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Comprehensive analysis of the aberrantly expressed
IncRNA-associated ceRNA network in breast cancer
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Abstract. Previous studies have suggested thatlong non-coding
RNAs (IncRNAs) are closely associated with human diseases,
particularly cancer, including cancer of the lung, breast and
stomach. A variety of IncRNAs are abnormally expressed in
cancer and participate in several pathways including cell prolif-
eration and apoptosis; these elements are closely associated
with the development of cancer. The Cancer Genome Atlas
(TCGA) is an important cancer database. It consists of clinical
data, genomic variation, mRNA, microRNA (miRNA) and
IncRNAs expression, methylation and other data for various
types of human cancer. In the present study, differential
expression of RNA was identified using the edgeR package. A
total 1,222 RNA sequencing profiles from patients with breast
cancer were downloaded from TCGA. A competing endoge-
nous RNA (ceRNA) network was constructed for breast cancer
based on miRcode and miRTarBase. The top 10 IncRNAs
were selected using Cox regression analysis. Survival analysis
was performed using Kaplan-Meier analysis. A total of
1,028 breast cancer-associated IncRNAs and 89 miRNAs (fold
change >2; P<0.05) were identified; among these, 93 IncRNAs
and 19 miRNAs were included in the ceRNA network.
Subsequently, 10 basic IncRNAs were selected and their
associations with overall survival were identified. In addition,
5 IncRNAs (ADAM metallopeptidase with thrombospondin
type 1 motif 9-antisense RNA 1, AL513123.1, chromo-
some 10 open reading frame 126, long intergenic non-protein
coding RNA 536 and Wilms tumor 1 antisense RNA) were
identified to be significantly associated with overall survival
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(P<0.05, log rank test). These results suggested that mRNAs,
IncRNAs and miRNAs were involved in pathological mecha-
nisms of breast cancer. The newly-identified ceRNA network
included 93 breast cancer-specific IncRNAs, 19 miRNAs
and 27 mRNAs. The results of the present study highlight
the potential of IncRNAs in understanding the development
and pathogenesis of breast cancer, and suggest novel concepts
and an experimental basis for the identification of prognostic
biomarkers and therapeutic targets for breast cancer.

Introduction

Breast cancer is one of the most widespread types of
cancer in females, and its incidence is increasing yearly. It
is expected that by 2018, the United States of America will
have ~266,120 incident cases of invasive breast cancer and
63,960 cases of in situ breast cancer. Furthermore, it is esti-
mated that 40,920 women will succumb to breast cancer (1).
Similarly, in China, the incidence of breast cancer is the
primary cause of mortality in women <45 years, followed
by colorectal, liver and esophageal cancer (2). Following
systemic treatment, patients with breast cancer continue to
experience recurrence and metastasis, and the majority of
patients eventually succumb to metastases. Therefore, it is
important to identify diagnostic and prognostic markers, and
potential therapeutic targets (3,4). The present study explored
the mechanisms through which long non-coding RNAs
(IncRNAs) act as competing endogenous RNAs (ceRNAs)
to regulate target genes and participate in the prognosis and
pathogenesis of breast cancer.

Over previous decades, 70-90% of the transcribed human
genome has been identified. Relevant data indicate that the
proportion of genes encoding proteins in the genome is >2%,
and non-coding RNA accounts for the majority of the human
transcriptome (5). Non-coding RNAs are a large class of
RNA molecules that do not encode proteins, but which serve
regulatory roles. Non-coding RNAs may be divided into three
classes, by length: <50 nucleotides (nt), including microRNA
(miRNA), small interfering RNA and Piwi-interacting RNA;
50-500 nt, including ribosomal RNA, transfer RNA, small
nuclear RNA, small nucleolar RNA and IncRNA; >500 nt,
including long mRNA-like non-coding RNAs and IncRNAs
without polyA tails (6). IncRNA is a generic term for a class of
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RNA molecules with lengths of >200 nucleotides, and is one of
the most active fields of study in molecular biology at present.
IncRNAs regulate the gene expression of tumor cells through
multiple modes of action, and therefore are widely involved
in the occurrence and metastasis of tumors (7-9). IncRNAs
are thought to serve an important role in the development
of cancer; however, only a few have been well-characterized
regarding their functional roles (10).

Differentially expressed ceRNAs have been identified in
a number of diseases, particularly in cancer. Previous studies
have demonstrated that ceRNAs affect the proliferation,
growth, differentiation, apoptosis and other biological behav-
iors of cancer cells (11-13). miRNA response elements (MREs)
are partially complementary sequences located on mRNAs
that bind to miRNAs, and may inhibit the expression of
miRNA target genes. miRNAs regulate hundreds of mRNAs,
and one miRNA may be regulated by hundreds of mRNAs.
Numerous types of RNA molecules constitute a ceRNA
regulatory network, and the more MREs that are shared
between them, the greater the potential for communication or
co-regulation of a target gene (14). Theoretically, almost every
RNA molecule possesses at least one MRE binding site that
binds to an miRNA, thereby forming a ceRNA association
with the corresponding miRNA (15). Among these, the inter-
action mechanisms between IncRNA and miRNA include:
miRNA binding to and degrading IncRNA; IncRNA acting as
miRNA sponge by binding to adsorbed miRNA; and trunca-
tion of IncRNA to generate miRNA (16). There is evidence
that IncRNAs interact with miRNAs and act as ceRNAs to
regulate the expression of miRNAs. CeRNAs serve important
roles together with cancer-associated genes, and they have
demonstrated potential in clinical tumor diagnosis and treat-
ment (17,18).

