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ABSTRACT

BACKGROUND: Copper chaperone for superoxide dismutase (CCS) is an essential component of the oxidation-reduction system. In breast
cancer cells, CCS expression is highly up-regulated, which contributes to cellular proliferation and migration. Breast cancer is a multifaceted
disease with different tumor prognoses and responses to clinical treatments, which may be associated with multiple molecular subtypes of
CCS.

METHODS: The CCS expression patterns in breast cancer were investigated by TNMplot, cBioPortal, and HPA network database. The cor-
relation of CCS expression with clinicopathological parameters was analyzed using the UALCAN database. The Cancer Genome Atlas
(TCGA) data set was used to analyze the Clinical characteristics of CCS in luminal B patients. The bc-GenExMiner database was used to
analyze the effects of BReast-CAncer susceptibility gene (BRCA)1/2, TP53 mutation status, estrogen receptor (ER), progesterone receptor
(PR), and human epidermal growth factor receptor (HER) expression on CCS expression. The survival curves and prognostic value of CCS
in luminal B breast cancer were performed through Kaplan-Meier curves, univariate and multivariate Cox regression using the PrognoScan,
bc-GenExMiner, and Clinical bioinformatics analysis platform.

RESULTS: We found that CCS expression was associated with patient age, race, ER, and PR status. We also discovered that BRCA1/2 muta-
tions had an effect on CCS expression. The luminal B subtype had the highest CCS expression, which was linked to poor survival compared
with other subtypes. In addition, Kaplan-Meier curve analysis showed that luminal B patients with high CCS mRNA expression showed a
poor survival and the CCS gene is an independent predictor of outcome in patients with luminal B breast cancer by univariate and multivari-
ate Cox regression.

CONCLUSIONS: Our findings emphasize the significant expression of CCS in luminal B breast cancer and its potential as an autonomous
prognostic determinant for this specific molecular subtype. These findings suggest that CCS holds promise as a prospective marker for the

treatment of luminal B breast cancer.
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Introduction

Breast cancer is the most frequent cancer in women and the
main cause of cancer deaths globally.! The latest World Health
Organization (WHO) International Agency for Research on
Cancer (IARC) Global Burden of Cancer 2020 data showed
breast cancer to be the most prevalent cancer.? The molecular
traits and clinical manifestations of breast cancer are exceedingly
varied, and treatment strategies differ depending on the molecu-
lar subtype. Based on the molecular type classification, breast
tumors are divided into 5 subtypes: basal-like, human epidermal
growth factor receptor (HER)2-positive, luminal A, luminal B,
and triple-negative breast cancer ('NBC) subtypes that lack the
estrogen receptor (ER), progesterone receptor (PR), and
HER2.3# Compared with other subtypes, luminal B breast can-
cer is associated with greater challenges in clinical management,
such as low overall ER expression, high histological grade,

resistance to endocrine therapy, and poor prognosis.’”’
Pharmacoresistance increases the risk of breast cancer recurrence
and metastases, and there is a particularly urgent need to explore
specific biomarkers in clinical research to develop individualized
treatment strategies for luminal B subtypes.® Abnormal gene
expression plays a key role in tumorigenesis, progression, and
metastasis of breast cancer. For example, mutations in the TP53
oncogene, as well as in the phosphatidylinositol-4,5-bisphos-
phate 3-kinase catalytic subunit alpha (PIK3CA), RB transcrip-
tional corepressor 1 (RB1) ,and phosphatase and tensin homolog
(PTEN) genes, account for more than 50% of TNBC metastatic
tumors.” ! Overexpression of HER2 drives tumor growth by
constitutive activating the mitogen activated kinase-like protein
(MAPK) and phosphatidylinositol 3-kinase(PI3K)/Akt kinase
(AKT) signaling pathways, which in turn enhances cell prolif-

