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Abstract

Objective: The objective was to explore the expression and potential functions of long non-

coding RNA (lncRNA) and mRNAs in human breast cancer (BC).

Methods: Differentially expressed lncRNAs and mRNAs were identified and annotated in BC

tissues by using the Agilent human lncRNA assay (Agilent Technologies, Santa Clara, CA, USA)

and RNA sequencing. After identification of lncRNAs and mRNAs through quantitative reverse

transcription polymerase chain reaction, we conducted a series of functional experiments to

confirm the effects of knockdown of one lncRNA, TCONS_00029809, on the progression of BC.

Results: We discovered 238 lncRNAs and 200 mRNAs that were differentially expressed in BC

tissues and para-carcinoma tissue. We showed that differentially expressed mRNAs were related

to biological adhesion and biological regulation and mainly enriched in cytokine-cytokine receptor

interaction, metabolic pathways, and PI3K-Akt signaling pathway. We created a protein–protein

interaction network to analyze the proteins enriched in these pathways. We demonstrated that

silencing of TCONS_00029809 remarkably inhibited proliferation, invasion, and migration of BC

cells, and accelerated their apoptosis.

Conclusions: We identified a large number of differentially expressed lncRNAs and mRNAs,

which provide data useful in understanding BC carcinogenesis. The lncRNA TCONS_00029809

may be involved in the development of BC.
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Introduction

Breast cancer (BC) has become one of the
most widespread tumors among women in
the world, and its incidence is increasing.1,2

An estimated 2.1 million new cases of BC
occurred worldwide in 2018.3 BC has the
highest mortality rate of tumors in
women, and metastasis and recurrence are
the leading causes of death.4,5 Although a
variety of treatments such as surgery, che-
motherapy, radiation therapy, and endo-
crine therapy can suppress the growth of
primary tumors, metastasis remains the
greatest challenge in the treatment of
BC.6,7 About 90% of all cancer-related
deaths are associated with tumor metasta-
sis.8 At present, the early diagnosis of BC is
very difficult due to the lack of sensitive
diagnostic markers.9 In patients diagnosed
with BC, most have already had lymph
node metastasis or even distant metastasis
in multiple organs, and the clinical treat-
ment and prognosis are unsatisfactory.10,11

Therefore, an in-depth study of BC
metastasis-related genes and signaling path-
ways is of great importance for accurate
and early clinical diagnosis, judgment of
efficacy, and prediction of progress. This
information could help identify new thera-
peutic targets for BC.

Long noncoding RNAs (lncRNAs) are
endogenous single-stranded RNAs that do
not encode proteins, with a transcription
length from 200 bp to 1000 kb.12,13

LncRNA is transcribed by RNA polymer-
ase II without an open reading frame.14

Studies have shown that lncRNA can

regulate DNA methylation, histone modifi-
cation, and chromosome remodeling via
epigenetics, transcriptional regulation, and
post-transcriptional regulation, among
others.15,16 Moreover, lncRNA participate
in various vital biological regulatory pro-
cesses, including X chromosome silencing,
genomic imprinting, transcriptional activa-
tion, transcriptional interference, and intra-
cellular transport.17,18 Numerous studies
have shown that lncRNAs can affect
multiple biological activities, such as cell
proliferation, apoptosis, invasion, and
migration.19–21 Currently, genome-wide

association studies (GWAS) in BC have
uncovered a large number of cancer-
related lncRNAs.22–24 The tissue-specific
expression of lncRNAs and the GWAS
results indicate that lncRNAs, as a class
of new biomarkers, have numerous poten-
tial applications in cancer therapy.
However, the exact functions and mecha-
nisms of the many lncRNAs involved in
the pathogenesis of BC have not been
fully elucidated. Therefore, there is an
urgent need to investigate the regulatory
mechanism of lncRNAs in BC.

In the current study, we established the
expression profiles of lncRNAs and
mRNAs in BC tissues and paired adjacent
normal tissues using the Agilent human
lncRNA assay (Agilent Technologies,
Santa Clara, Ca, USA) and RNA sequenc-
ing, respectively. We predicted the potential
functions and pathways of differentially
expressed mRNAs by conducting Gene
Ontology (GO) and Kyoto Encyclopedia
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of Genes and Genomes (KEGG) pathway
analyses. We assessed the expression levels

of the most promising lncRNAs and
mRNAs in BC. Moreover, we demonstrat-
ed the effects of knockdown of one such

promising lncRNA, TCONS_00029809, on
the malignant behavior of BC cells. Our

study generated a large amount of data,
which might include underlying markers
and therapeutic targets for the diagnosis

and therapy of BC.