As the largest database of cancer gene information currently
available, The Cancer Genome Atlas (TCGA) includes
33 types of cancers in situ, advancing the understanding of the
molecular basis of the onset of these diseases and improving
the ability to diagnose, treat and prevent cancer. TCGA
comprises multiple levels of tumor data, including genomic,
transcriptomic, proteomic and epigenetic data (19). In the
present study, according to the analysis of RNA expression
profiles among 1,109 breast cancer tumor and 113 non-tumor
tissue samples, a IncRNA-miRNA-mRNA regulatory network
was successfully constructed. Furthermore, Cox regression
analysis was used to select the top 10 differentially expressed
IncRNAs (DEIncRNAs), to understand the function of
IncRNAs and their potential mechanisms in breast cancer.
Survival analyses were also performed to identify prognostic
genes.

Materials and methods

Study population. RNA sequencing data was downloaded
from TCGA (https://www.cancergenome.nih.gov/). As of
February 19, 2018, a total of 1,092 breast cancer cases were
collected in the database. Univariate Cox analysis was
performed using the library (survival) package in R software
(version 3.4.3; R: A Language and Environment for Statistical
Computing) (20) from the TCGA database. The present study
adhered to the TCGA publication guidelines.
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Screening differentially expressed genes. Breast cancer
mRNA and miRNA sequencing data were derived from 1,222
samples, including 1,109 tumor samples (cohort Tumor) and
113 normal samples (cohort Normal). Normal sample and
tumor sample data were then merged, and all expression values
equal to zero were removed. Comparing the data from normal
tissues with breast cancer samples, Perl language was used to
extract the mRNA matrix file data from the RNA sequencing
data (IncRNA, mRNA) downloaded by TCGA in the Windows
Environment, running the program with cmd.exe, and then
the data were converted into ensemble ID to obtain the gene
symbol matrix file. The gene symbol matrix file contained
the IncRNA and mRNA matrix, and gets-IncRNA symbol.
pl and get-mRNA symbol.pl scripts were used to obtain the
IncRNA symbol and mRNA symbol matrix data, respectively.
DEIncRNAs were measured using IncRNA symbol matrix
and ‘edgeR’ package in R software (version 3.4.3), with
thresholds of llog2 fold change (FC)I >2.0 and adjusted P<0.01.
DEmiRNAs were defined as those with llog2FCI| >2.0 and
adjusted P<0.01.

Constructing the ceRNA network in breast cancer. DEIncCRNAs
and DEmiRNAs were predicted using the miRcode
(http://www.miRcode.org/), starBase (http://starbase.sysu.edu.
cn/) (21), using miRTarBase online software to perform target
gene predictions on the screened differential miRNAs (22).
TargetScan (http:/www.targetscan.org/vert_72/) and miRDB
(http://mirdb.org/) databases were used to predict the targeting
relationship between DEmiRNA and DEmRNA. The target
DEmiRNA is entered into the database, which then shows all
the target genes that may interact with the target microRNA,
and then further screens the genes involved by the construc-
tion of a ceRNA network (23). To understand the functions
of miRNA and IncRNA with the ceRNA network, gene
co-expression network analysis was used, and the results were
visualized with Cytoscape 3.6.0 (24).

Top 10 aberrantly expressed IncRNAs in breast cancer. The
top 10 IncRNA were selected by receiver operating char-
acteristics (ROC) curve and area under the curve (AUC)
analysis. The prognostic roles of IncRNAs were examined
with Kaplan-Meier curve analysis, and the log-rank test was
conducted to distinguish survival time. P<0.05 was considered
to indicate a statistically significant difference.

Analysis the IncRNAs with gene expression profiling interac-
tive analysis (GEPIA). Similarly, IncRNA expression levels in
para-noncancerous tissues and cancer tissues were compared
using the GEPIA database (http:/gepia.cancer-pku.cn) (25),
which was used to analyze the RNA sequencing data of
33 types of cancers from TCGA database.

Survival analysis. Using the survival time data for breast
cancer in TCGA, the ‘Survival’ package in R software
(version 3.4.3) was used to analyze the specific IncRNA,
miRNA and mRNA associated with survival. Kaplan-Meier
survival analysis was performed to analyze the correla-
tion between DERNAs signature and breast cancer patient
prognosis. P<0.05 was considered to indicate a statistically
significant difference.
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Figure 1. Heatmap and volcano plots demonstrating differential IncRNA, mRNA and miRNA expression between normal and cancer samples. (A) Heatmap
of DEIncRNAs, DEmiRNAs and DEmRNAs. Sample clusters are included above the heatmap. Clusters of DEIncRNAs, DEmiRNAs and DEmRNAs are
noted on the left of the heatmap. Red represents upregulated genes and green represents downregulated genes. Normal samples (blue) are on the left side
of each heatmap, and tumor samples (pink) are on the right. (B) Volcano plots reflecting number, significance and reliability of differentially expressed
IncRNAs, miRNAs and mRNAs. Red dots indicate upregulation and green dots indicate downregulation of IncRNAs, miRNAs and mRNAs. Black dots show
the IncRNAs, miRNAs and mRNAs with expression of [log2FCl<2. The x-axis represents an adjusted FDR and the y-axis represents the value of log2 FC.
Aberrantly expressed IncRNAs were calculated by DESeq R. In total, 777 upregulated and 251 downregulated IncRNAs, 68 upregulated and 21 downregulated
miRNAs, and 1,434 upregulated and 721 downregulated mRNAs were identified. IncRNA, long non-coding RNA: miRNA, microRNA, DE, differentially

expressed; FC, fold change; FDR, false discovery rate.

