are specific and non-
invasive both in the early detection and in the clinical definitive diagnosis of PCa are in urgent need. Long
non-coding RNA MYU has been shown to promote PCa cell proliferation and migration, and is significantly
upregulated both at the cellular and tumor tissue level. Therefore, long non-coding RNA MYU may be a
new potential diagnostic biomarker for PCa.

Methods: In the present study, we successfully developed a highly sensitive digital PCR assay to detect long
non-coding RNA in clinical urine samples. dPCR was carried out using Qx200 ddPCR EvaGreen Supermix
(Bio-Rad) according to the manufacturer’s instructions.

Results: Our results indicated that the digital PCR assay showed better linearity, repeatability, and
reproducibility when compared with real-time quantitative PCR. In addition, we identified the normalized
MYU level and used the digital PCR assay to measure it in 100 clinical urine samples. Our study showed that
the normalized MYU level is a promising diagnostic biomarker for predicting and evaluating the malignancy
of PCa.

Conclusions: Our findings presented a non-invasive liquid biopsy method to detect an alternative

diagnostic parameter which can assist the diagnosis of PCa in clinical practice.
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Introduction

Prostate cancer (PCa) is the second leading cause of
cancer morbidity in men, accounting for approximately
20% of cancer diagnoses in males (1). The early detection
of PCa involves serum prostate specific antigen (PSA)
testing and digital rectal examination (DRE), however,
the clinical usage of these methods is limited by their
major drawbacks. Serum PSA testing lacks specificity for
PCa which may lead to misdiagnosis (2,3), and DRE may
be a painful and unpleasant experience for patients (4,5).
The definitive diagnostic method for PCa is prostate
needle biopsy. Following that, pathological sections are
analyzed by Gleason score evaluation, which is a widely
used histological grading method for PCa. As the Gleason
score is significantly associated with the prognosis of PCa,
it has been gradually recognized and widely used clinically,
and has become an important reference index for the
development of PCa treatment plans (6,7). Prostate needle
biopsy is an invasive and painful procedure, and men may
experience complications such as infection, bleeding,
urinary obstruction, and in some cases (8,9), septic shock
that results in death (10). Thus, there is an urgent need for
new alternatives which are specific and non-invasive, both
in the early detection and the clinical definitive diagnosis
of PCa.

Urine samples are more convenient and non-invasive
compared with blood samples, becoming a promising
resource for liquid biopsy (11,12). Previous studies have
indicated that several cancer related biomarkers have been
successfully detected in urine samples, including mRNAs
and long non-coding RNAs (IncRNAs) (13,14). Some of
these biomarkers, such as PCA3 and ERG (5,15), were
reported to exhibit great potential in predicting PCa.
Therefore, urine could be an alternative clinical sample for
liquid biopsy to predict PCa.

Accumulating studies demonstrate that IncRNAs, such
as SChLAP1 (16), PCA3 (17), PCATI (18), MYU (19),
PCGEM]1, and PRNCRI (20), have crucial roles in PCa
tumorigenesis and metastasis via regulating mRNAs. Among
these reported IncRNAs, MYU (ENSG00000261373)
has been shown to serve as an oncogene in other cancers,
such as colorectal cancer (21). Moreover, it was reported
to promote PCa cell proliferation and migration and was
significantly upregulated both at the cellular level and at
the tumor tissue level (19). The specificity of IncRNA MYU
as a biomarker for prostate cancer has been confirmed by
cytological experiments (17). Thus, IncRNA MYU may be a
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new potential diagnostic biomarker for PCa.

Although using urine samples has certain advantages
as mentioned above, the mRNA and IncRNA level in
urine samples is relatively low due to RNase exposure and
low freshness. Therefore, a detection method with a low
detection limit is required to analyze the expression levels
of mRNAs and IncRNAs in urine samples. The majority of
present studies employ real-time quantitative PCR (qQPCR)
(5,22), which has a relatively high detection limit for the
detection of mRNAs and IncRNAs in urine samples. Thus,
a more sensitive method is preferred. Digital PCR (dPCR)
is known for its more precise (23) and lower detection limit
than qPCR (24,25), causing its widespread use, especially
in samples with low nucleic acid abundance. Digital PCR is
a breakthrough technology that provides ultrasensitive and
absolute nucleic acid quantification. It is particularly useful
for low-abundance targets, targets in complex backgrounds,
copy number variation, rare allele detection (SNPs), and for
monitoring subtle changes in target levels that cannot be
detected with real-time PCR (23).

