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Abstract

Human epidermal growth factor 2 (HER2)+ breast cancer is considered the most dangerous type of breast cancers. Herein, we used
bioinformatics methods to identify potential key genes in HER2+- breast cancer to enable its diagnosis, treatment, and prognosis
prediction. Datasets of HER2+ breast cancer and normal tissue samples retrieved from Gene Expression Omnibus and The Cancer
Genome Atlas databases were subjected to analysis for differentially expressed genes using R software. The identified differentially
expressed genes were subjected to gene ontology and Kyoto Encyclopedia of Genes and Genomes pathway enrichment analyses
followed by construction of protein-protein interaction networks using the STRING database to identify key genes. The genes were
further validated via survival and differential gene expression analyses. We identified 97 upregulated and 106 downregulated genes
that were primarily associated with processes such as mitosis, protein kinase activity, cell cycle, and the p53 signaling pathway.
Visualization of the protein-protein interaction network identified 10 key genes (CCNA2, CDKI, CDC20, CCNBI, DLGAP5, AURKA,
BUBIB, RRM2, TPX2, and MAD2L]), all of which were upregulated. Survival analysis using PROGgeneV?2 showed that CDC20, CCNA2,
DLGAP5, RRM2, and TPX2 are prognosis-related key genes in HER2+ breast cancer. A nomogram showed that high expression of
RRM2, DLGAPS, and TPX2 was positively associated with the risk of death. TPX2, which has not previously been reported in HER2+
breast cancer, was associated with breast cancer development, progression, and prognosis and is therefore a potential key gene. It is
hoped that this study can provide a new method for the diagnosis and treatment of HER2 + breast cancer.
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increases the degree of malignancy and leads to earlier recur-
rence and metastasis and poor prognosis.®®

In recent years, with the development of high-throughput
sequencing, DNA microarray and sequencing have become
indispensable and effective methods in cancer research. In this
study, bioinformatics methods were used to analyze DNA micro-
array data obtained from the Gene Expression Omnibus(GEO)
and The Cancer Genome Atlas (TCGA) databases’ to provide
basis for potential therapeutic targets and prognosis evalua-
tion of HER2+ breast cancer. TCGA database is the largest
cancer gene information database at present. It uses high-
throughput genomic analysis technology to improve the
understanding of cancer and the ability to prevent, diagnose,
and treat cancer.

HER2+ breast cancer shows high degrees of malignancy
and drug resistance. Many people have carried out in-depth
research on HER2+- breast cancer. Al-Juboori et al showed that
high expression of PYK2 was related to a low survival rate of
patients with HER2-+ breast cancer, and revealed the role of
PYK?2 in drug resistance during the treatment of patients.'” Lin
et al found that overexpression of RACI and RRM? is associ-
ated with poor prognosis of patients with HER2+ breast can-
cer, providing new targets for the diagnosis and treatment of
these patients.!' Lu et al showed that PHLPPI, UBC, TGFBI,
and AURKA are associated with brain metastasis in patients
with HER2+ breast cancer.'” Bouchal et al found that CDK
was associated with the status of estrogen receptor (ER), tumor
grading and HER2, which is helpful for the classification of
breast tumors. '

Many cancers, including breast cancer, are caused by gene
mutation. Therefore, the regulation of key genes can improve
the survival rate of patients. Identifying and verifying key
genes related to HER2+ breast cancer by using bioinformatics
methods can provide new targets for diagnosis and treatment."*
In this study, HER2+ breast cancer data and normal tissue data
were downloaded from TCGA database and GEO database to
analyze differentially expressed genes. Additionally, Gene
Ontology (GO) function analysis, Kyoto Encyclopedia of
Genes and Genomes (KEGG) pathway analysis, and protein
interaction network analysis were carried out. Survival analysis
was performed to screen key genes related to survival. Finally,
effective key genes were verified by various methods and their
roles were analyzed, including by examining key gene expres-
sion and survival and performing receiver operating character-
istic analysis and multivariate logistic regression analysis.'>

Material and Methods
Sources of DNA Microarray Data

The gene expression data for breast cancer were retrieved
from GEO and TCGA databases. The dataset GSE45827 from
the GEO public gene expression profile database was used to
screen for differentially expressed genes (DEGs) in HER2+
breast cancer and normal breast tissues. The microarray data-
set, which was constructed on the GPL570 platform,

comprised 155 samples, including 30 HER2+ breast cancer
samples and 11 normal tissue samples. The gene expression
data downloaded from TCGA database comprised 134 sam-
ples, including 47 HER2+ breast cancer samples and 87 nor-
mal tissue samples.

