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 Background: MicroRNAs expression profiling of prostate cancer is becoming increasingly used due to its usefulness in di-
agnosis, staging, prognosis, and response to treatment. The aim of this study was to screen differentially ex-
pressed miRNAs in prostate cancer and analyze the functions and signal pathways of their target genes.

 Material/Methods: High-throughput data of miRNAs were downloaded from The Cancer Genome Atlas (TCGA) database. A total 
of 551 samples (52 normal and 499 prostate cancer cases) and 1046 miRNAs expression values were selected 
for further analysis. Differentially expressed miRNAs between normal and prostate cancer tissues were iden-
tified using SAMR. StarBase and TargetScan software were used to predict the miRNAs’ target group and tar-
get genes, respectively. GO functional and KEGG pathway analysis was conducted on up/down-regulated ex-
pressed miRNA with DAVID. Finally, survival analysis was performed to evaluate the association of differently 
expressed miRNAs signature and overall survival of prostate cancer patients.

 Results: A total of 162 miRNAs were differentially expressed between normal and prostate cancer samples, including 
128 up-regulated and 38 down-regulated ones; hsa-mir-153-2, hsa-mir-92a-1, and hsa-mir-182 (up-regulated); 
and hsa-mir-29a, hsa-mir-10a, and hsa-mir-221 (down-regulated) were identified as good biomarkers. In GO 
and KEGG analysis, target genes of down-regulated miRNAs were significantly enriched in positive ion combi-
nation and JAK-STAT pathway annotation, respectively; the ones with up-regulated miRNAs were significantly 
enriched in the function of plasma membrane and MARK signaling pathway annotation, respectively. Patients 
were categorized into low- or high-score groups according to their risk scores from each miRNA. The patients 
in the low-score group had better overall survival compared with those in high-score group.

 Conclusions: The 6 differentially expressed miRNAs and their target genes were used to define important molecular targets 
that could serve as prognostic and predictive markers in the treatment of prostate cancer. Further research on 
the function of the target genes in the MAPK signal pathway could provide references for treatment of pros-
tate cancer.
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Background

Prostate cancer, the second leading cause of cancer-related 
deaths in men, is a complex and multifactorial disease, includ-
ing genetic variation, daily habits, and environmental factors. 
The presence of prostate cancer may be indicated by symp-
toms, a physical examination, serum prostate-specific antigen 
(PSA), or biopsy [1]. However, as the most common tool used 
to detect prostate cancer, PSA testing increases cancer detec-
tion but does not decrease prostate cancer-associated mor-
tality rates [2]. Therefore, identification and development of 
new potential biomarkers could be beneficial for the diagno-
sis and prognosis of prostate cancer patients [3].

MicroRNAs, a class of small non-coding RNAs, regulate pro-
tein-coding gene expression by repressing translation or cleav-
ing RNA transcripts in a sequence-specific manner [4]. miR-
NAs could play important roles in various processes such as 
cell development, differentiation, proliferation, cell-cycle con-
trol, apoptosis, and metabolism [5]. Aberrantly expressed 
miRNAs (i.e., up-regulated and down-regulated miRNAs) are 
known to disrupt the expression of several mRNAs and pro-
teins, and can be involved in the pathogenesis of various hu-
man cancers [6–8]. A growing body of evidence suggests that 
microRNAs expression profiling of prostate cancer is increas-
ing in importance due to its usefulness in diagnosis, staging, 
progression, prognosis, and response to treatment. In 2010, 
Szczyrba et al. [9] demonstrated that 33 miRNAs in prostate 
cancer tissues were either up-regulated or down-regulated by 
more than 1.5-fold compared to that found in normal tissues. 
They suggested that miR-143 and miR-145 could be involved in 
the development of prostate cancer. Recently, Song et al. [10] 
showed that 20 abnormal prostate cancer-related miRNAs, in-
cluding hsa-miR-26a, hsa-miR-152, hsa-miR-19a, hsa-miR-30c, 
hsa-miR-19b, and hsa-miR-146b-5p, could be used to predict 
the clinical behavior of prostate cancer by using their high-
throughput miRNA expression profiling. Consequently, miR-
NAs are being regarded as new oncogenes or tumor suppres-
sor genes and new prognostic and predictive biomarkers for 
prostate cancer prognosis and treatment [11].

