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Abstract

Prostate cancer (PC) is considered as the fifth cause of cancer deaths worldwide.
The exact etiopathogenesis is unclear; however, genetic predisposition, hormonal in-
fluencers, lifestyle and environmental factors act as major contributors. It has been
found that several miRNAs may play a crucial role in cancer initiation and progres-
sion. Here, in this study, we evaluated the peripheral blood levels of miR-21, miR-141,
miR-221 and miR-18a expression among 80 prostate cancer patients (50 localised
and 30 metastatic) and 30 benign prostatic hyperplasia patients compared to 50
normal control subjects, using RT-PCR. Our results of analysis of miR-21, miR-141,
miR-18a and miR-221 in the plasma of PC patients showed that miR-18a is a powerful
discriminator of PC patients from healthy controls as it had the highest AUC (0.966;
95% Cl, 0.937-1.000), while miR-221 provided better differentiation of metastatic
from localised PC (sensitivity was 92.9% at 100% specificity), and when we combine
miR-18a and miR-221 for differentiating patients with MPC, it will increase the sen-
sitivity to 96.4% at a specificity of 100% (AUC, 0.997; 95% Cl, 0.988-1.0) (p < .000).
This current study recommends that analysis of these miRNAs might have clinical

value in enhancing PSA testing.
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in apoptosis and involution of the prostate (Hsing, Reichardt, &
Stanczyk, 2002).

Prostate cancer (PC) is listed as the second common male cancer fol-
lowing skin cancer and the fifth cause of cancer mortalities (Daniyal
et al., 2014). Unfortunately, the pathogenesis of PC is still obscure;
however, it has been found that it is a multifactorial disease includ-
ing genetic predisposition, hormonal influences and various environ-
mental exposure risks (Attard et al., 2016). Hormones play a crucial
role in the development of PC, whereas testosterone and its potent
metabolite, DHT, act on prostatic epithelium. Therefore, administra-

tion of anti-androgens or even castration was found to be effective

Clinical manifestations in most of the cases are asymptomatic.
However, obstructive and irritative urinary symptoms may be en-
countered that may be unfortunately misdiagnosed with benign pros-
tatic enlargement that is prevalent among elderly people. Previously,
annual DRE, biochemical screening tests and TRUS have been used
in assessing prostate cancer in its early stage (Mettlin, Lee, Drago,
& Murphy, 1991). Currently, assessment of PSA is considered as the
most commonly used biomarker able to correlate with PC risk, extent

and prognosis. Unfortunately, it has been found that patients may
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develop PC in spite of low levels of PSA. Besides that, several factors
such as benign prostatic enlargement, prostatitis or manipulation as
well as some drugs may raise the PSA levels that could be misdiag-
nosed with PC during screening (Pron, 2015). Thus, it was essential
to identify other alternative biomarkers, such as miRNA, to enhance
cancer diagnosis, prognosis and evaluation of treatment outcomes.
miRNAs are noncoding RNA nucleotides of small size that control
gene expression and post-transcriptional events as they degenerate,
or hinder target mMRNAs. Additionally, they play several roles in cellu-
lar development, differentiation, proliferation, cell-cycle regulation,
apoptosis and metabolism (Bartel, 2004). Chromosomal abnormali-
ties such as structural deletions, amplifications and mutations, pro-
moter methylation, and regulation of transcription could influence
expression as well as regulatory functions of miRNA. Also, a sin-
gle miRNA can control the expression of several messenger RNAs
(mRNAs). Therefore, alterations in miRNA could lead to dysregulated
expression of several mRNAs and proteins that may precipitate in
occurrence of various human cancers (Calin & Croce, 2006; Kim
& Kim, 2013). In addition, several researches and clinical trials are
being conducted to identify the exact pathogenic role of miRNA in

PC as well as evaluating its diagnostic and prognostic roles.

2 | PATIENTS/SUBJECTS AND METHODS

This is a prospective cohort study including 160 participants: 50
patients with localised prostate cancer (LPC) before radical pros-
tatectomy, 30 patients with metastatic prostate cancer (MPC), 30
patients diagnosed with benign prostatic hyperplasia (BPH) diag-
nosed by histopathological examination of conventional transrec-
tal ultrasound-guided template biopsy specimens of the prostate,
and 50 healthy normal controls (NC). Cancer patients presented
to the National Cancer Institute (NCI) for diagnosis and treatment
during the period between June 2015 and September 2017. This
study received approval of the ethical committee of the NCI, Cairo
University (Egypt), and was conducted in accordance with the 2011
Helsinki Declaration, and written informed consents were obtained
from each patient before enrolment into the study.

