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Abstract

Background Triple-negative breast cancer (TNBC), defined by lack of expression of estrogen receptor (ER), progesterone
receptor (PR), and human epidermal growth factor receptor 2 (HER2), is characterized by early recurrence of disease and
poor survival.

Objective Here, we sought to identify genes associated with TNBC that could provide new insight into gene dysregulation
in TNBC and, at the same time, provide additional potential therapeutic targets for breast cancer treatment.

Methods Gene expression profiles from accession series GSE76275 were downloaded from the Gene Expression Omni-
bus database (GEO). The Cancer Genome Atlas (TCGA) was used to validate potential hub genes in the TCGA database.
Protein—protein interaction (PPI) networks were identified using STRING (Search Tool for the Retrieval of Interacting
Genes/Proteins). Finally, overall survival (OS) and relapse-free survival (RFS) analysis of hub genes was performed using
a Kaplan—Meier plotter online tool.

Results A total of 750 genes were identified after analysis of GSE76275. After validation with the TCGA database, a total
of 155 differentially expressed genes (DEGs) were consistent with those identified by GSE76275. Based on the STRING
database, we constructed a PPI network using the DEGs obtained from GSE76275 datasets. Furthermore, in the prognostic
analysis of the 155 DEGs, we found that there were 10 genes associated with OS and 33 genes associated with RFS. Com-
bined with the degree scores from the PPI network, a total of ten genes with the highest degree scores were selected as hub
genes pertaining to TNBC.

Conclusion Our research provides new insight into the subnetwork of biomarkers connected with TNBC, which could be
useful for prognostication and risk stratification of TNBC patients.
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PDZK1  PDZ domain-containing 1
XBP1 X-box binding protein 1

TFF3 Trefoil factor 3

PTGER3 Prostaglandin E receptor 3
NMES5S NME/NM23 family member 5
IL6ST Interleukin 6 signal transducer
Introduction

Triple-negative breast cancer (TNBC) is a particular type of
breast cancer that does not express estrogen receptor (ER),
progesterone receptor (PR), or human epidermal growth fac-
tor receptor 2 (HER2). TNBC accounts for approximately
15-20% of breast cancer cases and is characterized by early
recurrence and poor survival, as compared with other types
of breast cancer [1]. TNBC is a heterogeneous disease, not
only at the molecular level, but also in terms of its pathol-
ogy and clinical manifestation. Due to its high prevalence,
lack of effective targeted therapies, poor prognosis, and its
tendency to affect younger women, TNBC has become an
intractable problem for clinical treatment.

Due to the difficulty in treating TNBC, current research
scholars are focusing on targeted gene therapy for TNBC
based on the recent discovery of TNBC-related genes. A
computational approach, through the analysis of complex
biological networks and the identification of novel genes
associated with TNBC, could help researchers cope with
various confounding biological issues.

In this study, we sought to identify differentially
expressed genes (DEGs) through analysis of the gene expres-
sion omnibus (GEQ) database for TNBC combined with sur-
vival analysis. The Cancer Genome Atlas (TCGA) database
was used to validate identified DEGs. The Search Tool for
the Retrieval of Interacting Genes (STRING) database and
protein—protein interaction (PPI) database were used to iden-
tify candidate genes. Combined with survival analysis, we
sought to identify key genes associated with TNBC.

Materials and methods
Microarray data

GSE76275 expression profiles were obtained from the
Gene Expression Omnibus (GEO, http://www.ncbi.nlm.
nih.gov/geo), which is a free public repository for data
storage, including microarray data and next-generation
sequencing. The array data available for GSE76275 (Affy-
metrix Human Genome U133 Plus 2.0 Array) consist of
198 triple-negative breast cancer tissue samples and 67
non-triple-negative breast cancer tissue samples. In TNBC
samples, the expression of ER and PgR was less than 1%

using immunohistochemical assays; in non-TNBC sam-
ples, a total of 22 HER?2 positive patients were included.