Results

DEIncRNAs, DEmRNAs and DEmiRNAs. RNA expression
levels in 1,109 breast cancer tumor and 113 normal tissue
samples were investigated. Genes with llog2 FCI >1.5 and
adjusted P<0.01 were considered as differentially expressed.
The significant DEmiRNAs and DEmRNAs was identi-
fied in breast cancer samples. A total of 2,155 DEmRNAs,
89 DEmiRNAs and 1,028 IncRNAs were identified from
TCGA data set using the ‘edgeR’ package in R. Of these,
1,434 mRNAs, 68 miRNAs and 777 IncRNAs were upregu-
lated and 721 mRNAs, 21 miRNAs and 251 IncRNAs were
downregulated in breast cancer tissues compared with normal
tissues. The RNAs hierarchical clustering analyses are
presented in Fig. 1A, and it was demonstrated that the expres-
sion levels of these three types of RNAs were significantly
differentiated compared with the normal tissues. Finally,

volcano plots were generated, and differences between the
normal and tumor groups were identified (Fig. 1B).

miRNA targeting IncRNAs predicted by miRcode and
starBase. A total of 89 breast cancer-associated miRNAs
were identified to be expressed in breast cancer and normal
tissues. A total of 19 miRNAs were selected from 89 breast
cancer-associated miRNAs in TCGA (llog2 FCI >3; P<0.001;
Table I). It was identified that 19 miRNAs interacted with
93 IncRNAs (Table II).

miRNA targets predicted by miRTarBase. Based on the
miRNAs described in Table I, miRNA-targeted mRNA were
identified by searching the TargetScan, miRDB and miRTar-
Base databases. A total of 27 mRNAs were identified including
titin, chordin like 1, hydroxycarboxylic acid receptor 2,
transforming growth factor [ receptor 2, A-kinase anchoring
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Table I. Breast cancer-specific miRNAs in the competing endogenous RNA network.
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miRNA Expression change log2 FC (T/N) P-value FDR
hsa-miR-141 Upregulated 2.31454976 2.06x1078 6.36x10%
hsa-miR-200a Upregulated 2.197744863 5.86x107* 1.32x107
hsa-miR-145 Downregulated -2.240104939 4.89x10°1° 3.59x10-'%
hsa-miR-182 Upregulated 245599701 2.74x107 5.75x107°
hsa-miR-206 Downregulated -3.892802244 1.7x102 9.3x10%
hsa-miR-204 Downregulated -2.548901757 2.02x10°%! 3.29x10°%°
hsa-miR-21 Upregulated 2.26697984 5.18x10'" 2.54x107!"3
hsa-miR-375 Upregulated 2.657222381 8.83x10°% 5.36x10%
hsa-miR-183 Upregulated 3.040247685 3.28x10°1% 1.28x10104
hsa-miR-122 Upregulated 7.377192392 8.45x10°"3 2.46x10"
hsa-miR-96 Upregulated 3.37889678 5.04x10""3 2.28x10!"
hsa-miR-187 Upregulated 3.256099283 1.11x10% 5.49x10%
hsa-miR-301b Upregulated 2.966431803 7.76x10% 7.59x10%
hsa-miR-429 Upregulated 2.767154505 9.75x10%2 2.49x10%
hsa-miR-210 Upregulated 3.146252439 5.59x102 7.62x10!
hsa-miR-144 Downregulated -2.790913655 4.88x1071%° 1.59x10®
hsa-miR-137 Upregulated 2.533383379 6.50x10" 1.48x10"°
hsa-miR-184 Upregulated 4.310580766 1.02x10% 4.84x10
hsa-miR-100 Downregulated -2.005872118 3.19x10% 7.8x107°

hsa, Homo sapiens; miR, microRNA; FC, fold change; T/N, tumor/normal; FDR, false discovery rate.

protein 12, sprout RTK signaling antagonist 2, kelch like
family member 40, sterile a motif domain containing 5,
transcription elongation factor A like 7, KIT proto-onco-
gene receptor tyrosine kinase, cyclin Bl1, cell adhesion
molecule L1 like, WAS protein family member 3, fibroblast
growth factor (FGF) 2, SHC binding and spindle associated 1,
serine rich and transmembrane domain containing 1, karyo-
pherin a 2 (KPNA?2), neurotrophic receptor tyrosine kinase 2
(NTRK2), cyclin E2, secreted frizzled related protein 1
(SFRPI), par-6 family cell polarity regulator §, ELAV like
RNA binding protein 2, FGF receptor 3, cadherin 2, C-C
motif chemokine ligand 20, solute carrier family 1 member 1
and homeobox B5 (Table III).