In the present study, a method for detecting IncRNA
in urine based on digital PCR technology has been
constructed, which can be used for non-invasive diagnosis
of prostate cancer. Its specificity and sensitivity are
higher than PCA as a non-invasive high-sensitivity
diagnosis method for prostate cancer. We developed
two assays (QPCR and dPCR) to detect the expression
level of IncRNA MYU, and compared their performance
by evaluating their linearity, analytical sensitivity,
repeatability, and reproducibility. We next used the two
assays to test the MYU expression level in 100 clinical urine
samples, and identified the normalized MYU expression
level. Lastly, we evaluated the potential of the normalized
MYU expression level as a diagnostic biomarker of PCa
by comparing its performance with that of PSA and the
Gleason score. Our study presented a potential alternative
diagnostic method to predict and evaluate the malignancy
of PCa in the clinic. We present the following article in
accordance with the STARD reporting checklist (available
at https://dx.doi.org/10.21037/tau-21-820).

Methods
Patients

A total of 113 patients were enrolled in this study at The
First Affiliated Hospital of Soochow University. However,
only 100 patients’ data were analyzed as the results of the
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Table 1 Primers for MYU and AP3BI used in both qPCR and
dPCR

Primers Sequence (5'-3')

MYU forward AGTGGCCGTTTTACAGAGACA
MYU reverse CATGCCAAGCTACGGGAAGG
AP3B1 forward GATGTTGAAGAGTGGGGGCA
AP3BT1 reverse TGTGCCAATACAGCTGAGCA

AP3B1, adaptor related protein complex 3 beta 1 subunit.

house keeping gene measured by dPCR obtained from the
rest 13 patients’ urine samples are negative. Among these
100 patients, 59 of them were pathologically diagnosed PCa
patients, while the other 41 patients were diagnosed with
benign prostatic hyperplasia (BPH) and were chosen as the
control group.

The study was approved by the Ethics Committee of
The First Affiliated Hospital of Soochow University. All
participants provided their written informed consent to
participate in this study. The procedures used in this study
adhere to the tenets of the Declaration of Helsinki (as
revised in 2013).

Construction of the standard recombinant plasmid

In this study, a house keeping gene mRNA, adaptor related
protein complex 3 beta 1 subunit (AP3B1), was selected as
the control, which has served as a control gene to normalize
the expression level of target genes in several previous
dPCR studies (26). AP3BI is a more suitable control for
dPCR assays compared with regular controls such as
GAPDH and B-actin, as the abundance of AP3B1 in cells
is relatively low and can be directly measured by dPCR
without further dilutions which may result in an increase in
experimental errors. Besides, the relative expression level of
AP3B1 in 10 urine samples was measured by qPCR using
B-actin as a control. Similar relative expression levels were
obtained. Thus, we chose AP3B1 to be the control gene
in both the qPCR and dPCR assays we developed in the
following experiments.

Cloning the target gene to be amplified into the PET32
vector as a standard plasmid for subsequent amplification
by Sangon Biotech. The standard recombinant plasmid
was constructed by inserting one copy of IncRNA MYU
and one copy of AP3B1 into the pUCS57 plasmid. 5x1/10"
serial dilutions of the standard recombinant plasmid was
employed to evaluate the performance of qPCR and
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dPCR assays. The original concentration of the standard
recombinant plasmid was detected using NanoDrop 2000
(Thermo Scientific) and converted into copy number
according to the relative molecular mass of the standard
recombinant plasmid.

Sample preparation, RNA extraction, and reverse
transcription

About 50 mL urine samples were transferred from the
collection cup to a centrifuge tube within 2 hours after
donation. Then, the urine sample was centrifuged for
S min at 4 °C and 3,000 r/min, and the supernatant was
discarded to collect the urine sediment which was used to
extract total RNA. The total RNA extraction was performed
using TRIzol Reagent (Invitrogen). Nanodrop 2000
(Thermo Scientific) was used for both quantification and to
check the purity of the total RNA from the urine sediment.
Subsequently, the total RNA was reverse transcribed into
cDNA using the PrimeScript™ RT reagent kit with gDNA
Eraser (TAKARA), which contained a genomic DNA
elimination step before the reverse transcription to remove
the impact of genomic DNA on the quantification of RNA.
Finally, the cDNA was stored at =20 °C before use.