Materials and Methods

Clinical samples

BC tissue and paired para-carcinoma tissue
samples (3 cm from the tumor) were collect-
ed from patients with BC who underwent

surgical treatment in Nanfang Hospital,
Southern Medical University. The patients

did not receive iodine ablation or other
treatment before surgery. The pathologic
classification of BC was confirmed by two

pathologists using a double-blind method.
In the current study, we focused on breast

invasive ductal carcinoma (IDC) tissues.
Within 15 minutes of collection, samples
were stored in liquid nitrogen to prevent

secondary freezing-thawing and the samples
were transported for analysis on dry ice. All

patients provided written informed consent
for collection of the samples. This research
was approved by the Ethics Committee of

the Nanfang Hospital, Southern Medical
University (approval number: NFEC-
202101-K14-01).

RNA extraction and purification

In accordance with the manufacturer’s

instructions, total RNA was extracted
using the mirVana miRNA Isolation Kit
(cat. no. AM1561, Ambion, Austin, TX,

USA). A NanoDrop ND-1000 spectropho-
tometer (Nanodrop/Thermo Fisher
Scientific, Waltham, MA, USA) was used

to determine the purity and concentration
of total RNAs. The integrity of RNA was
confirmed by electrophoresis on a denatur-
ing agarose gel. All RNA samples were
checked for purity (optical density 260/
280) using a Nanodrop spectrophotometer,
and only qualifying RNAs were used. The
total RNA was then analyzed using
an Agilent Bioanalyzer 2100 (Agilent
Technologies).

Agilent human lncRNA assay

Expression profiling of lncRNAs was con-
ducted using the Agilent human lncRNA
microarray V.2.0 platform (GPL18109;
Agilent Technologies). The microarray
analysis was performed by Beijing
Genomics Institute/HuaDa-Shenzhen
(Shenzhen, China). Briefly, ribosomal
RNA was depleted, and depletion was mon-
itored using the bioanalyzer. We used the
Low Input Quick Amp Labeling Kit (cat.
no. 5190-2305; Agilent Technologies) to
amplify and label the total RNA, following
by purification using RNeasy mini kit (cat.
no. 74106; Qiagen GmBH, Hilden,
Germany). Hybridization was conducted
using 1.65 lg of Cy3-labeled cRNA in the
Gene Expression Hybridization Kit (cat.
no. 5188-5242; Agilent Technologies) at
65�C for 17 hours. The slides were then
scanned with the Agilent Microarray
Scanner (cat. no. G2565CA; Agilent
Technologies) and the raw data were then
extracted and counted. Quantile normaliza-
tion and subsequent data processing were
performed using Agilent Gene Spring
Software 11.5 (Agilent Technologies).
Heat maps representing differentially
regulated genes were generated using
Cluster 3.0 software (Michiel de Hoon,
Center for Computational Biology and
Bioinformatics, Columbia University, New
York, NY, USA). Exogenous RNAs devel-
oped by External RNA Controls
Consortium were used as controls.

Guo et al. 3



The exosomal lncRNA microarray process
was performed by KangChen BioTech Co.
Ltd. (Shanghai, China).

RNA sequencing

RNA sequencing was conducted by Luen
Chuan Biotechnology Co. Ltd.
(Hangzhou, China) using an Illumina
NovaseqTM 6000. The mRNA library was
constructed using purified total RNA, and
the Qubit 2.0 Fluorometer (Thermo Fisher
Scientific) and Agilent 2100 bioanalyzer
were used to determine the concentration
and size of libraries. The Illumina HiSeq
2000 System (Illumina Inc., San Diego,
CA, USA) was then applied to quantitative-
ly analyze the library. Finally, mRNA
expression was analyzed and differentially
expressed mRNAs were identified.

Cell culture

Human breast cells (MCF10A) and two BC
cell lines (MCF7 and MDA-MB-231) were
obtained from ATCC (Rockville, MD,
USA). MCF10A cells were grown in
DMEM/F12 medium including 5% fetal
bovine serum (FBS, Gibco, NY, USA), 20
ng/mL epidermal growth factor, 0.5 lg/mL
hydrocortisone, 100 ng/mL cholera toxin,
and 10 mg/mL insulin. MCF7 and MDA-
MB-231 cells were cultured in DMEM
(Gibco) with 10% FBS (Gibco). All cells
were incubated at 37�C in a 5% CO2

incubator.