The main purpose of this work is to identify specific miRNAs 
that are closely associated with prostate cancer by analyzing 
significantly altered miRNAs in a large dataset, and to inves-
tigate the signal pathway and function of their target genes, 
which might provide evidence that these miRNAs can serve as 
prognostic and predictive biomarkers for early diagnosis and 
treatment for prostate cancer.

In this study, we identified differentially expressed miRNAs be-
tween normal and prostate cancer tissues, then ROC curves 
were generated to determine the accuracy for miRNAs in the 
diagnosis of cancer. Besides, StarBase, and TargetScan software 

were used to predict the miRNA’s target group and target 
genes, respectively. GO functional and KEGG pathway analy-
ses were conducted on up/down-regulated expressed miRNAs. 
Eventually, we found that 6 miRNAs – hsa-mir-153-2, hsa-mir-
92a-1, hsa-mir-182, hsa-mir-29a, hsa-mir-10a, and hsa-mir-221 
– could function as prognostic and predictive markers for use 
in treatment of prostate cancer.

Material and Methods

TCGA miRNA dataset and patient information

Expression data of miRNAs and the corresponding clinical data 
for patients were downloaded from The Cancer Genome Atlas 
(TCGA, http://cancergenome.nih.gov/) database. Expression lev-
els of miRNAs were detected using Illumina HiSeq system. As 
the third stage data in TCGA, standardized miRNAs data (con-
sisting of 1046 annotation miRNAs expression values) were 
extracted with zero expression data removed. Because the in-
terior standardization of each downloaded miRNAs data were 
completed, we used Limma package of R language to achieve 
standardization between samples to remove experimental error.

Screening of miRNAs differentially expressed

We screened differentially expressed miRNAs between nor-
mal prostate tissue samples and prostate cancer tissue sam-
ples using SAMR [12] of R software, in a condition of FC=2 and 
FDR<0.05. To discriminate the normal prostate tissue samples 
and prostate cancer tissue samples, principal component anal-
ysis of the differentially expressed miRNAs was used.

Receiver operating characteristic analyses

ROC analysis for 6 significantly differentially expressed miRNAs 
related to patients was performed using MedCalc software [13]. 
Corresponding expression levels of miRNAs were sorted, and 
then displayed the status case-by-case (sicken for 1, survival 
for 0). The AUC under binomial exact confidence interval was 
calculated to generate the ROC curve.

Analysis of target genes of the differentially expressed 
miRNAs on lncRNA, circRNA, pseudogene, and sncRNA

The most differentially expressed miRNAs were illustrated, and 
target sites of miRNAs on lncRNA, circRNA, pseudogene, and 
sncRNA were predicted by using the StarBase website. One ex-
periment was at set up to prove that the miRNAs could bind 
to the corresponding RNAs.
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Functional analyses of the target miRNAs

Putative targets of miRNAs were predicted by TargetScan 
software. Then the Functional Gene Ontology (GO) biologi-
cal processes terms of the putative targets of candidate miR-
NAs, as well as the KEGG pathway analysis, were performed 
by DAVID [14]. For each GO score, the P value of the function 
enrichment and P value of Benjamini correction were calcu-
lated. The role of the MAPK pathway in prostate cancer was 
analyzed by BioChart and KEGG [15].

Network analysis of correlation between miRNAs and 
target genes

High aggregation is an internal property of the biological net-
work; it reflects a highly modular gene network. One method 
that can be used to distinguish those module groups with dif-
ferent scales and specific function is to decompose into rela-
tively independent modules before analyzing the network con-
taining a large number of genes.

Network topological property of proteins was analyzed by 
Network Analyzer [16], a software package of Cytoscape. Then 
Clusterone was used to modularize the network functions. The 
first 5 modules with enrichment P value <1.0e-05 were select-
ed for functional analysis.

Identification of candidate prognostic markers by Kaplan-
Meier method

We randomly divided the dataset into training and testing da-
tasets, and applied the Cox regression model to the training 
dataset to determine the survival association markers (p<0.01). 
We then used this model to predict the testing dataset and risk 
score for each patient. According to this model, a high score 
means weak survival ability and the low score means strong 
survival ability. Finally, we used Kaplan-Meier analysis to iden-
tify the survival time distribution, and used log-rank analysis 
to judge the significance.

Results

Different miRNA expression level between samples

There were a total of 1041 miRNA expression values in the da-
taset of 551 samples, including 52 normal individuals and 499 
prostate cancer patients (418 patients had clinical information). 
Expression levels of 494 human miRNAs were collected and 
discrepancies of miRNA levels between groups were tested by 
principal component analysis and cluster analysis (Figure 1).