All patients were subjected to routine laboratory investigations
and imaging diagnoses. All patients with severe comorbidity or pros-
tatitis were excluded. In addition, blood samples from patients who
did not receive hormonal ablative or cytotoxic treatments were used,
as they may affect the level of circulating miRNAs. PC aggressiveness
was evaluated using the Gleason histopathological grading; patients
with a score of <7 were considered low-grade and those with a score
of >7 were considered high-grade. On the other hand, clinical staging
of PC was done using the TNM system that assesses the tumour extent
(T), lymph node involvement (N) and distant metastases (M) (Sobin &
Wittekind, 2002). Whole-blood samples (7 ml) were aseptically divided
into two tubes: the first tube contained k2EDTA and the second was
the serum collection tube. Within 30 min of blood draw, the blood
samples on k2EDTA were centrifuged at room temperature using
Thermo Scientific Megafuge 16R Centrifuge for 10 min at 1,340 g.

The collected samples were aliquoted and frozen at -80°C until mi-
croRNA extraction, while the serum collection tube was left for 30 min
to undergo clotting; then, the samples were centrifuged at 1,790 g for
10 min yielding serum that was used for the determination of serum
concentrations of total prostate-specific antigen (tPSA) and free pros-
tate-specific antigen (fPSA) by chemiluminescent assays (ARCHITECT
i1000SR Immunoassay Analyzer; Abbott).

2.1 | RNA extraction

Total RNA was extracted from 200 pl of plasma using the miRNe-
asy Mini Kit (cat. no. 217004). The concentration and purity of RNA
samples were assessed using NanoDrop 1000 (Thermo Scientific
NanoDrop™ Spectrophotometer ND 1000). Then, the RNA was
eluted in 40 pl of RNase-free water and was stored at -80°C until

reverse transcription (RT) reactions.

2.2 | Reverse transcription (RT)

The total RNA (100 ng) was reverse-transcribed using miScript || RT
Kit (catalogue no. 218161), and complementary DNA (cDNA) syn-
thesis was completed in a thermal cycler [IGEM: MIT/2005/Thermo
Cycler]; then, the cDNA was stored at -80°C in anticipation of use.

2.3 | Quantitative real-time polymerase chain
reaction (RT-PCR)

A 2.5 pl of cDNA was amplified using 10 pl of TagMan 2X Universal
PCR Master Mix Il (Applied Biosystems; Thermo Fisher Scientific),
1 pl of gene-specific primers of the target miRNA and 6.5 pl of nu-
clease-free water in a final volume of 20 pul. gPCR was run on the
StepOne Real-Time PCR System (Applied Biosystems), and the
reaction mixtures were incubated at 95°C for 10 min to stimulate
HotStarTaqg DNA polymerase, followed by 40 cycles of initial dena-
turation at 94°C for 15 s, annealing at 55°C for 30 s and final exten-
sion at 70°C for 30 s. The expression of selected miRs in the blood
was normalised to the expression of Ué small nuclear RNA (RNU6B).
The data obtained from the miRNA expression levels were calcu-
lated and evaluated by the cycle threshold (Ct) method, which is the
number of cycles required for the fluorescent signal to cross the
threshold in RT-PCR (Schmittgen & Livak, 2008). Notably, ACt was
calculated by subtracting the Ct values of RNU6B from the Ct values
of the target miRNA. AACt was then calculated by subtracting the
average ACt of the healthy control samples from the ACt of the case
samples (LPC, MPC and BPH). The fold change in the miRNA expres-
sion level was calculated (fold change = 2724 to determine the rela-
tive quantitative levels of target miRNA (Livak & Schmittgen, 2001).

2.4 | Statistical analysis

All data were assorted and then statistically analysed using SPSS
software version 21 (IBM SPSS). Data are presented as median and
range. Comparisons between patient groups were analysed using
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the Kruskal-Wallis H test and Mann-Whitney test. Receiver operat-
ing characteristic (ROC) curves were used to assess miRs as biomark-
ers, and the area under the curve (AUC) was reported. Multivariate
logistic regression analysis was used to assess the association of tar-
get miRNAs' expression with LPC, MPC and BPH. p < .05 (two-tailed)
was considered to indicate a statistically significant difference.

