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Increased oncogenic microRNA-18a expression in the
peripheral blood of patients with prostate cancer:
A potential novel non-invasive biomarker
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Abstract. MicroRNAs have been demonstrated to be stably
detectable in peripheral blood, thus representing important
sources of non-invasive biomarkers of various diseases,
including cancer. Recently, microRNA-18a (miR-18a) has been
revealed to be highly expressed in prostate cancer (PC) tissues,
acting as an oncogenic miRNA. The present study evaluated
miR-18a expression in the peripheral blood of patients with PC,
patients with benign prostatic hyperplasia (BPH), and healthy
individuals, to assess the feasibility of using peripheral blood
miR-18a as a potential non-invasive biomarker for PC. Total
RNA was extracted from peripheral whole blood samples
from 24 PC patients, 24 BPH patients and 23 healthy control
individuals. The expression of miR-18a was assessed by
reverse transcription quantitative polymerase chain reaction.
The results revealed that miR-18a expression was significantly
higher in PC patients than in BPH patients and healthy controls
[fold change (mean + standard deviation), 5.5+1.4 for PC,
1.5+0.5 for BPH and 1.2+0.6 for controls; P<0.005]. Higher
miR-18a expression was strongly associated with PC [odds
ratio (OR), 4.602; 95% confidence interval (CI), 2.194-9.654;
P=0.001], but was not significantly associated with BPH (OR,
1.2; 95% CI, 0.7-2.02; P=0.332). Despite the small number of
patients, which limits the statistical power of the study, higher
miR-18a expression was observed to be significantly corre-
lated with certain clinicopathological parameters, including
Gleason score >7 and pathological tumor stage 3/4 (P<0.005).
A receiver operating characteristic (ROC) analysis revealed
that miR-18a discriminated PC patients from BPH patients and
healthy controls [area under the curve (AUC), 0.805; 95% ClI,
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0.704-0.906). Furthermore, use of the ROC curve to discrimi-
nate PC from BPH patients yielded an AUC of 0.878 (95%
CI, 0.783-0.972). In summary, the present results indicate that
miR-18a expression is significantly increased in peripheral
blood of patients with PC compared with that of BPH patients
and healthy individuals, and that higher miR-18a expression
is associated with progression of PC. Peripheral blood onco-
genic miR-18a may serve as a potential novel non-invasive
biomarker for PC that also facilitates discrimination between
PC and BPH.

Introduction

Prostate cancer (PC) is the most widely diagnosed malignant
tumor and the second leading cause of cancer-associated
mortality in males (1). The mechanisms underlying the occur-
rence and progression of the disease remain largely unknown.
Generally, patients with PC do not exhibit symptoms until
the disease becomes locally advanced or metastatic (2).
Prostate-specific antigen (PSA) detection in serum is the
current standard diagnostic tool for PC. In healthy males, PSA
is present in small quantities in the serum (typically <4 ng/ml),
while those with PC generally present with a higher PSA (3).
However, serum PSA has been demonstrated to be elevated
in various other conditions, including urinary retention and
prostatitis, and following trauma or physical manipulation (3).
Furthermore, serum PSA may be increased in patients with
benign prostate hyperplasia (BPH), which often leads to
unnecessary biopsies (4). The development of more effective
non-invasive biomarkers would be clinically significant for the
detection of PC, and also to facilitate the differentiation of PC
from BPH (4.,5).

MicroRNAs (miRNAs) are short non-coding RNA mole-
cules with an average length of 22 nucleotides. They regulate
gene expression through binding to target messenger RNAs
(mRNAs) and promoting their degradation and/or directing
post-transcriptional repression (6). miRNAs are important
for a wide range of cellular functions, including cell prolif-
eration, differentiation and apoptosis (7). Aberrant expression
of miRNAs is also implicated in various diseases, including
cancer (8). Analysis of miRNA expression profiles in cancer
cells has revealed that dysregulation of these molecules
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contributes to the aberrant activation of oncogenes and the
inactivation of tumor suppressor genes in human carcinogen-
esis (9), and several of these miRNAs have been reported to
be both up- or downregulated (10,11). In particular, miRNA
(miR)-18a, which is located in the potentially oncogenic
miR-17-92 cluster (12,13), is highly expressed in various
types of cancer (13-15). Furthermore, miR-18a has recently
been demonstrated to act as an oncogenic miRNA in PC
by promoting tumorigenesis in in vitro and in vivo models
of PC (16).