Differential expression analysis of miRNAs

A total of 162 miRNAs were differentially expressed between 
normal samples and prostate cancer samples, of which 128 
were up-regulated and 38 were down-regulated. The up-regu-
lated miRNAs – hsa-mir-153-2, hsa-mir-92a-1, and hsa-mir-182 
– accounted for 77.1% of the differentially expressed miRNAs, 
while the down-regulated miRNAs – hsa-mir-29a, hsa-mir-10a, 
and hsa-mir-221 – accounted for 22.9%.

Estimation for the accuracy of miRNAs in the diagnosis of 
prostate cancer as biomarker

AUC analysis of the top 6 differentially expressed miRNAs 
showed that 3 miRNAs were up-regulated and the other 3 were 
down-regulated (Figure 2). miRNAs with AUC greater than 0.5 
could serve as biomarkers in the diagnosis and prognosis of 
prostate cancer. The AUC of the first 3 up-regulated miRNAs – 
hsa-mir-153-2, hsa-mir-92a-1, and hsa-mir-182 – were 0.929, 
0.968, and 1.000 and the AUC of the first 3 down-regulated 
miRNAs – hsa-mir-29a, hsa-mir-10a, and hsa-mir-221 – were 
0.700, 0.609, and 0.858 (Table 1).

Prediction for the putative targets of the differentially 
expressed miRNAs

The most significantly differentially expressed miRNAs – 
hsa-mir-153-2, hsa-mir-92a-1, hsa-mir-182, hsa-mir-204, 
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Figure 1.  Principal component analysis of miRNA expression 
value. Principal component analysis is based on 
differences in miRNA expression level between normal 
samples and cancer samples. The horizontal axis 
shows that the first principal component accounted for 
21%, the vertical axis represents the second principal 
component and accounted for 12%, red dots represent 
cancer samples, and black dots represent normal 
samples. It clearly shows the normal samples gathered 
in the upper left, and cancer samples gathered in the 
lower right, suggesting obvious differences between 
these 2 kinds of samples.
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hsa-mir-10a, and hsa-mir-221 – could serve as biomarkers in 
the prediction of prostate cancer. Therefore, the putative targets 
of these 6 miRNAs were further analyzed (Figure 3, Table 2). 
Through use of the StarBase website, target sites of miRNAs 
on lncRNA, circRNA, pseudogene, and sncRNA were predicted.

Functional analysis of the target genes of miRNAs of 
interest

Putative targets of the differentially expressed miRNAs were 
created by software, of which 7992 were down-regulated miR-
NAs and 35483 were up-regulated miRNAs. In gene ontology 
and KEGG-enrichment analysis (Figure 4), 7 GO annotations 
and 7 KEGG annotations showed significant enrichment of the 
down-regulated miRNAs’ target genes. Positive ion combination 
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Figure 2.  ROC curve analysis of miRNAs. The vertical axis is sensitivity, the horizontal axis is specificity. AUC is a parameter to measure 
whether miRNAs could serve as biomarkers.
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and JAK-STAT pathway were the most obvious annotation of 
GO and KEGG, respectively. There were 12 GO annotations and 
11 KEGG annotations that showed significant enrichment of 
up-regulated miRNAs’ target genes. The function of plasma 
membrane and MARK signaling pathway was the most obvi-
ous annotation of GO and KEGG, respectively. Obviously, GO 
and KEGG annotations showed that both target genes of up/
down-regulated miRNAs were mainly enriched in function of 
plasma membrane and the pathways in cancer. The other KEGG 
enrichment annotations for the target genes of up-/down-reg-
ulated miRNAs were also associated with prostate cancer and 
MARK signaling pathway. In addition, the KEGG network anal-
ysis showed that 72 target genes among the down-regulated 
ones were enriched in the MAPK signal pathway and 111 tar-
get genes among the up-regulated ones were also enriched 
in the MAPK signal pathway (Figure 5).

The network analysis of the interactions between the 
miRNAs and their target genes

Network topology calculation is shown in the following fig-
ures: the degree distribution (Figure 6A), the shortest path 

length distribution (Figure 6B), the average cluster coefficient 
degree (Figure 6C), and the intimate centrality (Figure 6D). 
These parameters showed that the network node degree dis-
tribution for the interaction between proteins encoded by the 
differentially expressed genes was consistent with the power-
law distribution of the network and had structural properties.

