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Abstract
Purpose Breast Cancer (BC) is the most frequent malignancy among women worldwide. ER+ breast
cancers (luminal A and B subtypes) comprise up to 70% of all BC patients. Long non-coding RNAs
(lncRNAs) are regulatory non-coding transcripts and longer than 200 nucleotides. LncRNAs can affect
many biological and pathological processes and dysregulation of them is related to many human
cancers. The potential role of LINC00968 lncRNA in luminal A and B breast cancer pathogenesis is still
unclear.

Methods Seventy-one pairs of tumor and adjacent non-tumor tissue specimens of luminal A and B breast
cancer were used to analyze the expression of LINC00968. Furthermore, two luminal A cell lines, MCF7
and T47D, were used to evaluate the expression of LINC00968 compared with a non-malignant breast cell
line, MCF10A. Moreover, we have done multiple bioinformatic analyses for a better understanding of the
potential roles of LINC00968 in luminal BC.

Results Our data revealed the signi�cant downregulation of LINC00968 in luminal tumor tissues and cell
lines. LINC00968 expression was negatively associated with tumor stage and lymph node metastasis.
Bioinformatic analyses indicated that LINC00968 might be involved in blood vessel development,
angiogenesis, and might be participated in interaction of ECM constituents with cancer cells. LINC00968
might have functions in some cancer-related signaling pathways, like PI3K/Akt, ECM-receptor interaction
signaling pathway, and PPAR signaling pathway.

Conclusions Downregulation of LINC00968 might promote carcinogenesis of luminal BC. LINC00968
might act as a tumor suppressor gene and might also promote invasion and metastasis of luminal BC.  

1. Introduction
Breast Cancer (BC) is a heterogeneous disease and the most frequent malignant disease among women
around the globe [1]. Also, this type of cancer is the leading cause of cancer mortality in female patients
[1]. The incidence of BC is increasing in many developing countries [2]. Microarray-based gene expression
pro�ling analysis was used to classify BC into �ve intrinsic/molecular subtypes based on the expression
pattern of estrogen receptor [ER], progesterone receptor [PR], human epidermal growth factor receptor 2
[HER2], and a proliferation index marker, Ki67 [1]. These subtypes are included in luminal A, luminal B,
HER2 enriched, triple-negative (basal-like), and normal-like that display different biological behavior and
progression [1]. Luminal A is the most frequent molecular subtype, which expresses ER and PR but not
HER2, and shows low expression of Ki67 [1]. Luminal B is de�ned with ER positive, PR positive or
negative, HER2 positive or negative, and high expression of Ki67 [3]. The two types of luminal B (with
HER2+ or HER2-) have worse prognosis and higher proliferation rate than luminal A subtype and are more
aggressive [3]. Luminal A and B constitute approximately 70% of all breast cancers and show better
prognosis than hormone-receptor negative BC [2].
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The molecular mechanisms of BC have been broadly studied, but some problems still exist such as
delayed diagnosis, recurrence and metastasis [4]. Currently, molecular markers can improve the
diagnosis, prognosis, and guidance of new therapies for BC.

Recent advances in sequencing technologies revealed that approximately 90% of the human genome is
transcribed actively [5]. Most of the human RNA transcripts are non-coding RNAs (≥80%) [5, 6] which
perform important functions in different biological processes [5]. Long non-coding RNAs (lncRNAs) are
regulatory non-coding RNAs longer than 200 nucleotides [7]. The number of lncRNAs in mammalian
genome is higher than protein-coding mRNAs, but they have lower expression levels and tissue-speci�c
expression [6]. Many of lncRNAs are associated with a variety of diseases such as cancers [8]. Long
ncRNAs can interact with DNA, RNAs and protein macromolecules in cells, and regulate tumor suppressor
or oncogenic pathways through epigenetic, transcriptional, post-transcriptional and translational
mechanisms that can lead to the cancer phenotype [9, 10]. Some lncRNAs affect proliferation, apoptosis,
drug resistance, invasion, metastasis, cell-cycle regulation, and DNA damage response of cancer cells
[11]. Non-coding RNAs show differential expression between tumor tissues and normal tissues [7].
LncRNAs can be categorized into tumor suppressor genes and oncogenes according to their functions
and the expression patterns in the tumor tissues [12]. Some lncRNAs are differentially expressed in the
molecular subtypes of breast cancers [7]. Exploring diverse functions of lncRNAs in cancers like breast
cancer may lead to new ideas about novel biomarkers and targeted therapies and can be useful in early
detection [8].