Real time quantitative PCR (qPCR)

qPCR was performed using TB Green® Premix Ex Taq™
II (TAKARA) according to the manufacturer’s instructions.
Briefly, a 20-pL mixture including AP3BI primers or MYU
primers (Tuable 1), the cDNA sample, ROX reference dye
II, premix (2X), and H,O was prepared for each reaction.
Triplicate reactions were prepared for each cDNA sample.
Then, the amplification was performed on the Quant Studio
7 Flex Real-Time PCR System (ABI) and the thermal
cycling conditions were: 95 °C 10 min, denaturation 95 °C
15 s, annealing/extension 60 °C 30 s, 40 cycles. A five-point
standard curve and a negative control were used in all runs.

Digital PCR (dPCR)

dPCR was carried out using Qx200 ddPCR EvaGreen
Supermix (Bio-Rad) according to the manufacturer’s
instructions. Specifically, a 20-pL mixture containing
AP3BI1 primers or MYU primers (Table 1), the cDNA
sample, premix (2X), and H,O was prepared for each
reaction. Triplicate reactions were prepared for each cDNA
sample. The 20 pLL mixture was loaded into the sample
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Figure 1 Linear regressions of AP3B1 and MYU copy numbers detected by dPCR (A,B) and qPCR (C,D). AP3B1, adaptor related protein
complex 3 beta 1 subunit; dPCR, digital PCR; qPCR, real-time quantitative PCR.

wells of a DG8 Cartridge (Bio-Rad), followed by 70 pL of
QX200 Droplet Generation Oil for EvaGreen (Bio-Rad)
into the oil wells. Then, the DG8 Cartridge was put into
the QX200 Droplet Generator (Bio-Rad) to form droplets
which were subsequently transferred into a 96-well PCR
plate (Eppendorf). The amplification was performed on
the Eppendorf Mastercycler NEXUS (Eppendorf) and the
thermal cycling conditions were: 95 °C 5 min, denaturation
95 °C 30 s, annealing/extension 60 °C 1 min, 40 cycles. After
the amplification, the plate was put into the QX200 Droplet
Reader (Bio-Rad) where the droplets from each well of the
plate were read automatically. A five-point standard curve
and a negative control were used in all runs.

Statistical analysis

Basic data processing and analysis, such as the calculation of
means, medians, standard deviations (SDs), and confidence
intervals (Cls), were performed using Microsoft Excel 2010.
GraphPad Prism 5 was used to analyze ROC curves and
box plots. The linearity of the qPCR and dPCR assays was
evaluated using Origin 9.
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Results

Performance comparison between the gPCR and dPCR
assays

The 10-fold serial dilutions of the standard recombinant
plasmid were prepared, and 5 concentrations of the
dilutions were selected according to the actual target
concentration in samples. They were amplified in triplicates
using the dPCR assay and qPCR assay 3 times to compare
their performance in linearity, repeatability (intra-assay
variability), and reproducibility (inter-assay variability).

