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Background: Triple negative breast cancer (TNBC) is usually aggressive and accompanied by a poor
prognosis. The molecular biological mechanism of TNBC pathogenesis is still unclear, and requires more
detailed research. The aim of this study was to screen and verify potential biomarkers of TNBC, and provide
new clues for the treatment and diagnosis of TNBC.

Methods: In this work, GSE76250 was downloaded from the Gene Expression Omnibus (GEO) database
and included 165 TNBC samples and 33 paired normal breast tissues. The R software and its related
software package were used for data processing and analysis. Compared with normal tissues, genes with
a false discovery rate (FDR) <0.01 and log fold change (logFC) >1 or <-1 were identified as differentially
expressed genes (DEGs) by limma package. Survival prognoses were analyzed by Kaplan-Meier plotter
database.

Results: In total, 160 up-regulated and 180 down-regulated genes were identified. The biological
mechanism of enrichment analysis presented that DEGs were significantly enriched in chromosome
segregation, extracellular matrix, and extracellular matrix structural constituent, among others. A total of
8 hub genes (CCNB1, CDK1, TOP2A, MKI6¢7, TTK, CCNA2, BUBI, and PLKI) were identified by the
protein-protein interaction network (PPIN) and Cytoscape software. Survival prognosis of these hub genes
showed that they were negatively correlated with overall survival.

Conclusions: The 8 hub genes and pathways that were identified might be involved in tumorigenesis and

become new candidate biomarkers for TNBC treatment.
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Introduction death from cancer among women (2,3). There are

multiple subtypes of BC, according to estrogen receptors,

Breast cancer (BC) is a frequently diagnosed malignancy progesterone receptors, and human epidermal growth

and a serious threat to women’s health (1). Although
large numbers of breast cancer patients have benefited
from advancements in medical treatments, high rates

of recurrence and metastasis are the leading cause of
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factor receptor 2 (Her2). The characteristic of triple
negative breast cancer ('INBC) is deficiency in the estrogen
receptors, progesterone receptors, and Her2 protein (4). In
recent years, many attempts have been made to explore the
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biological therapy, targets of related molecular activity, and
relevant signals for TNBC (5). Comprehensive study on the
mechanism of TNBC is warranted for the advancement of
its treatment and management. There is an increasing body
of research on differential analysis of BC gene expression
data to identify potential biomarkers of BC. Based on this, R
software (https://r-project.org) and its related package were
used to compare the gene expression profiles of TNBC
and normal tissues, and to explore the potential molecular
targets and related signaling pathways for the occurrence
and development of TNBC at the genomic level. GEO is
a public functional genomics database maintained by the
NCBI for genomic analysis of a variety of diseases. Kaplan-
Meier Plotter database is an online analysis database related
to the prognosis of malignant tumors, which can be used
to evaluate the effect of gene expression on the prognosis
of cancer and to evaluate the relationship between target
gene expression and related tumor prognosis. This provided
an important theoretical basis for further discovery of new
TNBC treatments. We present the following article in
accordance with the MDAR reporting checklist (available at
http://dx.doi.org/10.21037/gs-21-17).

Methods

Data sources and processing and Gene Expression Omnibus
database

To performed the gene expression matrix, Rstudio
(version 3.6.3) supported by the R software platform
(version 3.6.3) and relevant packages were applied. The
microarray data of GSE76250, downloaded from the
Gene Expression Omnibus (GEO) data set, was made up
of gene expression data based on the Affymetrix Human
Transcriptome Array 2.0 (Thermo Fisher Scientific,
Waltham, MA, USA) gene expression array from 198 cases,
involving 165 TNBC samples and 33 paired normal
breast tissues. Firstly, microarray data were standardized,
and then the probe with the highest average expression
level was used to match with the corresponding genes by
R function. These transformed genes representing the
expression profiles were analyzed in this study. The study
was conducted in accordance to with the Declaration of
Helsinki (as revised in 2013).

Identification of differentially expressed genes (DEGs)

The limma package (version 3.42.2) was used to identify
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the differentially expressed genes (DEGs) betwixt TNBC
tissues and normal samples. In this work, genes with a false
discovery rate (FDR) <0.01 and log fold change (logFC)
>1 or <-1 were considered DEGs. The ggplot2 package
(version 1.26.0), a drawing tool in R software, was visualized
to create a volcano plot and heatmap of all DEGs.

Enrichment analysis of DEGs

The enrichment analysis of DEGs was conducted through
Gene Ontology (GO) and the Kyoto Encyclopedia of
Genes and Genomes (KEGG) pathway enrichment analysis.
The GO term and KEGG pathway enrichment analysis,
based on the clusterProfiler package (version 3.14.3) in
R software, contained biological process (BP), cellular
component (CC), molecular function (MF), and KEGG
pathway. Enrichment analysis results were visualized using
the ggplot2 package (version 1.26.0). A P value <0.05 was
considered statistically significant.