Construction of a ceRNA network in breast cancer. To improve
the understanding of the role of DEIncRNAs in breast cancer,
a ceRNA network was constructed based on co-expressed
IncRNAs-miRNAs and miRNAs-mRNAs. As demonstrated
in Fig. 2, the ceRNA network was composed of 93 IncRNAs,
27 mRNAs and 19 miRNAs.

ROC analysis of breast cancer-specific IncRNAs. The 93
miRNAs targeting IncRNAs in breast cancer predicted by
miRcode and starBase were selected. Then, Perl script was
used to obtain the survival analysis data, and the clinicalexp
file (IncRNA name, patient survival time, survival state) was
combined with the survival data for univariate Cox analysis.
In the univariate Cox analysis data, when the hazard ratio
HR >1, this indicated that the higher the gene expression,
the higher the risk of mortality, that is, the expression of the
gene is contrary to survival. HR <1, indicated that the higher

the expression of gene, the lower the risk of mortality, that is,
the higher the survival rate. Survival-associated genes were
then listed in order of ascending P-value, and the top 13
IncRNAs with P<0.05 were selected. IncRNAs were selected
subsequent to entering the screening gene code in R software
(version 3.4.3). Finally, the top 10 IncRNAs associated with
breast cancer survival analysis were screened (Table IV;
Fig. 3). These included: ADAM metallopeptidase with throm-
bospondin type 1 motif 9-antisense RNA 1 (ADAMTS9-AS1),
AC061992.1, Wilms tumor 1 antisense RNA (WTI1-AS),
long intergenic non-protein coding RNA 536 (LINC00536),
AL391421.1, SLIT-ROBO Rho GTPase activating protein 3
antisense RNA 2 (SRGAP3-AS2), Prader-Willi region
non-protein coding RNA 1 (PWRNI1), family with sequence
similarity 230 member G (AC007731.1), chromosome 10 open
reading frame 126 (C100rf126) and AL513123.1. Of these, the
levels of ADAMTS9-AS1 and PWRNI1 were downregulated in
breast cancer tissues. The other 8 IncRNAs were upregulated
in cancer tissues compared with in normal tissues. A total of
6 IncRNAs exhibited high prognostic values for distinguishing
tumor tissues from normal tissues, with AUC values of >0.99.

Additional analysis for the selected IncRNAs expres-
sion. GEPIA results (Fig. 4A) revealed upregulation of
ADAMTS9-ASI in kidney renal clear cell carcinoma (KIRC),
kidney renal papillary cell carcinoma (KIRP) and prostate
adenocarcinoma (PRAD). As demonstrated in Fig. 4B, the
results also identified that WT1-AS levels were significantly
increased in acute myeloid leukemia, ovarian cancer (OV),
uterine corpus endometrial carcinoma (UCEC) and uterine
carcinosarcomas compared with in normal tissues. Notably,
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Table II. DEIncRNAs interacting with the 19 DEmiRNAs retrieved from the miRcode database.

IncRNA miRNAs

AGAPI11 hsa-miR-141, hsa-miR-200a, hsa-miR-145, hsa-miR-182, hsa-miR-206, hsa-miR-204, hsa-miR-21,
hsa-miR-375

C20rf48 hsa-miR-183, hsa-miR-204, hsa-miR-122

SHANK?2-AS3 hsa-miR-96, hsa-miR-145, hsa-miR-187, hsa-miR-204, hsa-miR-122

C200rf166-AS1 hsa-miR-301b, hsa-miR-183, hsa-miR-429, hsa-miR-375

Cl5orf54 hsa-miR-301b, hsa-miR-182, hsa-miR-206, hsa-miR-429, hsa-miR-375

AC127496.1 hsa-miR-96, hsa-miR-182, hsa-miR-183, hsa-miR-204, hsa-miR-210, hsa-miR-122

MIR7-3HG hsa-miR-145, hsa-miR-204

LINC00305 hsa-miR-144, hsa-miR-204

C100rf91 hsa-miR-429, hsa-miR-204, hsa-miR-122

WTI1-AS hsa-miR-96, hsa-miR-141, hsa-miR-200a, hsa-miR-145, hsa-miR-182, hsa-miR-206, hsa-miR-429,
hsa-miR-375

LINC00518 hsa-miR-141, hsa-miR-200a, hsa-miR-145, hsa-miR-206, hsa-miR-204, hsa-miR-375

LINC00221 hsa-miR-301b, hsa-miR-96, hsa-miR-182, hsa-miR-204, hsa-miR-21

TCL6 hsa-miR-301b, hsa-miR-96, hsa-miR-137, hsa-miR-144, hsa-miR-145, hsa-miR-182, hsa-miR-183,
hsa-miR-187, hsa-miR-206, hsa-miR-204, hsa-miR-210, hsa-miR-122, hsa-miR-375

AC009093.1 hsa-miR-183, hsa-miR-122

C170rf102 hsa-miR-96, hsa-miR-145, hsa-miR-206, hsa-miR-429, hsa-miR-21

AC135178.1 hsa-miR-122

AF241725.1 hsa-miR-145

MUC2 hsa-miR-145, hsa-miR-182, hsa-miR-183, hsa-miR-184, hsa-miR-429, hsa-miR-210, hsa-miR-122