Long Intergenic Non-Protein Coding RNA 968 (LINC00968) is located on chromosome 8q12.1 including 3
exons. Studies indicated that this lncRNA acted as an oncogene in osteosarcoma [13]. Also, this gene
was upregulated in lung squamous cell carcinoma (LUSC) and played key roles in the tumorigenesis of
this malignancy [14].

In this study, we �rst screened differentially expressed lncRNAs by analyzing 420 luminal A and B tissue
samples of TCGA-BRCA RNA sequencing dataset obtained from GDC data portal. After selection of
LINC00968 as a target gene, we conducted an in vitro assay to evaluate the expression level of
LINC00968, and to assess the dysregulation of this lncRNA in luminal A and B tissues, as well as MCF7
and T47D cell lines. Also, the association between LINC00968 expression and clinicopathological
features of patients was assessed. In addition to the experimental study, multiple bioinformatic analyses
were performed to explore more about the functions of LINC00968 in luminal subtypes of BC.

2. Materials And Methods
2.1 Screening for differentially expressed lncRNAs in luminal A and B breast cancer

In the �rst step, we used Lnc2Cancer 3.0 database (http://www.bio-bigdata.com [15]) to de�ne a list of
novel lncRNAs associated with all cancers. Lnc2Cancer 3.0 provides broad experimentally association
(4989 lncRNA-cancer associations) between 1614 lncRNAs and 165 human cancer categories. Also, a
TCGA invasive breast carcinoma (BRCA) RNA sequencing dataset was obtained from the Genomic Data

http://www.bio-bigdata.com/
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Commons (GDC) Data Portal (https://portal.gdc.cancer.gov [16]). Next, a total of 420 paired
tumor/normal tissue samples containing 230 luminal A and 190 luminal B were chosen from the TCGA-
BRCA RNA sequencing dataset. Afterwards, differentially expressed lncRNAs (DElncRNAs) were de�ned
through the comparison of tumoral and normal tissues across the luminal subtypes of BC. This RNA-seq
data was analyzed using DESeq2 package in R statistical software. The thresholds of selection for
DElncRNAs obtained from Lnc2Cancer and GDC databases were set at adj p-value < 0.05 and│log2FC│>
2. Subsequently, literature review was done for the selected DElncRNAs to de�ne lncRNAs on which no
study of luminal A and B subtypes of BC was conducted. We determined the expression level of the
selected lncRNA in luminal A and B subtypes of invasive breast carcinoma dataset using the Gene
Expression Pro�ling Interactive Analysis 2 (GEPIA2) web server (http://www.GEPIA2.cancer-pku.cn [17]).

2.2 Experimental study

2.2.1 Patients and tissue samples

A total of seventy-one pairs of luminal A and B breast cancer tissue samples and adjacent non-tumor
tissue samples were obtained from Breast Cancer Research Center Bio-Bank (BCRC-BB) (Tehran, Iran)
[18]. All samples were immediately snap-frozen in liquid nitrogen and after transportation, stored at -80˚C.
This study was approved by the Ethics Committee of Tehran University of Medical Sciences (TUMS)
(approval no. IR.TUMS.MEDICINE.REC.1398.659). Written informed consent was obtained from all
patients prior to their inclusion in the study. The clinicopathological data of patients was recorded from
medical documents.

2.2.2 Cell culture

The luminal A breast cancer cell lines, named MCF7 (ATCC® HTB-22™) and T47D (ATCC® HTB-133™) were
cultured in DMEM (Sigma-Aldrich, St. Louis, MO, USA) with 10% fetal bovine serum (Gibco, Carlsbad, CA,
USA), 100 U/ml penicillin and streptomycin (Sigma-Aldrich, St. Louis, MO, USA) in a cell culture and were
incubated at 37˚C, 5% CO2 and 95% humidity. The non-tumorigenic epithelial breast cell line, named
MCF10A (ATCC® CRL-10317™) was cultured in DMEM containing 5% horse serum, 10 μg/ml insulin, 20 
ng/ml EGF, 100 ng/ml cholera toxin, and 0.5 μg/ml hydrocortisone.