Protein-protein interaction network (PPIN) building and
interrvelation analysis of DEGs

The Search Tool for the Retrieval of Interacting Genes/
Proteins (STRING) database (an online biological protein
database, https://string-db.org/) was used for the analysis
and establishment of PPINs and the localization of hub
genes. Usually, hub genes are the most important in
the whole network, and are highly connected with their
modules and highly correlated to other genes in the same
modules. In this work, all DEGs were uploaded to the
STRING database to obtain the quantitative relationship
between genes, and then PPIN was constructed using
Cytoscape software [version 3.7.2, (https://cytoscape.org)].
Based on Cytoscape, MCODE was conducted to analyze
modules from the PPIN. Modules with an MCODE score
>60 were further analyzed, and the hub DEGs with a degree
>80 were identified. Survival analysis of hub DEGs was
based on Kaplan Meier-plotter (www. kmplot.com).

Statistical methods

A P value <0.05 was considered statistically significant.
The FDR referred to the adjusted P-value, and FDR
<0.01 was regarded as the threshold for screening DEGs.
Hypergeometric testing and the Kaplan-Meier statistical
method were used for enrichment analysis and survival
analysis, respectively.
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Figure 1 Volcano plot of all genes. Red dots represent up-

regulated genes. Blue dots represent down-regulated genes.

Results

Data pre-processing

The gene expression profile of GSE76250 from the GEO
database was processed by the R software function, and
the profile consisted of 165 TNBC samples and 33 paired
normal breast tissue samples, including 70,523 microarray
data. The microarray data were further standardized and
subjected to genome-name conversion.

Identification of DEGs

Based on the limma package of R language, the gene
expression levels of TNBC and normal tissues were
compared and analyzed to further identify the DEGs. A
total of 340 DEGs were identified, among which 160 were
up-regulated and 180 were down-regulated genes. The
DEGs were selected based on the following criteria: FDR
<0.01 and logFC >1 or logFC <-1. All 30,905 genes were
visualized and are shown in a volcano plot (Figure I), with
red dots representing the 160 up-regulated genes and green
dots representing the 180 down-regulated genes. As shown
in Figure 2, the heatmap showed all significantly DEGs and
their levels of expression.

Enrichment analysis of DEGs

The GO and KEGG pathway analysis of DEGs were
enforced by clusterProfiler package. The GO enrichment
analyses were conducted at three aspects: CC, BP, and
MEF. As a result of GO and KEGG enrichment analysis,
the DEGs were primarily located in extracellular matrix
(ECM), spindle, collagen-containing ECM, chromosome
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segregation, nuclear division, organelle fission, protein
heterodimerization activity, ECM structural constituent,
glycosaminoglycan binding, cell cycle, ECM-receptor
interaction, focal adhesion, respectively in CC, BP, ME, and
KEGG groups, as shown in Figure 3.

Construction and analysis of PPIN for DEGs

In this work, all DEGs were uploaded to the STRING
database, and PPIN was set up. Then, the PPIN was
visualized using Cytoscape software. A functional module
that MCODE Score >64 and degree >80 was revealed, as
shown in Figure 4, identifying 8 hub genes significantly
related to other genes, including CCNB1, CDKI1, TOP2A,
MKI67, TTK, CCNA2, BUBI, and PLKI. Survival analysis
showed that high gene expression indicted poor overall
survival (OS), as shown in Figure 5.

Discussion

Characteristically, TNBC is aggressive and associated
with a poor prognosis. The treatment options for patients
with TNBC are limited, and currently only surgery
and chemotherapy (alone or combined) are commonly
available (6). Since not all cancer-driving genes have yet
been identified, it is of great significance to explore the
molecular mechanism of the occurrence and development
of TNBC. Better biomarkers are urgently needed to predict
cancer prognosis and progression. In the present study,
DEGs obtained by comparing TNBC and normal tissues
underwent further enrichment analysis, PPIN, and survival
analysis, to explore potential biomarkers that affect the
progression and prognosis of TNBC.

The function of enrichment analysis indicated that
DEGs were related to the metastasis and occurrence of
cancer cells. Cancer cells can reform or penetrate into the
ECM composed the scaffold of tissues and organs, and the
ECM can release growth factors and chemokines, eventually
leading to distant metastasis of cancer cells (7). Tumor-
derived ECM is biochemically distinct in its composition
and is stiffer compared to the normal ECM; therefore,
the composition of ECM could affect the treatment of
tumors (8). In most cases, sudden fluctuations of human
chromosomes content will have adverse consequences, such
as meiotic aneuploidy, resulting in abnormal embryos or
cancer cells developing into malignant tumors (9).