Cell transfection

Negative control (NC)-siRNAs and
TCONS_00029809 siRNAs (si-TCONS_
00029809) were acquired from
GenePharma (Shanghai, China). MCF7
and MDA-MB-231 cells (1� 105 cells/well)
were evenly and gently placed into six-well
plates and cultured for 12 hours. The cells
were then transfected with NC and si-
TCONS_00029809 using Lipofectamine

3000 reagent (Invitrogen, Carlsbad, CA,

USA), according to the manufacturer’s

instructions.

Hierarchical clustering analysis

We conducted hierarchical clustering anal-

ysis using the R language package.25 In the

cluster diagrams, different colors were used

to distinguish different information, and the

clustering pattern was adopted to confirm

the different experimental conditions.

GO analysis

We defined the GO enrichment of differen-

tially expressed mRNAs between para-

carcinoma and BC tissues using the

bioinformatics tool DAVID, version 6.8

(https://david.ncifcrf.gov/).26,27

KEGG analysis

We also analyzed the KEGG enrichment

pathways of differentially expressed

mRNAs between para-carcinoma and BC

tissues using KOBAS 2.0 software (http://

kobas.cbi.pku.edu.cn/).28

Protein-protein interaction (PPI) network

analysis

PPIs of differentially expressed mRNAs

between para-carcinoma and BC tissues

were predicted and analyzed using

STRING (http://string-db.org/) with a

comprehensive score >0.9.29

Quantitative reverse transcription

polymerase chain reaction assay

(RT-qPCR)

We isolated total RNA from BC and para-

carcinoma tissues, and from treated

MCF10A, MCF7, and MDA-MB-231

cells using TRIzolVR reagent (Takara,

Dalian, China). The total RNAs were

used to synthesize cDNAs using an iScript
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cDNA Synthesis kit (Bio-Rad

Laboratories, Hercules, CA, USA).30

cDNAs were then used as for quantitative

analysis of genes using SYBR Green PCR

Master (Takara). The obtained data were

calculated using the 2�DDCT method. All

primer sequences are listed in Table 1.

CCK-8 assay

MCF7 and MDA-MB-231 cells (2� 103

cells/well) in each group were inoculated

into 96-well plates and incubated for 48

hours at 37�C, followed by the addition of

10 mL CCK8 solution (Beyotime, Haimen,

China) for 3 hours at 37�C. The optical den-
sity at 450nm was then confirmed using a

microplate reader (Biotek, VT, USA).

Flow cytometry

MCF7 and MDA-MB-231 cells in each
group were harvested by digestion. After
centrifugation (1000�g for 5 minutes), the
cell density was adjusted to 1� 109/L using
phosphate-buffered saline, followed by the
addition of 5 lL Annexin V-FITC and 5 lL
propidium iodide for 10 minutes in
the dark. Apoptotic cells were monitored
and analyzed by flow cytometry (BD
Biosciences, San Jose, CA, USA).

Transwell assay

For cell migration analysis, treated MCF7
and MDA-MB-231 cells in serum-free
medium were inoculated into the upper
well of an 8-mm Transwell chamber (Cat.

Table 1. Primer sequences used in quantitative reverse transcription polymerase chain
reaction assay.

ID Sequence (50–30)