It has been demonstrated that miRNAs are present in
human peripheral blood and exhibit resistance to endogenous
RNase activity (17). In addition, miRNAs circulate in the
blood of patients with diseases and of healthy individuals,
and are remarkably stable, making their isolation and analysis
easy (17). These unique characteristics make peripheral blood
miRNAs potential novel sources of non-invasive biomarkers.

Although the origin and function of blood miRNAs are
unclear, it has been demonstrated that miRNAs may be pack-
aged into lipid-based carriers, such as exosomes, microparticles
or apoptotic bodies, and actively secreted into the circulation
where they bind to neighboring cells to regulate the expression
of target genes, thus mediating cell-to-cell communication (18).

To date, circulating miRNAs in serum and plasma have been
investigated as potential diagnostic and prognostic biomarkers
for a diverse range of diseases (19-21). A number of studies
have also revealed that miRNAs circulating in whole blood
serve as a novel class of biomarkers in various types of malig-
nancy, including brain (22) and breast (23) cancers, as well as
in non-malignant diseases (24,25). Furthermore, a recent study
by Median-Villaamil ef al (26) has demonstrated that specific
miRNAs are differently expressed in the whole blood of PC
patients compared with that in healthy individuals, suggesting
their potential for use as biomarkers in the diagnosis of PC.

The aim of the present study was to evaluate miR-18a
expression in the peripheral whole blood of PC and BPH
patients, and in healthy individuals, in order to test the poten-
tial of blood miR-18a as non-invasive biomarker for PC.

Materials and methods

Participants. The current study was approved by the Medical
Research and Ethics Committee of the College of Medicine
and Medical Sciences, Arabian Gulf University (Manama,
Bahrain). Between June 2013 and January 2014, whole blood
samples were collected at the Urological Clinic of King
Abdullah Medical City (Manama, Bahrain). The samples were
obtained from 24 patients with surgically treated, localized PC,
one day prior to radical prostatectomy. Tumor aggressiveness
was determined by histological tumor grading system in the
Gleason grading (27,28). Prostatic carcinomas with final score
<7 were considered low-grade, and with a final score >7 were
considered high-grade. PC was staged using the TNM system,
which assesses the tumor (T), lymph nodes (N) and metastases
(M) (29). Blood samples were also obtained from 24 patients
diagnosed with BPH by biopsy specimen of the prostate and
who exhibited an increased PSA level (>4 ng/ml) or abnormal
digital rectal examination findings, and from 23 healthy
controls. All participants provided written informed consent
prior to blood collection. As treatment may influence the level
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of circulating miRNAs, only blood samples from patients who
received no hormone ablative or cytotoxic therapy were used.

RNA extraction. Whole blood samples (5 ml) were collected
in tubes containing EDTA. Aliquots (0.5 ml each) of EDTA
blood were mixed with 1.3 ml RNAlater®, an RNA stabili-
zation reagent (Ambion; Thermo Fisher Scientific, Austin,
TX, USA). Samples were stored at -80°C until RNA extrac-
tion. Prior to RNA extraction, frozen samples were thawed
at room temperature, and total RNA (including small RNA)
was isolated using the miRNeasy kit (Qiagen, Inc., Valencia,
CA, USA) according to the manufacturer's recommendations.
Concentration and purity of RNA was quantified by measuring
the absorbance at 260 nm (A,4,) and 280 nm (A,g,) using a
Thermo Scientific™ Nanodrop ND-100 spectrophotometer
(Thermo Fisher Scientific, Waltham, MA, USA).