Hub genes were involved in the construction of spindle
assembly checkpoints protein families, which mainly affect
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Figure 2 Heatmap of the DEGs. Red dots represent upregulation and blue represent downregulation. DEGs, differentially expressed genes.
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Figure 4 Construction of PPIN. The hub genes represented by red dots had the highest degree of association with other genes in the

module. PPIN, protein-protein interaction network.

cell mitosis to maintain genome stability. Numerous studies
have indicated that overexpression of BUB1 affects the
progression and recurrence of many cancers, such as breast,
familial colorectal, and hepatocellular carcinoma (10).
The BUBI1 encoded a threonine-protein kinase BubR1 is
involved in the construction of spindle assembly checkpoints
and was overexpressed in TNBC (11). These studies have
confirmed that knocking out or silencing BUB1 inhibits
the potential of TNBC stem cells, thereby inhibiting the
formation of xenografts in immunocompromised mice
(12-14). Cell death can also be mediated by BUBI in
response to chromosome mis-segregation, and BUB1 acts
to suppress spontaneous tumorigenesis (15). Monopolar
spindle 1 kinase (Mps1), also known as TTK protein kinase,
is the core component of the spindle assembly checkpoint
and plays a key role in regulating the process of cell
division (16). With the exception of testes and placenta, it
is difficult to detect transcripts of the 77K gene in normal
organs. However, high levels of Mpsl can be found in many
human malignancies including glioblastoma, thyroid cancer,
and breast cancer (17).

Hub genes were also shown to mediate cell cycle
regulation. The gene CCNBI, also named cycliB1, is part
of a highly reactionary protein family of cyclins and plays
significant roles in the progression and development of
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cancers (18-20). The pathways associated with CCNB1
include DNA double-strand repair and DNA damage
response (21). It has been confirmed to be abnormally
expressed in dozens of cancer types based on The Human
Protein Atlas, indicating the feasible function of CCNBI in
cancer progression (22). It has been recorded that the high
expression of CCNBI in estrogen receptor positive breast
cancer was significantly associated with poor hormone
therapy outcomes (19). Trastuzumab emtansine (T-DM1)
has induced defective CCNBI, resulting in acquired
resistance, which serves as a pharmacodynamic predictor
after T-DM1 treatment in Her2 positive breast cancer (23).
The gene CCNA2 was identified as associated with the E2F
transcription factor and has been reported to be a target for
oncogenic signals (24,25). The protein encoded by CDK1
is a member of the serine (Ser) or threonine (Thr) protein
kinase family and its key biological function is to control the
eukaryotic cell cycle by regulating the centrosome cycle (26).
Therefore, it is an effective therapeutic target for inhibitors
in cancer therapy (27-29). At present, the treatment of BC
requires precise and multi-targeted therapy (30). The birth
of CDK4/6 inhibitors has benefited an increasing number
of breast cancer patients. The birth of CDK1 may further
improve the quality of life of cancer patients, and clinical
trials have reported the evaluation of targeting CDK1 (31).
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Figure 5 OS of the hub genes in breast cancer. Red line represents cases with alterations. Black line represents cases without. OS, overall

survival.

Hub genes were closely related to breast cancer cell
proliferation and metastasis. The protein Ki67 is considered
to play a key role in cell proliferation, and is expressed in the
cell nucleus during the G1, S, G2, and M phase of the cell
cycle, but not in the cell quiescent state (32). The expression
level of Ki67 was detected by immunohistochemistry

© Gland Surgery. All rights reserved.

(IHC), which is called Ki67 index to assess cancer tissue
proliferation (33). At present, Ki67 assessment is mainly
used to estimate the prognosis of ER+/HER2 breast cancer,
guide the choice of adjuvant therapy, and predict the
efficacy of neoadjuvant therapy (34). In ER-/HER2+ and
ER-/HER2- tumors, high Ki67 index after neoadjuvant
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therapy is associated with poor prognosis (34). The TOP2A
gene encodes a DNA topoisomerase 2-alpha enzyme,
whose main function is instrumental in DNA replication
and transcription, control, and change of DNA topological
state (35). It is seen as a subtle and particular biomarker of
actively proliferating cells, and is closely associated with the
proliferation and invasion of various types of tumors (36).

Conclusions

In general, these DEGs were shown to play important roles
in a variety of BPs. The biological mechanisms of some hub
genes in particular have been elucidated, some of which
were shown to be concerned with the development and
treatment of cancer.

In summary, this study involved a comprehensive
bioinformatics analysis by comparing TNBC and paired
normal gene expression profiles. The analysis resulted in
the identification of the hub genes and pathways associated
with TNBC. Furthermore, the hub genes were identified
as highly expressed in BC tissues and were confirmed to be
linked with the progression and poorer prognosis of TNBC.
Our research results provided valuable references for
basic and clinical studies of TNBC in the future. Further
investigation of these genes is required.
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