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Long noncoding RNAs (IncRNAs) have been revealed to function as competing endogenous RNAs (ceRNAs),
which can seclude the common microRNAs (miRNAs) and hence prevent the miRNAs from binding to their an-
cestral gene. Nonetheless, the role of IncRNA-mediated ceRNAs in prostate cancer has not yet been elucidated.
Using The Cancer Genome Atlas (TCGA) database, IncRNA, miRNA, and mRNA profiles from 499 prostate can-
cer tissues and 52 normal prostate tissues were analyzed with the R package “DESeq” to identify the differ-
entially expressed RNAs. GO and KEGG pathway analyses were performed using “DAVID6.8” and R packag-
es “Clusterprofile.” The ceRNA network in prostate cancer was constructed using miRDB, miRTarBase, and
TargetScan databases. Survival analysis was performed with Kaplan-Meier analysis.

A total of 376 IncRNAs, 33 miRNAs, and 687 mRNAs were identified as significant factors in tumorigenesis.
Based on the hypothesis that the ceRNA network (IncRNA-miRNA-mRNA regulatory axis) is involved in pros-
tate cancer and forms competitive interrelations between miRNA and mRNA or IncRNA, we constructed a ceR-
NA network that included 23 IncRNAs, 6 miRNAs, and 2 mRNAs that were differentially expressed in prostate
cancer. Only 3 IncRNAs (LINC00308, LINC00355, and OSTN-AS1) had a significant association with survival
(P<0.05). The 3 prostate cancer-specific IncRNA were validated in prostate cancer cell lines PC3 and DU145 us-
ing gRT-PCR.

We demonstrated the differential IncRNA expression profiles in prostate cancer, which provides new insights
for future studies of the ceRNA network and its regulatory mechanisms in prostate cancer.
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Background

The most common cancer in males worldwide is prostate can-
cer, accounting for 13% of cancer-related deaths. In 2016, pros-
tate cancer resulted in 648 400 new cases and 80 900 deaths
in developed countries [1]. Despite the rapid development of
diagnosis and treatment of prostate cancer, poor therapeutic
effect and high prevalence are still serious clinical challenges.
Therefore, identification of new potential biomarkers and ther-
apeutic targets is crucial to improving alternative therapies.

With the development of genome-wide analysis, up to 20 000
pseudogenes have been found in the human genome [2]. In
general, pseudogenes are characterized by inaction in pro-
tein coding, such as long noncoding RNA (IncRNA). However,
numerous studies suggest that they may execute important
functions in carcinogenesis. Recently, a series of pseudogenes
has been revealed to function as competing endogenous RNAs
(ceRNAs), which can seclude the common microRNAs (miR-
NAs) and hence prevent the binding of miRNAs to their target
genes [3,4], such as PTENP1, the pseudogene of PTEN tumor
suppressor that includes a poly-A tail and shares a common 5’
and 3’UTR sequence with PTEN [5]. Zhang et al. showed that
PTENP1 can act as a ceRNA to alter PTEN expression level by
sponging miR-106b and miR-93 in gastric cancer [6]. In addi-
tion, Chen et al. suggested that the IncRNA ROR promotes ra-
dioresistance in hepatocellular carcinoma cells by acting as a
ceRNA for microRNA-145 to regulate RAD18 expression [7].

In the present study, the expression profiles of IncRNAs, miR-
NAs, and mRNAs were obtained from The Cancer Genome
Atlas (TCGA) database. The IncRNA-miRNA-mRNA regulato-
ry axis was positively correlated with prostate cancer. A ceR-
NA network was subsequently constructed using miRDB, miR-
TarBase, and TargetScan databases. Among the 23 IncRNAs,
6 miRNAs, and 2 mRNAs in the ceRNA network, 3 specific In-
cRNAs were found to have a strong association with the sur-
vival of prostate cancer patients. The results of this study help
to describe the executive mechanisms of IncRNAs through the
IncRNA-miRNA-mRNA network in prostate cancer, which may
provide new insights for future research on prostate cancer.

Material and Methods

Patients and samples information

The RNA sequencing data from 499 prostate cancer tissues
and 52 samples from non-tumorous prostate tissues were ac-
quired from the TCGA database in 2018. The GDC Data Transfer
Tool (https://gdc.cancer.gov/access-data/gdc-data-transfer-
tool) was used to download the level 3 mRNASeq and miR-
NAseq gene expression data, as well as clinical information
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of prostate patients. The RNA sequencing data were generat-
ed from lllumina HiSeqRNASeq and Illumina HiSeqmiRNASeq
platforms. This study meets the publication guidelines provid-
ed by TCGA (http://cancergenome.nih.gov/publications/publi-
cationguidelines). Ethics Committee approval was not required
as the data were obtained from TCGA.

Analysis of differentially expressed RNA

The “DESeq” package [8] in R software was used to identify
the differentially expressed mRNAs, IncRNAs, and miRNAs with
thresholds of |log2FoldChange| »2, false discovery rate (FDR)
or adjusted P value <0.01. In addition, mRNA and IncRNA an-
notation were performed with ENSEMBL to define and encode
the differentially expressed RNAs (htps://www.ensembl.org/).