Data processing

GEO2R (http://www.ncbi.nlm.nih.gov/geo/geo2r/) is an
interactive tool that can be used to compare two groups
of samples to identify DEGs in almost any GEO series
[2]. GEO2R performs comparisons on original submitter-
supplied processed data tables using the GEO query and
limma R packages (linear models for microarray analy-
sis) [3, 4] from the Bioconductor project. The GEO query
R package parses GEO data into R data structures that
can be used by other packages. The limma R package has
emerged as one of the most widely used statistical tests for
identifying DEGs, which handles a wide range of experi-
mental designs and data types and applies multiple testing
corrections on P values to help correct for the occurrence
of false positives. We used GEO2R to screen for DEGs
between TNBC and non-TNBC samples in the datasets.
P <0.05 and llog FCI > 1 were used as the cutoff criteria
for the identification of DEGs.

Integration of protein—protein interaction (PPI)
networks

We evaluated the protein—protein interaction (PPI) data
using the Search Tool for the Retrieval of Interacting
Genes (STRING, http://string.embl.de/) database, an
online tool designed to evaluate the protein—protein inter-
action (PPI) information. STRING (version 9.0) includes
5,214,234 proteins from 1133 organisms [5]. To identify
connections among DEGs, the protein products of DEGs
were matched to STRING using Cytoscape software. Only
experimentally validated interactions with a combined
score > 0.4 were considered to be significant.

Validation of DEGs in TCGA database

The cancer genome atlas (TCGA, https://cancergeno
me.nih.gov/publications/publicationguidelines) is a collab-
oration between the National Cancer Institute (NCI) and
the National Human Genome Research Institute (NHGRI).
TCGA has been used to generate comprehensive, multi-
dimensional maps of the key genomic changes in 33 types
of cancer [6]. We downloaded the genomic data through
TCGA biolinks and a total of 71 cases of TNBC were
selected. We utilized the edgeR data processing package
[7] from Bioconductor; P < 0.05 was considered a signifi-
cant difference.
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Kaplan-Meier plotter

Kaplan—Meier plotter, a software available online that spe-
cializes survival analysis, was used to estimate prognosis
information for the ten key candidate genes we had previ-
ously identified. The software can not only effectively evalu-
ate the effect of 54,675 genes on survival drawing on data
from 10,461 cancer samples [8], but also uses the log-rank
test to generate survivorship curves. We were able to stratify
618 basal subtype patients based on RFS and 241 basal sub-
type patients based on OS. The hazard ratio with 95% con-
fidence intervals and the log-rank P <0.05 were calculated.

Results

Identification of DEGs between TNBC and NTNBC
samples and verification via the TCGA

We analyzed a total of 198 TNBC tissue samples and 67
non-triple-negative breast cancer tissue (NTNBC) samples.
The series from each chip was analyzed separately using
GeneSpring software, finally resulting in the list of DEGs. A
total of 750 genes were identified after analyzing GSE76275,
of which 491 were upregulated and 259 were downregu-
lated. The first ten most upregulated and downregulated
genes are shown in Table 1. Then, we screened the DEGs
for TNBC using the TCGA database; we found that a total
of 155 DEGs were consistent with those identified in the
GSE76275 series.

PPI network construction

A PPI network was constructed using the STRING database.
A total of 619 nodes and 2255 edges were mapped in the PPI
network, with a local clustering coefficient of 0.352 and a
PPI enrichment P value < 1.0e™'®. Based on the results from
the STRING database, all the genes were ranked by degree
scores; epidermal growth factor receptor (EGFR) exhibited
the highest node degree with forty-six. And the PPI network
is shown in Fig. 1.