eration, invasion, and metastasis.!213
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The copper chaperone for superoxide dismutase (CCS)
was originally identified in Saccharomyces cerevisiae as the pro-
tein product of LYS7 (copper chaperone of lysine biosynthesis
protein).’* Copper chaperone for superoxide dismutase has
been reported to be an essential component of the oxidation-
reduction system and can play a role as a tumor promoter in
many cancers.!>! Indeed, a previous study found that inhibi-
tion of CCS expression or activity significantly increased
intracellular reactive oxygen species (ROS) levels in tumor
cells, ultimately inhibiting lung carcinogenesis.!” It was also
found that knockdown of CCS resulted in a decrease in
adenosine-triphosphate (ATP) levels in tumor cells, which
further triggered the adenosine monophosphate (AMP)-
activated protein kinase and led to decreased adipogenesis.'8
Excess copper accumulation in tissues promotes ROS pro-
duction and is strongly associated with the Wilson disease
and neurodegeneration.!’” Moreover, levels of copper are
increased in certain tumor tissues and angiogenic lesions and
promote neovascularization.?? The strong expression of the
CCS promotes the migration and invasion of breast cancer
through the regulation of ERK1/2 activity mediated by the
accumulation of ROS.2! Copper chaperone for superoxide
dismutase is vital in many diseases and cancers, particularly
tumor proliferation and migration; however, few studies have
studied the role of CCS expression in different molecular can-
cer subtypes, and its clinical and prognostic importance is
uncertain, particularly with respect to breast cancer subtypes.

In this study, we evaluated the expression of CCS in BReast-
CAncer susceptibility gene (BRCA) through the utilization of
online software and immunohistochemistry (IHC). In addi-
tion, we conducted an analysis to investigate the correlation
between CCS and clinicopathological parameters, as well as
compared the expression of CCS across various molecular sub-
types using bioinformatics analysis. The main objective of our
study was to investigate the prognostic relevance of CCS in
luminal B subtype breast cancer, with the aim of establishing a
theoretical basis that supports the potential inclusion of CCS as
a molecular target for the precise treatment of luminal B breast
cancer.

Materials and Methods

Immunobistochemistry staining

Copper chaperone for superoxide dismutase expression was
analyzed by IHC on a human BRCA tissue microarray (No.
HBreD090PGO01) purchased from the Shanghai Outdo
Biotech Company (Shanghai, China). The tissues used for
IHC staining included BRCA tumor tissue specimens
(n=70) and precancerous tissues (n=20). The CCS antibody
(Cat #: 22802-1-AP) was purchased at the Proteintech
Group. The score was based on the percentage of positive
protein cells within each tissue. Images were taken by a pan-
oramic viewer with an objective of 50 or 100 pm (3D Histech,
Hungary).

UALCAN database analysis
The UALCAN database (http://ualcan.path.uab.edu/) was

used to analyze the expression characteristics of CCS in patients
with breast cancer. The CCS mRNA and protein levels were
evaluated in BRCA and normal tissues. Samples were grouped
according to sample type, patient age, sex, race, individual can-
cer stage, and histological subtype. A Pvalue of .05 was consid-
ered to be a significant threshold for all tests.

cBioPortal database analysis

cBioPortal (http://www.cbioportal.org/) is an online cancer
genomics analysis platform that provides free genomics data
and tools for studying cancer mechanisms and therapeutic
strategies.’? The breast invasive carcinoma (METABRIC,
Nature 2012 & Nat Commun 2016) data set, containing data
from 1980 samples, was selected to analyze the genomic profile
changes of CCS, including mutation, putative copy-number
alterations from DNA copy (CNAs), and mRNA expression
z-scores relative to all samples (log microarray). A P value of
less than .05 was used as the cutoff.

TNMplot database analysis
The TNMplot database (https://www.tnmplot.com/) is also a

useful tool for analyzing gene expression in tumors, normal and
metastatic tissues. Copper chaperone for superoxide dismutase
expression in normal, cancerous, and metastatic tissues was
evaluated and compared with RNA-sequencing data.

be-GenExMiner database analysis

The expression of CCS in breast cancer patients was further
evaluated using the Breast Cancer Gene-Expression Miner
v4.7 online database (http://bcgenex.centregauducheau.fr).
The web-based data set is a statistical exploration tool for pub-
lished annotated transcriptomic breast cancer data, including
DNA microarrays and RNA-seq, which can be used for statis-
tical analysis of gene expression, correlation, and prognosis.
The relationship between CCS and clinic pathological param-
eters or the BRCA1/BRCA2 status of patients with breast can-
cer was evaluated using bc-GenExMiner v4.7. Global
significant differences between groups were assessed using the
Welch ¢ test to generate P value, along with the Dunnett-
Tukey-Kramer test.