Go and KEGG functional enrichment analysis

In order to understand the potential biological processes and
pathways of discriminatively expressed genes, we used the
Annotate, Visualize, and Integrate Discovery Database (DAVID
6.8) (http://david.abce.ncifcrf.gov/) [8] to perform Gene Ontology
(GO) biological processes at the significant level (FDR <0.05).
The KEGG Orthology-Based Annotation System 3.0 (KOBAS3.0)
(kobas.cbi.pku.edu.cn/) was used to conduct KEGG (Kyoto
Encyclopedia of Genes and Genomes) pathway analysis at the
significance level of adjusted P value<0.05. The “Goplot” pack-
age in R was used to conduct the chord plot. The network was
assembled and globally visualized using Cytoscape v 3.6.1 [9].

Construction of the IncRNA-miRNA-mRNA ceRNA network

Based on the hypothesis that IncRNAs can sponge the com-
mon miRNAs and thereby prevent the miRNAs from binding
to their target gene [10], a ceRNA network was constructed.
StarBase v2.0 database (http://starbase.sysu.edu.cn/) was used
to modify the miRNAs sequences, and the IncRNA-miRNA in-
teractions were predicted by the miRanda database (http://
www.microrna.org/). miRDB (http://www.mirdb.org/), miRTar-
Base (http://mirtarbase.mbc.nctu.edu.tw/) [11] and TargetScan
(http://www.targetscan.org/) were used to predict the miRNAs
target mRNAs. Also, in the present study, the aberrant expres-
sion data of the predicted miRNA were combined to select the
intersecting IncRNA and mRNA. Construction and visualization
of the IncRNA-miRNA-mRNA ceRNA network were performed
by Cytoscape v3.6.1. IncRNA, miRNA, and mRNA with |log2Fold-
Change| >2 and P<0.05 were analyzed.

Survival analysis
To determine the prognosis of TCGA prostate cancer patients

in relation to differentially expressed RNA signatures, Kaplan-
Meier survival curves of differentially expressed IncRNAs,
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microRNAs, and mRNAs were visualized using the “survival”
package in R. Survival analysis was performed with log-rank
test and P<0.05 was considered significant.

Cell culture

Normal myofibroblast stromal cell line WPMY1 and 2 prostate can-
cer cell lines (PC3 and DU145) were purchased from the American
Type Culture Collection (USA). Cells were cultured in RPMI 1640
medium with 10% fetal bovine serum (Gibco, MA, USA), 100
mg/mL streptomycin, and 100 U/mL penicillin in a humidified
atmosphere of 95% air and 5% CO, at a temperature of 37°C.

RNA extraction and the quantitative real-time PCR

Total RNA was extracted from cells with Trizol reagent
(Invitrogen, Grand Island, CA, USA) according to the manu-
facturer’s instructions. RNA was first reverse transcribed into
cDNA using the PrimeScript RT kit (Takara, Japan) according
to the manufacturer’s protocol. gRT-PCR was then performed
using an SYBR PrimeScript RT-PCR kit (Takara, Japan). The fol-
lowing primers were used:

LINC00308, 5’-CAGATAAGACTCTGTCTACCCT-3’ (forward),
5’-ACTGAATAAAGGAATGATGCGT-3’(reverse);

LINC00355 5’-ACAGAGCTGGTGGGAGCTGGGAAT-3’ (forward),
5’-AGTATCAATAGCTGAATAGAC-3’(reverse);

OSTN-AS1: 5’-CCTGCCTCAGCTTCCCAAGGAG-3’ (forward),
5’-GTTGGCAATAAAAAGAAGACAAT-3".

U6 was used as endogenous control U6 (5’-CTCGCTTCGGCAGC
ACA-3’ (forward), and 5’-AACGCTTCACGAATTTGCGT-3’ (reverse)).
All samples were run in triplicates on the ABI 7900HT Real-Time
PCR system (Applied Biosystems, CA, USA). Calculation of rela-
tive expression levels was performed using the 2724 formula.

Statistical analysis
Statistical analyses were performed using SPSS 21.0 software
(SPSS Inc., Chicago, IL, USA). Data are expressed as mean +SD.

The t test was used for two-group comparisons and a P value
<0.05 was considered statistically significant.

Results

Patient characteristics

The detailed clinical and pathological features of the TCGA
prostate cancer study population are shown in Table 1. All 499
patients were pathologically diagnosed with prostate cancer.
The median age was 61 years (range: 41-78 years). Follow-up
time was 23-5024 days. The majority of patients were lymph
node-free (69.9%) and at high risk according to Gleason score
histologic grade (95.2%).
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Table 1. Clinicopathological characteristics of 499 patients with
prostate cancer.