3 | RESULTS

In this prospective cohort study, 50 patients with localised prostate
cancer (LPC), 30 patients with metastatic prostate cancer (MPC) and
30 cases with benign prostate hyperplasia (BPH) were included and

then compared to 50 normal controls (NC).

3.1 | Patients' characteristics

The mean age of the PC patients was 56.8 + 12.18, while the mean
age of BPH patients was 53 + 9.5, and the mean age of control group
was 54 + 8.93; there was no significant difference between the stud-
ied groups regarding the age (p > .05), so the three groups were well
matched for age. Of all cancer patients, 33 cases were stage |, 17
were stage I, and 30 were stage IV. Digital rectal examination (DRE)
was palpable in 25.6% of all participants. Gleason score was 6 in 21
patients, 7 in 29 patients, 8 in 20 patients and 9 in 7 patients, while
only 3 patients had Gleason score 10. Prostate volume was more
than 50 g in 71.25% of patients. 42.5% of the patients had lymph
node metastasis, and 37.5% of the patients had distant metastasis,
as shown in Table 1a, b.

3.2 | Plasma expressions of miRNAs and PSA

There was a statistically significant difference among all patient
groups regarding tPSA and fPSA plasma expression (p < .001).
However, regarding f/tPSA, there was no statistically significant
difference between the NC and BPH groups (p = .56), while there
was a significant difference among the NC, LPC and MPC groups
(p < .001). miRNA expression in the PC and BPH groups and
healthy controls was determined relative to the endogenous con-
trol, RNU6B, in the peripheral blood of PC and BPH patients and
healthy control subjects using gPCR. Values are expressed as the
relative median fold difference in gene expression. Target miRNAs
and RNUG6B vyielded reliable Ct values in all samples from PC and
BPH patients and control subjects. There was no statistically signifi-
cant difference between the NC and BPH groups regarding plasma
expression of miR-21, miR-141, miR-221 and miR-18a (p = .186, .083,
.704 and .684 respectively). However, there was a significant dif-
ference among the LPC, MPC and nonmalignant groups (NC and
BPH) regarding plasma expression of miR-21, miR-221 and miR-18a
(p < .001). miR-141 showed no significant difference between the
LPC and nonmalignant groups (NC and BPH) (p = .283); meanwhile,
it showed a significant difference between the LPC and MPC groups
(p <.001), as shown in Table 2 and Figures 1-4.

3.3 | ROC curve analysis for the tested miRNAs in
localised prostate cancer and nonmalignant cases

As relative median miRNA expression was differentially expressed in
the peripheral blood of PC patients, BPH patients and control sub-
jects, the potential of peripheral blood oncogenic miRNAs as bio-
markers was evaluated based on a ROC analysis. ROC curve analysis
was performed for miR-21, miR-221 and miR-18a to differentiate
patients with LPC and those with BPH and NC. miR-21 showed AUC
of 0.959 (95% Cl, 0.886-1.000; p < .0001), and miR-221 showed the
lowest AUC (0.872; 95% Cl, 0.772-0.97; p < .0001), while miR-18a
showed the highest AUC (0.996; 95% Cl, 0.987-1.000; p < .0001), as
mentioned in Table 3. The sensitivity of miR-21, miR-221 and miR-
18a was 90.9%, 45.5% and 95.5% respectively at 100% specificity,
and when we added miR-21 to miR-18a for detecting patients with
LPC, it did not affect its diagnostic power as it achieved the same
sensitivity (95.5%) at a specificity of 100% (AUC, 0.973; 95% ClI,
0.921-1.0; p < .0001), as shown in Figure 5.

3.4 | ROC curve analysis for the tested miRNAs in
localised prostate cancer and metastatic cases

ROC curve analysis was performed for miR-21, miR-221, miR-141
and miR-18a to differentiate patients with LPC and those with
MPC, and it showed that miR-221 showed the highest AUC (0.982;
95% Cl, 0.951-1.000; p < .0001), while miR-18a showed AUC of
0.966 (95% Cl, 0.922-1.000; p < .0001) and miR-141 showed AUC
of 0.925 (95% Cl, 0.854-0.996; p < .0001). miR-21 showed the
lowest AUC (0.761; 95% ClI, 0.630-0.893; p = .002), as shown
in Table 4. The sensitivity of miR-21, miR-141, miR-221 and miR-
18a was 32.1%, 53.6%, 92.9% and 60.7% respectively at 100%
specificity. By combining miR-18a and miR-221 for differentiating
patients with MPC, it will increase the sensitivity to 96.4% at a
specificity of 100% (AUC, 0.997; 95% Cl, 0.988-1.0; p < .0001), as
shown in Figure 6.