2.2.3 RNA isolation and quantitative real-time PCR (qRT-PCR)

Total RNA was extracted from tumor and adjacent non-tumor tissue samples and cell lines as well, using
RiboExTM reagent (GeneAll, Korea). The extracted RNAs were treated with DNase I (EN0521, Thermo
Fisher scienti�c, United States). Then, reverse transcription into cDNA was performed by 5X All-In-One RT
MasterMix kit (Applied Biological Materials, CA). Real time PCR was performed in duplicate, using RealQ
Plus 2x master mix (AMPLIQON, Denmark) in LightCycler® 96 instrument (Roche Diagnostics, Mannheim,
Germany). The β2M housekeeping gene was used as normalizer. The primer sequences of LINC00968
were 5′- CCAGACTCCTCAGCCTGAAAT-3′ (forward) and 5′-GTCCCAAACGCAGACCATTTT-3′ (reverse). Also,

https://portal.gdc.cancer.gov/
http://gepia.cancer-pku.cn/
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the primer sequences of β2M were 5′- AGATGAGTATGCCTGCCGTG-3′ (forward) and 5′-
GCGGCATCTTCAAACCTCCA-3′ (reverse). The relative expression was calculated using 2-∆∆CT method.

2.3 Bioinformatic analysis

2.3.1 PAM50 molecular intrinsic subtypes differential expression analysis

The expression level of LINC00968 across PAM50 molecular subtypes of breast cancer was retrieved
from TANRIC database (https://www.tanric.org [19]). TANRIC characterized the expression pro�le of
lncRNAs across 20 cancer types from TCGA and other datasets.

2.3.2 Mutations and copy number analysis based on online databases

The cBioPortal database (https://www.cbioportal.org [20, 21]) was utilized to identify the copy number
variations (CNVs) of LINC00968 across luminal subtypes of invasive breast carcinoma samples,
including TCGA and non-TCGA studies. Also, the International Cancer Genome Consortium (ICGC) data
portal (https://dcc.icgc.org [22]) provided the number of LINC00968 mutations across three breast cancer
projects (BRCA/EU, BRCA/UK, BRCA/FR), and among them, ER+/HER2- breast cancer project (BRCA/EU)
contained luminal subtypes of BC.  

2.3.3 Detection of the co-expressed genes with LINC00968 in luminal subtypes of BC

The data of 420 luminal BC tissue samples containing 230 luminal A and 190 luminal B tissue samples
were downloaded as FPKM �le from the GDC data portal. Then, the co-expressed genes with LINC00968
were obtained across the mentioned samples. Pearson correlation analysis of these co-expressed genes
has been computed using a standard method.

2.3.4 Annotation enrichment, protein-protein interaction (PPI) network, and pathway analyses

Gene ontology (GO) term enrichment analysis was performed using DAVID version 6.8
(https://david.ncifcrf.gov [23, 24]). This web server was used to provide three GO term categories based
on a large list of LINC00968 co-expressed genes, including biological processes, cellular components,
and molecular functions. Also, GO terms obtained from DAVID were applied to the REVIGO web server
(http://revigo.irb.hr [25]). REVIGO web server can take long lists of Gene Ontology terms and summarize
them by removing redundant GO terms. The XGMML �les retrieved from REVIGO were imported into the
Cytoscape version 3.8.0 to increase their visualization. Also, Enrichr database
(http://amp.pharm.mssm.edu/Enrichr [26, 27]) was used to perform the pathway enrichment analysis of
genes co-expressed with LINC00968, using pathway databases such as KEGG, Reactome, and
WikiPathways. Besides, the protein-protein interaction (PPI) network of LINC00968 co-expressed genes
were obtained by the STRING database (https://string-db.org [28]), and the hub genes were determined
based on degree method in cytoHubba plugin of Cytoscape software [29].

2.4 Statistical analysis

https://www.tanric.org/
https://www.cbioportal.org/
https://dcc.icgc.org/
https://david.ncifcrf.gov/
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=2ahUKEwiMiOvZ2bzmAhXHDGMBHROgAowQFjAAegQICRAC&url=http%3A%2F%2Frevigo.irb.hr%2F&usg=AOvVaw3wdccKCpvS70D6K2nP9am0
http://amp.pharm.mssm.edu/Enrichr
https://string-db.org/
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The qPCR data analysis was performed using IBM SPSS version 24 software (IBM Co., Armonk, NY, USA).
Data were expressed as mean ± standard deviation. Paired samples t-test was used to examine the
signi�cant differences between gene expression in tumoral and adjacent non-tumor tissues. Normal
distributions of ∆Ct values of LINC00968 in tumoral and adjacent non-tumor tissue samples were
approved using the Kolmogorov-Smirnov Test. The association between LINC00968 expression and the
clinicopathological data was performed by χ2 test. The Pearson correlation coe�cient ≥ 0.4 and p-values
<0.05 were considered as signi�cant.