HPA database analysis

The HPA data (http://www.proteinatlas.org) were used to
investigate CCS protein expression in patients. HPA is a plat-
form that contains IHC-based protein expression data for 20
major cancer types.?> In this study, the protein expression of
CCS in malignant lymphomas and 19 types of cancer was
directly visualized using HPA analysis.
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PrognoScan online database and Kaplan-Meier

curve analysis

The PrognoScan online database (http://www.prognoscan.
org/) is a useful tool for identifying tumor biomarkers or thera-
peutic targets. PrognoScan database analysis was used to vali-
date the importance of CCS mRNA expression in breast cancer
patients, and a corrected P value was used to alter the threshold.
The online tool was used to divide CCS expression into “high”
and “low” expression categories based on the median expres-
sion of genes. Blue curves represent low CCS expression, while
red curves represent strong CCS expression. The prognostic
value of CCS in OS and distant metastasis-free survival
(DMEFS) of luminal B breast cancer patients was examined
with Kaplan-Meier (KM) curve from DNA microarray col-
lected by Breast Cancer Gene-Expression Miner v5.0 platform
and compared by log-rank test. All tests were considered statis-
tically significant at P<<.05.

Gene networks, Gene Ontology, and KEGG

pathway enrichment analysis

We compared differentially expressed genes in samples with
high or low CCS expression among luminal B molecular types
to examine the functional relevance of the CCS gene in luminal
types of breast cancer. The corrected P values and fold-change
values were used to create volcano graphs. Statistically signifi-
cant up-regulated genes are represented by red dots in the plot,
whereas down-regulated genes are represented by blue points.
The differently expressed mRNA levels between tumor and
normal tissues were examined using hierarchical clustering.
Enriched KEGG signaling pathways were chosen to demon-
strate the key biological actions of the major potential mRNAs.
The x-axis shows the ratio of genes, and the enriched pathways
are presented on the y-axis. Gene Ontology was used to ana-
lyze potential target mRNAs. The biological process (BP), cel-
lular component (CC), and molecular function (MF) of
potential targets were grouped according to the Cluster Profiler
software (version 3.18.0), and a P value <.05 or FDR <0.05

was considered to indicate a significant pathway.

Clinical bioinformatics analysis

A clinical bioinformatics database (www.aclbi.com) is a multi-
functional analytical platform that currently contains data on
up to 40 disease types. RNA-sequencing expression (level 3)
profiles and corresponding clinical information for CCS in
luminal B patients were downloaded from The Cancer
Genome Atlas (TCGA) data set (https://portal.gdc.com), as
well as to analyze the differentially expressed genes between
the high-expression group of CCS in luminal B breast cancer
and the normal group, with the aim of elucidating the func-
tional role of these genes. Subsequently, the functions of these
up-regulated or down-regulated genes were screened through

functional enrichment. In addition, using this software, we
were able to examine how genes and clinical parameters includ-
ing age, sex, and TNM stage affected prognosis. First, univari-
ate Cox regression analysis was used to show that CCS was
associated with prognosis, while multivariate Cox regression
analysis showed that CCS could be considered an independent
prognostic factor. Based on the results of multivariate Cox
regression analysis, this tool can automatically extract variables
with significant differences in prognosis to construct a nomo-
gram for clinical prognosis. A nomogram was created to pre-
dict overall X-year recurrence based on the findings of
multivariate Cox proportional hazards analysis.?* The nomo-
gram gives a graphic representation of the variables that can be
used to determine a patient unique risk of recurrence based on
the points connected to each risk factor. R software version
4.0.3 (The R Foundation for Statistical Computing, 2020) was
used to conduct all analytical procedures, and P values <.05
were considered statistically significant.

