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Abstract The microRNA (miR)-183-5p is expressed at

high level in the majority of cancer. The purpose of present

study was to investigate the role of oncogenic miR-183-5p

in prostate cancer (PCa) as biomarker. We carried out our

experiment in 50 prostate cancer patients and 40 patients of

benign prostatic hyperplasia (BPH) and 40 adjacent con-

trols tissue. The expression of miR-183-5p was evaluated

through reverse transcription qualitative polymerase chain

reaction. We found that the expression of miR-183-5p in

PCa tissue was significantly up regulated as compared to

BPH patients and adjacent normal tissues as control.

Additionally, miR-183 expression was correlated with

higher prostate-specific antigen, higher Gleason Score and

metastatic condition. A receiver operating characteristic

curve analysis revealed that miR-183-5p distinguished PCa

patients from BPH patients and also from control. In con-

clusion, our data suggest that oncogenic miR-183-5p may

be useful as a new tissue specific diagnostic biomarker in

prostate cancer.
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Introduction

Prostate cancer (PCa) is the most commonly diagnosed

carcinoma after the age of 50 years in men. It is leading

cause of cancer-associated deaths in western countries as

well as metropolitan cities of India [1, 2]. At present, serum

prostate-specific antigen (PSA) is the standard diagnostic

biomarker for PCa, increased levels of which are observed

in patients with PCa. However, the level of serum PSA

could be also elevated in other disease conditions such as,

trauma, prostatitis and BPH [3] which generally leads to

over diagnosis and overtreatment [4]. The PSA measure-

ment is insufficient to identify prostate cancer. Further-

more, urinary prostate cancer antigen 3 (PCA3) has been

use diagnostic biomarker for PCa screening, but it is not

sufficient to distinguish PCa patients from healthy indi-

viduals [5, 6]. Therefore, there is an urgent need to identify

more effective biomarkers for screening of prostate cancer.

MiRNAs, a novel class of conserved short non-coding

RNA molecules, regulate gene expression by binding to the

30 untranslated region (30 UTR) of target messenger RNAs

(mRNAs) [7, 8]. MicroRNAs participate in crucial roles

through post transcriptional regulation of gene expression

in almost all biological functions, such as cell proliferation,

apoptosis differentiation, development and many more.

Many miRNA profiling studies found the specific correla-

tion between miRNAs expression and human cancers [9].

Several differentially dysregulated miRNAs have been

identified by high-throughput technologies across various

normal and cancer tissues, which are involved in prostate

cancer [10, 11]. Oncogenic miR-21 over expression is

significantly correlated in hormonal therapy, castration

resistance and metastatic disease as well as clinical

parameters and predictive biomarker in cancer progression

[12, 13]. Many other miRs have role in prostate cancer
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progression for instance; miR-375, miR-141 and miR-449a

are involved in apoptosis, differentiation and development

of PCa [14, 15]. Thus, miRNAs have been considered as

potential biomarkers for diagnosis and prognosis as well as

in therapeutic purpose in PCa [16].

In particular, miR-183-5p is one of the most common

cancer-associated miRNAs, which has been reported to

have oncogenic properties in numerous malignancies, such

as colorectal cancer [17], breast carcinoma [18], lung car-

cinoma [19], pancreatic carcinoma [20] and so on. MiR-

183-5p directly or indirectly participates in PCa develop-

ment by regulating several tumor suppressors which are

involved in prostate cancer progression.

Therefore, the present study was aimed to evaluate the

expression of miR-183-5p in the tissue of PCa, BPH

patients and adjacent normal control, thereby investigating

the potential use of tissue miR-183-5p as a putative PCa

diagnostic biomarker.

Materials and Methods

Patient Tissue Samples Collection

All tissue samples of PCa, BPH patients, and adjacent

normal tissue as controls were collected in RNA later and

stored at - 80 �C, from the Department of Urology, King

George’s Medical University Lucknow, India between Nov

2013 and Nov 2016. The BPH tissue samples (N = 40)

were obtained from TURP method, whereas PCa tissues

(N = 50) were recovered through TRUS biopsy and

channel TURP and adjacent control tissues (N = 40). The

study was approved by the Research Ethics Committee of

King George’s Medical University and written informed

consent was obtained from all patients. At the time of

samples collection, patients did not receive androgen

deprivation therapy or radiotherapy. The clinicopathologi-

cal characteristics of the patients were revealed in Table 1.

RNA Extraction

The total RNA from prostate tissues, enriched for micro-

RNAs was isolated using the mirVana miRNA Isolation

Kit from Ambion (Austin, TX) rigorously according to

manufacturer’s recommendations. The concentration and

purity of RNA samples were examined by agilent nanodrop

on OD260/OD280.