3. Results
3.1 LINC00968 as differentially expressed lncRNA in luminal A and B breast cancer

A list of novel lncRNAs associated with human cancers were obtained from Lnc2Cancer database.

The results obtained from the analysis of TCGA BRCA RNA-seq dataset revealed 1178 and 1266 different
DElncRNAs in paired tissue samples of luminal A and luminal B subtypes, respectively. Based on the
analysis of RNA-seq data, the results of Lnc2Cancer database and literature review and another database
(GEPIA2), LINC00968 was chosen for more investigations in the present study (log2 fold change (FC)

luminal A= -2.9, adj.P-value = 2.54E-23) (log2 fold change (FC) luminal B= -4.3, adj.P-value = 6.24E-15).

3.2 Downregulation of LINC00968 in luminal A and B subtypes of breast cancer and MCF7 and T47D cell
lines

The expression level of LINC00968 in luminal A and luminal B tumor tissue and normal tissue samples of
BRCA dataset was analyzed using GEPIA2 web server. The result indicated signi�cant downregulation (p<
0.05) in luminal tumor tissues compared with normal controls (Fig. 1a). Moreover, the quantitative real
time PCR results of in vitro assay indicated that there was a highly signi�cant downregulation of
LINC00968 (p <0.001) in luminal A and B breast cancer tissues compared with adjacent non-tumor
tissues (Fig. 1b). LINC00968 expression levels were remarkably lower in 79% (56/71) of tumor samples in
comparison to those in adjacent non-cancerous tissues (Fig. 1c). Also, the qRT-PCR results in T47D and
MCF7 cell lines revealed that LINC00968 expression (p <0.001) was remarkably lower in these two
luminal A cell lines than that in MCF10A cell line (Fig. 1d). Thus, the results of experimental assay are
similar to the bioinformatic results and concordant with them.

3.3 The association of LINC00968 expression with clinicopathological data

The clinicopathological characteristics of patients with breast cancer (including luminal A and B) were
shown in Table 1. These clinicopathological features were included in luminal A and B groups,
ER/PR/HER2 status, tumor size, lymph node metastasis, tumor stages and grades, age at diagnosis and
p53 protein expression.
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According to the median levels of LINC00968 expression in luminal A and B breast cancer tissues,
patients were classi�ed into high and low expression groups. Low expression of LINC00968 in luminal A
and B was signi�cantly associated with advanced tumor stage (p=0.016) and lymph node metastasis
(p=0.022). LINC00968 expression was lowest in stage III (Fig. 1e).

3.4 Expression level of LINC00968 in PAM50 molecular subtypes of BC

The expression analysis across PAM50 molecular intrinsic subtypes was performed through TANRIC
database. This database revealed that LINC00968 had the lowest expression in luminal B subtype and
the highest expression in normal-like subtype (P= 0.000061729) (Fig. 2).

3.5 Genetic alterations of LINC00968 in luminal subtypes of breast cancer

Based on the cBioPortal database, copy number variations (CNVs) of LINC00968 among luminal
subtypes of four invasive breast carcinoma studies were assessed. The OncoPrint from cBioPortal
revealed that there were genetic alterations in 10% (383/3653) of invasive breast carcinoma patients (Fig.
3a). Also, LINC00968 was mostly ampli�ed in the luminal subtypes of the mentioned studies and deletion
existed only in the MBC project (Fig. 3b).

According to the ICGC data portal, there are 206 mutations in LINC00968 across three breast cancer
projects (BRCA-EU, BRCA-FR, BRCA-UK) (Fig. 3c, Supporting information �le 1). About 193 of 206
LINC00968 mutations occur in luminal subtypes of breast cancer (BRCA-EU project). Most of the
LINC00968 mutations in luminal BC are substitutions. The majority of LINC00968 mutations take place
in the intronic site (Fig. 3d).

3.6 GO functional annotation, PPI network, and pathway enrichment analysis for LINC00968 co-
expressed genes

To better understand the potential functions of LINC00968 in luminal A and B breast cancer, co-expressed
genes with this lncRNA were �rst retrieved through analysis of 420 luminal A and B tissues. The co-
expression analysis of LINC00968 indicated that this lncRNA is signi�cantly co-expressed with 1032
genes (R ≥ 0.4) according to the luminal A and B subtypes of invasive breast carcinoma dataset
(Supporting information �le 2).