Reverse transcription (RT) and quantitative (q) polymerase
chain reaction (PCR). For RT, an Applied Biosystems™
TaqgMan MicroRNA Reverse Transcription kit (Thermo
Fisher Scientific) was used. Total RNA (20 ng) was mixed
with specific stem-loop RT primers (3 ul), 100 mM dNTPs
(0.15 ul), 10X RT buffer (1.5 pl), 20 U/ul RNase inhibitor
(0.19 pl), 50 U/ml MultiScribe™ Reverse Transcriptase (1 ul)
and nuclease-free water (4.16 ul) to a final volume of 15 pl.
For synthesis of cDNA, reaction mixtures were incubated at
16°C for 30 min, at 42°C for 30 min and at 85°C for 5 min,
and then held at 4°C. Subsequently, 1.33 pl of cDNA was
amplified using 10 ul of TagMan 2X Universal PCR Master
Mix II (Applied Biosystems; Thermo Fisher Scientific), 1 ul of
gene-specific primers and 7.67 ul of nuclease-free water in a
final volume of 20 ul. gPCR was run on a 7900HT Real-Time
PCR system (Applied Biosystems; Thermo Fisher Scientific),
and the reaction mixtures were incubated at 95°C for 10 min,
followed by 40 cycles of 95°C for 15 sec and 60°C for 1 min.
The PCR primers had the following sequences: Mature
hsa-miR-18a (target), 5'-UAAGGUGCAUCUAGUGCAGAU
AG-3'; and RNU6B (reference), 5'-CGCAAGGATGACACG
CAAATTCGTGAGCGTTCCATATTTTT-3.

The threshold cycle (Ct) values were calculated using SDS
software version 1.4 (Applied Biosystems; Thermo Fisher Scien-
tific). The expression of miR-18a in the blood was normalized
to the expression of U6 small nuclear RNA (RNUG6B). The fold
change in miR-18a expression was determined using the 244
method (30). ACt was calculated by subtracting the Ct values
of RNU6B from the Ct values of the miR-18a. AACt was then
calculated by subtracting the ACt of the healthy control samples
from the ACt of the case samples (PC and BPH).

Statistical analysis. Statistical analyses were performed
using SPSS software version 19.0 (IBM SPSS, Armonk,
NY, USA). Comparisons between cases and controls were
analyzed by %* or Student's r-tests, and data were presented
as the mean + standard deviation (SD). Multivariate logistic
regression analysis was used to assess the association of
miR-18a expression with PC and BPH. Receiver operating
characteristic (ROC) curves were used to assess miR-18a as a
biomarker, and the area under the curve (AUC) was reported.
P<0.05 (two-tailed) was considered to indicate a statistically
significant difference.
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Table I. Characteristics of participants.
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Variable Prostate cancer Benign prostatic hyperplasia Healthy controls
Total subjects; n 24 24 23
Age, years; mean (range) 71 (65-79) 70 (66-78) 71 (65-76)
Prostate-specific antigen, ng/ml; mean (+ SD) 17.8 (z4.72) 10.5 (£2.65) 3.5 (x0.40)
Gleason score; n (%)

<7 (low) 5(20.8) - -

7 (intermediate) 10 (41.7) - -

>7 (high) 9(37.5) - -
Tumor stage; n (%)

pT1/2 14 (58.3) - -

pT3/4 10 (41.7) - -
Node stage; n (%)

NO 22 (91.6) - -

N1 2(8.3) - -
Metastasis stage; n (%)

MO 24 (100.0) - -

M1 0(0.0) - -
Results *] -

Patient characteristics. The demographics and clinical
characteristics of the participants are outlined in Table I.
No significant differences in age were observed between
PC patients, BPH patients and healthy control individuals
(P>0.005). Serum PSA levels were significantly higher in PC
patients than in healthy control individuals (P<0.005), and
were significantly increased in BPH patients compared with
that of healthy controls (P<0.005).

miR-18a expression in PC, BPH and healthy controls. The
expression of miR-18a was determined relative to the endog-
enous control, RNUG6B, in the peripheral blood of PC and BPH
patients and healthy control subjects using qPCR. Values were
expressed as the mean (+ SD) fold difference in gene expres-
sion. miR-18a and RNUG6B yielded reliable Ct values in all
samples from PC, BPH and control subjects. No replicates
with Ct >35 were detected.