RMRP hsa-miR-206, hsa-miR-122

Clorf137 hsa-miR-204

AL391421.1 hsa-miR-137, hsa-miR-144

TDRGI1 hsa-miR-122

C100rf126 hsa-miR-141, hsa-miR-200a, hsa-miR-206, hsa-miR-375

MUCI19 hsa-miR-301b, hsa-miR-96, hsa-miR-137, hsa-miR-144, hsa-miR-145, hsa-miR-182, hsa-miR-184,
hsa-miR-187, hsa-miR-206, hsa-miR-429, hsa-miR-204, hsa-miR-122, hsa-miR-375

UCALl hsa-miR-96, hsa-miR-182, hsa-miR-184, hsa-miR-206, hsa-miR-122

LINC00488 hsa-miR-96, hsa-miR-144, hsa-miR-206, hsa-miR-21, hsa-miR-122

LINC00243 hsa-miR-96, hsa-miR-145, hsa-miR-182, hsa-miR-206, hsa-miR-122, hsa-miR-375

AL356479.1 hsa-miR-429

AL356310.1 hsa-miR-206

AC080037.1 hsa-miR-429

AL513123.1 hsa-miR-141, hsa-miR-200a, hsa-miR-183

LGALSS-AS1 hsa-miR-122

SMCR2 hsa-miR-145, hsa-miR-183, hsa-miR-204

PHEX-AS1 hsa-miR-301b, hsa-miR-96, hsa-miR-145, hsa-miR-182, hsa-miR-204, hsa-miR-122

LINC00466 hsa-miR-96, hsa-miR-137, hsa-miR-141, hsa-miR-200a, hsa-miR-144, hsa-miR-183, hsa-miR-206,
hsa-miR-429, hsa-miR-204, hsa-miR-21

CHL1-AS2 hsa-miR-183

TSSCI1-IT1 hsa-miR-137, hsa-miR-141, hsa-miR-200a, hsa-miR-183

LINCO00337 hsa-miR-145, hsa-miR-182, hsa-miR-375

LINCO00113 hsa-miR-145

LINCO00351 hsa-miR-21, hsa-miR-375

ADIPOQ-AS1 hsa-miR-144, hsa-miR-145, hsa-miR-182, hsa-miR-183, hsa-miR-184, hsa-miR-122, hsa-miR-375

NAALADL2-AS2 hsa-miR-183, hsa-miR-206

LINCO00355 hsa-miR-141, hsa-miR-200a, hsa-miR-122

LINC00392

hsa-miR-183
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Table II. Continued.
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IncRNA miRNAs

HOTAIR hsa-miR-301b, hsa-miR-206, hsa-miR-204, hsa-miR-21, hsa-miR-375

SRGAP3-AS2 hsa-miR-145, hsa-miR-206

HCG23 hsa-miR-145

LINC00200 hsa-miR-183, hsa-miR-204

LINC00404 hsa-miR-141, hsa-miR-200a

SACS-AS1 hsa-miR-144, hsa-miR-187

EMX20S hsa-miR-182, hsa-miR-183, hsa-miR-184, hsa-miR-210

ATXNSOS hsa-miR-145, hsa-miR-183, hsa-miR-204, hsa-miR-210, hsa-miR-122hsa-miR-375

LINC00210 hsa-miR-96, hsa-miR-206, hsa-miR-204

TLRS&-AS1 hsa-miR-182, hsa-miR-187, hsa-miR-206, hsa-miR-204

LINC00460 hsa-miR-206, hsa-miR-429

POUG6F2-AS2 hsa-miR-137, hsa-miR-187, hsa-miR-375

BOK-AS1 hsa-miR-184

MAGI2-AS3 hsa-miR-137, hsa-miR-141, hsa-miR-200a, hsa-miR-144, hsa-miR-145, hsa-miR-429, hsa-miR-204,
hsa-miR-210, hsa-miR-122

CHL1-AS1 hsa-miR-137, hsa-miR-187

FNDCI-IT1 hsa-miR-144

DSCAM-AS1 hsa-miR-137, hsa-miR-141, hsa-miR-200a, hsa-miR-204, hsa-miR-122

LINC00484 hsa-miR-141, hsa-miR-200a, hsa-miR-187, hsa-miR-206, hsa-miR-122

ARHGEF7-AS2 hsa-miR-187, hsa-miR-210, hsa-miR-122, hsa-miR-375

RBMS3-AS3 hsa-miR-96, hsa-miR-182, hsa-miR-204

LINC00445 hsa-miR-375

NDP-AS1 hsa-miR-145, hsa-miR-206hsa-miR-122

AC009121.1 hsa-miR-141, hsa-miR-200a

CLRN1-AS1 hsa-miR-137, hsa-miR-206, hsa-miR-429, hsa-miR-204

PDZRN3-AS1 hsa-miR-141, hsa-miR-200a

AC080129.1 hsa-miR-122

AL109754.1 hsa-miR-122

MME-AS1 hsa-miR-100, hsa-miR-182, hsa-miR-429

LSAMP-AS1 hsa-miR-183, hsa-miR-375

ADAMTS9-AS1 hsa-miR-301b, hsa-miR-96, hsa-miR-144, hsa-miR-145, hsa-miR-182, hsa-miR-21