A list of GO terms for three categories including biological process (BP), cellular component (CC), and
molecular function (MF) were retrieved from DAVID database. The top 10 enriched GO terms (p-value<
0.05) of BP, CC, MF for LINC00968 co-expressed genes were illustrated in Table 2. LINC00968 co-
expressed genes were mainly involved in some biological processes such as ‘vasculature development’,
‘blood vessel development’, and ‘cardiovascular system development’. Moreover, some signi�cant GO
cellular component terms of LINC00968 co-expressed genes were included in ‘proteinaceous extracellular
matrix’, ‘extracellular matrix’, and ‘extracellular matrix component’. Additionally, LINC00968 co-expressed
genes were mainly enriched in some molecular functions like ‘glycosaminoglycan binding’, ‘heparin
binding’, ‘calcium ion binding’, and ‘extracellular matrix structural constituent’.
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Summarization of Gene Ontology terms and removing redundant GO terms using REVIGO indicated GO
terms similar to the GO term enrichment analysis retrieved from DAVID based on the co-expressed genes
with LINC00968 (Fig. 4 a, b).

The results of the pathway enrichment analysis (KEGG, WikiPathways and Reactome) of the co-
expressed genes using Enrichr indicated the potential pathways of LINC00968 functions in luminal A and
B breast cancer. The co-expressed genes with LINC00968 might have roles in some cancer-associated
signaling pathways such as PI3K/Akt/mTOR signaling pathway, ECM-receptor interaction signaling
pathway, and PPAR signaling pathway (Fig. 5a-c). Additionally, focal adhesion, proteoglycans in cancer,
and cell adhesion molecules (CAMs) are included in enriched pathways for co-expressed genes.             

The protein-protein interaction (PPI) network of the LINC00968 co-expressed genes was retrieved from the
STRING database. This network indicated that 622 of 1032 co-expressed genes had interaction score>
0.4 with each other (Supplementary �le 3). The top 48 hub genes in the PPI network of the LINC00968 co-
expressed genes were obtained based on degree method (node degree ≥ 30) and the sub-PPI network
was generated using the cytoHubba plugin in cytoscape software (Fig. 6, Table 3). Approximately 73% of
the top mentioned hub genes were signi�cantly downregulated in luminal A and B breast cancer, based
on the GEPIA2 web server (Table 4).

4. Discussion
Extensive studies reported that most of the lncRNAs are abnormally expressed in tumor tissues, and each
lncRNA exerts its function through diverse mechanisms in different cancers. According to the previous
studies, LINC00968 was upregulated in osteosarcoma and lung squamous cell carcinoma [13, 30].
LINC00968 increased proliferation of osteosarcoma through PI3K/Akt signaling pathway [13]. Some
signaling pathways such as PI3K/Akt are important pathways in breast cancer and LINC00968 might
perform its function through this mechanism, but more studies are needed.

There is not any study about the expression levels and the roles of LINC00968 in luminal A and B
subtypes of breast cancer. Thus, the combination of in vitro and bioinformatic analyses of gene
expression can be useful for deciphering a part of the potential roles of LINC00968 in luminal BC.

In the present study, LINC00968 was signi�cantly downregulated in luminal A and B breast cancer
tissues, and T47D and MCF7 cell lines (luminal A cell lines) compared with adjacent non-tumor tissues
and MCF10A control cell line, respectively.

Studies on human tissues indicated that the expression of lncRNAs is variable among human tissues of
different persons, and the interindividual expression variations of lncRNAs are more than mRNAs [31]. In
the current study, LINC00968 was downregulated in 79% (56/71) of tumor tissues and this may be due to
the interindividual expression variability of LINC00968 in luminal breast cancer patients.
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The low expression levels of LINC00968 in tumor samples are signi�cantly associated with advanced
tumor stage and lymph node metastasis. It is considered that LINC00968 may act as a tumor suppressor
gene in the luminal breast cancer based on tissue-speci�c manner, and dysregulation of this lncRNA
maybe lead to the invasion and metastasis of luminal BC. Thus, LINC00968 might be involved in the
luminal A and B breast cancer carcinogenesis.

The data retrieved from the ICGC data portal reported that a great number of mutations occur in
LINC00968 across ER+/HER2- breast cancer project. Most of the LINC00968 mutations are of substitution
type and mostly take place in the intronic regions. The somatic mutations directly or indirectly change
gene expression [32] and lncRNA expression pro�les in cancers. Some somatic mutations that were
located on lncRNA transcription factor binding sites affected the lncRNA expression in cancers [32].
Somatic mutations can affect RNA secondary structure and the regulation of gene expression [33].
Somatic mutations in introns can disrupt splice sites or intronic splicing regulatory sequences, activate
cryptic splice sites, and change transcriptional enhancer or silencer binding sequence. Therefore, the
intronic mutations in LINC00968 may affect transcription levels and RNA splicing.