Characteristics Subtype Patinets n (%)
>61 224 (44.9)
Age
<61 275 (55.1)
Asian 2 (0.4%)
Black.or African 7 (1.4%)
Race R
White 147  (29.5%)
Unknown 343  (68.7%)
Acinar type 484  (97.0%)
Histological type ——---------mmmemmmmmm e
Other subtype 15 (3.0%)
T2a 13 (2.6%)
T2b 10 (2.0%)
T2c 145  (29.0%)
Tumor stage T3a 158 (31.7%)
T3b 136 (27.3%)
T4 10 (2.0%)
Unknown 7 (1.4%)
NO 347  (69.6%)
Lymph node N1 79  (15.8%)
Unknown 73 (14.6%)
With tumor 89 (17.8%)
Patients cancer Tumor free 347  (69.6%)
status
Unknown 63 (12.6%)
Alive 489 (98.0)
Survival status — ------coooee
Dead 10 (2.0%)

Differentially expressed RNAs and their functional
enrichment analysis

A total of 687 genes were identified as differentially expressed:
353 (51.38%) genes were downregulated and 334 (48.62%)
were upregulated. The complete list of the differentially ex-
pressed genes is presented in Supplementary Table 1. The mRNA
expression levels are visualized in the heatmap (Supplementary
Figure 1). Using the same cut-off criteria of |log2FoldChange|
>2 and adjusted P value <0.01, 376 IncRNAs (170 downreg-
ulated and 206 upregulated) and 33 miRNAs (11 downregu-
lated and 22 upregulated) were identified as differentially ex-
pressed in prostate cancer tissues as compared to the normal
tissues (Supplementary Figures 2, 3).
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Figure 1. (A) Seven significant biological processes in GO analysis for differentially expressed mRNAs. (B) Chord diagram of all enriched
genes in GO analysis. (C) Nineteen enrichment of KEGG pathways for differentially expressed mRNAs in prostate cancer.

To understand the mechanism of oncogenesis underlying pros-
tate cancer, functional enrichment characterization of these
687 mRNAs was performed by GO and KEGG analysis with
DAVID6.8 and KOBAS3.0, respectively. Enrichment of GO anal-
ysis showed that 8 significant functions are involved in pros-
tate cancer (FDR<0.01) (Figure 1A). Among them, 133 genes
were enriched in the extracellular region and represent the
lowest FDR, followed by extracellular space with 108 enriched
genes. All enriched gene-function relationships are shown in
the chord diagram (Figure 1B). In the KEGG pathway analysis,
a total of 19 pathways were genetically enriched (Table 2); sal-
ivary secretion was the most important cancer-related path-
way, which contains 14 genes (Figure 1C). All the expressions
related to these KEGG pathway-enriched genes were visual-
ized using Cytoscape software. In the network diagram, the
red genes represent upregulation in this pathway and green
genes represent the opposite expression (Figure 2).

Construction of ceRNA network in prostate cancer

To further explore the mechanisms of these differentially ex-
pressed genes in prostate cancer, a IncRNA-miRNA-mRNA
(ceRNA) network was constructed based on the above data.
Consequently, 6 miRNAs targeted 24 key IncRNAs were de-
scribed in the ceRNAs network (Table 3). The miRNA-targeted

mRNA was predicted through miRDB, miRTarBase, and
TargetScan (Table 4). Only 2 differentially expressed mRNAs
in the ceRNA network, PTGS2 and DUSP2, have previously been
reported as tumor suppressor genes [10,12-14] (Figure 3). In
the ceRNA network, 12 IncRNAs, 2 miRNAs, and 2 mRNAs are
downregulated, while 12 IncRNAs and 4 miRNAs are upregu-
lated (Table 5, Figure 4). Subsequently, we successfully con-
structed the dysregulated ceRNA network with differential-
ly expressed RNAs, which included 24 IncRNAs, 6 miRNAs,
and 2 mRNAs. Results indicate that differentially expressed
IncRNAs indirectly interact with mRNAs through miRNAs in
prostate cancer (Figure 5). To further identify the differential-
ly expressed RNAs with prognostic significance, Kaplan-Meier
survival analysis was used. As a result, 3 out of 24 differen-
tially expressed IncRNAs (LINCO0308, LINC00355, and OSTN-
AS1) were significantly associated with overall survival (log-
rank P<0.05) (Figure 6A). However, no differentially expressed
miRNA and mRNA in this ceRNA network were found to be as-
sociated with prognosis.

Characteristics of differentially expressed IncRNAs in
prostate cancer

Based on the results of IncRNAs related to survival, we re-ex-
amined the expression data of prostate cancer tissues and
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Table 2. KEGG pathways enriched by the differentially expressed mRNAs involved in ceRNA network.