The association between DEGs and prognosis
of TNBC

Prognostic data associated with the 155 DEGs overlapped
both in GSE7625 datasets and the TCGA database were
evaluated using www.kmplot.com. Overall survival (OS)
and relapse-free survival (RFS) for patients with TNBC were
insufficient to adequately analyze prognosis, therefore we
evaluated the prognosis for breast cancer patients expressing
these genes by basal subtype. Ten genes were found to be
associated with OS and 33 genes were associated with RFS.
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Table 1 The top 10 genes with the lowest expression and highest
expression in TNBC vs non-TNBC

Category Gene name Log FC
Top ten downregulated AGR3 —4.68
genes in TNBC

SCGB2A2 —3.58
ESRI1 -3.49
DACHI —3.47
CYP4Z1 -33
PGR -3.27
AGR2 -3.14
LINC00993 -3.04
CLSTN2 -2091

Top ten upregulated genes PROM1 2.87

in TNBC

GABRP 2.86
FABP7 2.82
ROPNI1 2.71
VGLL1 2.64
HORMADI 2.51
FOXC1 247
EN1 2.46
PSAT1 2.45

Combining the degree scores of the PPI network yielded
a total of ten genes with higher degree scores, which were
then selected as hub genes for TNBC. The ten hub genes
were epidermal growth factor receptor (EGFR), keratin 16
(KRT16), ret proto-oncogene (RET), sex-determining region
Y-box 10 (SOX10), PDZ domain-containing 1 (PDZKI),
X-box binding protein 1 (XBP1), trefoil factor 3 (TFF3),
prostaglandin E receptor 3 (PTGER3), NME/NM23 fam-
ily member 5 (NMES5) and interleukin 6 signal transducer
(IL6ST) (Figs. 2, 3). Among them, EGFR, KRT16 and
SOX10 were of high expression in TNBC, and the other
seven genes were of low expression in TNBC (Table 2).

Discussion

The term TNBC was first introduced in 2005 to refer a cer-
tain type of breast cancer for which conventional chemo-
therapy is the only pharmacological treatment available, as
patients with TNBC lack expression of ER, PR, and HER2
and are, therefore, not eligible to receive hormonal therapy
or anti-HER?2 agents [9]. In addition, two major subgroups
of TNBC characterized on the basis of gene ontologies and
differential gene expression profile have been reported:
basal-like TNBC driven by genes associated with the cell
cycle, cell division, and DNA damage response; and mes-
enchymal-like TNBC driven by genes involved in cell motil-
ity, cell differentiation, and growth factor pathways [10].
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Fig. 1 Visualization of the protein—protein interaction (PPI) network of the identified differentially expressed genes (DEGs)
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Fig.2 Prognostic value of three high-expression hub genes in are valid: 1565483_at (EGFR), 209800_at (KRT16), 209842_at
TNBC patients. Prognostic value of EGFR, KRT16 and SOX10 (SOX10). HR hazard ratio, CI confidence interval
were obtained from www.kmplot.com. The desired Affymetrix IDs
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Fig.3 Prognostic value of seven low-expression hub genes in TNBC
patients. Their prognostic value was obtained from www.kmplot.com.
The desired Affymetrix IDs are valid: 205879_x_at (RET), 205380_

Therefore, TNBC is actually highly heterogeneous. Since
TNBC has a high mortality rate, early molecular diagnosis
plays a critical role achieving a favorable prognosis. To date,
numerous genes have been found to participate in breast
cancer formation and can act as specific diagnostic indica-
tors with potential clinical applications. Although dozens
of such genes have been identified, the exact mechanism
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at (PDZK1), 200670_at (XBP1), 204623_at (TFF3), 208169_s_at
(PTGER3), 206197_at (NMES5), 204863_s_at (IL6ST). HR hazard
ratio, CI confidence interval

of tumorigenesis in TNBC remains to be fully elucidated.
Therefore, it is of great importance to identify more candi-
date genes for the diagnosis and treatment of TNBC.