Applying the Cluster one in Cytoscape software, the sub-mod-
ules in the interactional network of the proteins, which were 
correlated with differentially expressed genes, were screened. 
Two modules under the condition of more than 5 nodes were 
screened and modular significance P value less than 0.05 were 
obtained. Figure 7 describes the analysis of the function mod-
ule in network. Module 1 was enriched in pathway in cancer, 
indicating these genes were mainly involved in cancers. The 
abnormally expressed genes caused diseases when the miR-
NAs combined with them. Module 2 was enriched in the Wnt 
signal pathway, and abnormal activation of the Wnt signal-
ing pathway played a very important role in the pathogenesis 
and development of prostate cancer. Androgen receptor (AR) 
was the key in the transformation between the occurrence and 
development of prostate cancer and androgen-independent 

Type miRNA ID logFC P value FDR

Up-regulated miRNA

hsa-mir-153-2 2.792626 4.09E-34 5.03E-33

hsa-mir-92a-1 2.506774 8.95E-49 4.67E-47

hsa-mir-182 2.37112 4.80E-47 1.67E-45

Down-regulated miRNA

hsa-mir-204 –1.76802 4.54E-39 8.63E-38

hsa-mir-10a –1.23821 6.66E-21 3.40E-20

hsa-mir-221 –1.13834 1.11E-24 7.23E-24

Table 1. Six significant differentially expressed miRNA.

First column – regulated type; Second column – miRNA’s name; Third column – logFC score represent different expression of miRNA in 
cancer samples and normal samples; Fourth column – significant degree of P values; Fifth column – corrected P values FDR.
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Figure 3.  Target group RNAs analysis of miRNAs. 
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miRNAs, the vertical axis is the target 
group RNAs.

3752
Indexed in: [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]  
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]  
[Chemical Abstracts/CAS] [Index Copernicus]

Xiaoli Z. et al.: 
Screening of target genes and regulatory function of miRNAs as prognostic indicators…

© Med Sci Monit, 2015; 21: 3748-3759

This work is licensed under a Creative Commons
Attribution-NonCommercial-NoDerivs 3.0 Unported License

LAB/IN VITRO RESEARCH



prostate cancer (AIPC). The AR signal pathway has been a 
major target for prostate cancer research and the Wnt signal 
pathway played an important role in the target therapy of tu-
mors. Therefore, studies on the Wnt signal pathway contrib-
uted importantly to the treatment of disease.

Survival analysis of each miRNA

We used a training dataset to construct a Cox multiple vari-
ance regression model; the prognostic function is Prognostic 
score=(–4.722× expression level of hsa-mir-483)+(–4.449× 

expression level of hsa-mir-675)+(–2.745× expression level of 
hsa-mir-139)+(4.866× expression level of hsa-mir-625)+(5.602× 
expression level of hsa-mir-187). In the model, 3 miRNAs were 
risky, and 2 miRNAs were protective. After divide the patients 
into high- and low-risk groups, we used the log-rank test mod-
el to test the difference between the 2 groups (Figure 8). The 
training dataset showed a very large difference between high- 
and low-risk patients and the result of Kaplan-Meier analysis 
and heatMap showed miRNA expression in high- and low-risk 
patients (Figure 9).