Identification of DEGs

The GEO dataset GSE45827 was screened for DEGs using the
GEO2R web tool, which was used with gene expression matrix
files using the limma package in R language. The p-values
were adjusted to false discovery rates by the Benjamini-
Hochberg method.

Functional Enrichment Analysis of DEGs

To analyze the biological processes underlying the pathogen-
esis of HER2+ breast cancer, the DEGs were subjected to GO
enrichment analysis to evaluate biological processes, cellular
components, and molecular functions. Additionally, the
DEGs were subjected to KEGG pathway enrichment analysis
using the DAVID online analysis tool and ClueGO plug-in in
Cytoscape software. P < 0.05 indicated statistical signifi-
cance. We also constructed a bar chart of P-values for the
functions and pathways of upregulated and downregulated
genes (DEGs) to further improve the interpretation of their
biological significance.

Construction of PPl Networks for DEGs and Screening for
Key Genes

The DEGs were uploaded to the STRING database (https://
stringdb.org/), and the resulting protein-protein interaction
(PPI) networks were imported into Cytoscape software for
visualization and to remove isolated nodes showing no inter-
action with other proteins. Further, the PPI networks were
subjected to modular analysis using the MCODE plug-in in
Cytoscape software. Finally, key genes identified using the
CytoHubba plug-in with maximal clique centrality and degree
algorithms were intersected to generate the final list of key
genes.

Survival Analysis of Key Genes

The PROGgeneV2 online tool (http://genomics.jefferson.edu/
proggene/) was used to validate the correlation between these
10 key genes and HER2+- breast cancer as well as the effects of
the key genes on the survival of patients with HER2+ breast
cancer, and to construct the survival curve based on data from
patients with HER2+ breast cancer in the GEO database.

Analysis of Expression Levels of Key Genes

The Gene Expression Profiling Interactive Analysis (GEPIA)
database (http://gepia.cancer-pku.cn/) can be used to analyze
DEGs between different types of tumors and normal tissues.
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Figure 1. Volcano plots of DEGs (A. Dataset GSE45827; B. TCGA datasets). DEG: differentially expressed gene; FC, fold-change.

The expression of these key genes in HER2+breast cancer and
normal tissues was further verified using the GEPIA database.

Table 1. Number of DEGs in Datasets Retrieved From the 2
Databases.

Database Upregulated DEGs Downregulated DEGs Total
Sy . . GSE45827 542 200 742
Validation of Protein Expressions TCGA datasets 207 1166 2063

The Human Protein Atlas (https://www.proteinatlas.org/) data-
base was used to view the expression of key gene in tissues,
cells, and tumors.

Multi-Factor Logistic Regression Analysis

The clinical data obtained from HER2+ patients were down-
loaded from TCGA and screened for variables including age,
tumor stage, and survival status which were included in multi-
factorial logistic regression analysis along with key genes
screened using survival analysis. A nomogram was developed
and used to evaluate the discrimination, calibration, and clin-
ical validity of the results using calibration curves.

Oncomine Analysis

Oncomine (https://www.Oncomine.org), a publicly accessible
online cancer gene expression profile database, was used for
genome-wide expression analyses. We used this tool to analyze
the differential expression of key genes in different tumors and
their association with survival status.

cBioPortal for Cancer Genomics Analysis

The cBioPortal (https://www.cbioportal.org), a website that
integrates data from 126 tumor genome studies including
TCGA and ICGC, was used to identify mutations in key genes
in breast cancer.

Results

Identification of DEGs

A total of 1,017 DEGs (comprising 542 significantly upregu-
lated and 200 significantly downregulated genes) were
obtained from the GSE45827 dataset by GEO2R using screen-
ing thresholds of P < 0.05 and [log fold-change|>2.0 (Figure
1A). Gene expression data of 134 samples from TCGA data-
base were normalized and subjected to differential gene expres-
sion analysis using the limma package in RStudio (an
integrated development environment for R language) with
screening thresholds of P < 0.05 and [log fold-change|>2.0,
resulting in 897 significantly upregulated genes and 1,166 sig-
nificantly downregulated genes (Figure 1B).