3.5 | Multivariate logistic regression analysis

Multivariate statistical analysis revealed a strong association be-
tween LPC and higher expression of miR-21 (odds ratio [OR], 0.018;
95% confidence interval [Cl], 0.003-0.118; p = .001) and miR-18a
(OR, 0.003; 95% CI, 0.000-0.043; p < .001), fPSA (OR, 0.056; 95%
Cl1,0.012-0.259; p =.01) and f/tPSA (OR, 90; 95% Cl, 11.462-706.71;
p < .001). However, no significant association was found between
LPC and miR-221 (OR, 0.074; 95% Cl, 0.017-0.326; p = .513), as
shown in Table 5.

3.6 | Associations between miR-21, miR-221,
miR-141 and miR-18a and clinicopathological
features of the patients

All tested miRNAs (miR-21, miR-221, miR-141 and miR-18a) were sig-
nificantly associated with increased tPSA, fPSA, Gleason score, and
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TABLE 1 (a) Demographic data of individual groups

Diagnosis
Normal (50)

DRE (160)

Not felt 50 (100%)

Felt 0 (0%)
Gleason_score (80)

6 0 (0%)

7 0 (0%)

8 0 (0%)

9 0 (0%)

10 0(0%)
PR_vol (80)

<50g 0 (0%)

250 g 0 (0%)
T (80)

1 0 (0%)

2 0 (0%)

8 0 (0%)

4 0 (0%)
N (80)

No 0 (0%)

Yes 0 (0%)
M (80)

No 0 (0%)

Yes 0 (0%)
Stage (80)

1 0 (0%)

2 0 (0%)

3 0 (0%)

4 0 (0%)

(b) Descriptive data of the patients' characteristics

Parameter

Age
Mean + SD in the PC group
Mean * SD in the BPH group
Mean + SD in the NC group
Diagnosis

NC

LPC

MPC

BPH
DRE (160)

Palpable

Not palpable
Gleason score (80)

6

7

8

9

10
Prostate volume (80)

Less than 50 g

More than 50 g

Number (%)

56.8 +£12.18
53+9.5
54 £8.93

50
50
30
30

41 (25.6%)
119 (74.4%)

21 (26.25%)
29 (36.25%)
20 (25%)

7 (8.75%)
3(3.75)

23 (28.75)%
57 (71.25)%

Benign prostate lesion
(30)

Localised prostate
cancer (50)

30 (100%) 14 (28%)
0 (0%) 36 (72%)
0 (0%) 21 (42%)
0 (0%) 29 (58%)
0 (0%) 0 (0%)
0 (0%) 0 (0%)
0 (0%) 0 (0%)
0 (0%) 23 (46%)
0 (0%) 27 (54%)
0 (0%) 8 (16%)
0 (0%) 33 (66%)
0 (0%) 9 (18%)
0 (0%) 0 (0%)
0 (0%) 46 (92%)
0 (0%) 4 (8%)
0 (0%) 50 (100%)
0 (0%) 0
0 (0%) 33 (66%)
0 (0%) 17 (34%)
0 (0%) 0 (0%)
0 (0%) 0 (0%)

Parameter

Pathological staging (80)

Tl
T2
T3
T4

Metastatic prostate
cancer (30)

27 (90%)
3 (10%)

0(0.0%)
0 (0.0%)
20 (66.7%)
7 (23.3%)

3(10%)

0 (0%)
30 (100%)

0 (0%)

0 (0%)
28 (93.3%)

2 (6.7%)

0 (0%)
30 (100%)

0(0.0%)
30 (100%)

0 (0%)

0 (0%)

0 (0%)
30 (100%)

Number (%)

8 (10%)
33(41.25%)
37 (46.25%)
2(2.5%)

p-Value

<.001

<.001

.001

.001

<.001

<.001

<.001

Lymph node metastasis (80)
Yes

No

Distant metastasis (80)
Yes

No

Stage (80)

|

1

11}

\%

34 (80) 42.5%
46 (80) 57%

30 (80) 37.5%
50 (80) 62.5%

33 (41.25%)
17 (21.25%)
0(0%)