Target miRNA Gene name # Target miRNA Gene name #

lncRNA hsa-miR-204-5p 
hsa-miR-92a-3p 
hsa-miR-182-5p 
hsa-miR-153-3p

XIST 4 Pesudogene hsa-miR-92a-3p 
hsa-miR-221-3p

ZNF271 2

hsa-miR-204-5p 
hsa-miR-182-5p 
hsa-miR-153-3p

DCP1A 3 hsa-miR-204-5p 
hsa-miR-182-5p

RP11-
632C17__A.1

2

hsa-miR-204-5p 
hsa-miR-221-3p

CTA-204B4.6 2 hsa-miR-221-3p 
hsa-miR-153-3p

RNF216P1 2

circRNA hsa-miR-10a-5p 
hsa-miR-92a-3p 
hsa-miR-182-5p 
hsa-miR-153-3p

ZNF264_hsa_
circ_001634

4 hsa-miR-92a-3p 
hsa-miR-10a-5p

MAP2K4P1 2

hsa-miR-204-5p 
hsa-miR-92a-3p 
hsa-miR-182-5p

PLCL2_hsa_
circ_001828

3 hsa-miR-10a-5p 
hsa-miR-153-3p

HNRNPKP4 2

hsa-miR-182-5p 
hsa-miR-153-3p 
hsa-miR-221-3p

ISY1_hsa_
circ_001859

3 hsa-miR-10a-5p 
hsa-miR-153-3p

HNRNPKP1 2

sncRNA hsa-miR-153-3p 
hsa-miR-221-3p 
hsa-miR-204-5p

U2 3 hsa-miR-204-5p 
hsa-miR-153-3p

HIN1L 2

hsa-miR-92a-3p 
hsa-miR-204-5p

Y_RNA 2 hsa-miR-204-5p 
hsa-miR-10a-5p

GAPDHP40 2

hsa-miR-182-5p 
hsa-miR-182-5p

SNORD46 2 hsa-miR-204-5p 
hsa-miR-92a-3p

AL139819.1 2

hsa-miR-10a-5p 
hsa-miR-92a-3p

SNORA65 2 hsa-miR-204-5p 
hsa-miR-10a-5p

AFG3L1P 2

hsa-miR-10a-5p 
hsa-miR-92a-3p

SCARNA13 2 hsa-miR-92a-3p 
hsa-miR-182-5p

AC008738.1 2

hsa-miR-153-3p 
hsa-miR-92a-3p

RNA5-8SP3 2

hsa-miR-10a-5p 
hsa-miR-221-3p

MT-RNR2 2

Table 2. Target group RNAs of the six most significant differentially expressed.

This table is divided into two parts, the left part is the target for lncRNA, circRNA, sncRNA, and the right part is the target for 
pseudogene. The first column is the type of the target, the second column is the corresponding miRNAs, the third column is the name 
of the target and the fourth column is the amount of the target.
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Discussion

At present, early diagnosis of cancer and timely detection of dis-
ease progression following either radical prostatectomy or radi-
ation therapy are crucial for the effective treatment of prostate 
cancer and for a beneficial clinical outcome. Although several 
prognostic and predictive markers or models, such as PSA, have 
been proposed or developed, there remain limitations, such as 
a the low detection rate in the so-called gray zone (PSA, 4-10 
ng/mL), as well as a lack of advantage of PSA screening for a 
control group and the fact that PSA screening is often associ-
ated with over-diagnosis [17,18]. Thus, there has been exten-
sive investigation and exploration of alternative biomarkers.

miRNAs, as a family of small non-coding RNAs post-transcrip-
tionally involved in gene regulations, have been recognized as 
important intervention targets and predictive tools for various 
human cancers because of the stability and convenience of 
miRNA detection [19,20]. Several study groups have identified 
disease-specific miRNA expression profiles for clinical outcome 
prediction. Through investigating the associations of miRNA 
expression and clinicopathological data in 76 prostate cancer 
tissue samples, 10 miRNA expressions were correlated with 
Gleason score and the tumor stage, which is incorporated into 

a strategy to predict prognosis and help guide therapy [21]. 
Penney et al. [23] found that 157 mRNA expression signa-
tures in prostate cancer tissues could be used to predict both 
the Gleason score and the relative risk of lethality, which was 
helpful in the avoidance of overtreatment. However, different 
uses of approaches or pre-selections of target miRNAs may 
identify totally different miRNAs.

In this study, we identified 6 differentially expressed miRNAs 
from the significantly altered miRNAs using data from the 
TCGA dataset. Principal component analysis confirmed that 
the expression of hsa-mir-153-2, hsa-mir-92a-1, hsa-mir-182, 
hsa-mir-29a, hsa-mir-10a, and hsa-mir-221 could distinguish 
prostate cancer patients from normal controls. Moreover, the 
target genes of the 6 miRNAs were mainly involved in MAPK 
signal pathways in prostate cancer. In addition, the availability 
and rationality of these interactions among these 6 miRNAs as 
independent prognostic and predictive indicators in prostate 
cancer were supported by integrated analysis of network and 
correlation analysis. Our results suggest a potential applica-
tion of these 6 miRNA profiles and their interactions in devel-
opment and improvement of prognostic tools and treatments. 
The candidate miRNAs in the present study were convincing 
and feasible for further potential application in clinical practice.
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Figure 4.  GO (A, B) and KEGG (C, D) analysis of target genes of differentially expressed miRNAs. The horizontal axis is the significance 
degree, the vertical axis is the functional annotation. A larger value of degree of significance corresponds to a stronger 
correlation between the target genes and annotation.
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Figure 5.  (A, B) Functional analyses of target genes of the differentially expressed miRNAs in MAPK signal pathway. KEGG analyses 
show that target genes of the differentially expressed miRNAs participate in the MAPK signal pathway. Red stars indicate the 
target genes involved in this signal pathway, green boxes represent the molecules in the signal pathway of molecules, and 
arrows indicate the interaction between them.
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Figure 6.  Network analysis of the topological structure. (A) the degree distribution; (B) the shortest path length distribution; (C) the 
average cluster coefficient; (D) the topological structure analysis.