Pathway ID Description
hsa04970 Salivary secretion

hsa05204 Chemical carcinogenesis

hsa00982 Drug metabolism — cytochrome P450
hsa00980 Metabolism of xenobiotics by cytochrome P450
hsa04972 Pancreatic secretion

hsa04918 Thyroid hormone synthesis

hsa04971 Gastric acid secretion

hsa00053 Ascorbate and aldarate metabolism
hsa04610 Complement and coagulation cascades
hsa00830 Retinol metabolism

hsa04924 Renin secretion

hsa00140 Steroid hormone biosynthesis

hsa00040 Pentose and glucuronate interconversions
hsa00590 Arachidonic acid metabolism

hsa00983 Drug metabolism — other enzymes
hsa04979 Cholesterol metabolism

hsa04966 Collecting duct acid secretion

hsa04923 Regulation of lipolysis in adipocytes
hsa04974 Protein digestion and absorption

Adj. P-value Number of DERNAs
0.00022 14
0.00022 13
0.00022 12
0.00030 12
0.00075 13
0.00591 10
0.00591 10
0.00593 6
0.00593 10
0.00593 9
0.00593 9
0.01369 8
0.01440 6
0.01642 8
0.01823 9
0.01823 7
0.02425 5
0.02566 7
0.03680 9

=z

S

Q0

N

.‘&}\“‘,u\»
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Figure 2. The KEGG network of differentially expressed mRNAs in prostate cancer. Downregulated genes are represented by a green

ellipse and upregulated genes are represented by a red ellipse.
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Table 3. miRNAs targeting cancer-specific IncRNAs in ceRNA
network.

C5orf64 miR-184; miR-122; miR-506
""" UNcoO3o8  mR17
""" UNCOO313  miR-37% miR-187; miR-122
""" UNCO0336  miRsos
""" UL miR184miR-122;mirs0s
""" PcA3  mR17
""" UNCOO3SS  miR-122;miRS06
""" HeG22  mR12ZmRSOS
COXNST miR372 miR-137; miR-122; miR-506
""" EMX20S  miR-84mRSO6
oALeleAST  mRas4mR-122
""" NALCN-ASL  miR372miRS06
""" ERVHAS-1  miR-137; miR-184 miR-187
© OSTN-ASL  miR137;miRS06
""" DSCAM-AST  miR137;mR122
opcsAst  mR32
 78TB20-AS3  miR122;miR-S06
CoAsses2  mR32
""" HNFIAAST  mR37ZmR122
oS3l mRi22
© AHILLAS2  mR32
""" INX1-AS2  miRsos
""" PCATI  miR372mir122;mirs06
oaNowAS2  mir2

normal tissues. The results showed that the expression of
LINC00308, LINC00355, and OSTN-AS1 was significantly high-
er in cancer tissues compared to the non-cancerous tissues
(Figure 6B). In addition, we performed gRT-PCR in cell lines to
examine the expression levels of LINC0O0308, LINC00355, and
OSTN-AS1 in 2 prostate cancer cell lines, PC3 and DU145, as
well as in the normal myofibroblast stromal cell line WPMY1.
The results showed that LINC0O0308, LINC00355, and OSTN-
AS1 are overexpressed in the prostate cancer cell line com-
pared to the normal myofibroblast stromal cell line (Figure 6C).
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Table 4. miRNAs targeted cancer-specific mRNAs in ceRNA

network.
miRNA mRNA
miR-137 PTGS2
miR-122 DUSP2
miR-372 DUSP2

Figure 3. Venn diagram analysis of differentially expressed
mRNAs in ceRNA network.

Discussion

Prostate cancer is known to be a multifactorial disease with
miscellaneous genetic factors. Traditional prognostic and pre-
dictive factors for prostate cancer, including tumor size, histo-
logic grade, TNM stage, and number of lymph node involve-
ment, may correlate with the clinical prognosis of patients.
However, due to molecular heterogeneity, they seem to have
limitations in distinguishing clinical outcomes among cancer
risk subgroups [15,16]. Interestingly, we found 687 significant-
ly differentially expressed mRNAs in prostate cancer. The func-
tional enrichment analysis demonstrated that these genes were
mainly enriched in the “extracellular region.” Several studies
have revealed that DMBT1, ISG15, and EPPIN play an impor-
tant role in the pathogenesis of prostate cancer [17-19]. The
KEGG pathway analysis results showed that 14 genes were
enriched in the salivary secretion pathway, including Cystatin,
which has been shown to have a strong correlation with pros-
tate cancer by modulating via the MAPK/Erk and androgen re-
ceptor pathways [20].

Many recent studies have revealed that various ncRNAs show
great potential in the regulation of cancer. However, there have
been few studies with large sample sizes (n=499) focusing on
the identification of prostate cancer-related ncRNAs. Yang et al.
revealed that IncRNA SNHG12 could be an oncogene in gastric
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Table 5. Differentially expressed RNAs involved in ceRNA network.