The expression of miR-18a normalized to that of RNU6B
was significantly increased in the peripheral blood of patients
with PC compared with that of BPH patients and healthy control
individuals (P<0.005) (Fig. 1). The mean relative expression of
miR-18a was 5.5+1.4 for PC patients, 1.5+0.5 for BPH patients
and 1.2+0.6 for healthy controls. Multivariate logistic regres-
sion analysis revealed a strong association between higher
miR-18a expression and PC [odds ratio (OR), 4.602; 95% confi-
dence interval (CI), 2.194-9.654; P=0.001). By contrast, higher
miR-18a was not significantly associated with BPH (OR, 1.2;
95% CI1, 0.7-2.02; P=0.332).

Association between miR-18a expression and pathological
variables. PC patients with more aggressive tumors exhibited
significantly higher miR-18a expression compared with that
of patients with less aggressive tumors. The mean relative

miR-18a relative expression
-

—

Control

2]
| -
o+ :

PC BPH

Figure 1. miR-18a expression in peripheral blood of PC patients, BPH
patients and healthy individuals. The expression of miR-18a relative to that
of U6 small nuclear RNA was determined by quantitative polymerase chain
reaction in peripheral blood samples from PC patients (n=24), BPH patients
(n=24) and healthy control individuals (n=23). Data are presented as the
mean = standard deviation. "P<0.05 vs. BPH patients and controls. miR-18a,
microRNA-18a; PC, prostate cancer; BPH, benign prostatic hyperplasia.

miR-18a expression in the group of patients with a Gleason
score <7 was 2.4+0.4, and increased progressively to 4.4+0.3
in patients with a Gleason score of 7, and to 8.6+0.8 in patients
with a Gleason score >7 (Fig. 2A). In addition, miR-18a
expression was significantly higher in patients at an advanced
stage of disease: Patients with a pathological tumor (pT) stage
of 3 or 4 exhibited a mean relative miR-18a expression level
of 8.2+1.4, which was significantly increased compared with
patients of pT stage 1 or 2, in whom a mean relative expression
level of 3.6+1.0 was observed (P<0.005) (Fig. 2B).

miR-18a expression as a diagnostic tool. As miR-18a was
differentially expressed in the peripheral blood of PC patients,
BPH patients and control subjects, the potential of peripheral
blood oncogenic miR-18a as a biomarker was evaluated. Based
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Figure 2. Association between pathological parameters and miR-18a expres-
sion in peripheral blood of prostate cancer patients. (A) Relative miR-18a
expression in patients with Gs <7 (n=5), Gs =7 (n=10) and Gs >7 (n=9) ('P<0.05
vs. Gs =7 and <7). (B) Relative miR-18a expression in patients of stage pT'1/2
(n=14) and pT3/4 (n=10) ("P<0.05 vs. pT1/2). miR-18a expression was mea-
sured relative to U6 small nuclear RNA using quantitative polymerase chain
reaction, and all data are presented as the mean + standard deviation. miR-18a,
microRNA-18a; Gs, Gleason score; pT, pathological tumor stage.

on an ROC analysis, blood miR-18a was able to distinguish PC
patients from BPH patients and controls (AUC, 0.805; 95% CI,
0.704-0.906; P<0.001; Fig. 3A). Furthermore, miR-18a was
able to distinguish PC patients from BPH patients (AUC,
0.878; 95% (I, 0.783-0.972; P<0.001; Fig. 3B).

Discussion

miRNAs are part of a class of small non-coding RNAs that
function as translational repressors by partially pairing to
the 3' untranslated region of target mRNAs (7). miRNAs are
involved in highly regulated processes, including proliferation,
differentiation and apoptosis (7), and are also implicated in a
range of diseases (8). Notably, miRNAs serve significant roles
in cancer owing to their ability to function as regulators of
tumor suppressors and oncogenes (9).