GAPDH Forward: TGTTCGTCATGGGTGTGAAC

GAPDH Reverse: ATGGCATGGACTGTGGTCAT

TCONS_00028064 Forward: GAGAACCAACGAGCTGAGC

TCONS_00028064 Reverse: GTATGGTGATGCTGCTGGTG

TCONS_00028800 Forward: CAAAAGAGGCTCCCCAAACC

TCONS_00028800 Reverse: GCAAAGGAGCTGAGCAGTTT

TCONS_00029809 Forward: CGGAGCTGTGACACCTACTT

TCONS_00029809 Reverse: TTGGGATGGCTTGTTTCTGC

TCONS_00007846 Forward: GGCCGATTTGAGGACCTAGA

TCONS_00007846 Reverse: CTCTCCTCCTCCCCAACTTG

TCONS_00010076 Forward: GGCCTTTGTACCAGCTCTTT

TCONS_00010076 Reverse: ACATGAGGCAGAACGGAAGA

TCONS_l2_00028765 Forward: GTCCATCTGTCTGTCTGCCT

TCONS_l2_00028765 Reverse: GTGACCTCTCTTTGGCTCCT

PPAPDC1A Forward: TGGCTTCACGACGTTCTACT

PPAPDC1A Reverse: CCAGTGATGCTTGTAGTCGC

COL10A1 Forward: AAGGGAGAAAGAGGACCTGC

COL10A1 Reverse: TGGCCCTGTCTCACCTTTAG

ADAMDEC1 Forward: AAGATCCACGACCATGCTCA

ADAMDEC1 Reverse: CATCACACAACTGCCAGAGG

SPHKAP Forward: GAGGGAGACAGAACCAAGCT

SPHKAP Reverse: TGAAGAATCGGGCACTCTGT

CLCA4 Forward: CCAAAGCGAACCCAGAAACA

CLCA4 Reverse: CGCCTGCACCATTATCCAAA

ALDH1L1 Forward: GTTGGGGTTTGTGGCATCAT

ALDH1L1 Reverse: CCGGCCTTTAATGTCAGCTC
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No. 3422; Costar, Cambridge, MA, USA),
and DMEM medium supplemented with
10% FBS was added into the lower cham-
ber. After 24 hours at 37�C, migrated cells
were fixed and stained using 5% crystal
violet, and photographed using an inverted
optical microscope. For cell invasion anal-
ysis, the upper chambers were pretreated
with Matrigel (BD Biosciences) before the
addition of cells at 37�C for 30 minutes.

Statistical analysis

All experiments were repeated at least three
times and all measurements are presented as
means� standard deviations. Statistical
analysis was conducted using SPSS 23.0 sta-
tistical software (IBM Corp., Armonk, NY,
USA). Numerical data were analyzed with
v2 tests and differences in continuous data
between groups were analyzed using
Student’s t-tests. P< 0.05 indicates statisti-
cal significance.

Results

Expression pattern analysis of
differentially expressed lncRNAs in BC

Three BC and three adjacent normal tissues
were available for study. The pathological
types of BC lesions include IDC, ductal car-
cinoma in situ (DCIS), invasive lobular car-
cinoma (IIC), and invasive mucinous
carcinoma (IMC). Because IDC is the
most common type of pathology in BC,
we focused on breast IDC tissues.
Differentially expressed lncRNAs were
determined using the Agilent human
lncRNA assay in breast IDC and para-
carcinoma tissues. Based on the data, we
first applied principal component analysis
(PCA) to conduct dimensionality reduction
in different samples (Figure 1A). Pearson
correlation coefficient analysis was used to
assess biological repeatability and correla-
tion (Figure 1B). Next, in accordance with

the results of lncRNA expression, expres-
sion profiles were prepared using volcano
plots and hierarchical clustering analysis.
As shown in Figure 1C and 1D, there
were 1855 differentially expressed
lncRNAs, including 951 upregulated and
904 downregulated lncRNAs between
para-carcinoma and BC tissues, with a cri-
terion of P< 0.05. We also discovered 841
differentially expressed lncRNAs (452 upre-
gulated and 389 downregulated lncRNAs)
between para-carcinoma and BC tissues,
based on P< 0.05 and fold change �2 or
�0.5 (Figure 1E). Hierarchical clustering
revealed 238 differentially expressed
lncRNAs (P< 0.01, fold change �2 or
�0.5) from the three patients with BC,
and among the lncRNAs, 157 lncRNAs
were upregulated and 81 downregulated in
BC tissues (Figure 1F). Thus, our results
showed numerous lncRNAs potentially
involved in BC.

Analysis of differentially expressed
mRNAs in BC

We applied mRNA sequencing to screen
differentially expressed mRNAs in BC.
PCA was also conducted to analyze dimen-
sionality reduction in different samples
(Figure 2A). Pearson correlation coefficient
analysis was used to assess biological
repeatability and correlation. (Figure 2B).
Through mRNA sequencing analysis, we
discovered 1956 differentially expressed
mRNAs in BC tissues compared with
para-carcinoma tissues (P< 0.05). The vol-
cano plot and heat map show the expres-
sion status of mRNAs (856 upregulated
and 1100 downregulated) between para-
carcinoma and BC tissues (P< 0.05,
Figure 2C and 2D). To further screen dif-
ferentially expressed mRNAs, 881 mRNAs
were screened according to the screening
conditions P< 0.05 and fold change �2 or
�0.5, of which 325 were upregulated and
556 were downregulated in BC tissues
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(Figure 2E). In addition, we discovered 200

differentially expressed mRNAs between

para-carcinoma and BC tissues, which con-

tained 47 upregulated and 153 downregu-

lated mRNAs in BC (P< 0.01, fold

change �2 or �0.5). The expression of spe-

cific differentially expressed mRNAs in BC

is shown using a heat map (Figure 2F).