RNAs Regulation Fold change P-value FDR
C5o0rf64(IncRNA) Down-regulation -3.036662036 1.46E-30 7.31E-29
””””””” UNCOO30B(ncRNA)  Up-regulation 3235382205 126E10  930E10
””””””” UNCOO313(ncRNA)  Down-regulaion 2476850161 182E26  G667E25
””””””” UNCOO336(ncRNA)  Down-regulaton 2276139635 43118 772617
””””””” UCAIIncRNA)  Downregulation 2914678098 198E47 24845
””””””” PCAS(ncRNA)  Upregulation 3331178572 563E18  984E17
””””””” UNCOO355(ncRNA)  Up-regulation 3435319383 965E06  336E05
””””””” HCG22(ncRNA)  Downregulaion 3277663954 248E37  194E35
O XsTincRNA) Downregulation  -2216949544  SO7E11 39910
””””””” EMX20S(ncRNA)  Downregulation 5978725669 284E215 2216211
 Aleleasi(ncRne) Downregulation 4932391705 399E151 626148
””””””” NALCN-ASI(ncRNA)  Up-regulation 2337318012 92311  694E10
””””””” ERVHAS-1(ncRNA)  Up-regulation 2606725757 S73E11  446E10
””””””” OSTNASI(ncRNA)  Upregulaion 3328039464 65607 279606
””””””” DSCAM-ASI(ncRNA)  Upregulation 2039530693 00001981 0000546871
””””””” GPCSASI(NCRNA)  Upregulation 4291545148 131E13 140612
””””””” ZBTB20-AS3(ncRNA)  Upregulation 209029431 000131952 0003071229
 mssesaz(ncRNA) Up-regulaion 4946182739  s14E12 a1l
””””””” HNFIAASI(NCRNA)  Upregulation 2202659839 129E05  440E05
 A3s3B0BA(nRNA) Downregulation 2924748531 38331 203629
 ADHILLAS2(nRNA) Downregulation  -2224445417 396639 331E37
””””””” INXLAS2(ncRNA) ~ Downregulaion 2482616679 381E32  216E30
””””””” PCATI(nCRNA)  Upregulation 2659207972 307E22  8O0SE21
 aNOvAS2(ncRNA) Downregulation 4049375728 - 10950 181648
””””””” miR184(mIRNA)  Downregulation 2560858037 486E27  604E26
””””””” miR122mRNA)  Upregulation 384488164  124E07 363607
””””””” miRSO6(MRNA)  Upregulaion 311152215 0000277343 0000532199
””””””” miR137(niRNA)  Upregulation 2357657061 17605 400E05
””””””” miR372mRNA)  Upregulation 3819509783 281E08  884E08
””””””” miR187(mRNA)  Downregulation 2371598045 472E33  978E32
””””””” PTGS2(MRNA)  Downregulaon 3018672047 674E64  108E61
””””””” DUSP2(MRNA)  Downregulaon 2374155832 1O6ES1 122649
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Figure 4. A list of differentially expressed 24 IncRNAs, 6 miRNAs, and 2 mRNAs in prostate cancer.

Figure 5. CeRNA network of prostate cancer.
Downregulated genes are represented
by a green ellipse and upregulated
genes are represented by a red ellipse.

carcinoma cell by targeting miRNA-199a/b-5p [21]. Wu et al.
showed that IncRNA-PAGBC acts directly on tumor-suppres-
sive microRNAs by activating the AKT/mTOR pathway, thus
promoting tumorigenesis [22]. Because of the strong corre-
lation between ncRNA expression and tumor status, IncRNAs
and miRNAs may be valuable as diagnostic and prognostic
biomarkers [23,24].

The expression of ncRNAs is low in the normal state but be-
comes increasingly upregulated in pathological states such as
cancer. Hence, ncRNAs are also promising biomarker candidates
for cancer [25] and numerous studies have focused on profil-
ing RNA expression in relation to cancer state in search of po-
tential biomarkers of cancer [26,27]. In the present study, we
analyzed the public TCGA dataset based on human prostate
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Figure 6. Characteristics of LINC00308, LINCO0355, and OSTN-AS1 in prostate cancer. (A) LINC00308, LINC00355, and OSTN-AS1 were
significantly associated with survival (P<0.05). (B) The expressions of LINC0O0308, LINC00355, and OSTN-AS1 was significantly
upregulated in prostate cancer tissues (P<0.05). (C) Expressions of LINC00308, LINCO0355, and OSTN-AS1 were significantly
upregulated in prostate cancer cell lines (* p<0.05, ** p<0.01).