In our analysis, 750 genes obtained from GSE76275
were investigated; of these, 491 were upregulated and 259
were downregulated. Then, these genes were further veri-
fied using the TCGA database, which showed that a total
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Table 2 The 10 hub genes associated with TNBC

Category Gene name Nodes P(OS) P(RFS)

Low expression RET 12 0.61 0.044
PDZK1 8 0.16 0.0032
XBP1 6 0.52 0.00083
TFF3 5 0.88 0.007
PTGER3 4 0.81 0.041
NMES5 4 0.036 0.98
IL6ST 4 0.17 0.002

High expression EGFR 46 0.51 0.00079
KRT16 14 0.098 0.03
SOX10 10 0.043 0.18

of 155 genes were consistent with those identified in the
analysis of GSE76275. Next, we constructed a PPI network
using the DEGs obtained from GSE76275 database. Fur-
thermore, via Kaplan—Meier analysis, we sought to deter-
mine prognoses for patients from the 155 genes. However,
there were an insufficient number of TNBC cases available
to accurately utilize the Kaplan—Meier plotter; therefore, we
broadened the search to include all patients with basal-like
breast cancer instead of simply TNBC. At the molecular
level, TNBC has significant overlap with the basal-like
subtype with approximately 80% of patients with TNBCs
also being classified as having the basal-like subtype [1].
Therefore, we used the Kaplan—Meier plotter to identify
genes related to the prognosis of basal subtype breast cancer
patients; we found there were 10 genes associated with OS
and 33 genes associated with RFS. Combining the degree
scores of the PPI network allowed us to assemble a list of
10 genes, including EGFR, KRT16, RET, SOX10, PDZK]1,
XBPI1, TFF3, PTGER3, NMES, and IL6ST, that we identified
as hub genes for TNBC.

The protein encoded by EGFR is a transmembrane gly-
coprotein that is a member of the protein kinase superfamily
and acts as a receptor for members of the epidermal growth
factor family. The human epidermal growth factor recep-
tor (EGFR) family consists of four EGFRs: EGFR (ErbB2
or HERI), HER2 (ErbB2), HER3 (ErbB3), and HER4
(ErbB4) [11]. EGFR activation results in cell proliferation,
motility, and survival by activating downstream signaling
pathways such as the c-Jun N-terminal kinase, phosphati-
dylinositol-3-kinase, and mitogen-activated protein kinase
pathways [12]. As an important regulator of epithelial cell
biology, the function of EGFR in breast tumors is complex
and may vary according to some clinical features like estro-
gen receptor (ER) and HER2 status [13]. EGFR has been
reported to be overexpressed, at both the mRNA and pro-
tein level, in approximately in 50% of TNBC patients and
has been observed to be an independent predictor of poor
prognosis [14, 15]. Significant evidence shows that EGFR

overexpression in TNBC makes TNBC more difficult to treat
and significantly lowers the 10-year survival rate in breast
cancer patients [16, 17].

The protein encoded by KRT'16 is a member of the keratin
gene family. The keratins are intermediate filament proteins
responsible for the structural integrity of epithelial cells.
Studies have established that KRT16 is significantly down-
regulated in luminal cell lines, but upregulated in basal-like
breast cancer cell lines as indicated by Western blot [18].
Patients with high expression of KRT16 in primary breast
cancer exhibited a shorter RES [19, 20]. These results imply
that KRT16 expression may be associated with poor prog-
nosis in breast cancer.

RET, located on human chromosome 10q11.2, encodes a
transmembrane receptor and member of the tyrosine protein
kinase family of proteins [21]. Binding of ligands such as
GDNF (glial cell line-derived neurotrophic factor) to the
encoded receptor can lead to RET dimerization and activa-
tion of downstream signaling pathways, which in turn regu-
late cell differentiation, growth, migration, and survival.
RET is highly expressed in subsets of hormone receptor-
positive breast cancer. Moreover, cell line studies indicate
that estrogen seems to be able to stimulate high expression
of RET and that RET activation can lead to increased inci-
dence of oncogenicity [22, 23]. RET expression differed
significantly between breast cancer subtypes, with lowest
RET expression in the basal-like subtype and the highest
expression in the luminal A subtype; these data may indicate
that RET is a favorable prognostic indicator [24].