The data obtained from the cBioPortal database illustrated that LINC00968 is mostly ampli�ed in luminal
subtypes of four breast cancer studies. The roles and effects of copy number variations in gene
deregulation have not been investigated in whole genome, and only some regions in genome have been
studied [34]. Also, expression of some genes has correlation with gene dosage in some tissues, but not in
other tissues [35]. It is supposed that ampli�cation of a gene might not always lead to upregulation and
some of these ampli�ed genes might be repressed by epigenetics mechanisms [34]. Therefore, it is
assumed that ampli�ed LINC00968 might be silenced by mechanisms such as epigenetics in luminal
breast cancer that may lead to downregulation, but future studies are needed.   

The “guilt by association” principle states one gene might show the same regulatory mechanisms and
roles with its co-expressed genes in the related processes and functions [36]. Thus, considering this
principle and according to the gene ontology (GO) terms enrichment analyses, LINC00968 might be
involved in some biological processes like vasculature development, blood vessel development,
cardiovascular system development, extracellular matrix organization, and angiogenesis. Angiogenesis is
an important process in the development of new blood vessels, and invasion and metastasis of tumor
cells [37]. The vascular ECM is consisted of the basement membrane and the interstitial ECM that have
major functions in vascular homeostasis and tumor angiogenesis [38].

Also, the functional analyses indicated that LINC00968 is mostly involved in glycosaminoglycan binding,
heparin binding, calcium ion binding, and extracellular matrix structural constituent. Glycosaminoglycans
(GAGs) are components of the extracellular matrix (ECM) that are contributed in the regulation of cell
functions [37]. ECM constituents are critical in molecular and cellular mechanisms of cancer cells.
Interaction between molecules expressed by cancer cells and factors in tumor microenvironment can
affect tumor cell survival, proliferation of tumor cells, adhesion, migration of tumor cells, and therefore,
tumor invasion and metastasis [39]. Calcium and some ECM components like Glycosaminoglycans
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(GAGs) have interaction with each other and imbalance of extracellular concentrations of some ions like
calcium can promote or suppress cancer cell migration [37].  

According to the Enrichr database, LINC00968 is involved in some cancer-associated signaling pathways,
like PI3K/Akt signaling pathway, ECM-receptor interaction signaling pathway, PPAR signaling pathway.
Also, other enriched pathways for LINC00968 are focal adhesion, proteoglycans in cancer, and cell
adhesion molecules (CAMs) that are associated with cancers. Focal adhesions (FAs) provide attachment
of cells to the ECM, and focal adhesion kinase (FAK) has signi�cant roles in some human cancers like
breast cancer invasion and metastasis [40].   

According to the STRING database, about 60% of the LINC00968 co-expressed genes have signi�cant
interaction with each other. Also, considering the PPI network of the co-expressed genes with LINC00968
and GEPIA2 web server, most of the hub genes (73%) are signi�cantly downregulated in luminal A and B
breast cancer tissues in comparison to normal breast tissues (data not shown). Thus, these results
con�rmed that LINC00968 and its co-expressed genes are involved in common biological processes.

5. Conclusion
Based on the data collected from previous research and this study, dysregulation of lncRNAs expression
is thought to be involved in carcinogenesis. In the current study, downregulation of LINC00968 was
observed in luminal A and B tumor tissues and luminal A cell lines. Downregulation of LINC00968 was
remarkably associated with lymph node metastasis and advanced tumor stage. Thus, LINC00968 might
act as tumor suppressor gene in luminal BC. Moreover, it is considered that LINC00968 might be involved
in the invasion and metastasis processes of luminal BC. Moreover, LINC00968 might have functions in
some cancer-related processes such as the blood vessel formation and angiogenesis. Furthermore, this
novel lncRNA might play crucial roles in several cancer-associated signaling pathways in luminal BC like
PI3K/Akt/mTOR signaling pathway, ECM-receptor interaction signaling pathway, and PPAR signaling
pathway. Therefore, LINC00968 might have impacts on tumorigenesis of luminal A and B breast cancer.
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Clinicopathological characteristic Number of cases LINC00968 expression P-value

(χ2 test)Low

N (%)

High

N (%)

Group Luminal A

Luminal B

61

10

32(91.4%)

3(8.6%)

29 (80.6%)

7 (19.4%)