30 (37.5%)

Abbreviations: BPH, benign prostatic hyperplasia; DRE, digital rectal; LPC, localised prostate cancer; MPC, metastatic prostate cancer; NC, normal control.
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TABLE 2 Serum expression of miRNAs and PSA in different patient groups

Benign prostatic

Normal control hyperplasia
tPSA 2.4(0.2-4.7) 5(1.7-8.9)
Af b
fPSA 0.7 (0.1-1.8) 1.65 (0.6-2.7)
a b
f/tPSA 0.33(0.13-0.64) 0.33(0.15-0.41)
a a
miR-21 0.04 (0-0.14) 0.03 (0-0.08)
a a
miR-141 0.01 (0.00-0.09) 0.01 (0.00-0.09)
a a
miR-221 0.03 (0.00-0.09) 0.03 (0.00-0.09)
a a
miR-18a 1.3(0.4-2) 1.25(0.3-2)
a a

Localised prostate

cancer cancer p-Value
9.75 (5.80-29.7) 77 (26-223) <.001
c D

1.6 (0.8-2.8) 5.95(2.2-12.8) <.001
b C

0.12(0.08-0.26) 0.07 (0.04-0.11) <.001
b C

1.4 (0.01-3.8) 2.3(0.5-9) <.001
b C

0.02 (0.00-0.09) 0.35(0.03-1.1) <.001
a b

0.09 (0.01-0.48) 1.09 (0.22-2.90) <.001
b c

3.1(1.9-8.4) 8.5(7.9-10.1) <.001
b c

First International
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Abbreviations: fPSA, free PSA; tPSA, total PSA.
*Data are expressed as median and range.

Data having the different letters (a, b, c, d) in the same row are statistically different.

pathological stages of the patients, lymph node metastasis and dis-
tant metastasis. However, miR-221, miR-141 and miR-18a were sig-
nificantly associated with decreased f/tPSA (p =.0001). Only miR-221
and miR-18a were significantly associated with DRE (p =.011 and .030
respectively), and prostate volume was significantly associated with
miR-221, miR-18a and miR-21 (p = .001, .005 and .017 respectively).

4 | DISCUSSION

PC is one of the commonly encountered urogenital tumours espe-
cially among elderly people, whereas it is the second most commonly
diagnosed malignancy and the fifth major cause of cancer-associated
mortalities. Unfortunately, BPH is frequently misdiagnosed with PC,
thus leading to invasive prostate biopsies to differentiate between
them without actual need (Hoffman, Gilliland, Adams-Cameron,

10.00 +

8.00 4

6.00 -

miR_18a

4.00 4

2.00 4 J—

= N

0.00 T T T T
Normal Benign prostate lesion Localized prostste cancer ~ Metastatic prostate
cancer

Diagnosis

FIGURE 1 Expression of miR-18a in all studied groups

Hunt, & Key, 2002). Thus, finding alternative noninvasive biomark-
ers became crucial, helping in early detection of PC, as well as dif-
ferentiating between patients with malignant and benign prostatic
conditions and reducing the need for invasive biopsies. Furthermore,
these new biomarkers such as miRNAs may act as targets for fu-
ture therapies of cancer prostate. miRNAs are a group of 18- to
25-nucleotide-long noncoding RNAs that control gene expression
and post-transcriptional events (Nadler, Humphrey, Smith, Catalona,
& Ratliff, 1995) that control various cellular functions, such as pro-
liferation, differentiation and apoptosis (Kloosterman & Plasterk,
2006). Remarkably, they are dysregulated in many cancers playing
important roles in tumour development due to their capacity to act
as oncogenes and regulators of tumour suppressor genes (Kent &
Mendell, 2006). Mitchell et al in 2008 have described, for the first
time, tumour-derived miRNAs as biomarkers circulating in the pe-
ripheral blood; besides that, they suggested that these biomarkers

3.00

2.00 4

miR_221

1.00 4

-

i__

T T T
Normal Benign prostate lesion Localized prostste cancer  Metastatic prostate
cancer