cancer samples, which is extremely useful to find potential
biomarkers. A total of 24 IncRNAs, 6 miRNAs, and 2 mRNAs
were shown to harbor altered expression in the ceRNA net-
work. One of the altered mRNAs was found to be PTGS2, also
known as cyclooxygenase (COX-2). PTGS2 is an enzyme with
a critical function in prostaglandin biosynthesis, and several
reports have revealed its potential function in prostate can-
cer [28-30]. Our results confirm the function of PTGS2 in pros-
tate cancer, and we also provide another potential mechanism:
it may be regulated by XIST, PCA3, OSTN-AS1, DSCAM-AST,
LINC00308, and PCA3 in competing with mir-137. However,
to the best our knowledge, the relationship between DUSP2
and prostate cancer has not been reported yet and our result
suggest that DUSP2 may have a role in prostate carcinogene-
sis, but this remains to be elucidated mechanistically. Recently,
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there have been many reports that miRNAs can act as onco-
genes and tumor suppressor genes to play important roles in
proliferation, invasion, migration, apoptosis, EMT, and other
malignant biological behaviors of tumor cells [31,32]. MiR-372,
one of the differentially expressed miRNAs in our study, has
been shown to inhibit prostate cancer cells migration and in-
vasion by targeting p65 [33]. In addition, mir-184, which was
also found to be differentially expressed in our study, has pre-
viously been reported as a potential signaling pathway in pros-
tate cancer, acting through the mir-184/Bcl-2 axis [34]. Several
new targets and potential mechanisms can be found in our
ceRNA network studies, which may provide the basis for fu-
ture research. Although IncRNAs have received much atten-
tion in recent years, the study of miRNAs is still very impor-
tant because it plays a pivotal role in ceRNAs.
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However, in our ceRNA network, only 3 IncRNAs could predict
patient survival. LINC00308 has been reported to be overex-
pressed in the testes, but the function of LINCO0308 has not
been studied [35]. Moreover, LINC0O0355, which has been re-
ported as deregulated in patients with sepsis, shows central
properties in the molecular pathways associated with disease
pathogenesis and gene expression regulatory loops that may
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Conclusions

To conclude, we have identified 3 novel IncRNAs — LINC00308,
LINC00355, and OSTN-AS1 — associated with prognosis of pros-
tate cancer, which could be clinically useful as potential prog-
nostic biomarkers for prostate cancer. However, the underlying
molecular mechanisms of action remain to be further eluci-

be involved in poor disease outcomes [36]. So far, none of the dated in functional studies.
3 differentially expressed IncRNA (LINC00355, LINC00308, and
OSTN-AS1) reported in our study has been shown to be asso-
ciated with cancer by other researchers. Hence, in the pres-
ent study, the expression of these 3 IncRNAs was evaluated
in prostate cancer lines. These IncRNAs were not only signif-
icantly associated with poor survival, but also were overex-

pressed in vitro.
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Supplementary Files

Supplementary Table 1. Differentially expressed mRNAs in prostate cancer.