Common DEGs

The results of differential gene expression analysis performed
on the GSE45827 and TCGA datasets are shown in Table 1.
The subsequent intersection using the VennDiagram package
yielded 203 common DEGs, comprising 97 upregulated (Fig-
ure 2A) and 106 downregulated genes (Figure 2B).

Functional Enrichment Analysis of DEGs

To further evaluate the functions of the 97 upregulated and
106 downregulated genes, the DEGs were subjected to GO
functional enrichment and KEGG pathway enrichment
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Figure 2. Venn diagrams of DEGs (A. Upregulated genes; B. Downregulated genes). DEG, differentially expressed gene.

A

cell division

mitotic nuclear division

cell proliferation ~logyo(P.value)

sister chromatid cohesion 18

14
10

protein ubiquitination involved in
ubiquitin-dependent protein catabolic process

anaphase-promoling complex-dependent
catabolic process

G1/S transition of

mitotic cell eycle

mitotic cytokinesis

0 5§ 10 15 20 25
Gene count
ATP binding -
protein kinase blnding- —logo(P.value)

identical protein binding - 6
5

microtubule binding . 4

3

protein C-terminus blnding-l

microtubule motor activity I

ATP-dependent microtubule molor activity,
plus-end-directed
0 20 10 60
Gene count

condensed chromosome kinetochore

D

Progesterone-mediated oocyte maturation

cytosol

nucleoplasm

midbody ~l0gyo(P.value)

14
12
10
8

spindle

spindle microtubule

kinetochore

chromosome, centromeric region

20 30
Gene count

10

o

Cell cycle

Oocyte meiosis ~logo(P.value)

WhaMO

p53 signaling pathway

ECM-receptor interaction

50 75 100

Gene count

0.0 2.5

Figure 3. Functional enrichment analysis of upregulated genes (A. Biological processes; B. Cellular components; C. Molecular functions; D.
KEGG pathway enrichment). DEG, differentially expressed gene; KEGG, Kyoto Encyclopedia of Genes and Genomes.

analyses using the DAVID online analysis tool (https://david.
nciferf.gov/).

The enriched GO terms for upregulated genes primarily
included cell division, mitosis, and cell proliferation, among
others, for biological processes; spindle and spindle microtu-
bule, among others, for cellular components; and protein kinase
binding and microtubule binding, among others, for molecular
functions. In contrast, the enriched GO terms for downregu-
lated genes primarily included cellular response to cAMP and
regulation of blood pressure, among others, for biological pro-
cesses; extracellular space and proteinaceous extracellular
matrix, among others, for cellular components; and glycosami-
noglycan binding and peptide hormone receptor binding,
among others, for molecular functions (Figure 3-4).

KEGG pathway enrichment analysisrevealed that the upre-
gulated genes were primarily involved in cell cycle and oocyte

meiosis, among others,whereas the downregulated genes were
mainly involved in axon guidance and cAMP signaling path-
way, among others (Figures 3 and 4).

Construction of PPl Networks for DEGs and Screening for
Key Genes

PPInetworks. The 97 upregulated and 106 downregulated genes
were uploaded to the STRING database to construct PPI net-
works, and the results were exported to tab-separated values
files, which were subsequently imported into Cytoscape soft-
ware for visualization and labeling of upregulated and down-
regulated genes with different colors (Figure 5). The PPI
networks were subjected to modular analysis using the
MCODE plug-in in Cytoscape software with the following
parameters: Node Score Cutoff >0.2, K-core >2, and
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Figure 4. Functional enrichment analysis of downregulated genes (A. Biological processes; B. Cellular components; C. Molecular functions; D.
KEGG pathway enrichment). DEG, differentially expressed gene; KEGG, Kyoto Encyclopedia of Genes and Genomes.

Figure 5. Protein-protein interaction (PPI) network for DEGs in HER2+- breast cancer (red nodes represent upregulated genes, while blue nodes
represent downregulated genes).
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Figure 6. Module 1, comprising 61 nodes (all of which are upregu-
lated genes) and 1,715 edges.

Table 2. GO and KEGG Analyses for Module 1.

Maximum Depth = 100. This yielded a total of 6 modules, of
which Module 1 with a score >20 was selected for further
analysis (Figure 6). Module 1 comprised 61 nodes (all of which
were upregulated genes) and 1,715 edges.