GO analyses of abnormally expressed

mRNAs in BC tissues

By GO analysis, we analyzed the related

functions of the differentially expressed

mRNAs between para-carcinoma and BC

tissues. The main enrichment function of

the upregulated mRNAs included the

biological process (BP) terms biological

adhesion (GO:0022610), biological regula-

tion (GO:0065007), cellular component

organization or biogenesis (GO:007184);

the cellular component (CC) terms cell

part (GO:0044464), extracellular matrix

(GO:0031012), and extracellular region

(GO:0005576); and molecular function

(MF) terms antioxidant activity

(GO:0016209), binding (GO:0005488), cat-

alytic activity (GO:0003824) (Figure 3A).

The downregulated mRNAs were mainly

enriched in BP terms biological adhesion

(GO:0022621), biological regulation

(GO:0065007), and cell killing

(GO:0001906); the CC terms cell junction

(GO:0030054), cell part (GO:0044464),

Figure 1. Expression pattern analysis of long noncoding (lnc)RNAs that were differentially expressed in
breast cancer (BC). (a) Principal component analysis of each sample. (b) Pearson correlation coefficient
analysis was applied to show the pairwise comparison of lncRNAs in each sample. (c) Volcano plot showing
differentially expressed lncRNAs between para-carcinoma and BC tissues (P< 0.05). The red points indicate
lncRNAs (P< 0.05) and the gray points indicate nondifferentially expressed lncRNAs. Hierarchical cluster
analyses of lncRNAs (P< 0.05). Hierarchical clustering analyses of lncRNAs between para-carcinoma and BC
tissues (d) with P< 0.05, (e) with P< 0.05 and fold change �2 or �0.5, and (f) with P< 0.01 and fold change
�2 or �0.5. g1, para-carcinoma tissues; g2, BC tissues; N, normal tissue (or para-carcinoma tissue); C, BC
tissue.
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and extracellular matrix (GO:0031012); and

the MF terms antioxidant activity

(GO:0016209), binding (GO:0005488), and

catalytic activity (GO:0003824), among

others (Figure 3B).

KEGG analyses of abnormally expressed

mRNAs between para-carcinoma and

BC tissues

By KEGG analysis, we showed that the

enriched pathways of the differentially

expressed mRNAs between para-

carcinoma and BC tissues included

cytokine-cytokine receptor interaction,

metabolic pathways, pathways in cancer,

chemokine signaling pathway, cell adhesion

molecules, PI3K-Akt signaling pathway,

HTLVI infection, and T cell receptor

signaling pathway (Table S1). Analysis sug-

gests that the PI3K-Akt signaling pathway

is closely related to BC (Figure 4). Overall,

we provided a detailed functional descrip-

tion of differentially expressed mRNAs

between para-carcinoma and BC tissues

(Table S1).

Establishment of PPI network and analysis

of genes in BC

To predict the underlying regulatory net-

work of differentially expressed mRNAs

between para-carcinoma and BC tissues,

we identified feasible co-expressed proteins

of these differentially expressed mRNAs

and confirmed the connection of these pro-

teins using a PPI. First, we evaluated the

entire PPI network to identify possible

Figure 2. Expression pattern analysis of differentially expressed mRNAs in breast cancer (BC). (a) Principal
component analysis of each sample. (b) Pairwise comparison of mRNAs in each sample. (c) Volcano plot
showing differentially expressed mRNAs between para-carcinoma and BC tissues. The red points indicate
differentially expressed mRNAs and the gray points indicate mRNAs that did not change. Hierarchical
clustering analyses of mRNAs between para-carcinoma and BC tissues (d) with P< 0.05, (e) with P< 0.05
and fold change �2 or �0.5, and (f) with P< 0.01 and fold change �2 or �0.5. g1, para-carcinoma tissues;
g2, BC tissues; N, normal tissue (or para-carcinoma tissue); C, BC tissue.
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interrelationships of proteins that might

provide the basis for pathway research in

BC (Figure 5A). Then, we used STRING

protein interaction network analysis to

predict protein networks of the PI3K-Akt

signaling pathway and positive regulation

of cell migration. The PI3K-Akt signaling

pathway-related proteins included IL2RB,

Figure 3. Gene Ontology (GO) analyses of abnormally expressed mRNAs in BC tissues. The GO analysis
exhibited biological processes (left), cellular components (middle), and molecular functions (right) of (a)
upregulated mRNAs in BC (P< 0.05) and (b) downregulated mRNAs in BC (P< 0.05).