The copy numbers of AP3B1 and MYU measured by
these two assays were plotted against the corresponding
target input copy number and fitted into a linear regression
model using Origin 9. According to Figure I, both dPCR
and qPCR showed high R’ values over the target copy
number range between 6.7-67,000 copies/reaction. The R’
values of AP3BI1 (0.99470) and MYU (0.99484) detected by
dPCR were slightly higher than those detected by gPCR
(0.99341 and 0.98942, respectively), which might be caused
by the poor performance of qPCR in the detection of a
low concentration target according to the data in Table 2
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Table 2 Evaluation of repeatability and reproducibility between the dPCR and qPCR assays
dPCR gPCR
Input copy number
Mean SD CV% Mean SD CV%
Measured by AP3B1 copy number
Intra-assay
6.7 5.6 0.4899 0.0875 3.7842 0.2078 0.0549
67 72 4.8990 0.0680 49.0233 3.7906 0.0773
670 756 11.4310 0.0151 634.3652 160.2943 0.2527
6,700 7,680 130.6395 0.0170 7,373.0580 1,665.7421 0.2259
67,000 73,800 653.1973 0.0089 47,713.5150 4,396.3400 0.0921
Inter-assay
6.7 6.15 0.4491 0.0730 4.4474 0.6443 0.1449
67 68 3.2660 0.0480 61.1042 7.7728 0.1272
670 738.5 14.2887 0.0193 592.1821 182.4649 0.3081
6,700 7,295 314.3512 0.0431 7192.8894 612.1393 0.0851
67,000 74,900 898.1462 0.0120 54,910.8735 6,922.3581 0.1261
Measured by MYU copy number
Intra-assay
6.7 6.5 1.0614 0.1633 6.5076 2.7492 0.4225
67 74.6 2.1229 0.0285 58.8611 8.2023 0.1394
670 725 36.7423 0.0507 948.4671 161.8505 0.1706
6,700 7,170 269.4439 0.0376 7,671.9661 841.6049 0.1097
67,000 72,000 816.4966 0.0113 45,729.6816 2,388.0004 0.0522
Inter-assay
6.7 6.65 0.1225 0.0184 9.6673 1.8473 0.1911
67 73.25 1.1023 0.0150 54.9322 10.3540 0.1885
670 736 8.9815 0.0122 650.8649 99.8319 0.1534
6,700 7,315 118.3920 0.0162 7,131.5338 196.4374 0.0275
67,000 75,500 2,857.7380 0.0379 52,931.2508 6,786.0819 0.1282

AP3B1, adaptor related protein complex 3 beta 1 subunit; dPCR, digital PCR; gPCR, real-time quantitative PCR; SD, standard deviation;

CV, coefficient of variation.

(the means of AP3B1 and MYU copy numbers measured by
qPCR differed greatly from the actual input copy number).
Tuable 2 compares the repeatability and reproducibility
of dPCR and qPCR. Specifically, the CV values of dPCR
in both the intra-assay or inter-assay were lower than the
corresponding CV values of qPCR, except for the CV value
of dPCR when the input target copy number was 6.7. These
data indicated that the repeatability and reproducibility of
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dPCR were better than those of qPCR.

Evaluation of clinical samples using the gPCR and dPCR
assays

Non-DRE urine samples were collected from 100 subjects
enrolled between March 21, 2019 and November 5, 2019
who were diagnosed with BPH or PCa. Samples from
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Table 3 Clinical characteristics of the enrolled subjects

Characteristic Median [range] or % ’\:a;v(:i)I:glt:/
Age 71 [43-88] 100
Pre-biopsy serum PSA 10.606 [0.247-100] 100
level (ng-mL™)
Normalized MYU level 0.3385 [0-3.9304] 100
(copy/1 copy AP3B1)
Positive biopsy result 59 59/100
Gleason score

6 6 6

7 17 17

8 12 12

9 21 21

AP3B1, adaptor related protein complex 3 beta 1 subunit.

patients with BPH were selected as controls. For each
subject, total RNA was extracted and the copy numbers
of AP3B1 and MYU were detected by both the qPCR
assay and dPCR assay. A total of 42 out of the 100 CT
values of the MYU expression level detected by qPCR
were lower than 30 (data not shown), which indicated that
the measured MYU expression level might be unreliable.
Among these 42 CT values, 13 of them were lower than
35, indicating a negative result of the qPCR assay, while
only 3 out of the 100 samples showed a negative result
analyzed by dPCR (data not shown). Besides, former data
(Figure 1 and Table 2) showed that the performance of
dPCR in linearity, repeatability, and reproducibility was
better than that of qPCR. Therefore, only data measured
by dPCR was analyzed in the subsequent evaluations. The
normalized MYU level was calculated through the measured
MYU copy number divided by that of AP3B1.

The median age of providers was 71 years and the
median serum PSA level was 10.606 ng-mL™" (Table 3). The
serum PSA level was recorded as 100 ng-mL™" when the
clinical data was reported as larger than 100 ng-mL"', for
the convenience of statistics. The median normalized MYU
level was 0.3385 copy/1 copy AP3BI1. Of all 100 subjects,
59% of them were diagnosed with PCa clinically, and the
other 41% were diagnosed with BPH. Among the PCa
subjects, the proportion of subjects with a Gleason score of
9 was the highest, accounting for 21% of the total subjects,
followed by the percentages of subjects with Gleason scores
of 7 and 8, accounting for 17% and 12%, respectively. The
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proportion of subjects with a Gleason score of 6 was the
lowest (6%).

