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Five lncRNAs Associated With Prostate
Cancer Prognosis Identified by
Coexpression Network Analysis

Xiaoyong Gong, MD1 and Bobin Ning, MD2

Abstract
Prostate cancer (PCa) is a highly malignant tumor, with increasing incidence and mortality rates worldwide. The aim of this study
was to identify the prognostic lncRNAs and construct an lncRNA signature for PCa diagnosis by the interaction network between
lncRNAs and protein-coding genes (PCGs). The differentially expressed lncRNAs (DElncRNAs) and PCGs (DEPCGs) between
PCa and normal prostate tissues were screened from The Cancer Genome Atlas (TCGA) database. The DEPCGs were func-
tionally annotated in terms of the enriched pathways. Weighted gene co-expression network analysis (WGCNA) of 104 PCa
samples identified 15 co-expression modules, of which the Turquoise module was negatively correlated with cancer and included
5 key lncRNAs and 47 PCGs. KEGG pathway analyses of the core 47 PCGs showed significant enrichment in classic PCa-related
pathways, and overlapped with the enriched pathways of the DEPCGs. LINC00857, LINC00900, LINC00908, LINC00900,
SNHG3 and FENDRR were significantly associated with the survival of PCa and have not been reported previously. Finally,
Multivariable Cox regression analysis was used to establish a prognostic risk formula, and the patients were accordingly stratified
into the low- and high-risk groups. The latter had significantly worse OS compared to the low-risk group (P < 0.01), and the area
under the receiver operating characteristic curve (ROC) of 14-year OS was 0.829. The accuracy of our prediction model was
determined by calculating the corresponding concordance index (C-index) and risk curves. In conclusion, we established a
5-lncRNA prognostic signature that provides insights into the biological and clinical relevance of lncRNAs in PCa.
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Introduction

Prostate cancer (PCa) is the second most common cancer in

males, and associated with high mortality rates.1 While

prostate-specific antigen (PSA) screening in combination with

prostate biopsy has greatly improved the early diagnosis of

PCa, the sensitivity of the biopsy is low in patients with serum

PSA levels in the range of 4*10ng/ml. Furthermore, prostate

biopsy is highly invasive, and can lead to complications such as

infection and bleeding due to puncture.2 In addition, metastatic

PCa often progresses to castration resistant prostate cancer

(CRPC) after 18-24 months of endocrine therapy.3 Therefore,

there is an urgent need to identify novel diagnostic biomarkers

and therapeutic options for PCa.

The Human Genome Project revealed that 98.5% of the

genes do not encode for proteins,4 and the subsequent

ENCODE project showed that while 75% of the gene

sequences are transcribed to RNA, the vast majority are not

further translated to proteins. LncRNAs are non-coding tran-

scripts longer than 200 nucleotides, and lack specific open

reading frame.5 Recent studies show that lncRNAs regulate

gene expression at the epigenetic, transcriptional and post-

transcriptional levels, and affect cell growth, proliferation, dif-

ferentiation, metabolism and apoptosis.6 In addition, aberrant

lncRNA levels are closely associated with cancer initiation,

development, invasion, metastasis and prognosis.7 Several
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lncRNAs have been identified in PCa and other urological

malignancies that are aberrantly expressed and function as

oncogenes or tumor suppressors, and are potential markers of

early diagnosis and prognosis, as well as therapeutic targets.

For instance, Merola et al. reported greater diagnostic accuracy

of the lncRNA PCA3 compared to the conventional tPSA and f/

tPSA markers, and was approved by the U.S. Food and Drug

Administration in 2012.8 Chung et al. reported that PRNCR1 is

highly expressed in PCa cells and prostatic intraepithelial neo-

plasia, and inhibits apoptosis and promotes the proliferation of

PCa cells. Prensner et al. demonstrated that PCAT-1 is specif-

ically expressed in the prostate, and increases markedly in PCa

tissues wherein it promotes the proliferation and metastasis of

the cancer cells.9 Furthermore, Xie X et al identified a tumor

suppressive and anti-apoptotic role of lncRNA-GAS5 in PCa,

and its aberrantly low expression levels in the tumors was

associated with chemoresistance.10 However, the genesis and

development of PCa is a complex biological process, and the

role of lncRNA is not completely understood.