Figure 4. Kyoto Encyclopedia of Genes and Genomes (KEGG) analyses of abnormally expressed mRNAs
in breast cancer (BC) tissues. KEGG analysis was used to analyze the signaling pathways, which were
enriched by the differentially expressed mRNAs between para-carcinoma and BC tissues. We have shown
the PI3K-Akt signaling pathway. Red represents upregulation, green represents downregulation.
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THBS1, COL6A5, ITGB7, FIGF, IL7R,

FN1, COL6A6, FASLG, IL2RG,

COL4A1, ITGA8, ANGPT4, LAMB3,

ITGA4, JAK3, TNXB, GNGT2, CD19,

and GHR (Figure 5B and Table S2). The

positive regulation of cell migration-related

proteins included MYOC, UTS2,

CORO1A, SELL, SOX9, CCR7, RAC2,

THBS1, LEF1, CCR2, FIGF, CCL11,

FBLN1, FN1, CXCL9, SASH1, F10,

CCL7, INSL3, ANGPT4, CEMIP,

ITGA4, PTPRC, LRRC15, SEMA4D,

DMTN, HIF1A, ADAM8, and CCL5

(Figure 5C and Table S3).

Identification of differentially expressed

lncRNAs and mRNAs in BC

Given the degree of difference in expres-

sion, we screened the six most significantly

differentially expressed lncRNAs, including

three upregulated lncRNAs (TCONS_

00028064, TCONS_00028800, TCONS_

00029809) and three downregulated

lncRNAs (TCONS_00007846,

TCONS_00010076, TCONS_l2_00028765)
between para-carcinoma and BC tissues;
we present detailed information of these
lncRNAs in Table 2. Next, through verifi-
cation by RT-qPCR, we showed that rela-
tive to para-carcinoma tissues,
TCONS_00028064 and TCONS_00029809
were markedly upregulated (P< 0.01,
P< 0.001, Figure 6A) and TCONS_
00007846 and TCONS_l2_00028765 were
downregulated (P< 0.05, P< 0.01,
P< 0.001, Figure 6B) in BC tissues. We
also showed that TCONS_00028064 and
TCONS_00029809 were upregulated
(P< 0.001, Figure 6C) and TCONS_
00007846 was downregulated (P< 0.01,
P< 0.001, Figure 6D) in BC cells compared
with MCF10A cells.

Similarly, we screened the six most sig-
nificantly differentially expressed mRNAs,
including three upregulated mRNAs
(PPAPDC1A, COL10A1, and ADAMDEC1)
and 3 downregulated mRNAs (SPHKAP,
CLCA4, and ALDH1L1) between para-
carcinoma and BC tissues (detailed

Figure 5. Protein–protein interaction (PPI) network and PI3K-Akt- or cell migration-related modules
analyses of proteins in breast cancer (BC). (a) The entire PPI network in BC. Based on the functional
annotation, the proteins related to the PI3K-Akt signaling pathway (b) and positive regulation of cell
migration (c) were confirmed by STRING protein interaction network analysis.
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information of these mRNAs is given in Table
3). The RT-qPCR data showed that
ADAMDEC1 was markedly upregulated and
CLCA4 was significantly downregulated in
BC tissues and cells (P< 0.05, P< 0.001 and
P< 0.01, respectively, Figure 6E-6H).