Evaluation of the performance of PSA and the normalized
MYU level as a diagnostic biomarker of PCa

The most frequently used clinical diagnostic biomarker
of PCa is the serum PSA level. In the present study, we
compared the performance of PSA and the normalized
MYU level as a diagnostic biomarker using ROC curve
analysis (Figure 2). The AUC of the normalized MYU
level (Figure 2B and Table 4) was 0.8475, which was higher
than that of PSA (0.8189) (Figure 24 and Table 4). The
cutoff values of the serum PSA level and normalized
MYU level were 7.781 ng-mL™" and 0.3112 copy/1 copy
AP3BI, respectively (Table 4), which were subsequently
used to evaluate their performance in predicting PCa
(Figure 3). Compared with the serum PSA level, the
normalized MYU level exhibited relatively greater specificity
(78.05% ws. 73.17%), NPV (76.19% vs. 75%), and PPV
(84.48% wvs. 81.67%) for PCa. These results indicated
that the normalized MYU level had higher accuracy as a
diagnostic biomarker in predicting PCa compared with the
serum PSA level.

Evaluation of the performance of the normalized MYU
level in predicting the prognosis of PCa

The Gleason score is widely used in clinical practice to
evaluate the malignancy and predict the prognosis of
PCa. ROC curve analysis was carried out to evaluate
the relevance between the normalized MYU level and
Gleason score (Figure 44). A statistically significant direct
correlation (P=0.0006648<0.001; AUC =0.7694) between
the normalized MYU level and Gleason score was observed
(Figure 4A4). In addition, the box plot (Figure 4B) showed
that the median of the normalized MYU level increased
according to the increase in Gleason score. Overall, these
data indicated that the normalized MYU level showed
a direct correlation with Gleason score and could be a
potential cofactor to evaluate the malignancy and predict
the prognosis of PCa.

Discussion

In the present study, we developed a highly sensitive dPCR
assay to detect MYU and AP3BI in clinical urine samples.
We also analyzed the potential of the normalized MYU level
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Figure 2 ROC curves for evaluating the performance of PSA (A) and the normalized MYU level (B) as a diagnostic biomarker of PCa. ROC,

receiver operating characteristic; PSA, prostate specific antigen; PCa, prostate cancer.

Table 4 Statistical data of ROC curves for PSA and the normalized
MYU level

Statics index PSA MYU
AUC 0.8189 0.8475
Std. error 0.04182 0.03887

95% confidence interval 0.7369-0.9009 0.7713-0.9237

P value <0.0001 <0.0001

Cutoff value 7.781 0.3112

ROC, receiver operating characteristic; PSA, prostate specific
antigen; AUC, area under the curve.

which was shown to be equal to the MYU copy number
divided by the AP3BI copy number in terms of its utility as
a diagnostic biomarker in predicting PCa and evaluating the
malignancy of PCa. Target RNAs were extracted from non-
DRE urine samples in this study, as urine samples are more
convenient and non-invasive to obtain compared with blood
samples, becoming a promising resource for liquid biopsy
(5,27,28). However, the drawbacks of urine samples, such as
low freshness and high RNase level, may lead to low yield
of IncRNA MYU. Thus, a highly sensitive detection method
with a low limit of detection is needed. Previous studies
have indicated that dPCR is widely used to detect target
genes with a low concentration, such as ctDNA (29), or
target genes derived from exosomes (30), FFPE cutaneous
biopsies (31), and urine (5,32).

In this study, we employed both qPCR and dPCR to
measure IncRNA MYU and compared their performance.
Our results demonstrated that only 3 out of 100 samples
showed negative results analyzed by the dPCR assay, while
13 samples were out of the detection limit of the qPCR

© Translational Andrology and Urology. All rights reserved.

assay. Besides, the dPCR assay exhibited better linearity,
repeatability, and reproducibility compared with the qPCR
assay (Figure 1 and Table 2). Overall,both two methods
of qPCR and dPCR are constructed to measure IncRNA
MTYU in this study, the results show that dPCR has higher
sensitivity and is suitable for the detection of IncRNA MYU
with low abundance in urine. A non-invasive prostate cancer
screening and prognosis assessment method is constructed,
these data indicated that the dPCR assay was more suitable
for the detection of IncRNA MYU.