SYNPR-AS1 hsa-miR-96, hsa-miR-182, hsa-miR-375

ADAMTS9-AS2

AC007731.1
AL139002.1
PEXS5L-ASI
AC061992.1
AP000553.1
LINCO00461

ALDHIL1-AS2
MAST4-1T1
LINCO00536
OPCML-IT1
C8orf49
AL589642.1

AC040173.1
LINCO00524

hsa-miR-301b, hsa-miR-96, hsa-miR-137, hsa-miR-141, hsa-miR-200a, hsa-miR-144, hsa-miR-145
hsa-miR-182, hsa-miR-183, hsa-miR-184, hsa-miR-204, hsa-miR-122, hsa-miR-375

hsa-miR-183

hsa-miR-301b, hsa-miR-210

hsa-miR-141, hsa-miR-200a

hsa-miR-301b, hsa-miR-204, hsa-miR-122

hsa-miR-122

hsa-miR-96, hsa-miR-137, hsa-miR-141, hsa-miR-200a, hsa-miR-144, hsa-miR-145, hsa-miR-204,
hsa-miR-210, hsa-miR-122

hsa-miR-301b, hsa-miR-145, hsa-miR-210

hsa-miR-204

hsa-miR-96, hsa-miR-137, hsa-miR-182, hsa-miR-204

hsa-miR-184, hsa-miR-375

hsa-miR-301b, hsa-miR-100, hsa-miR-184, hsa-miR-429, hsa-miR-122, hsa-miR-375

hsa-miR-141, hsa-miR-200a, hsa-miR-145, hsa-miR-182, hsa-miR-183, hsa-miR-429, hsa-miR-204,
hsa-miR-210, hsa-miR-122

hsa-miR-96, hsa-miR-144, hsa-miR-182, hsa-miR-183, hsa-miR-429

hsa-miR-204
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Table II. Continued.

IncRNA miRNAs

LINC00052 hsa-miR-145, hsa-miR-187

PWRNI1 hsa-miR-137, hsa-miR-144, hsa-miR-145, hsa-miR-184, hsa-miR-21, hsa-miR-122

LINC00261 hsa-miR-301b, hsa-miR-144, hsa-miR-145, hsa-miR-182, hsa-miR-183, hsa-miR-206, hsa-miR-429,

hsa-miR-204, hsa-miR-375

DE, differentially expressed; IncRNAs, long non-coding RNAs; hsa, Homo sapiens; miR, microRNA.

Table III. Breast cancer-specific mRNAs in the competing endogenous RNA network.

mRNA Gene ID Expression change log2 FC (T/N) P-value FDR
TTN ENSGO00000155657 Downregulated -4.950085607 0.001 0.001
CHRDLI1 ENSG00000101938 Downregulated -4.384645164 5.38x10% 8.81x102#
HCAR2 ENSG00000182782 Downregulated -3.359595565 2.72x102% 3.83x10%
TGFBR2 ENSG00000163513 Downregulated -2.148190475 4.53x10°"%2 4.04x10°1%
AKAPI12 ENSG00000131016 Downregulated -2.630546355 1.93x10°'% 1.68x10°'7®
SPRY2 ENSGO00000136158 Downregulated -2.373343848 3.08x10'" 2.63x10"77
KLHLA40 ENSGO00000157119 Downregulated -7.140824495 5.06x10'%° 3.06x10'4
SAMDS5 ENSG00000203727 Downregulated -2.921601554 1.42x1013* 5.06x101%°
TCEAL7 ENSG00000182916 Downregulated -2.087672875 1.82x10"* 7.64x107'%°
KIT ENSG00000157404 Downregulated -2.904876101 5.47x10"% 2.24x107'8
CCNB1 ENSGO00000134057 Upregulated 2.641558633 5.60x10°'"° 2.22x107"7
CHLI ENSG00000134121 Downregulated -2.893484253 3.51x10'" 1.31x10'"
WASF3 ENSG00000132970 Downregulated -2.100371097 1.12x10'™ 3.94x10°'1°
FGF2 ENSGO00000138685 Downregulated -2.663380621 2.96x1071% 8.7x10°1!
SHCBP1 ENSG00000171241 Upregulated 2.674370272 3.03x10% 6.84x10%¢
SERTM1 ENSG00000180440 Downregulated -3.596825432 3.8x10® 7.75x10%
KPNA2 ENSG00000182481 Upregulated 2.232771491 8.08x10% 1.64x107°
NTRK2 ENSG00000148053 Downregulated -2.532210134 3.89x10™ 6.46x10%
CCNE2 ENSGO00000175305 Upregulated 2.495744882 6.12x107° 1.01x10°8
SFRP1 ENSG00000104332 Downregulated -2.49717591 1.76x104 1.59x10%
PARD6B ENSG00000124171 Upregulated 2.263852741 8.63x10% 5.35x10*
ELAVL2 ENSG00000107105 Upregulated 2.693339772 2.05x10 1.25x10%
FGFR3 ENSG00000068078 Upregulated 2472470941 5.52x10% 3.06x10%
CDH2 ENSG00000170558 Upregulated 2.639030107 4.82x102# 2.26x107%
CCL20 ENSG00000115009 Upregulated 2.568683156 1.40x10* 5.69x10%
SLC1Al ENSG00000106688 Upregulated 2.352249029 3.02x102 1.06x102%°
HOXBS5 ENSG000001200755 Upregulated 2001121261 1.91x10°" 5.15x10°"