Diagnosis

FIGURE 2 Expression of miR-221 in all studied groups
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FIGURE 4 Expression of miR-141 in all studied groups

could be innovative noninvasive markers for screening patients with
PC (Mitchell et al., 2008). Later on, researchers have found that tu-
mour-derived miRNAs can be isolated from the circulation despite
being generated from epithelial cancer cells. Besides, they described
that miRNAs are stable as they could tolerate prolonged room tem-
perature incubation and multiple cycles of freezing-thawing as they
were included in lipid or lipoprotein complexes protecting them from
endogenous RNase (Kosaka, Iguchi, & Ochiya, 2010). Therefore, cir-
culating miRNAs have been found as ideal and noninvasive biomark-
ers for many cancer types (Chen et al., 2008; Keller et al., 2011; Liu
etal, 2011; Meder et al., 2011; Medina-Villaamil et al., 2014; Roth et
al., 2011; Schrauder et al., 2012; Wang et al., 2010; Yaman Agaoglu
et al,, 2011; Zheng et al., 2013).

Test variables AUC Cut-off value Sensitivity (%)
miR_21 0.761 1.80 71.4
miR_141 0.925 0.047 929
miR_221 0.982 0.44 929
miR_18a 0.966 8.05 100

The purpose of this study is to spot miRNAs which could
help in early detection of LPC and follow-up of its progression.
Hence, we evaluated the expression of four cancer-related miR-
NAs (miR-21, miR-141, miR-18a and miR-221) in plasma localised
and metastatic subgroups of PC, in comparison with BPH and
NC. A closer look at the data indicates that there was a statis-
tically significant difference among the LPC and MPC groups
compared to nonmalignant groups (NC and BPH) regarding
plasma expression of miR-21, miR-221 and miR-18a (p < .001).
On the contrary, miR-141 showed no statistically significant dif-
ference between the same subgroups with p = .283. However,
it showed a statistically significant difference between LPC and
MPC (p < .001); thus, it could be a useful prognostic rather than
diagnostic biomarker. On the other hand, our results were in line
with the previous studies as miR-21 has been found to be one
of those oncogenic miRNAs (Cannistraci, Pace, Maria, & Bonci,
2014), whereas overexpressed miR-21 may stimulate tumour
angiogenesis by affecting PTEN and triggering AKT and ERK1/2
intracellular signalling pathways, thus enhancing the expression
of HIF-1a and VEGF. Notably, HIF-1a is an essential downstream
target for miR-21 in the process of tumour angiogenesis (Liu et
al., 2011); besides that, overexpression of miR-221 has been de-
tected in different types of tumours and in primary PC cell lines
(Galardi et al., 2007; Mercatelli et al., 2008). Our finding that
miR-141 showed no statistically significant difference between
the LPC and nonmalignant groups with p = .283, and that was
not going with previous reports which suggested that miR-141
could differentiate between PC patients and healthy controls
(Mitchell et al., 2008). However, it is in line with two other
studies that have sample size twice that of the previous study
(Nguyen et al., 2012; Yaman Agaoglu et al., 2011).

Regarding miR-18a, several studies have suggested that it could
have a role as an oncogenic miRNA as it was highly overexpressed in
PC tissues. In addition, it was found that it was overexpressed and
detected in the peripheral blood in higher levels among PC patients
compared with BPH patients as well as healthy controls; besides
that, its overexpression could correlate with PC progression (Al-
Kafaji, Al-Naieb, & Bakhiet, 2015). Therefore, evaluation of plasma
levels of overexpressed miR-18a could be a noninvasive biomarker
for PC screening as well as differentiating between PC and BPH con-
solidating our results in the current study.

There is a rapidly growing premise that miRNAs could differenti-
ate localised prostate cancer from nonmalignant cases, and when we
compared them, we found miR-18a had the highest AUC (0.996; 95%
Cl, 0.987-1.000), while the other miR-221 showed the lowest AUC

TABLE 3 ROC curve analysis for

SR different miRNAs in localised prostate
68.2 cancer and metastatic cases

86.4

100

86.4



IBRAHIM ET AL. First International Journal I of Andrology W 7 of 9
dANDROLOGIA ILEY
ROC curve
(@) ROC curve (b) 10 7
10
o= o Source of the
/ urve
— 21
—R_22 -
T —nf 18 op
— Reference Line
06
06 -
z £
2 s
| “
c |
£ @
@ 4 9 o4
02 4 02
00 T T 4 T 00 T T T T
00 02 04 06 08 10 0.0 02 04 08 08 10
1 - Specificity 1 - Specificity

FIGURE 5 (a) ROC curve for localised prostate cancer and nonmalignant cases; (b) combined miR-21 and miR-18a for localised prostate

cancer and nonmalignant cases

(0.872; 95% Cl, 0.772-0.97). miR-21 showed AUC of 0.959 (95% ClI,
0.886-1.000), and when we added miR-21 to miR-18a for detecting
patients with LPC, it did not affect its diagnostic power as it achieved
the same sensitivity (95.5%) at a specificity of 100% (AUC, 0.973;
95% C1 0.921-1.0; p < .0001).