Weighted correlation network analysis (WGCNA) is a data

mining technique used to study biological networks from geno-

mic datasets. It clusters the genes into distinct modules, and

analyzes the relationships between the co-expressing modules

to construct a network.11 We identified 5 potential prognostic

lncRNAs through differentially expressed transcripts, KEGG

pathway analysis, WGCNA, and univariate and multivariable

Cox regression analysis. The predictive performance of the 5-

lncRNA prognostic signature was further validated. The study

flowchart is shown in Figure 1.

Materials and Methods

Data Extraction

The gene expression profiles of PCa and normal prostate tis-

sues, and the corresponding clinical information, were down-

loaded from The Cancer Genome Atlas (TCGA; https://portal.

gdc.cancer.gov/). Paired, non-repetitive data with complete

follow-up information were included for the subsequent

analysis.

Screening for Differential Transcripts

The differentially expressed lncRNAs (DElncRNAs) and pro-

tein coding genes (DEPCGs) between the PCa and normal

tissues were screened using the R package “edger” using |log

2 fold change| >1 and P-value <0.05 as the thresholds. Hier-

archical clustering analysis was performed with the R package

“pheatmap.” The lncRNAs with average expression greater

than 0.5 were considered valid.

Functional Annotation of DEPCGs

The KEGG pathways enriched in the DEPCGs were identified

using the R package “clusterProfiler” with P < 0.01 as the

threshold to determine the biological functions of these

mRNAs.

WGCNA of DEPCGs and DElncRNAs

The co-expression network of DElncRNAs and DEPCGs was

constructed by WGCNA. A similarity matrix of gene expres-

sion data was first constructed using the Pearson correlation

coefficient. Based on the optimal b value of 5, the similarity

matrix was transformed into the adjacency matrix by R soft-

ware package WGCNA, which was then used to calculate the

topological matrix. The highly overlapping genes were clus-

tered by the average linkage hierarchy, and the distance

between the modules was determined by the degree of topolo-

gical dissimilarity. The constant height cutoff value was set to

25 and the size of the smallest module was 30 genes. The

clusters with interconnected lncRNAs and PCGs were identi-

fied using the dynamic tree cutting method.

Analysis of Core Modules and Identification
of Prognostically Relevant lncRNAs

To determine the correlation between the gene modules and

clinical traits, we constructed a heat map of the different

expressed genes and phenotypes. In a follow-up analysis, Tur-

quoise module was selected for the closest association with

cancer according to the module–trait relationships. Then a

more in-depth analysis of the Turquoise module was con-

ducted. The GS vs MM of the genes in the module were cal-

culated and visualized on a scatter plot, and the candidate PCGs

and lncRNAs with a higher correlation were obtained. KEGG

pathways analysis was performed for the DEPCGs using the R

package “clusterProfiler,” with P < 0.05 as the threshold. To

make sure the conclusion more meaningful, the lncRNAs

Figure 1. The analysis scheme.
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associated with statistical Overall survival (OS) were identified

by Univariate Cox analysis using the R package “survival,”

with P-value < 0.05 as the threshold. The expression of the 5

core lncRNAs were obtained from TCGA and visualized by R

package “ggplot2.”

Construction of Core lncRNA-PCG Network

After excluding the non-annotated lncRNAs, the lncRNAs sig-

nificantly associated with OS were identified by the K-M sur-

vival curve using R package “survival” with P-value < 0.05 as

the threshold. In addition, the RFS curves and expression levels

of the key lncRNAs in tumor and normal tissues were deter-

mined by Gene Expression Profiling Interactive Analysis

(GEPIA; http://gepia.cancer-pku.cn/index.html). A regulatory

network of core lncRNA-PCG interactions was developed

using CytoScape (http://cytoscape.org/, ver. 3.6.0).

Establishment and Validation of Prognostic Risk Score
Formula

Multivariable Cox regression analysis was performed to con-

struct the prognostic risk model with the key DElncRNAs, and

their clinical significance was established with the ROC curve

using the R package “survivslROC.” The prognostic risk

assessment model was constructed by the random forest anal-

ysis using the R package “survminer,” and the C-index was

calculated by the R package “survcomp.” Based on the risk

scores, the patients were stratified into the low- and high-risk

groups using the median value as the cutoff. The “pheatmap”

package was used to visualize the expression heatmaps of each

key lncRNA and the risk score distribution and survival of

patients. The prognoses of the high- and low-risk groups were

determined with the K-M survival curve. Finally, the ROC

curve for 14-year OS was plotted using the “survivalROC”

package to estimate the prognostic accuracy of the risk score,

with P-value <0.05 as the threshold.