Results
Human breast cancer shows high expression of CCS

In our previous study, we examined the expression of CCS in
several breast cancer cell lines by quantitative polymerase chain
reaction (QPCR) and western blot.?! Here, we sought to further
verify the CCS expression through the HPA database and assist
in the bioinformatics analysis of clinical samples. We first ana-
lyzed the expression patterns of CCS in different cancers. As
shown in Figure 1A, moderate CCS staining was found in more
than 80% of malignant lymphoma samples, nearly 50% of
breast cancer samples, ~20% of carcinoid, melanoma, prostate
cancer, and thyroid cancer samples, and ~10% of testis cancer
samples through the HPA database analysis. In contrast, no
positive signals were found among cervical cancer, colorectal
cancer, glioma, head and neck cancer, lung cancer, pancreatic
cancer, and urothelial cancer samples, which imply tissue-spe-
cific expression of CCS. Moreover, CCS mRNA expression lev-
els were compared between tumor samples and normal tissues
using the Clinical Bioinformatics Analysis Assistant (www.
aclbi.com). According to data from the TCGA and GTEx
databases, CCS expression was considerably increased in BRCA
patients (Figure 1B), and it was greatest in metastatic tissues
relative to normal and malignant tissues (Figure 1C). We also
investigated the transcriptional data of CCS in patients with
breast cancer from the cBioPortal databases (https://www.cbi-
oportal.org/); the graphical representation reveals a notable
elevation of CCS mRNA levels in breast cancer samples exhib-
iting amplification of CCS mRNA (Figure 1D). To further
support this discovery, CCS expression patterns in breast cancer
tissue microarrays including 90 biopsies (70 breast cancer tis-
sues and 20 nontumor normal breast tissues) were identified by
IHC employing a CCS-specific antibody. Copper chaperone
for superoxide dismutase immune staining was found to be
stronger in breast cancer tissue than in para cancer tissue
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Figure 1. The protein and mRNA expressions of CCS in normal, tumor, and metastatic tissues: (A) protein expression summary of CCS in 20 types of
cancers was evaluated using the HPA database; (B) compared mRNA expression levels between CCS tumor samples and normal tissues through
Assistant for Clinical Bioinformatics Analysis (www.aclbi.com) from The Cancer Genome Atlas and GTEx database; (C) the TNMplot database (https:/
www.tnmplot.com/) is used for analyzing CCS expression in tumor tissues, normal tissues, and metastatic tissues; (D) a plot showing the relationship
between CCS mRNA abundance and CNA in the CCS gene in tumors from the breast cancer study. Shallow deletion: low-level gene loss event; diploid: 2
alleles present; gain: low-level gene amplification event; amp: high-level gene amplification event; and (E, F) the CCS expression detected by

immunohistochemistry. Scale bar: 50 um.

BRCA indicates BReast-CAncer susceptibility gene; CCS, copper chaperone for superoxide dismutase; CAN, putative copy-number alterations from DNA copy; GTEX,
Genotype-Tissue Expression; HPA, Human Protein Atls; TCGA, The Cancer Genome Atlas.

*P <.05; ***P <.001.
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(Figure 1E and F). Taken together, the above findings show
that CCS is abundant in breast cancer tissues and may be a
predictive indicator for breast carcinoma.