TCONS_00029809 silencing repressed
the proliferation, invasion, migration of BC
cells and induced apoptosis of BC cells

By identifying lncRNAs in RT-qPCR
assay, we discovered that the difference in
expression of TCONS_00029809 in BC was
the largest, and it was therefore the target
for further study. We conducted
TCONS_00029809 silencing in MCF7 and
MDA-MB-231 cells to further study the
roles of TCONS_00029809 on prolifera-
tion, apoptosis, invasion, and migration of
BC cells. The RT-qPCR analysis showed
that TCONS_00029809 was sharply
decreased in MCF7 and MDA-MB-231
cells after transfection of siRNAs against
TCONS_00029809 compared with the si-
NC group (P< 0.01, P< 0.001, Figure
7A). Using the CCK-8 assay, we demon-
strated that TCONS_00029809 silencing
significantly inhibited cell proliferation in
MCF7 and MDA-MB-231 cells (P< 0.05,
P< 0.01, Figure 7B). Flow cytometry anal-
ysis revealed that knockdown of
TCONS_00029809 facilitated apoptosis of
MCF7 and MDA-MB-231 cells
(P< 0.001, Figure 7C). Additionally,
TCONS_00029809 silencing attenuated the
invasive and migratory capacities of MCF7
and MDA-MB-231 cells (P< 0.01,
P< 0.001, Figure 7D and 7E). Thus, silenc-
ing of TCONS_00029809 could suppress
malignant behaviors of BC cells.

Discussion

BC is a common malignant tumor in clini-
cal practice, and its main clinical manifes-
tations include breast mass, nippleT
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discharge, skin changes, abnormalities of
the areola, and axillary lymphadenoma.31,32

At present, the prevention and treatment of
BC are crucial areas of research in the study
of malignant tumors. However, the cause of
BC is not fully understood. BC develops in
a complex, multi-stage, multi-step process
that can be influenced by various molecules
and factors.11,33 LncRNAs are associated
with numerous biological functions, includ-
ing epigenetics, cell differentiation, and cell
cycle.34,35 With the development of next-
generation sequencing and computer tech-
nology, lncRNAs have been widely studied
in the pathogenesis, diagnosis, and drug
screening of various diseases.36,37

Numerous studies have shown that
lncRNAs participate in the development,

progression, invasion, and metastasis of
BC in a variety of ways. For example,
lncRNA SNHG14 induces resistance to
trastuzumab in BC by H3K27 acetylation-
mediated regulation of PABPC1 expres-
sion;38 lncRNA MALAT1 inhibits BC
metastasis;39 lncRNA GHSROS has signif-
icant promoting effects on the growth and
migration of BC;40 and lncRNA
NONHSAT101069 induces epirubicin resis-
tance and promotes the migration and inva-
sion of BC cells by targeting the microRNA
miR-129-5p to regulate Twist1.41

The expression profile of lncRNA has
been analyzed in previous studies.42,43

However, because of tissue specificity,
numerous lncRNAs screened through
microarray analysis have not yet been

Figure 6. Expression of long noncoding (lnc)RNAs and mRNAs in breast cancer (BC). (a, b) Quantitative
reverse transcription polymerase chain reaction (RT-qPCR) analysis was used to assess the levels of three
upregulated lncRNAs (TCONS_00028064, TCONS_00028800, TCONS_00029809) and three downregu-
lated lncRNAs (TCONS_00007846, TCONS_00010076, TCONS_l2_00028765) between para-carcinoma
and BC tissues. (c, d) The six differentially expressed lncRNAs were monitored though RT-qPCR analysis in
MCF10A, MCF7, and MDA-MB-231 cells. (e, f) RT-qPCR analysis was used to assess the levels of three
upregulated mRNAs (PPAPDC1A, COL10A1, and ADAMDEC1) and three downregulated mRNAs (SPHKAP,
CLCA4, and ALDH1L1) between para-carcinoma and BC tissues. (g, h) The six differentially expressed
mRNAs were assessed by RT-qPCR analysis in MCF10A, MCF7, and MDA-MB-231 cells. *P< 0.05,
**P< 0.01, ***P< 0.001.
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identified. In our study, we discovered 238
differently expressed lncRNAs (157 upregu-
lated and 81 downregulated) that might be
associated with BC. We showed that
TCONS_00028064 and TCONS_00029809
were upregulated and TCONS_00007846
was downregulated in BC tissues and cells.
Our functional experiments showed that
knockdown of TCONS_00029809 could
prevent the proliferation, invasion, and
migration of BC cells, and accelerate apo-
ptosis of BC cells. Therefore, inhibition of
TCONS_00029809 might have potential
value in the treatment of BC.