Gene logFC logCPM PValue FDR
SERPINA5S —6.785068673 4.397738393 0 0
"""""""""" MFSD2A  -5966707923 34562381 0 0
"""""""""" ACSL6 4996876596 2406174962  498E299  297E-295
"""""""""" MCF2  -5267342895 0929684863 1598262  7.09E-259
"""""""""" EMX2  -6785444801 2244788495  B95E-260  320E-256
"""""""""" HOXBS ~ -6.244268143 1047398016 488E-250  145E-246
"""""""""" CLON2  -7911204171 321684931 1116247  282E-244
"""""""""" AKR1B1 ~ -3874547187 5715503602 603236  135E-232
"""""""""" SPNK2  -7.409528496 2678272683 7418236 1476232
"""""""""" CYP19A1  -5406080831 -1222596337 2056234  3.66E-231
"""""""""" KLHL14  -4247424278 1572359202  271E-206  441E-203
"""""""""" SPINKI3  -5528436256  -0.392023032 2656203 3956200
"""""""""" PATEZ 5418513576 0297970005 ~  142E-195 195E-192
"""""""""" TMEM114  -8.944978033 054167799 2546188  3.24E-185
"""""""""" NDRG4  -3.348067314 2992267305 341F-182 4076179
"""""""""" WNT9B  -4877722819 -0703836945  110E-181 1236178
"""""""""" CRTACL  -4292389971 2665559252 1296177 1356174
"""""""""" RASLIOB  -3465987979 2057893571 117E-166  116E-163
"""""""""" PP -7351408595 6495875509 333E-165  313E-162
"""""""""" ANXA13 551532869 0947383484  4I18E-165  374E-162
"""""""""" PATEA  -9213661816 3.236652784  241E-157 2056154
"""""""""" CYSLTR2  -3.722193167 1029914851  993E-155  8O7E-152
"""""""""" PAEP 9922475379 3345532284 148E-151 1156148
"""""""""" AQP2 929515775 4480800053 9.30E-151  693E-148
"""""""""" CA2  -4440192491 2780775663  554E-150  3.96E-147
"""""""""" CRISPL  -8667915771 160380184 5586149  3.84E-146
"""""""""" MGAM 4692243468 0243483116 7506149  497E-146
"""""""""" HOXB6  -4584092575 1419092909  102E-146  653E-144
"""""""""" SLC2A9 2696283469 2324688774  563E-140  347E-137
"""""""""" SPNT3 ~ -7.357342601 -1907652893 544137  324E-134
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Gene logFC logCPM PValue FDR
KCP —3.487546788 0.465803728 4.69E-136 2.70E-133
"""""""""" ANO1  -2868561416 5461105992 9818134  548E-131
"""""""""" C3orf36 ~ -3.509127685 036085329 107E-131  5.80E-129
"""""""""" ATP13A4  —4250554958 -0.531092553 1486130  7.79E-128
"""""""""" SLC13A2  -6292561769 1033617138 4238129  216E-126
"""""""""" KCNJS  -3.119719349 3007097953 7.69E-129 382126
"""""""""" PNMT ~ -4667142036 1022812758 283E-127 1376124
"""""""""" STACC  -4416170051 3417454375 866126 408E-123
"""""""""" ABCG2  -2809960333 3970415449  478E-124  219E-121
"""""""""" FAMS3A  -5078067363 -0012191609 378E-123  169E-120
"""""""""" SLC16A12  -3749170694 0162005786  537E-121 234118
"""""""""" SEMG2  -9.505742358 1032686946  868E-120 369117
"""""""""" Clorfl86  -3363933794 080475646 692E-119  288E-116
"""""""""" PAQRS  -2568199676 3692816808  402E-118 1636115
"""""""""" UGT2B7 ~  -5583084346  -0.640545992  763E-118 3036115
"""""""""" MRO  -3090785129 -0.234389189 154E-116  597E-114
"""""""""" SLCO4C1  -4798092265  -0.639044646  3.84E-116  146E-113
"""""""""" ACE2  -3568169252 0516117235 6466114  241E111
"""""""""" FUT3  -4111844574 0379086415 637E-113  233E-110
"""""""""" PTGES ~ -3.039801329 4655930611  492E-112 1766109
"""""""""" HS3STs ~ -4914778132  -1407416204  203E-110  7.10E-108
"""""""""" KIRREL3 ~ -3.012684881 -0.860795205 244E-109 840107
"""""""""" SEMG1 9757312184 1135548942 3.89E-108  131E-105
"""""""""" DEFB129 —-6.866593977 -2315654961 200E-107  662E-105
"""""""""" PAX2  -4064900582 0376708484  281E-106  9.13E-104
"""""""""" PK3C2G ~ -4380016398 0469725146 107E-102  340E-100
"""""""""" SLC46A2 4113213363  -1409293159 3176102  9.95E-100
"""""""""" SNAP25  -3062100018 2046817113  104E96 321694
"""""""""" lPL  -3698585 3897033258  173E-96 525604
"""""""""" PLA2G4A  -2306657328 3506160074 545696 162E93
"""""""""" HOXB9 ~  -3738394139 1187071894  696E-96 204E-93
"""""""""" POUSF3 ~  -7.820353855 1441534386 10293 293E91
"""""""""" SLC28A3  -4420709489 -022811352  413E91  117E-88
"""""""""" GSTM3 2283273278 5654161731 47991 134688
"""""""""" FRMD3 ~ -2232713406 2362727796  580E-91  160E-88
"""""""""" EVAIA  -2609102352 0046188518 632691 171E-88
"""""""""" PROM16 ~  -2585618819 0810572803 509E90 136E-87
"""""""""" FBP2  -3625501212  -0.395808669  9.04E90  238E-87
"""""""""" GCNT4  -2419664765 1308525087  2556-89  662E-87
"""""""""" cu 2575286197 9076442775 120688 3.06E-86
"""""""""" EDDM3A  -9915750757 0930978027 171E-88 430686
"""""""""" KCNJI6  -5300617001 133688112 9.23E-88  229E-85
"""""""""" KCNJI5  -3.274002031 1948780543 164E-87  402-85
"""""""""" PATE ~ -8559529455 439114703  4706-87 11484
"""""""""" KRT24  -4993860718 -205000135  141E-86 336E-84
"""""""""" SULT2A1  -6511620056  -1487548002 154E-84  358E-82
"""""""""" NPFFR2 ~ -4628734826 -1871185299 124E-82 28480
"""""""""" GNAO1 2487785948 3631013922 477681 108678
"""""""""" DEFB131A  -7.992232167 -2.717399459 112679 25177
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Gene logFC logCPM PValue FDR
PDK4 —3.01435869 6.971020626 2.35E-79 5.19E-77
"""""""""" UNCSB  -2.199076184 5027632209 267E-79 58377
"""""""""" CAMP  -353381043  -1328045181  963E-78  208E-75
"""""""""" SLC31A2 2111149911 0324281459 244877 520675
"""""""""" PON3 ~  -331897902 -0714040817 152676 320674
"""""""""" ADCYS 4727507179 -2.378656903 296E76 615674
"""""""""" TMEM238L 3460883798 0330286585  396E76  8.14E-74
"""""""""" EDDM3B  -9.095154357 -1282761718  153E-75 30873
"""""""""" lHX1  -6152126939 -2569155343  206E-75 40973
"""""""""" TMEM171  -2978213867 -2490124781 29973 588671
"""""""""" ELSPBP1  -5964830301 -2613099778  937E73  182E70
"""""""""" QPRT  -2396260233 2787898063 212E72  407E70
"""""""""" FAMI67A  -2899049257 2215708554 158E-71  300E-69
"""""""""" RASALL  -3.075775921  0.258555744  190E-71  357E-69
"""""""""" G0S2  -2281974698 2740748523  101E70 189668
"""""""""" SLC26A3 4713543952 4255428037 442670 815668
"""""""""" GLS3  -210224676  3.141701783  568E-69  104E-66
"""""""""" ADTRP  -3.145256188 1796113975 134E67 238865
"""""""""" PATE3 5878495255 -2049038515 654E-67  112E-64
"""""""""" PAX8  -3.163424949 2312640932 467E-66 795664
"""""""""" PALMV3  -2862055728 175017837 261E-65  436E-63
"""""""""" St -3550360086 50950826934 33865 560663
"""""""""" SCGBID4 6616957825 -3643904883 138664 227662
"""""""""" CA14 2628944503 1565656785 141E-64 229662
"""""""""" GRXCR1  -7.152527699 -1442456622 435664  7.00E-62
"""""""""" PIGS2  -3018672047 60997409 674E-64  108E-61
"""""""""" DEFB125 ~  -7.823009219 -3088436223 121E-63 19061
"""""""""" SP6 2048223343 2495992609 174863 270661
"""""""""" UG  -2797035036 2502758674 257E-63 39661
"""""""""" HOXB7 ~  -2.538554469 1469159627 412E-63  624E61
"""""""""" AOX1 2401455097 4820050441 783663  LI8E60
"""""""""" sIMi  -5801689063 -1342000003  8056-63 12060
"""""""""" TRMO 221544454 0284214026 128660 186E58
"""""""""" MUCLI  -3994926646 1918418391 11359 161657
"""""""""" TEDDM1 ~ -3162014508 -2397478949 184859 262657
"""""""""" GDPD2  -2614839978 -2578615619 13258  184E56
"""""""""" CYPAFS 4234944216 5957323259 46258 640656
"""""""""" HSPA6  -3.56230163 3163452791  140E-57  193E-55
"""""""""" PTGST  -2488186912 4442555664 150E-57 205655
"""""""""" HOXB5 ~  -3.507475786 -0.118278523 293E-57  394E55
"""""""""" ARC  -2791928795 1302315162 592657 77955
"""""""""" Coorf88  -2342319604 2417718221 727857  O48E55
"""""""""" APOBEC3C ~  -2037731259 4968381179 106E56 137654
"""""""""" TFAP2B  -3887211428  -2562766626 207656 266654
"""""""""" PADI3  -4318296193 0033579355 597E-5%6  763E-54
"""""""""" CESSA  -5399715292  -2273300712  688E-55  860E-53
"""""""""" ATPIA4  -2650615554 -0.8604139 112654 139652
"""""""""" ccDc27  -2.230774182  -2116580292 42754 527652
"""""""""" WFDC9  -7.370447463 -3418331864 12953 159651
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Gene logFC logCPM PValue FDR
DCAF12L1 -3.039717642 -2.084125111 3.70E-53 4.50E-51
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Gene logFC logCPM PValue FDR
SLC18A2 —2.562912473 1.63627357 1.20E-38 8.23E-37
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Gene logFC logCPM PValue FDR
TMEM252 —2.122053299 0.986298859 8.91E-31 3.52E-29
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Gene logFC logCPM PValue FDR
LINCO0694 —2.00291498 -2.423117021 7.37E-25 1.75E-23
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Gene logFC logCPM PValue FDR
CHP2 —2.13935326 1.031772412 5.59E-21 8.87E-20
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Gene logFC logCPM PValue FDR
CCER2 2.000918092 —0.3544635 1.48E-16 1.45E-15
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Gene logFC logCPM PValue FDR
NKX6-1 3.539257475 —-0.069017009 3.14E-13 2.11E-12
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Gene logFC logCPM PValue FDR
ROPN1L 2.092640047 —0.046359297 5.55E-11 2.83E-10