Statistical Analysis

TCGA gene expression and clinical data were analyzed using

the Perl (version 5.30.1) and R software. All statistical analyses

were performed by SPSS23.0 (SPSS, Chicago, IL, United

States) or R software. P-value < 0.05 was considered statisti-

cally significant with a 95% confidence level.

Results

Data Gathering

A total of 551 transcriptomes, including 499 from cancer and

52 from para-cancerous samples, were downloaded from

TCGA. Fifty-two paired PCa and adjacent normal prostate tis-

sue samples (total 104) with clinical follow-up information

were screened for WGCNA analysis. And a total of 493 sam-

ples were enrolled for the clinical prognosis analysis and

validation.

Data Preprocessing and Differential Expression Analysis

Following quantile normalization, 2593 DEPCGs were

screened from the paired samples, of which 785 were upregu-

lated and 1808 were downregulated. In addition, 1034 DElncR-

NAs were identified, including 617 upregulated and 417

downregulated lncRNAs (Table 1). The heatmaps of the top

100 DEPCGs and DElncRNAs are shown in Figure 2A and B.

Functional Analysis of DEPCGs

As shown in Figure 3A and B, the KEGG pathway analyses

of upregulated mRNAs indicated significant enrichment

of cancer-related pathways such as Cell cycle, Metabolic

pathways, Viral carcinogenesis and Cell Cycle. The top

20 enriched KEGG pathways of downregulated PCGs

(Figure 3B) included the Ras signaling pathway, PI3K-Akt

signaling pathway, MAPK signaling pathway and Pathways

in cancer. The KEGG analysis of upregulated and downregu-

lated PCGs both play key roles in PCa genesis, proliferation,

invasion and metastasis.

Identification of Co-Expression Modules

WGCNA was performed for all 2593 DEPCGs and 1034

DElncRNAs. Combining the fit index, the regression slope and

the connectivity, the b value of 5 was used to construct the

scale-free network (Figure 4A). The genes were clustered

based on the degree of topological heterogeneity, and the mod-

ules with >0.75 similarity were merged to obtain 15 final mod-

ules (Figure 4B). To further determine the association between

the these modules and the traits, we combined the traits of the

corresponding samples. We detected the closest statistical asso-

ciation between the Turquoise modules and the cancer trait

(Figure 4C), and the module showed a negative correlation

with cancer trait whose corresponding data was 0.69.

Analysis of Hub Modules and Identification of Hub
lncRNAs

To further determine the relationship between cancer clinical

traits and modular genes, we calculated the gene significance

(GS) of individual genes with cancer trait, and the correlation

between the gene and the trait module membership (MM). The

Turquoise module contained 885 PCGs and 263 lncRNAs

(Supplemental Table 1), and the GS vs MM was 0.43 with an

extremely low p-value (Figure 5A). The KEGG pathway anal-

yses of the PCGs in this module are shown in Figure 6A.

According to the value of MM, 47 core genes with MM >0.9

Table 1. Overview of Differentially Expressed PCGs and lncRNAs.

No. of PCG No. of lncRNA

Upregulated in PCa 785 617

Downregulated in PCa 1808 417

Total 2593 1034
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can be screened. Arranging these PCGs according to the MM

resulted in a ring, and the distance from the circle to the center

was the measure of their correlation (Figure 5B). The main

pathways and functions of the core PCGs are shown in

Figure 6B and C. There was considerable overlap with the

functions of the Turquoise module genes. The K-M survival

analysis further identified 50 DElncRNAs that were signifi-

cantly correlated to the OS (Supplemental Table 2). Eleven key

lncRNAs were obtained by crossing the module lncRNAs with

the clinically significant lncRNAs (Figure 7A). Six of the 11

key lncRNAs are newly discovered and not well characterized.

In order to eliminate the genes with high correlation and over-

lapping information in the results, we carried out robustness

analysis according to AIC value, and finally screened out 5

lncRNAs for subsequent analysis.