Circulating tumor-derived miRNAs were first described
in peripheral blood by Mitchell er al (17), who found
that circulating miRNAs had the potential to be novel
biomarkers in patients with PC. The authors showed that
tumor-derived miRNAs can enter the circulation even
when originating from an epithelial cancer type. They also
showed that circulating miRNAs in plasma remained stable
even after prolonged room temperature incubation or cycles
of freezing-thawing. Subsequently, circulating miRNAs in
the serum, plasma and whole blood have been reported as
biomarkers in various different types of cancer, in addition
to other diseases (19-26).
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Figure 3. ROC curve analysis (A) miR-18a is able to distinguish PC patients
from BPH patients and healthy control individuals (AUC, 0.864; 95% CI,
0.751-0.977; P<0.001). (B) miR-18a can distinguish PC patients from BPH
patients (AUC, 0.878; 95% CI, 0.783-0.972; P<0.001). ROC, receiver operating
characteristic; miR-18a, microRNA-18a; PC, prostate cancer; BPH, benign
prostatic hyperplasia; AUC, area under the curve; CI, confidence interval.

The present study evaluated the levels of miR-18a, a highly
expressed miRNA in the tissues of PC (16), in the peripheral
blood of patients with PC or BPH, and in healthy individuals,
to test the feasibility of using peripheral blood miR-18a as a
potential novel non-invasive biomarker for PC.

miR-18ais expressed as part of the miR-17-92 cluster, which
comprises seven miRNAs: miR-17-3p, miR-17-5p, miR-18a,
miR-19a, miR-19b, miR-20a and miR-92a. This cluster has
been reported to have potential oncogenic functions in tumori-
genesis and cancer development (12,13). In particular, miR-18a
has been demonstrated to be significantly elevated in various
types of cancer, including gastric cancer (14) and urothelial
carcinomas of the bladder (15).

Recently, miR-18a has been reported to exhibit oncogenic
activity in PC by targeting serine/threonine-protein kinase 4
(STK4) (16). Upregulation of miR-18a is capable of inducing
a decrease in the STK4 protein level, and an increase in AKT
phosphorylation to enhance tumor cell survival. By contrast,
miR-18a knockdown in nude mice was demonstrated to
decrease prostate tumor growth and induce apoptosis (16).
STK4 is a proapoptotic protein that was identified as a tumor
suppressor in cancer cells (31,32). Therefore, inhibition of
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miR-18a expression was suggested as a therapeutically benefi-
cial strategy for the treatment of PC (16).

The results of the current study demonstrated that the
expression of peripheral blood miR-18a was significantly
higher in patients with PC than in BPH patients and healthy
control individuals. Furthermore, a strong association was
observed between higher miR-18a expression and PC. In
addition, significantly higher expression of blood miR-18a was
detected in PC patients with more aggressive tumors (Gleason
score >7) and of a more advanced stage (pT'3/4), suggesting
that miR-18a expression may correlate with progression of
the disease.

Increased expression of circulating miR-18a has been
previously reported in the plasma of patients with pancreatic
cancer (33),and higher plasma miR-18 expression has also been
observed in patients with colorectal cancer (34). Furthermore,
circulating miR-18a has been demonstrated to be a promising
biomarker for the diagnosis and monitoring of esophageal
squamous cell carcinoma (35).

In the current study, an ROC analysis revealed that periph-
eral blood miR-18a was able to discriminate patients with PC
from BPH patients and healthy controls. Notably, peripheral
blood miR-18a was additionally able to differentiate between
patients with PC and patients with BPH.

PC is the most frequently diagnosed malignancy and the
second major cause of cancer-associated mortality among
males (1). BPH is commonly misdiagnosed as PC (36), and
this frequently leads to unnecessary biopsies (3). The evalua-
tion of non-invasive biomarkers in peripheral blood could aid
in the early detection of PC, and also facilitate the discrimi-
nation between patients with malignant and benign prostatic
tumors, thereby avoiding the need for invasive biopsies. Such
biomarkers may also be important in the future treatment of
this cancer.

A limitation of the present study is the small sample size,
which may restrict the statistical power of the study. There-
fore, the potential of peripheral blood miR-18a expression
as a biomarker for PC must be confirmed and validated in
larger populations.

In conclusion, the current results demonstrated that expres-
sion of miR-18a is increased in the peripheral blood of patients
with PC compared with BPH patients and healthy controls, and
that higher miR-18a expression is correlated with PC progres-
sion. Thus, peripheral blood oncogenic miR-18a may offer
potential for utilization as a novel non-invasive biomarker for
PC that also allows discrimination between PC and BPH.
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