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

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)




Jiang T. et al.:

Identification of potential prostate cancer-related pseudogenes... LA B/ I N V I T RO R E S EA RC H

© Med Sci Monit, 2018; 24: 4213-4239

Gene logFC logCPM PValue FDR
SMR3A —2.635771323 -4.144131086 1.06E-08 4.01E-08
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Gene logFC logCPM PValue FDR
NWD2 2.691936171 —-1.688128902 5.21E-07 1.58E-06
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Gene logFC logCPM PValue FDR
CTAG2 4.925601332 —-0.782603962 1.32E-05 3.31E-05
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Gene logFC logCPM PValue FDR
TMA4SF5 2.007153954 —3.706723742 0.000236151 0.000489409

INS 2.330844774 —3.828167758 0.00568305 0.009495118

Supplementary Figure 1. Differentially expressed mRNAs in prostate cancer. The horizontal axis shows sample names in TCGA. The
right vertical axis means the mRNA names. Downregulated genes are green and upregulated genes are red.
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Supplementary Figure 2. Differentially expressed IncRNAs in prostate cancer. The horizontal axis shows sample names in TCGA. The
right vertical axis means the IncRNA names. Downregulated genes are green and upregulated genes are red.
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Supplementary Figure 3. Differentially expressed miRNAs in prostate cancer. The horizontal axis shows sample names in TCGA. The
right vertical axis means the miRNA names. Downregulated genes are green and upregulated genes are red.
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