Module 1 was further analyzed using the ClueGO plug-in
(Table 2). The enriched GO terms in Module 1 primarily
included mitotic cell cycle process, nuclear division, and reg-
ulation of chromosome segregation for biological processes;
spindle, condensed chromosome, spindle microtubule, cyclin-
dependent protein kinase, and centralspindlin complex for cel-
lular components; and microtubule motor activity and histone
kinase activity for molecular functions. The results of KEGG
pathway enrichment analysis suggested that Module 1 isprima-
rily involved in cell cycle, p53 signaling pathway, and pyrimi-
dine metabolism.

Screening for Key Genes

The key genes were screened using the CytoHubba plug-in, and
the top 15 key genes were obtained using the multiscale cur-
vature classification algorithm. To ensure that the key genes

Term
Category GOID GO term Count P value Associated genes found
GO_BP GO:1903047 mitotic cell cycle process 44  54E-47 [ANLN, AURKA, AURKB, BIRCS5, BUB1B, CCNA2, CCNBI1, CCNB2,
CCNE2, CDC20, CDCA5, CDK1, CDKN3, CENPF, CENPK, CEP55,
CKS2, DLGAPS, ECT2, GTSEL, KIF11, KIF14, KIF20A, KIF23, KIF2C,
KIF4A, MAD2L1, MELK, NCAPG, NDC80, NUF2, NUSAP1, PKMYTI,
PRC1, RACGAP1, RRM2, TACC3, TOP2A, TPX2, TRIP13, TTK, TYMS,
UBE2C, ZWINT]
GO_BP  GO:0000280 nuclear division 31 1.7E-37 [ASPM, AURKA, AURKB, BIRCS, BUBIB, CCNB1, CCNE2, CDC20,
CDCAS, CENPK, CKS2, DLGAPS, KIF11, KIF14, KIF23, KIF2C, KIF4A,
MAD2L1, NCAPG, NDC80, NUF2, NUSAPI1, PRCI, PTTGI, RACGAPI,
TOP2A, TPX2, TRIP13, TTK, UBE2C, ZWINT]
GO_BP  GO:0051983 regulation of chromosome 18 2.5E-24 [AURKB, BUBIB, CCNBI1, CDC20, CDCAS, CENPF, DLGAPS5, ECT2,
segregation KIF2C, MAD2L1, MKI67, NDC80, PTTG1, RACGAP1, TACC3, TRIP13,
TTK, UBE2C]
GO_BP GO:0007088 regulation of mitotic nuclear 20 1.8E-23 [ANLN, AURKA, AURKB, BUBIB, CCNB1, CDC20, CDCAS5, CENPF,
division DLGAPS, KIF11, MAD2L1, MKI67, NDC80, NUSAP1, PKMYTI, PTTGI,
TACC3, TRIP13, TTK, UBE2C]
GO_CC  GO:0005819 spindle 27  6.49E-28 [ASPM, AURKA, AURKB, BIRC5, BUB1B, CCNB1, CDC20, CDK1, CENPF,
DLGAPS, ECT2, FAMS83D, KIF11, KIF14, KIF20A, KIF23, KIF2C, KIF4A,
MAD2LI1, NCAPG, NUSAPI, PRC1, RACGAP1, SHCBP1, TACC3, TPX2,
TTK]
GO_CC  GO:0000779 condensed chromosome, 15 5.24E-19 [AURKA, AURKB, BIRCS, BUB1B, CCNBI1, CENPF, CENPK, CENPU,
centromeric region HIJURP, KIF2C, MAD2L1, NCAPG, NDC80, NUF2, ZWINT]
GO_CC  GO:0005876 spindle microtubule 8 1.59E-10 [AURKA, AURKB, BIRCS, CDK1, KIF11, KIF4A, NUSAPI1, PRCI]
GO_CC  GO:0000307 cyclin-dependent protein kinase 6 2.88E-08 [CCNA2, CCNBI, CCNB2, CCNE2, CDKI1, CKS2]
holoenzyme complex
GO_CC  GO0:0097149 centralspindlin complex 3 3.07E-08 [ECT2, KIF23, RACGAPI1]
GO_MF  GO:0003777 microtubule motor activity 6 9.01E-07 [KIF11, KIF14, KIF20A, KIF23, KIF2C, KIF4A]
GO_MF  GO0:0035173 histone kinase activity 4 347E-06 [AURKA, AURKB, CCNBI, CDK1]
GO_MF  GO:0016538 cyclin-dependent protein serine/ 5 3.81E-06 [CCNA2, CCNBI, CCNB2, CCNE2, CKS2]
threonine kinase regulator
activity
GO_MF  GO0:0097472 cyclin-dependent protein kinase 3 3.84E-04 [CCNA2, CDKI, CDKN3]
activity
KEGG  KEGG:04110 Cell cycle 11 8.36E-14 [BUBIB, CCNA2, CCNB1, CCNB2, CCNE2, CDC20, CDK1, MAD2L1,
PKMYTI, PTTGI, TTK]
KEGG KEGG:04115 p53 signaling pathway 6 1.10E-07 [CCNBI1, CCNB2, CCNE2, CDK1, GTSE1, RRM2]
KEGG  KEGG:00240 Pyrimidine metabolism 3 8.88E-04 [RRM2, TK1, TYMS]
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Table 3. Ten Key Genes Identified in HER2+ Breast Cancer.