0.188

Estrogen receptor Negative

Positive

0

71

0 (0.0%)

35 (100.0%)

0 (0.0%)

36 (100.0%)

-

Progesterone receptor Negative

Positive

7

64

4 (11.4%)

31 (88.6%)

3 (8.3%)

33 (91.7%)

0.662

HER2a Negative

Positive

66

5

34 (97.1%)

1 (2.9%)

32 (88.9%)

4 (11.1%)

0.174

Tumor size <2cm

2-5cm

>5cm

18

36

14

11 (31.4%)

16 (45.7%)

8 (22.9%)

7 (21.2%)

20 (60.6%)

6 (18.2%)

0.458

Lymph node metastasis No

Yes

16

52

4 (11.8%)

30 (88.2%)

12 (35.3%)

22 (64.7%)

0.022*

Tumor stage I+II

III

40

26

14 (45.2%)

17 (54.8%)

26 (74.3%)

9 (25.7%)

0.016*

Grade 1

2

3

8

50

13

5 (14.3%)

25 (71.4%)

5 (14.3%)

3 (8.3%)

25 (69.4%)

8 (22.2%)

0.555

P53 Negative

Positive

8

24

5 (26.3%)

14 (73.7%)

3 (23.1%)

10 (76.9%)

0.835

Age at diagnosis <40

>40

18

49

9 (28.1%)

23 (71.9%)

9 (25.7%)

26 (74.3%)

0.824

Table 1 The association of LINC00968 expression with clinicopathological characteristics in luminal A
and B breast cancer patients

a HER2= human epidermal growth factor receptor 2.         

*P< 0.05
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Category GO term Count % P-
value

Biological
Process

       

GOTERM_BP_FAT GO:0001944~vasculature development 97 13.09042 1.22E-
35

GOTERM_BP_FAT GO:0001568~blood vessel development 93 12.55061 1.17E-
34

GOTERM_BP_FAT GO:0072358~cardiovascular system
development

117 15.78947 1.25E-
32

GOTERM_BP_FAT GO:0072359~circulatory system development 117 15.78947 1.25E-
32

GOTERM_BP_FAT GO:0030198~extracellular matrix organization 65 8.77193 8.68E-
29

GOTERM_BP_FAT GO:0043062~extracellular structure
organization

65 8.77193 1.04E-
28

GOTERM_BP_FAT GO:0048514~blood vessel morphogenesis 76 10.25641 5.42E-
27

GOTERM_BP_FAT GO:0001525~angiogenesis 68 9.176788 1.05E-
25

GOTERM_BP_FAT GO:0030334~regulation of cell migration 83 11.20108 2.79E-
22

GOTERM_BP_FAT GO:0051674~localization of cell 122 16.46424 3.63E-
22

Cellular
Component

       

GOTERM_CC_FAT GO:0005578~proteinaceous extracellular
matrix

69 9.311741 3.09E-
28

GOTERM_CC_FAT GO:0031012~extracellular matrix 83 11.20108 9.02E-
28

GOTERM_CC_FAT GO:0044420~extracellular matrix component 38 5.128205 1.56E-
22

GOTERM_CC_FAT GO:0005576~extracellular region 275 37.11201 2.16E-
17

GOTERM_CC_FAT GO:0005615~extracellular space 123 16.59919 3.02E-
17

GOTERM_CC_FAT GO:0044421~extracellular region part 231 31.17409 1.46E-
13

GOTERM_CC_FAT GO:0009986~cell surface 75 10.12146 2.67E-
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13

GOTERM_CC_FAT GO:0005604~basement membrane 23 3.103914 9.48E-
12

GOTERM_CC_FAT GO:0031226~intrinsic component of plasma
membrane

119 16.05938 1.59E-
10

GOTERM_CC_FAT GO:0005581~collagen trimer 21 2.834008 1.96E-
09

Molecular
Function

       

GOTERM_MF_FAT GO:0005539~glycosaminoglycan binding 41 5.533063 1.85E-
18

GOTERM_MF_FAT GO:0008201~heparin binding 30 4.048583 5.51E-
13

GOTERM_MF_FAT GO:0005509~calcium ion binding 64 8.636977 4.86E-
11

GOTERM_MF_FAT GO:0005201~extracellular matrix structural
constituent

20 2.699055 6.90E-
11

GOTERM_MF_FAT GO:1901681~sulfur compound binding 32 4.318489 3.45E-
10

GOTERM_MF_FAT GO:0005178~integrin binding 21 2.834008 1.09E-
09

GOTERM_MF_FAT GO:0019838~growth factor binding 21 2.834008 3.21E-
08

GOTERM_MF_FAT GO:0005102~receptor binding 94 12.68556 3.75E-
08

GOTERM_MF_FAT GO:0005518~collagen binding 15 2.024291 4.95E-
08

GOTERM_MF_FAT GO:0019199~transmembrane receptor protein
kinase activity

16 2.159244 2.05E-
07

Table 2 The top 10 signi�cant GO terms in the BP, CC, and MF for the co-expressed genes with LINC00968
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Gene name Node degree Gene name Node degree