Expression of CCS is related to clinical pathological

pammeters and prognosis

To assess the relationship between CCS expression and the
clinical-pathological characteristics of BRCA, multiple clinic
pathological features of 1097 breast cancer samples in TCGA
were analyzed by UALCAN database subgroup analysis.
Copper chaperone for superoxide dismutase expression levels
were considerably higher in cancer patients of all ages than in
the control group, with CCS displaying the greatest expression
in patients aged 41 to 60years (Figure 2A). In addition, among
patients with breast cancer, the expression of CCS was greater
in women than in men (Figure 2B). The expression of CCS in
BRCA patients, as analyzed by race, showed that CCS was
more expressed in African-American patients compared with
those of other races, including white and Asian (Figure 2C).
Moreover, the expression level of CCS in different stages of
breast cancer was significantly higher than that in normal tis-
sue (Figure 2D). In addition, corresponding clinical characteri-
zation information of CCS (Table 1) in 194 luminal breast
cancer tumors was obtained from TCGA data set (https://por-
tal.gdc.com). Survival association analyses, including overall
survival (OS) and postprogression survival (PPS), were con-
ducted to further verify the correlation of CCS expression with
prognosis in BRCA. Moreover, according to the KM plotter
data, patients with strong CCS expression had a lower OS and
PPS (Figure 2E). In brief, CCS expression was linked to clin-
icopathological parameters and poor survival and may serve as
a diagnostic indicator of BRCA patients.

BRCA1/BRCA2 mutations affect CCS expression

The BRCA1/BRCA2 and TP53 genes are directly associated
with inherited breast cancer, but may also inhibit the develop-
ment of malignant tumors. Families with these gene mutations
have an increased risk of developing breast cancer. Therefore,
the effects of these gene mutations on CCS expression were
analyzed. The results showed that neither BRCAI nor BRCA2
mutations alone had a significant effect on CCS expression (Figure
3A and B), whereas BRCA1 and BRCA2 double mutations sig-
nificantly affected CCS expression (P=.0243) (Figure 3C).
Meanwhile, CCS expression was considerably lower in the TP53
mutant group compared with the wild-type group (P=.0002,
Figure 3D). Collectively, these findings imply that CCS
expression is linked to BRCA1/BRCA2 mutations in breast

cancer.

Receptor expression affects CCS expression

Receptor expression is an important basis for the molecular
classification of breast cancer. Using be-GenExMiner v4.7, we

investigated the connection between CCS expression and ER,
PR, and HER?2 status. Copper chaperone for superoxide dis-
mutase mRNA expression was considerably elevated in the
ER+ and PR+ groups compared with the ER2 (-) and PR (-)
groups, respectively (P<<.0001; Figure 4A and B). However,
the CCS RNA expression in the epidermal growth factor
receptor-2 (HER2) (-) group was significantly lower than that
in the HER2 (+) group (P=.0023) (Figure 4C). We next ana-
lyzed the expression of CCS in the 4 states of ER/PR, includ-
ing ER+/PR+, ER+/PR-, ER-/PR+, and ER-/PR-, and
the outcomes demonstrated that the ER+/PR+ condition had
the highest expression (P<.0001) when compared with the
other 3 (Figure 4D).

CCS is an independent biomarker for prognosis in

luminal B subtype breast cancer

To identify the detailed relationship between the CCS level and
molecular types of breast cancer, CCS expression was analyzed
according to Prediction Analysis of Microarray 50 (PAM50)
and Subtype Classification Model 1 (SCMOD1) subtype
classes. The findings demonstrated that, compared with other
subtypes, such as basal-like, HER2, luminal A, and normal-
breast-like, the luminal B subtype had the greatest expression
of CCS (Figure 5A and B). We then used univariable and mul-
tivariable Cox regression models to examine the impact of CCS
and clinical parameters, including age, race, and stage influence
on prognosis. The results of univariate and multivariate Cox
analyses showed that CCS, age, and pTNM stage were signifi-
cantly associated with OS (Figure 5C and D); it showed that
these 3 variables were independent predictive variables in
breast cancer of the luminal B subtype. Using the Assistant for
Clinical Bioinformatics database, variables with significant
prognostic differences were identified and used to generate a
prognostic nomogram for patients with luminal B subtype
breast cancer using multivariate Cox regression analysis (Figure
5E). As shown in Figure 5F, calibration analysis revealed that
the nomogram for the 1-year survival rate (red line) was highly
similar to the ideal performance (45° gray line) when compared
with the 3-year (orange line) and 5-year (blue line) survival
rates, indicating that this model predicted a remarkably accu-
rate nomogram. The prognostic value of CCS in the OS and
DMEFS of luminal B breast cancer patients were examined with
the KM curves and compared using the log-rank test. Overall
survival (P=.0349) and DMFS (P=.0260) of patients with low
CCS mRNA expression were significantly better than patients
with high CCS mRNA expression (Figure 5G and H), which
indicates that high CCS mRNA expression may be a poor

prognostic marker of luminal B breast cancer.