Rank Gene symbol Degree
1 CCNA2 69
1 CDK1 69
3 CDC20 68
3 CCNBI1 68
5 DLGAP5 66
5 AURKA 66
5 BUBI1B 66
8 RRM2 65
8 TPX2 65
8 MAD2L1 65

were accurately identified, the top 15 key genes were inter-
sected with another set of top 15 key genes ranked based on
the degree score in the PPI network (Figure 7). The intersection
yielded 10 key genes: Cyclin-A2 (CCNA2), CDKI, cell-
division cycle protein 20 (CDC20), CCNB1, DLGAPS,
AURKA, BUBIB, ribonucleoside-diphosphate reductase subu-
nit M2 (RRM2), targeting protein for Xklp2 (TPX2), and
MAD2LI, all of which were upregulated. See Table 3 for the
degree score of each node.

Survival Analysis of Key Genes

The PROGgeneV2 online tool was employed to further vali-
date the correlation between these key genes and HER2+
breast cancer, in which the dataset GSE19783 from the GEO
database was used. We constructed the overall survival (OS)
curve with the samples grouped based on their median expres-
sion values. The results revealed that 5 genes were associated
with the prognosis of HER2+ breast cancer: CDC20, CCNA2,
DLGAPS5, RRM2, and TPX2, among which CDC20 displayed
the highest correlation [hazard ratio:1.42 (1.13-1.79),
P:0.0026] (Figure 8).

Survival analysis and ROC curve prediction of the survival
time were performed for the 5 key genes. The validation data

was the GSE21653 data from GEO database, which included 4
subtypes of breast cancer. The clinical data and expression data
of HER2+ were selected in this study.

The results showed that high expression of 7PX2, RRM?2,
DLGAPS5, CDC20, and CCNA2 were all related to the low
survival of HER2+ patients. The P values of TPX2, DLGAPS,
and CDC20 survival analysis were all less than 0.05, which was
significant. The Pvalue of CDC20 was lowest at 0.0015, which
is consistent with the survival analysis results (Figure 9).

The survivalROC package of R language was used to pre-
dict the 5-year survival rate of patients with HER2+-, and the
ROC curve was drawn. The expression of 5 genes was used as a
marker, and the algorithm was the nearest neighbor estimation.
The results showed that the area under the ROC curve of TPX2
was highestat0.863, and was the best predictor of the 5-year
survival rate (Figure 10).

Expression Levels of Key Genes

We uploaded the key genes to the GEPIA database for online
analysis to verify our results. Expression analysis of each key
gene showed that CCNA2, CDC20, DLGAPS5, RRM2, and
TPX2 were significantly upregulated in cancer tissues, which
agrees with the DNA microarray analysis results (Figure 11).

Validation of Protein Expression

To further validate the gene results, the Human Protein Atlas
database was used to evaluate expression in normal breast and
breast cancer tissues (Figure 12). The RRM2and DLGAPS pro-
teins were not expressed in normal breast tissues, whereas they
showed low and high protein expression in breast cancer tis-
sues, respectively. CDC20 protein showed medium expression
in normal tissues and high expression in breast cancer tissue.