RNA sequencing has been extensively
applied to the identification of differentially
expressed genes in cells and tissues of mul-
tiple diseases, and has significant applica-
tions in genetics and epigenetics.44,45 In
our study, we screened 200 differentially
expressed mRNAs, including 47 upregu-
lated and 153 downregulated mRNAs in
BC tissues relative to that in para-
carcinoma tissues. Through GO analysis,
we found that the differentially expressed
mRNAs might be involved in biological
adhesion, biological regulation, cellular
component organization or biogenesis,
and cell killing. In KEGG pathway analy-
sis, we found that the differentially
expressed mRNAs were abundant in
cytokine-cytokine receptor interaction,
metabolic pathways, pathways in cancer,
chemokine signaling pathway, and PI3K-
Akt signaling pathway. Several studies
have shown that the cytokine-cytokine
receptor interaction pathway might be asso-
ciated with multiple cancers, including renal
cell carcinoma,46,47 oral squamous cell car-
cinoma,48 glioma,49 and colorectal cancer.50

Metabolic pathways have also been shown
to contribute to cancer progression.51,52

Research has shown that the chemokine
signaling pathway participates in cancer
metastasis.53 The PI3K-Akt signaling path-
way can be activated by G-protein-coupled
receptors and has a significant effect inT
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malignant proliferation, angiogenesis, and

drug resistance of tumor cells.54,55 We sug-

gest that differentially expressed mRNAs

have an important contribution in the pro-

cesses of BC development. We further ana-

lyzed and predicted the network of proteins

related to the PI3K-Akt signaling pathway

and positive regulation of cell migration,

based on the differentially expressed

mRNAs. We verified for the first time

that the mRNAs ADAMDEC1 and

CLCA4 were differentially expressed in

BC. ADAMDEC1 is part of a group of

secretory glycoproteins with various func-

tions;56 it has been reported to be closely

related to inflammation and tumor progres-

sion.57 CLCA4 is a class of calcium-

activated chloride channel regulator.58

Research has shown that CLCA1 is con-

nected with the development of colorectal

cancer.59 However, the function and mech-

anism of ADAMDEC1 and CLCA1 in BC

are not fully understood. ADAMDEC1

and CLCA1 might be potential targets for

the treatment of BC.
This study had several limitations. First,

the sample size was small. Furthermore, the

mechanism by which TCONS_00029809

silencing prevents the progression of BC,

and the regulatory relationship between dif-

ferentially expressed lncRNAs and genes in

BC remain unclear. In addition to TCONS_

00029809, the effects and mechanisms of

other verified differentially expressed

lncRNAs and genes on BC progression

also need to be confirmed. Further studies

Figure 7. Silencing of the long noncoding (lnc)RNA TCONS_00029809 repressed breast cancer (BC) cell
proliferation, invasion, and migration, and induced apoptosis. (a) Quantitative reverse transcription poly-
merase chain reaction (RT-qPCR) assessment of TCONS_00029809 expression in MCF7 and MDA-MB-231
cells transfected with short interfering negative control (si-NC), and short interfering (si)RNAs against
TCONS_00029809. (b) Proliferation of MCF7 and MDA-MB-231 cells was estimated by CCK-8 cell counting
assay in MCF7 and MDA-MB-231 cells after TCONS_00029809 knockdown. (c) Cell apoptosis was analyzed
by flow cytometry in transfected MCF7 and MDA-MB-231 cells. (d, e) Invasive and migratory abilities of
MCF7 and MDA-MB-231 cells were evaluated by Transwell assay after TCONS_00029809 knockdown.
*P< 0.05, **P< 0.01, ***P< 0.001 vs. NC group.

14 Journal of International Medical Research



with more samples are therefore needed to

verify these potential lncRNAs and mRNAs.
In conclusion, we used high-throughput

sequencing to identify 238 candidate

lncRNAs and 200 potential mRNAs that

might be related to BC. The functions of

the differentially expressed mRNAs were

annotated through GO and KEGG analy-

ses. The lncRNAs TCONS_00028064,

TCONS_00029809, and TCONS_00007846

and mRNAs ADAMDEC1 and CLCA4

were identified as the most-differentially

expressed in BC. We showed, for the first

time, that TCONS_00029809 knockdown

could inhibit malignant processes of BC

cells, suggesting that TCONS_00029809

might be a potential disease-causing

lncRNA and a diagnostic and therapeutic

target for BC. However, further in vitro

and in vivo experiments are needed to

verify the functions and mechanisms of

these potential lncRNAs and mRNAs in dif-

ferent types of BC.
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