Function enrichment of CCS in luminal B subtype

breast cancer

We next sought to confirm the mechanism behind the ele-
vated CCS expression in luminal B subtype breast cancer.
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Figure 2. CCS transcription in subgroups of patients with breast cancer, stratified based on age, sex, race, and cancer stages. The University of
ALabama at Birmingham CANcer data analysis Portal (UALCAN): (A) boxplot showing relative expression of CCS in normal and BRCA patients based on
age; (B) boxplot showing relative expression of CCS in normal and BRCA patients based on sex; (C) boxplot showing relative expression of CCS in
normal and BRCA patients based on race; (D) boxplot showing relative expression of CCS in normal and BRCA patients based on cancer stages; (E) the
correlation between CCS expression and overall survival in BRCA patients; and (F) the correlation between CCS expression and postprogression survival
in BRCA patients. Data are mean = SE.

BRCA indicates BReast-CAncer susceptibility gene; CCS, copper chaperone for superoxide dismutase; HR, hazard ratio; OS, overall survival; PPS, postprogression
survival.
*P <.05; **P <.01; ***P <.001.

Normal breast tissue gene expression and the elevated CCS set by Assistant for clinical bioinformatics analysis online,
expression in luminal B subtype breast cancer were analyzed which used the Limma package in R software to study the
to obtain clues to the function of CCS from TCGA RNA data differentially expressed mRNA. As a result, we identified 1327
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Table 1. RNA-sequencing expression (level 3) profiles and
corresponding clinical information for CCS in luminal B patients were
downloaded from the TCGA data set (https://portal.gdc.com).

Classification Characteristic CCS .
expression

Status Alive 162

Dead 32
Age M (SD) 58.6 (13)

mdn (min, max) 58 (27, 90)
Sex Women 189

Men 5
Race Asian 15

Black 16

White 130
pTNM_stage | 12

1A 10

B 1

Il 1

1A 57

1IB 48

1] 1

1A 37

1B 11

ne 9

I\ 4

X 3
new_tumor_event_type Metastasis 15

Primary 1

Recurrence 2
History_of_neoadjuvant_ Neoadjuvant 4
treatment

No neoadjuvant 189

Abbreviations: CCS, copper chaperone for superoxide dismutase; TCGA, The
Cancer Genome Atlas.

The measurement data are displayed as the mean = SD. Unpaired t test was
used for analyzing statistical assessments.

up-regulated and 2318 down-regulated genes (Figure 6A). In
the heatmap showing differential gene expression, different
colors represent the trend of gene expression in different tis-
sues. The top 50 up- and down-regulated genes from normal
and luminal subtype tissues are shown in the heatmap in dif-
ferent colors (Figure 6B). These up-regulated genes were ana-
lyzed in luminal B subtype tissues and compared with normal
tissues by GO and KEGG pathway enrichment analyses. The

findings showed that the strongest association between these
proteins and DNA replication, DNA packaging, DNA con-
formation change, and cell cycle was found (Figure 6C and D).
In gene expression, proliferation-related genes, such as
CCNB1, MKI67, and MYBL2, are highly expressed in
medium-sized luminal B histological grade III tumors.?
Therefore, we analyzed the correlations between CCS and
DNA replication pathway scores using Spearman analysis,
and the results showed that the expression of CCS was signifi-
cantly correlated with the DNA replication pathway (Figure
6E). We analyzed the correlation between CCS and CCNB1,
MKI67, and MYBL2 expression, and found a positive con-
nection between CCS and MYBL2 expression, a protein
related to cell cycle progression (Figure 6F). Taken together,
these findings imply that increased CCS expression promotes
tumor progression by participating in cell cycle progression in
luminal B subtype breast cancer.