Multi-Factor Logistic Regression Analysis

Variables in the logistic regression analysis included age,
tumor stage, survival status, and key genes (CCNA2, CDC20,
RRM?2, DLGAPS, and TPX2).The key genes in the nomogram
were labeled as 0 for low expression, 1 for high expression, and
1-4 for T1-T4 staging, respectively. The nomogram showed
that high expression of RRM2, DLGAP5, and TPX2 was posi-
tively correlated with the death score line, whereas CCNA2 and
CDC20 were negatively correlated and the risk of death
increased with age and tumor stage.In addition, the distribution
curve of the nomogram’s apparent predicted value fit well with
the best curve of the calibration map with an ROC of 0.754,
showing that the model had good discrimination, calibration,
and clinical effectiveness (Figure 13).

Oncomine Analysis

Oncomine analysis showed that the 7TPX2 and DLGAP5 mRNA
levels were significantly elevated in breast cancer, as well as in
colorectal and lung cancer, suggesting that their high expression
was associated with various cancers. Immunohistochemistry
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Figure 8. Survival analysis of 5 key genes associated with the prognosis of HER2+ breast cancer with GSE19783 dataset.

Figure 9. Survival analysis of 5 key genes associated with the prognosis of HER2+ breast cancer with GSE21653 dataset.
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Figure 14. Oncomine analysis of 7PX2 and DLGAP5 mRNA expression levels (A.TPX2 expression values in different cancer types; B.
Expression of 7PX2 in different HER2 immunohistochemical levels; C. Expression of TPX2 in patients with breast cancer at different status
levels. D. DLGAPS expression values in different cancer types; E. Expression of DLGAP5atdifferent HER2 immunohistochemical levels; F.
Expression of DLGAPS in patients with breast cancer with different status levels).

analysis of HER2 showed that expression of TPX2 and
DLGAP5washigher in tissues from HER21+-, 24, and 3+ cases
than in normal tissues, showing an increasing trend. According
to the overall survival status of patients with breast cancer,
TPX2and DLGAPS5levels were higher in deceased patients than
in surviving patients, suggesting that these genes were associated
with survival (Figure 14).

cBioPortal for Cancer Genomics Analysis

TPX2 mutation types include mRNA-high and amplification
in breast cancer. Among the different types of breast cancer,
such as breast invasive ductal carcinoma and metaplastic
breast cancer, high mRNA levels were observed in a large
number of patients, which is consistent with our findings.
The main mutation of DLGAPS resulted in amplification. In
addition, we investigated the molecules downstream of
TPX2 and calculated the correlation coefficient between a
specific gene in relation to other genes based on expression
levels. A larger correlation coefficient indicated a closer
association between 2 genes (positive numbers represent
positive correlation, whereas negative numbers represent
negative correlation), suggesting a greater association
between the functions of upstream and downstream genes.
BUBIis associated with TPX2 and DLGAP5,which should
be further evaluated in future studies. Scatter plots of
TPX2showed increasing copy number of this gene with a
progressively higher expression value, indicating that 7TPX2
amplification is positively correlated with high expression
(Figure 15).

Discussion

In this study, microarray datasets of HER2+ breast cancer
retrieved from TCGA and GEO databases were subjected to
differential gene expression analysis using bioinformatics
methods. The intersection of DEGs from the 2 databases
yielded 203 DEGs, including 97 upregulated and 106 down-
regulated genes. GO and KEGG pathway enrichment analysis
demonstrated that these significantly upregulated DEGs are
closely associated with mitosis, protein kinase activity, cell
cycle, and p53 signaling pathway. The PPI network visualiza-
tion identified 10 key genes: CCNA2, CDK1, CDC20, CCNB1,
DLGAPS5, AURKA, BUBIB, RRM2, TPX2, and MAD2L]I, all of
which were upregulated. The validation results of their expres-
sion levels using the GEPIA database are consistent with those
of microarray data analysis. Survival analysis using the PROG-
gene V2 online tool showed that the results forCDC20, CCNA2,
DLGAPS5, RRM2, and TPX2were significant (P < 0.05). The
nomograph showed that high expression of RRM2, DLGAPS,
and TPX2 was positively associated with the risk of death. A
literature search revealed that both RRM2 and DLGAPS have
previously been reported, whereas TPX2 has not; thus, TPX2
was further analyzed in this study.