The protein encoded by SOXI0 may act as a transcrip-
tional activator, which plays an important role in embry-
onic development and determination of cell fate in different
tissues and at different stages of development [25]. Tran-
scriptional activity of SOX/0 has been shown to be suffi-
cient to transform pluripotent cells into multipotent state;
specifically, it can regulate the stem/progenitor activity of
mammary epithelial cells [26, 27]. Researchers have shown
that SOX10 has the capacity to promote both stem-like and
EMT-like behaviors, indicating that SOX 10 may be directly
responsible for tumor initiation and progression [28].

PDZK]I encodes a PDZ domain-containing scaffold-
ing protein. PDZ domain-containing molecules bind to
and mediate the subcellular localization of target proteins.
Studies showed that expression of PDZK]1 is limited to epi-
thelial cells and its overexpression has been reported in a
variety of cancer types, including breast cancer particularly
in young patients [29, 30]. PDZK1 is induced by estradiol in
hormone-responsive breast cancer, which may be important
when considering estrogen treatment [31].

XBP1I encodes a transcription factor that participates in
the unfolded protein response (UPR). XBP1 is a novel pro-
tein involved in cancer progression and outcome, including
the development of breast cancer [32—34]. Several studies
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have shown that XBP1 is upregulated in breast cancer cell
lines and is associated with metastasis [34]. Another analysis
revealed that XBPI gene expression was closely related to
poor prognosis in a cohort of patients with TNBC [33].

TFF3 belongs to the trefoil family, found on chromosome
21 with two other related trefoil family member genes, TFF1
and TFF2 [35]. TFF3 has been reported as a biomarker for
gastric cancer, lung cancer, prostate cancer, and cholangio-
carcinoma [35, 36]. In breast cancer patients, TFF3 levels
were significantly higher than in normal individuals, thus
suggesting that TFF3 may become an effective marker for
breast cancer screening [37].

The protein encoded by PTGER3 is a member of the
G-protein coupled receptor family and is one of four recep-
tors identified for prostaglandin E2 (PGE2). EP1-4 receptor
expression has been identified in a variety of cancers, includ-
ing breast cancer [38]. However, unlike the other receptors,
PG3 acts as a protective factor in the progression of breast
cancer; its expression is closely related to better prognosis,
although the exact mechanisms remain unclear [39].

The NME family of proteins consists of 10 isoforms,
NMEI to NMEI10, which are diverse in their enzymatic
activities and patterns of subcellular localization. As a
member of the NME family, NMES also participates in
exonuclease activity, implying that it plays a role in DNA
proofreading and repair [40]. The protein encoded by IL6ST
functions as a part of the cytokine receptor complex, a signal
transducer shared by many cytokines including interleukin 6
(IL6), ciliary neurotrophic factor (CNTF), leukemia inhibi-
tory factor (LIF), and oncostatin M (OSM). IL-6 secreted
in the breast cancer microenvironment can regulate cancer
progression by enhancing migration and invasion as well as
inducing EMT [41]. Blockade of IL-6 signaling decreases
proliferation, migration, and invasion capacity of breast can-
cer cells [42].

Here, we sought to identify the differentially expressed
genes in TNBC using bioinformatics analyses. The newly
identified ten DEGs may help elucidate the underlying
molecular mechanisms of TNBC development and provide
potential new avenues for personalized therapy. Two limi-
tations should be acknowledged in this investigation. One
limitation is that the TNBC sample number was too low for
adequate prognostic analysis; therefore, we utilized basal
subtype breast cancer samples, not just the TNBC subset.
We can use the analysis of the effects of the ten genes on
prognosis in patients with basal subtype breast cancer to
speculate on the effects of the genes on prognosis in patients
with TNBC. Besides, the selection of the hub genes was only
validated in TCGA database. Further validation using tissue
or cultured cell is needed to better confirm the findings of the
identified genes in TNBC of our investigation.

In summary, in this article, we identified ten novel DEGs
that have not previously been associated with triple-negative
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breast cancer. Our results will guide us toward identifying
TNBC-related therapeutic targets in future investigation.
Thus, bioinformatics analysis may give new insight into the
mechanisms of the development of TNBC and other types
of breast cancers.
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