Reverse Transcription (RT) and Quantitative

Polymerase Chain Reaction (qPCR)

First, 250 ng of total RNA was reverse transcribed by using

the Mir-X miRNA first-stand synthesis kit. The

quantitative real time PCR (qRT-PCR) expression analysis

of miR-183-5p was done by using the SYBR Advantage

qPCR premix kit (Cat no. 639676). The reverse-transcribed

miRNAs were used as templates in the qRT-PCR analysis

and experiment proceed by using the fast real-time PCR

System (7500HT, ABI, Applied Biosystems). The primer

used for qPCR of miR-183-5p forward primer, 50-GTA
TGG CAC TGG TAG AAT TCA CT-30; and mRQ 30

primer (Universal or Reverse primer) and U6 forward and

reverse primer were provided with Reverse transcription

kit, (Cat. No. 638313). The reaction volume is 25 ll per
reaction where RT-PCR condition where denaturation

95 �C—10 s qPCR 9 40 cycles 95 �C—5 s, 60 �C—20 s

and dissociation curve 95 �C—60 s, 55 �C—30 s and

95 �C—30 s was performed at this standard condition.

Both melting curve analysis and agarose gel run were used

to confirm the specificity of the amplification reactions.

The relative expression of miR-183-5p was determined

using the 2-delta delta Ct Analysis method. We select U6

as the endogenous control/normalization.

Statistical Analysis

All statistical analysis and graphs were performed with the

SPSS 21 (SPSS, Inc., Chicago, IL, USA) and graph pad

Prism 5 Software. Experimental data are represented as

mean ± SEM. Differences were carried out with Student’s

t test method and ROC curve was used to assess miR-183-

5p as a biomarker, and the AUC was reported. P\ 0.05

was considered as statistically significant difference.

Table 1 Clinicopathological demographic data of the Prostate cancer

and BPH patient

Clinical characteristic’s Prostate cancer (N = 50) BPH (N = 40)

Age

\ 60 20 (40%) 13 (32.5%)

C 60 30 (60%) 27 (67.5%)

PSA level (ng/ml)

Median\ 20 16 (32.00%) 36 (90%)

High C 20 34 (68.00%) 4 (10%)

Gleason Score

B 7a 29(58.00%) –

[ 7b 21 (42.00%) –

Metastasis

M0
c 33 (66.00%) –

Mxd 17 (33.00%) –

aB 7 = Low Gleason Score
b[ 7 = High Gleason Score
cM0 = Non metastatic condition
dMx = Metastatic condition
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Results

Clinicopathological Characteristics of Patients

The demographics and clinical characters of the BPH and

PCa patients were briefed in Table 1. Serum PSA levels

were significantly elevated in PCa patients when compared

with BPH patients (P\ 0.001). The subjects age distri-

bution were analogous in these two groups.

High Expression of miR-183-5p in Tissue of PCa

Patients Compared with BPH Patients and Adjacent

Normal Control

The expression level of miR-183-5p was evaluated in the

tissue of PCa, BPH patients and adjacent control subjects

by using real-time PCR. The expression level of miR-183-

5p was found to be significantly up-regulated in the tissue

PCa patients as compared with BPH patients as well as

control (P\ 0.0001) (Fig. 1a). The relative expression of

miR-183-5p was 3.21 ± 0.29 for PCa patients,

2.06 ± 0.17 for BPH patients and 1.4 ± 0.14 for healthy

controls.

Clinicopathological Parameters and Expression

of miR-183-5p in Tissue of Prostate Cancer Patient

PCa patients have more aggressive tumors showed signif-

icantly higher expression of miR-183-5p as compared to

patients have indolent tumors. The mean relative expres-

sion level of miR-183-5p in the group of patients have a

Gleason Score B 7 was 2.45 ± 0.26, and increased grad-

ually to 4.24 ± 0.51 in patients have a Gleason Score of

[ 7 (P\ 0.0014) (Fig. 1c). The relative expression levels

of miR-183-5p in patients have PSA\ 20 and PSA C 20

was 2.185 ± 0.29 and 3.728 ± 0.37 respectively

Fig. 1 Relative expression levels of miR-183-5p in prostate cancer

and BPH. a Relative expression level in PCa, BPH in comparison to

control. b Relative expression level in Lower PSA and Higher PSA.

c Relative expression level in Lower Gleason Score and Higher

Gleason score d Relative expression level in non metastasis (M0) and

metastasis (Mx). Data represent in the mean ± SEM. *P\ 0.01;

**P\ 0.001; ***P\ 0.0001
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(P\ 0.010) (Fig. 1b). Furthermore, miR-1183-5p expres-

sion level was significantly increased in patients, where, a

disease is progress to metastasis condition. Patients have

metastasis exhibited a mean relative miR-183-5p expres-

sion level was 4.07 ± 0.55, where as non-metastasis con-

dition mean relative expression level was 2.65 ± 0.71

(P\ 0.012) (Fig. 1d).

The miR-183-5p May Be Used as a Putative

Diagnostic Marker

The miR-183-5p was distinctively expressed in the tissue

of PCa patients, BPH patients as well as in control. Thus,

the tissue miR-183-5p might be shows potential to use as

biomarker. The biomarker potency is evaluated on basis of

ROC analysis, tissue miR-139-5p was capable to discrim-

inate PCa patients from control (AUC 0.905; 95% CI

0.847–0.962; Fig. 2a), and it can also discriminate PCa

patients from BPH patients (AUC 0.896; 95% CI

0.834–0.957; Fig. 2b).