In breast cancer, CDC20 binds to and promotes the protein
degradation of scaffold/matrix attachment region 1 (SMARI).
The significant correlation between the 2 proteins in breast
cancer cells and patient samples suggests that CDC20 has an
important negative regulatory effect on SMAR! in advanced
cancer by enhancing the migratory and invasive abilities of
cancer cells.'®2° It has been shown that CDC20 is positively
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Figure 15. TPX2 variation in breast cancer (A.7PX2 mutation types in breast cancer; B. actions of molecules downstream of TPX2; C. scatter
plots of TPX2 gene and copy number changes. D. DLGAP5 mutation types in breast cancer; E. actions of molecules downstream to DLGAPS; F.

scatter plots of DLGAPS gene and copy number changes).

correlated with the grade of breast cancer and HER2 status in
patients, with low expression of CDC20 predicting a better
prognosis,*' indicating that CDC20 plays a very important role
in the diagnosis and treatment of breast cancer. These results
are consistent with those of our study.

Previous studies showed that CCNA2 has an important role
in relapse-free survival and the OS of patients with ER+ breast
cancer.”>** CCNA_2 is also highly expressed in colorectal can-
cer, and knockout of CCNA2may affect cell cycle progression
and induce apoptosis.”’> In addition, ectopic expression of
CCNA2 promotes in vitro migration and invasion of non-
small cell lung carcinoma cells.?®

RRM? is an important marker for breast cancer metastasis
and is a regulator associated with the cell cycle, cell migration,
cell adhesion, and other cancer-related cellular functions.
Hence, it is considered as a target for new complex pharma-
cotherapy and intervention regimens against the metastasis of
breast cancer.?’>® RRM? is an upregulated gene in breast can-
cer regardless of the subtype; thus, its overexpression may
serve as a biomarker in patients with breast cancer with rela-
tively low OS and relapse-free survival.'!2%-*

DLGAP5 (DLG-associated protein 5) is a protein-coding
gene involved in spindle assembly and separation of sister chro-
matids. Tumor growth depends, to some extent, on increased
mitotic activity. Its key steps include spindle assembly and
separation of sister chromatids.>'** In patients with lung cancer,
upregulation of DLGAPS is associated with lower OS and
relapse-free survival and therefore may be important for early
diagnosis and treatment.>**> Our study showed that the Aurora
A signaling pathway is related to DLGAPS. GO analysis related
to this gene revealed an association with phosphoprotein phos-
phate activity. Tumor analysis showed that the level of DLGAPS
mRNA in breast cancer tissue was increased, and increased with
an increasing HER2 status. The cBioPortal results showed that
the DLGAPS5 mutation type of breast cancer was mainly ampli-
fication, and BUBI is a key downstream gene.

TPX2, a spindle assembly factor, is required for normal
mitotic spindle assembly and normal apoptotic microtubule

assembly. It was previously reported that 7PX2 is a direct
target protein of microRNA-491 in breast cancer cells. Restora-
tion of microRNA-491 expression inhibited the invasion and
migration of breast cancer cells and knockout of TPX2signifi-
cantly reversed this inhibition.*® TPX2 expression gradually
increases during the different stages of breast cancer.’’*® In
addition, high expression of 7PX2 in gastric cancer tissues is
associated with the aggravation of tumors and low survival
rate.>® Our study showed that TPX2-related pathways include
the regulation of PLK/ activity and gene expression during G2/
M phase, whereas7PX2-associated GO terms include GTP
binding and protein kinase binding. Additionally, high expres-
sion of TPX2 can also reduce the survival time of patients with
HER2+ breast cancer. Oncomine analysis showed that the
mRNA level of TPX2 was significantly elevated in breast can-
cer, and was higher than normal in HER21+, 2+ and 3+
cancer, showing an increasing trend. The cBioPortal results
indicate that the major 7PX2 mutation types in breast cancer
include mRNA-high and amplification and that BUBI is a key
downstream gene, which warrants further investigation.
Although follow-up studies are needed to validate our
results, the identified genes are potential targets for the treat-
ment and prognostic assessment of HER2+- breast cancer.

Conclusion

In this study, key genes associated with patients with HER2+
breast cancer were screened using bioinformatics methods and
analyzed to predict risk models for these patients. Further anal-
ysis of TPX2 revealed that its expression level was positively
correlated with breast cancer development and prognosis.
Therefore, our study provides new targets for investigating
HER2+ breast cancer.
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