Construction of a Core lncRNA-PCG Network

The association between the lncRNA expression levels and

patient survival is shown Figure 7B-F. SNHG3 and

lncRNA00908 levels were significantly associated with the

RFS (Figure 7G and H). The expression of 5 key lncRNAs

were validated on TCGA datasets with statistical significance

(Figure 8A-E). The network of 47 PCGs and 5 lncRNAs

(Figure 9) consists of 52 nodes and 255 edges, and the hub

Figure 3. KEGG enrichment analysis of significantly upregulated (A) and downregulated (B) PCGs.

Figure 2. Heatmap of the top 100 differentially expressed genes and lncRNAs.
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Figure 5. A, GS vs MM in Turquoise Module. B, 47 core PCGs identified in Turquoise module.

Figure 4. Co-expression modules identified from the PCa RNA-seq data sets by WGCNA. A, Scale independence and mean network

connectivity for soft thresholding powers (b). b ¼5 was selected to achieve model fit maximization. B, Module–trait relationships between the

identified modules and clinical status (normal and tumor): weighted correlations and corresponding p values (in parenthesis). C, Dendrogram

produced by average linkage hierarchical clustering of the identified lncRNA-PEG co-expression modules. Genes are linked with each other

according to their TOM similarity, resulting in 15 modules. The gray leaves indicate unassigned lncRNAs and PCGs.
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Figure 6. A, GO enrichment analysis of all PCGs in Turquoise module. B, KEGG enrichment analysis of all PCGs in Turquoise module. C, GO

enrichment analysis of the 47 core PCGs. D, KEGG enrichment analysis of the 47 core PCGs.

Figure 7. The Venn diagram of module lncRNAs and lncRNAs with statistical significance in K-M analysis (A). Kaplan–Meier analysis of 5

lncRNAs (B-F).

6 Technology in Cancer Research & Treatment



Figure 8. The expression level of 5 lncRNAs in tumor and normal specimens from GEPIA.

Figure 9. Network of 5 lncRNAs (green) and 47 core PCGs (MM > 0.9) (pink) in the Turquoise module.
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nodes indicated a major regulatory role of the corresponding

lncRNAs and PCGs in PCa.

Establishment of a Prognostic lncRNA Signature

Multivariable Cox regression analysis identified LINC00857,

LINC00900, LINC00908, LINC00900, SNHG3 and FENDRR

as prognostically relevant in PCa. While LINC00857, FENDRR

and SNHG3 were positively correlated, the remaining 4 showed

negative correlation with prognosis. Based on the expression

levels and regression coefficients, the prognostic risk score for-

mula was calculated as follows: (0.453738256 * expression

level of LINC00857) � (1.24500487 * expression level of

LINC00908) � (0.289510446 * expression level of

LINC00900) þ (0.204942803 * expression level of FENDRR)

þ (0.672549074 * expression level of SNHG3). The risk scores

were calculated for all patients that were then stratified into the

high-risk group (n¼ 246) and low-risk group (n¼ 247) accord-

ing to the median risk score (Figure 10A). The distribution of

risk scores and survival status of the patients are shown, which

Figure 10. Identification of key survival-related lncRNAs. A, Hazard ratio and risk score distribution of the 5 lncRNAs. B, Kaplan–Meier curve

of the overall survival (OS) between the low-risk and high-risk groups. C, Time-dependent receiver operating characteristic (ROC) analysis for

the 14-year OS. D, The risk score distribution of 5 lncRNAs. E, Expression heatmap of 5 lncRNAs in the low-risk and high-risk groups. F, The

overall survival status of 493 PCa patients. The prognostic value of the 5-lncRNA signature.
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indicate a significant association of high-risk score with worse

OS (Figure 10D-F). Indeed, Kaplan Meir analysis confirmed

that the high-risk group had a worse OS compared to the

low-risk group (P < 0.01; Figure 10B). Furthermore, the area

under the curve (AUC) of the ROC for 14-year OS was 0.829,

indicating high prognosis accuracy of the integrated 6-lncRNA

signature in PCa (Figure 10C). The C-index was 0.84 (95% CI:

0.89–0.99), which pointed to a high predictive value as well.