The MYU expression level measured by the dPCR assay
was subsequently normalized by a house keeping gene,
AP3B1, which has served as a control gene to normalize the
expression levels of target genes in several previous dPCR
studies (26). The normalization eliminated the experimental
errors brought by the differences among the clinical urine
samples, such as the variable tumor tissue-derived cell
numbers in urinary sediment and the random freshness level
of different urine samples, and made it possible to compare
the MYU expression level in different samples. Then, the
normalized MYU level of urine samples was analyzed to
evaluate its performance in predicting PCa by comparing its
performance with that of the most frequently used clinical
diagnostic biomarker of PCa—PSA. Our results indicated
that the normalized MYU level presented relatively
greater specificity (78.05% vs. 73.17%), NPV (76.19% wvs.
75%), and PPV (84.48% vs. 81.67%) for PCa compared
with the serum PSA level (Figure 3). Similarly, a recent
study demonstrated that IncRNA MYU was significantly
upregulated in PCa when compared with adjacent normal
tissues, which also indicated that the MYU expression level
could be a potential diagnostic predictor for PCa (19).
We evaluated the relevance between the normalized
MYU level and the prognosis of PCa by analyzing the
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Biopsy result

Negative Positive Total Performance
PSA < cutoff value 30 10 40 NPV% 75
PSA > cutoff value 11 49 60 PPV% 81.67
Total 41 59

Specificity % Sensitivity %

73.17 83.05
Biopsy result

Negative Positive Total Performance
MY < cutoff value 32 10 42 NPV% 76.19
MY > cutoff value 9 49 58 PPV% 84.48
Total 41 59

Specificity% Sensitivity %

78.05 83.05

Figure 3 Serum PSA level and normalized MYU level were employed to evaluate their performance in predicting PCa. PSA, prostate

specific antigen; PCa, prostate cancer; NPV, negative predictive value; PPV, positive predictive value.

correlation between the normalized MYU level and the
gold standard approach in clinical practice—the Gleason
score. Our data showed a statistically significant direct
correlation (P=0.0006648<0.001; AUC =0.7694) between
the normalized MYU level and Gleason score (Figure 44),
indicating that there was also a direct correlation between
the normalized MYU level and the malignancy of PCa.
Meanwhile, MYU has been reported to exert an oncogenic
effect in colorectal cancer (21,33) and PCa (19), and
promotes PCa cell proliferation and migration through
the upregulation of c-Myc expression by sponging miR-
184 (19). This indicates that the normalized MYU level did
have a direct correlation with the malignancy of PCa, which
is in accordance with our results.

Digital PCR provides ultrasensitive and absolute
nucleic acid quantification. Its high sensitivity especially
be suitable for the detection of low abundance sequences
such as IncRNA MYU for prostate cancer. Although this
study showed promising results, there were still a few
limitations which remain to be discussed. Firstly, one of
the three samples which showed a negative result by the
dPCR assay was collected from a PCa patient who had
bilateral orchiectomy, radioactive particle implantation, and
13 cycles of chemotherapy (the other 2 were BPH patients
whose normalized MYU level was supposed to be relatively
low). Therefore, this result might be reasonable as these
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treatments might lead to a reduction in MYU expression
since MYU expression presents a direct correlation with the
malignancy of PCa. Evaluation of the impact of hormone
therapy, chemotherapy, and radiotherapy on the normalized
MYU level will be our major focus in future studies. In
addition, the data of 13 samples with negative results in
terms of the AP3BI expression level measured by the
dPCR assay were excluded from the analysis in this study,
which indicated low freshness of these urine samples. Thus,
samples will be processed immediately after collection in
our future studies.

Conclusions

In summary, we successfully developed a highly sensitive
dPCR assay with good linearity, repeatability, and
reproducibility, which was especially suitable for detecting
MYU and AP3BI in clinical urine samples. In addition, we
identified the novel normalized MYU level which showed
promising results as a diagnostic biomarker in predicting
and evaluating the malignancy of PCa. To the best of our
knowledge, this is the first study to show the crucial role
of the expression level of MYU in the development and
prognosis of PCa. Moreover, our findings present a non-
invasive liquid biopsy method to detect an alternative
diagnostic parameter which can assist the diagnosis of PCa
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in clinical practice.
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