FC, fold change; T/N, tumor/normal; FDR, false discovery rate.

the increased expression of LINC00536 was demonstrated
in breast invasive carcinoma, while a decreased expression
was demonstrated in testicular germ cell tumors (TGCT)
(Fig. 4C). Furthermore, increased SRGAP3-AS2 expression
was identified in adenoid cystic carcinoma, cholangiocarci-
noma, OV and UCEC, while significant downregulation of
SRGAP3-AS2 was observed in lung adenocarcinoma and
lung squamous cell carcinoma (LUSC) (Fig. 4D). PWRNI1
was observed to be downregulated in thyroid carcinoma

and upregulated in TGCT, pheochromocytoma and paragan-
glioma (Fig. 4E). A decreased expression of C100rf126 was
identified in KIRC, KIRP and liver hepatocellular carcinoma
(Fig. 4F).

Survival analysis. The top 10 IncRNAs were selected using
ROC analysis. As demonstrated in Fig. 5, the expression levels
of 5 DEIncRNAs, including ADAMTS9-AS1, AL513123.1,
Cl10o0rf126, LINC00536 and WT1-AS, were associated with
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Table IV. Top 10 aberrantly expressed IncRNAs and AUC values in breast cancer.

IncRNA Gene ID Expression change log2 FC (T/N) AUC P-value
ADAMTS9-AS1 ENSG00000241158 Downregulated -2.746216755 0.888 <0.05
AC061992.1 ENSG00000266970 Upregulated 2.140133828 0.867 <0.05
WT1-AS ENSG00000183242 Upregulated 4.901360082 1.102 <0.05
LINC00536 ENSG00000249917 Upregulated 2.721025285 1.110 <0.05
AL391421.1 ENSG00000204049 Upregulated 3.149701497 0.940 <0.05
SRGAP3-AS2 ENSG00000228723 Upregulated 4.608297544 0.889 <0.05
PWRNI1 ENSG00000259905 Downregulated -2.274243394 1.243 <0.05
AC007731.1 ENSG00000188280 Upregulated 2.840014701 1.182 <0.05
C100rf126 ENSG000002043655 Upregulated 3.688082405 1.183 <0.05
AL513123.1 ENSG00000236347 Upregulated 2.905568621 1.194 <0.05

IncRNA; long-non-coding RNA; FC, fold change; T/N, tumor/normal; AUC, area under the curve.
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overall survival (P<0.05). A total of 2 miRNAs (hsa-miR-204
and hsa-miR-301b) were associated with overall survival
(P<0.05; Fig. 6). In addition, 3 mRNA (KPNA2, NTRK2
and SFRP1) were associated with overall survival (P<0.05;
Fig. 7).

Discussion

In previous years, much attention has been paid to breast
cancer pathogenesis. Nevertheless, clinical outcomes
remain highly heterogeneous. Nik-Zainal ef al (26) analyzed
genome-wide data from 560 patients with breast cancer
and identified that 93 oncogenes involved in the encoded
proteins may cause breast cancer. Prognosis is an important
indicator of disease treatment. Bioinformatics methods
have been used to investigate the prognostic significance of
IncRNAs in breast cancer. Several studies has also indicated
that the aberrant expression of IncRNAs contributes to the
development of different types of cancer: Xiao er al (27)
revealed that MALAT1 may be used as a ceRNA to promote
the expression of ZEB2 by expanding miR-200s, and may
be a therapeutic target for kidney cancer; Wang et al (28)

demonstrated that UCA1 and AATBC are not only included
in the ceRNA network, but are also associated with overall
survival in muscle-invasive bladder cancer; Chen et al (25)
suggested that the top 10 aberrantly expressed IncRNAs iden-
tified in their study served important roles in LUSC through
an IncRNA-mRNA network; and Li et al (29) described a
novel gastric cancer-specific ccRNA network including 11
IncRNAs, 9 miRNAs and 41 mRNAs.

ceRNA transcripts may be used to competitively bind the
same MRE with miRNAs, thereby relieving or mitigating
the inhibitory effects of miRNAs on target genes. MREs
are the basis for miRNA function, and other non-coding
genes also interact with miRNAs through MREs. Recently,
Zhou et al (30) used a Pearson's correlation analysis of
miRNA-gene pairs to construct breast cancer-specific ceRNA
networks. Regulation of phosphatase and tensin homolog
expression in a 3' untranslated region-and miRNA-dependent
manner in breast cancer has been identified in another
study (31). Furthermore, ceRNA crosstalk may be associated
with regulatory mechanisms in breast cancer. Shen et al (32)
and Yang et al (33) demonstrated that FAM83H-AS1
appeared to be a novel prognostic biomarker in breast cancer.