Figure 7.  (A,B) Analysis of the function module in network. Red indicates genes, green represents miRNAs. Ligatures demonstrate the 
interaction between miRNAs and mRNAs.
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Figure 8.  (A, B) Kaplan Meier survival analysis to judge the survival risk. The horizontal axis is the survival time, the vertical axis is the 
survival rate. The p value indicates the difference between 2 groups.

Among the 6 miRNAs of interest, hsa-mir-29a and hsa-mir-
221were reported to inhibit prostate cancer cell growth as 
candidate tumor suppressors [24,25], possibly because their 
target genes were mostly related with cell proliferation and 
differentiation. TRIM68, the target genes of hsa-mir-29a could 
functionally interact with co-activators of androgen receptor 
(AR) and promote the transactivation of AR [26], while BMI-
1, the target genes of hsa-mir-221, was a crucial regulator of 
prostate stem cell self-renewal and malignant transforma-
tion [27]. Moreover, several studies, both in vivo and in vitro, 
indicated hsa-mir-153-2, hsa-mir-92a-1, and hsa-mir-182 func-
tion as oncogenes. Overexpression of miR-182 significantly 
promoted the proliferation, increased the invasion, promoted 
the G1/S cell cycle transition, and reduced early apoptosis of 
PC-3 cells by directly suppressing the tumor suppressor gene 
NDRG1 [28]. In a xenograft mantle cell lymphoma mouse mod-
el, down-regulation of miR-92a-1, a member of the miR-92a 
family, could inhibit the growth of tumors [29]. miR-153-2, one 
copy of miR-153, was reported to be evolutionarily conserved 
and partly co-regulated with IA-2b expression in an in vitro ro-
dent glucose stimulation [30]. However, we are not aware of 
any study reporting interactions between these miRNAs and 
their target genes, which might be more reasonable to unveil 

their biological functions. The nature of cancer is multifactori-
al, and the average miRNA has approximately 100 target sites 
and regulate a large fraction of protein-coding genes, which 
form a regulatory network [31,32]. Our result for the first time 
showed that target genes of these 6 up-/down-regulated miR-
NAs were mainly involved in function of plasma membrane and 
the MAPK pathways in prostate cancer. The MAPK pathway is 
an input point of multiple signals, and the abnormal secretion 
of polypeptide growth factors involved will change the signal 
transduction, which can result in cancer of prostate cells and 
generation of androgen-independence (Figure 7A, 7B) [33]. 
Therefore, it becomes the new target for cancer therapy. Raf, 
as effector molecules in RAS proteins that participate in the 
MAPK pathway and bind GTP followed by phosphorylation, 
activates a series of downstream reactions to affect the bio-
logical process of the cancer cells. We believe corresponding 
drugs will be developed soon. Likewise, although a preliminary 
study revealed that 10 microRNAs, including hsa-mir-10a, with 
statistically significant differential expression between risk 
prostate cancer risk groups and healthy controls can act as 
biomarkers to identify risk groups by using array technology 
by real-time PCR [34], we found down-regulated hsa-mir-10a 
was linked with prostate cancer. Through network analysis of 
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Figure 9.  The analysis of the risk score of prognostic miRNA. A and B are risk score analysis in training and testing dataset. C and D 
are the relation between survival times and risk score. E and F are the risk score distribution.
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the correlation between miRNAs and target genes, we found 
it was involved in the MAKP signal pathway in prostate can-
cer. Therefore, the interaction analysis of miRNAs may be use-
ful in diagnosis and prognosis of prostate cancer patients.

Conclusions

In summary, we identified hsa-mir-153-2, hsa-mir-92a-1, 
hsa-mir-182, hsa-mir-29a, hsa-mir-10a, and hsa-mir-221 and 

determined interactions between their target genes as more 
specific and accurate prognostic and predictive indicators to 
clinical outcome of prostate cancer patients, implying their util-
ity as diagnostic and prognostic tools and treatments. However, 
further research is needed to investigate the individual role 
of these abnormal prostate cancer-related candidate miRNAs 
in the process of malignant progression of prostate cancer.
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