EGFR 95 BMP2 45

COL1A1 86 LEP 44

MMP2 76 ADIPOQ 44

VWF 75 COL5A2 43

IGF1 74 LUM 43

COL1A2 72 THY1 43

PECAM1 69 VCAN 42

COL3A1 67 IGF2 41

HGF 65 SNAI2 40

CXCL12 62 ACTA2 38

CD34 61 ITGA1 38

CTGF 58 TEK 37

DCN 57 COL6A3 37

LOX 52 LAMB1 37

CAV1 51 THBS2 37

VCAM1 51 IGFBP3 36

SPARC 49 COL12A1 36

PTGS2 49 TGFBR2 36

TLR4 48 FLT4 34

FBN1 48 MET 33

ELN 47 ANGPT1 30

CDH5 47 LPL 30

APOB 47 FSTL1 30

HSPG2 45 PDGFRA 30

Table 3 The top hub genes in PPI network of the co-expressed genes with LINC00968
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Expression
status

Genes name

Downregulated
genes

EGFR, MMP2, VWF, IGF1, PECAM1, HGF, CXCL12, CD34, PTGS2, TLR4, ELN, CDH5,
APOB, HSPG2, TGFB2, FLT2, MET, CTGF, DCN, LOX, CAV1, BMP2, LEP, ADIPOQ,
IGF2, SNAI2, ACTA2, ITGA1, TEK, LAMB1, IGFBP3, ANGPT1, LPL, FSTL1, PDGFRA

Upregulated
genes

COL1A1, COL1A2, COL3A1, SPARC, FBN1, COL12A1, VCAM1, COL5A2, LUM, THY1,
VCAN, COL6A3, THBS2

Table 4 Upregulated and downregulated hub genes in PPI network of the co-expressed genes

Figures
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Figure 1

LINC00968 expression in luminal A and B subtypes of breast cancer. (a) Signi�cant downregulation of
LINC00968 in luminal A and B samples in comparison to that in normal control samples according to
GEPIA2 (p< 0.05). (b) Lower expression of LINC00968 (p <0.001) in luminal tumor tissues than that in
adjacent non-tumor tissues. (c) The corresponding relationship of LINC00968 expression between each
pair of luminal BC tissues and adjacent non-tumor tissues (p<0.001). (d) Downregulation of LINC00968
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(***p<0.001) in MCF7 and T47D compared with MCF10A. (e) The signi�cant association (p=0.016)
between low expression of LINC00968 and advanced tumor stage (stage III)

Figure 2

The expression levels of LINC00968 across different breast cancer subtypes based on the TANRIC
database
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Figure 3

Genetic alterations of LINC00968 in luminal subtypes of BC using cBioPortal and ICGC databases. (a)
Genetic alterations were found in 10% of invasive breast carcinoma cases. (b) The copy number
variations of LINC00968 across luminal samples of four invasive breast carcinoma studies. (c) The
number of LINC00968 mutations across three breast cancer projects. (d) Distribution of LINC00968
mutations in different regions across ER+/HER2- project
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Figure 4

The summarization of gene ontology (GO) terms related to LINC00968 co-expressed genes. The
summarization of (a) GO cellular component terms and (b) GO molecular function terms associated with
LINC00968 retrieved from DAVID. The summarization was done using the REViGO web server. The
visualization of networks was performed using the Cytoscape software. Node color indicates p-value and
node size indicates log size
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Figure 5

The pathway enrichment analysis of LINC00968 co-expressed genes according to the Enrichr web-based
tool. The pathway analysis of LINC00968 co-expressed genes according to (a) the KEGG 2019, (b) the
WikiPathways 2019, and (c) the Reactome 2016. The length of bars shows the signi�cance of that
speci�c gene‐set or term. Also, the brighter the color is, the more signi�cant that term will be
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Figure 6

Sub-PPI network for the co-expressed genes with LINC00968. The top 48 hub genes (node degree>= 30)
were obtained based on degree method
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