4706

= Normal
B Tumor

>
10

Relative expression
6

I, b
|
-

KIRC KIRP PRAD
C 0 = Normal
o~ H Tumor
=
S
W &
w K
2 v .
o — »
o ©
> b
2
S 2 .
TGCT
E 0o e = Normal
B Tumor
s i
2 o &3 B
o
a ' b}
> i H & .
O \
[0} i
- i @ 55 &
& - | }-‘ !
. e
3 r

TGCT THCA PCPG

TUERSONG et al: ANALYSIS OF IncRNA-ASSOCIATED ceRNA NETWORK IN BREAST CANCER

B Normal
o Tumor ) .
c © : : :
S ; 59 g 3
B ; :
2 S B
5 T o = H
2 @F
: - m B
[}
o th
o i . Fa
LAML oV UCEC ucs
D ©01m Normal
M Tumor
s
& (o]
1]
@
G
s ¥
@
=
T ooy
] I
4 . i
o MR L
ACC CHOL LUAD LUSC OV UCEC
F MNormal
O |® Tumor
c @ —
o w] :
»w o .
& o T
g o
s «l
o - .
= <
E — -l e
& w0
o
=1 ujLEdb

KIRC KIRP LIHC
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ADAMTS9-AS1, ADAM metallopeptidase with thrombospondin type 1 motif 9-antisense RNA 1; WT1-AS, Wilms tumor 1 antisense RNA; LINC00536,
long intergenic non-protein coding RNA 536; SRGAP3-AS2, SLIT-ROBO Rho GTPase activating protein 3 antisense RNA 2; PWRNI, Prader-Willi region
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Cheang et al (34) revealed that patients with breast cancer
with high HER-2 protein expression levels and Ki67 index
exhibited poor recurrence and disease-specific survival rates.
Yuan et al (35) identified that the ceRNA crosstalk network in
triple negative breast cancer included the differential expres-
sion of 22 hub mRNAs, 11 miRNAs and 14 IncRNAs. The
present study obtained IncRNA, mRNA and miRNA data from
TCGA to construct breast cancer-associated ceRNA networks,
studied the regulatory mechanisms of IncRNA as ceRNAs in
the progression of cancer, and also investigated their potential
as prognostic biomarkers and therapeutic targets in breast
cancer. A ceRNA network with differential expression of 27
mRNAs, 19 miRNAs and 93 IncRNAs was constructed.

The present study investigated the IncRNA expression profiles
of a large cohort of patients in TCGA. A total of 93 DEIncRNAs
were identified in breast cancer samples compared with the
normal samples. Among these, the top 10 IncRNA were
significantly associated with overall survival. Furthermore, it
was observed that the IncRNAs ADAMTS9-AS1, AL513123.1,
C100rf126, LINC00536 and WT1-AS were included in the
ceRNA network. Therefore, we hypothesized that these
IncRNAs may serve significant roles in the pathogenesis and
prognosis of breast cancer. Wang et al (36) revealed that anti-
sense IncRNA ADAMTS9-AS1 was associated with the nearby
coding gene ADAMTS9, which was involved in ovarian
cancer progression. Li ef al (37) identified that the IncRNA
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ADAMTS9-ASI served as a novel prognostic biomarker for
clinical application in esophageal squamous cell carcinoma.
Crippa et al (38) hypothesized that LINC00536 disruption may
have contributed to the onset of the clinical trichorhinophalan-
geal syndrome-like phenotype. Wang et al (39) suggested that
WT1 was overexpressed in human hepatocellular carcinoma
tissues, and was negatively correlated with overall survival in
patients with hepatocellular carcinoma.

In the present study, a novel ceRNA network was
constructed to identify the associations between miRNAs and
IncRNAs. miRNAs also serve important roles in cell differ-
entiation, biological development and disease progression.
Several previous data have demonstrated that the mutual regu-
lation between IncRNAs and miRNAs and their downstream
target genes are closely associated with the occurrence and
development of cancer (40-42). Zhang et al (43) used reverse
transcription quantitative polymerase chain reaction and
in situ hybridization for breast cancer tissue samples and cell
lines. Cell phenotype experiments were performed to verify
that IncRNA-GASS exon 4 bound miR-21 and inhibited the
occurrence and development of breast cancer cells (43). The
present study demonstrated that hsa-miR-204 was down-
regulated and hsa-miR-301b was upregulated in patients
with breast cancer compared with healthy controls, and was
associated with overall survival. Yuan et al (44) revealed that
miR-204 suppressed the proliferation and metastasis of gastric
cancer cells. Todorova et al (45) identified that miR-204
promoted prostate cancer-associated androgen-responsive
genes and androgen receptor (AR) target genes and AR
co-regulated molecules. Abmutalib et al (46) hypothesized
that hsa-miR-301b may be involved in regulating lymph node
metastasis in papillary thyroid carcinoma via interactions
with hepatic leukemia factor, hypoxia-inducible factor and
REL/nuclear factor kappa-light-chain-enhancer of activated
B cells. Geng et al (47) demonstrated that overexpression of
hsa-miR-301b significantly affected the cell cycle of human
lung adenocarcinoma A549 cells. ccRNAs have been impli-
cated in several biological processes, and abnormalities in the
ceRNA network may lead to tumorigenesis.

In summary, the present study investigated IncRNA-medi-
ated ceRNA interactions using miRNA, IncRNA and mRNA
expression profiles in cancer and normal tissues. The results
suggested that cancer-specific IncRNAs in breast cancer may
be involved in the regulation of a complex ceRNA network.
These data may provide novel insights into the clinical
significance and regulatory mechanisms of IncRNA-mediated
ceRNA networks, and identify novel IncRNAs as potential
prognostic biomarkers and therapeutic targets for the diag-
nosis and treatment of breast cancer.
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