Discussion

LncRNAs control various aspects of PCa progression, such as

tumor cell proliferation, cell cycle, apoptosis, local infiltration

and distant metastasis. Since lncRNAs are less conserved than

mRNAs and susceptible to evolutionary pressures, there is con-

siderable variation in terms of their tissue-specific expression,

splicing and expression levels, which greatly influence their

biological function.12 Nevertheless, lncRNAs have several

inherent advantages as tumor markers: (1) they can be easily

detected in body fluids like serum, gastric juices and urine,

such as the FDA-approved urine PCA3 marker for diagnosing

PCa, (2) the changes in lncRNA expression levels reflect tumor

dynamics, and (3) the tissue-specificity of lncRNAs makes it

possible to distinguish different tumors. Multiple biomarkers

have greater predictive accuracy compared to single biomar-

kers. Accordingly, we constructed a prognostic risk signature

of PCa using FENDRR, LINC00900, LINC00908, SNHG3 and

LINC00857 and the predictive value of this novel signature

was validated in TCGA patient cohort, wherein higher risk

scores correlated to worse OS. Furthermore, time-dependent

ROC analysis confirmed high predictive accuracy of the

5lncRNA biomarker in PCa. Some of these lncRNAs have been

previously associated with PCa progression.

SNHG3 is a member of the SNHGs family and highly

expressed in liver, breast,13,14 lung,15 colorectal,16 and glioma

tumors.17 Studies show that SNHG3 overexpression correlates

positively with HCC malignancy, and promotes lipid accumu-

lation in the HCC cells.18 It also regulates metabolism-related

miRNAs and eif4a in ovarian cancer.19 Xuan and Wang

showed that SNHG3 deficiency in gastric cancer cells signifi-

cantly inhibited their proliferation in vitro, and xenograft

growth in vivo.20 Peng-Fei Z et al. found that SNHG3 sponged

mir-128 and up-regulated its target gene CD151, which pro-

motes HCC progression.18 High expression of SNHG3 predicts

poor prognosis and is positively correlated with clinic patholo-

gic parameter in HCC. In this study, we found that SNHG3 was

negatively correlated with the RFS and OS of PCa patients,

indicating that it is a risk factor for PCa. LncRNA00908 was

also identified as a risk factor for both OS and RFS. A previous

study showed that Linc00908 interacts with and stabilizes sox-

4, which promotes the migration and survival of HCC cells. It is

also related to the tumor stage, tumor size and metastasis of

HCC.21

FENDRR was first discovered in mouse post-mesoderm as

the regulator of cardiac development and body wall structure.22

It is also expressed in several cancers, and regulates tumor

invasion and metastasis. He et al found that FENDRR was

significantly downregulated in gastric cancer tissues and cell

lines compared to the normal tissues/cells, and associated with

higher stage, deeper invasion and greater metastasis.23

Mechanistically, FENDRR enhanced the migration and inva-

sion of gastric cancer cells by downregulating fibronectin 1 and

MMP2 / MMP9, indicating its potential as a prognostic marker

and therapeutic target.24 Gene chip analysis of non-small cell

lung cancer (NSCLC) and paired normal tissues showed that

FENDRR expression was significantly lower in the tumors, and

ectopic expression of FENDRR reduced the migration and

invasion of NSCLC cells and induced apoptosis.25

LINC00857 is significantly overexpressed in bladder carci-

noma,26 lung adenocarcinoma27 and gastric carcinoma,28 and

downregulated in prostate carcinoma and renal carcinoma.

Dudek AM et al. found that high expression of LINC00857

correlated to shorter recurrence-free and overall survival, and

recalcitrance to platinum-based chemotherapy in MIBC

patients.26 Compared to the other key lncRNAs, only one study

has reported lncRNA00900, where in it was identified as an

oncogene in primary glioblastoma.29

To summarize, we established a 5-lncRNA prognostic biomar-

ker in PCa to identify the high or low risk patients. The accuracy

and reliability of this integrated biomarker was also confirmed by

the risk score, survival status, and risk heatmap. Functionally, the

key lncRNAs as well as their co-expressed PCGs in the same

module were associated with multiple PCa-related pathways.

Nevertheless, this predictive model is based on bioinformatics

analysis, and will have to be validated by further experimental

studies in order to establish its clinical utility.
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