Discussion

During the last few years, specific miRNA signatures for

PCa have been illustrated in numerous studies suggesting

that miRNAs or miRNA profiles can be used as diagnostic

markers in cancer including prostate cancer [21–24]. miR-

183-5p is the most important among the miRNAs that has

been shown to be differentially expression in several

cancers, including breast cancer, colorectal cancer, prostate

cancer [17, 18, 25]. mir-183 is located on human chro-

mosome 7q32.2 and forms a cluster with miR-96 and miR-

182. The miR-183-96-182 cluster could inhibit the invasion

and metastasis of lung cancer through directly suppressing

the expression of Foxf2 [26]. The expression level of miR-

183-5p was showed to be inversely correlated with tumor

suppressor SOCS-6 expres-sion in pancreatic cell lines

[20]. In the present study, we observed the expression of

miR-183-5p in tissue and determined that it was signifi-

cantly up regulated in PCa patients compared to BPH and

control, which revealed a strong association between PCa

and miR-183-5p expression. The much higher expression

of tissue miR-183-5p was identified in PCa patients with

more aggressive tumors (Gleason Score[ 7) and with

metastasis condition. Therefore, our study point out that

tissue miR-183-5p may be tightly associated with pro-

gression and risk of prostate cancer.

Most of previous studies also reported that the level of

miR-183 expression in prostate cancer was described to be

higher than adjacent normal tissues [27]. Furthermore,

miR-183 functions as an oncogene by targeting the tran-

scription factor EGR1 and known prostate cancer tumor

suppressor PTEN and promoting tumor cell migration in

prostate cancer [28]. Mihelich et al. [29] reported that miR-

183 was over-expressed in prostate tissue and its expres-

sion regulates zinc homeostasis in prostate cells. The

oncogenic miR-183 activates the Wnt/b-catenin pathway

by directly inhibiting tumour suppressors Dkk-3 and

SMAD4 in PC-3 cells [30]. As the SMAD complex directly

Fig. 2 ROC curve analysis. a miR-183-5p can distinguish PCa

patients from controls [(AUC = 0.905), (95% CI 0.847–0.96)

(P value\ 0.001)]. b The expression change of miR-183-5p can

distinguish PCa patients from BPH patients [(AUC = 0.896) (95% CI

0.834–0.957) (P value\ 0.001)]. ROC receiver operating character-

istic, AUC area under the curve, CI confidence interval
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activates the p21 gene promoter in cooperation with the

transcription factor Sp1 [31] and Liu et al. [32] showed that

SMAD4 knockdown decreased c-Myc and p21 protein in

PC-3 cells. PC-3 cells to look at the role of Dkk-3 on Wnt/

b-catenin signalling and b-catenin expression in the nuclear

fraction and Tcf transcriptional activity were significantly

decreased with ectopic Dkk-3 expression, indicating that

over expression of Dkk-3 in PC-3 cells inhibits Wnt/b-

catenin signalling.[30]. The statistically significant down-

regulation of miR-183-5p in the study group of

schizophrenia patients was observed [33].

The major diagnosis tools for PCa are PSA testing,

digital rectal examination (DRE), PCA3, Gleason Score

and multiparametric magnetic resonance image (mpMRI)

[16]. However, presently used diagnostic markers have

some limitation due to their wrong prediction and over

diagnosis. Therefore, the identification of diagnostic

markers for human PCa is required for quality management

and treatment strategies. The high stability and easily

accessibility of miRNAs make them perfect biomarkers,

particularly for surveillance of early stage, presymptomatic

diseases in at-risk patients [34, 35]. Therefore, the deter-

mination of miRNAs may be a new approach to under-

standing of PCa pathology and may be also helpful to

identify potential biomarkers. Hence, in the present study,

we performed the ROC analysis, which revealed that tissue

miR-183-5p had quality to discriminate patients of PCa

from BPH patients as well as from control tissue. There-

fore, these results emphasized a role of miR-183-5p in the

pathogenesis of PCa and also suggested that miR-183-5p

has quality to be used as biomarker because of its high

specificity and sensitivity for PCa detection. Other reports

state that higher miR-183 expression was associated with

higher PSA at the time of diagnosis, higher prostate tumor

and poor overall survival of PCa patients after radical

prostatectomy [29]. Larne et al. [36] found that the syn-

thesis and serum levels of PSA are directly affected by

miR-183 expression and was found to bind the 3 UTR of

PSA directly and increase both protein and messenger

RNA levels of PSA.

In conclusion, our findings define that miR-183-5p

have distinct expression in PCa patients, BPH patients

and control. MiR-183-5p over expression is also increased

with disease progression and in metastasis condition of

PCa. ROC analyses proved that mir-183-5p have quality

to be used as diagnostic marker with good specificity and

sensitivity. The only limitation of present report is that it

has been carried out in small number of subjects.

Therefore, there is a need to evaluate it in large sample

size of tissue as well as non-invasive sample such as

blood, serum etc. and also evaluate its mRNA target in in-

vitro experiment.
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