Our study showed that low-risk LPC patients and MPC cancer
patients have different circulating miRNA patterns and suggested
that evaluation of plasma miRNA levels could be a potential predic-
tor of PC as well as assessing the tumour aggressiveness. Notably,
miR-21, miR-141, miR-221 and miR-18a were significantly overex-
pressed in patients with MPC in comparison with low-score LPC
patients. The sensitivity of miR-21, miR-141, miR-221 and miR-18a
was 32.1%, 53.6%, 92.9% and 60.7% respectively at 100% speci-
ficity, and when we combine miR-18a and miR-221 for differenti-
ating patients with MPC, it will increase the sensitivity to 96.4%
at a specificity of 100% (AUC, 0.997; 95% Cl, 0.988-1.0; p < .000).
These findings are accepted and explained by the significant asso-
ciation between all tested miRNAs (miR-21, miR-221, miR-141 and
miR-18a) and clinicopathological variables of PC such as increased
tPSA, fPSA, Gleason score, and pathological staging of the pa-
tients, lymph node metastasis and distant metastasis. However,
only miR-221, miR-141 and miR-18a were significantly associated
with decreased f/tPSA, and this needs further validation to under-
stand the different relationships between varied miRNAs and f/

tPSA ratio. Only miR-22 and miR-18a were significantly associated

TABLE 4 ROC curve analysis for
different miRNAs in localised prostate
cancer and nonmalignant cases miR_21

miR_221
miR_18a

Test variables

with DRE (p = .011 and .030 respectively). Meanwhile, PR volume
was significantly associated with miR-221, miR-18a and miR-21
(p =.001, .005 and .017 respectively).

On the contrary, our research is in contradiction to the most re-
cent meta-analysis that was conducted by Greco et al. (2019) which
demonstrated statistically significant difference in plasma expres-
sion of miR-221 between the NC and BPH groups. Additionally, our
study showed no statistically significant difference among both
subgroups in plasma expression of miR-21, miR-141, miR-221 and
miR-18a with p-values of .186, .083, .704 and .684 respectively.
Furthermore, the diversity among the results of various reports
could be relayed to the use of different methodologies or use of ei-
ther serum or plasma for evaluation because serum contains higher
amounts of nucleic acids compared to plasma (Umetani, Hiramatsu,
& Hoon, 2006). Finally, we recommend the conduction of the cur-
rent trial in a larger cohort of populations at a multicentric level to
evaluate the potential diagnostic and prognostic role of circulating
miR-18a, miR-21, miR-221 and miR-141 expressions as noninvasive

biomarkers for PC.

5 | CONCLUSION

The current results demonstrated that expressions of circulating

miR-18a, miR-21 and miR-221 are increased in the peripheral blood

AUC Cut-off value Sensitivity (%) Specificity (%)
0.959 0.085 95.5 90

0.872 0.048 81.8 72.5

0.996 2.2 95.5 100
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FIGURE 6 (a) ROC curve for localised prostate cancer and metastatic prostate cancer; (b) combined miR-122 and miR-18a for localised

prostate cancer and metastatic cases

TABLE 5 Multivariate analysis for diagnosis of localised prostate
cancer

95% confidence

Test variables OR SE interval p-Value
miR-21 0.018 0971  0.003 0.118 .001
miR-221 0.074 0.756 0.017 0.326 .513
miR-18a 0.003 1.449  0.000 0.043 <.001
fPSA 0.056 0.786 0.012 0.259 .010
f/tPSA 90 1.051 11462 706.711  <.001

of patients with PC compared with BPH patients and healthy con-
trols and that higher miR-21, miR-141, miR-221 and miR-18a expres-
sions are correlated with PC progression. Thus, these circulating
oncogenic miRNAs may be recommended as innovative noninvasive
biomarkers for PC that can discriminate between PC and BPH.
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