Discussion

Breast cancer represents a major threat to the health of women
worldwide.2¢ Breast cancer is a varied collection of tumors, and
depending on the subtype, the prognosis and response to ther-
apy might vary?” The prognosis of luminal-type breast cancer
is better than that of other subtypes due to the use of targeted
therapies for estrogen-receptor positive tumors. In addition,
luminal B breast cancer has lower expression of hormone
receptors, higher expression of proliferation markers, higher
histologic grade, and worse prognosis, as well as being more
resistant to endocrine therapy and chemotherapy compared
with the luminal A subtype.?$?° However, clinical and basic
studies have failed to elucidate many characteristics of luminal
B breast cancer. Copper plays important roles in cell prolifera-
tion and angiogenesis in several physiological processes, and
high levels of copper accumulation have been observed in sev-
eral tumor tissues.!”1820 Copper transporters such as copper
transporter 1 (CTR1), copper-transporting P-type ATPase
and (ATP7A and ATP7B), and copper chaperones such as
CCS 1 and antioxidant-1 (Atox-1) regulate the bioavailability
of intracellular copper; abnormalities that cause intracellular
copper accumulation are involved in the progression of
tumors.3%31 Protein expression summary analysis of the HPA
database showed that CCS expression was highest in lym-
phoma, breast cancer, and carcinoids. In this study, through
analysis of multiple databases and immunohistochemical data,
we confirmed higher expression of CCS in breast cancer meta-
static tissues compared with normal and tumor tissues, which
was consistent with the results of our previous research in
migratory breast cancer cell lines. Notably, CCS expression was
found to be associated with clinical pathological characteristics
such as age, sex, and race from RNA-seq data. The most com-
mon breast cancer markers are ER and PR status, which
absence status is a sign of a poor prognosis.’? Therefore, we
analyzed the relationship of CCS gene expression with ER and
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Figure 3. Boxplots of CCS expression according to BRCAs and TP53 mutation status: (A) boxplots of CCS expression according to wild and mutation of
BRCA1 status from TCGA data; (B) boxplots of CCS expression according to wild and mutation of BRCA2 status from TCGA data; (C) boxplots of CCS
expression according to wild and mutation status of BRCA1/2 from TCGA data; and (D) boxplots of CCS expression according to wild and mutation of

TP53 status from TCGA data.

BRCA indicates BReast-CAncer susceptibility gene; CCS, copper chaperone for superoxide dismutase; TCGA, The Cancer Genome Atlas.

*P<.05; **P<.01; *™*P <.001.

PR status, and the results showed that CCS gene expression
was influenced by the status of ERs and PRs in breast cancer.
PAMS50 is a well-known classification method in oncology
research that uses 50 genetic features to classify breast cancer
into 5 different types.333* To investigate the possible role of
CCS genes in different subtypes of breast cancer, we compared
CCS expression in different subtypes according to PAMS50
and SCMOD1 subtypes, the results showed that the expres-
sion of CCS was highest in luminal B type compared with
other subtypes in both PAM50 and SCMOD1 subtypes.
The effect of CCS expression on the prognosis of patients

with luminal B patients was further investigated, KIM analysis
found that high CCS mRNA expression indicates a poor
prognosis of luminal B patients, univariate and multivariate Cox
regression models revealed that CCS may be an independent
prognostic factor in luminal B patients.

BRCA (BReast-CAncer susceptibility gene) comprises
BRCAI and BRCA2. An increased risk of breast cancer is
linked to BRCA1 and BRCA2 mutations.3> Numerous crucial
physiological activities have been linked to BRCA proteins; in
particular, both genes contribute to DNA repair and transcrip-
tional control in response to DNA damage.3¢ In addition,
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recent findings indicate that BRCAs control the transcription
of several genes related to DNA repair, the cell cycle, and apop-
tosis.?” Therefore, we analyzed the effect of BRCA genes on
CCS expression and found that mutations in BRCA1 and
BRCA2 did not affect the expression of CCS genes. These
results suggest that changes in the high expression of cell pro-
liferation-related genes caused by high CCS expression in
luminal B breast cancer are not associated with mutations in
BRCA genes. Compared with BRCA1/2 gene mutations,
TP53 gene mutations are rare in breast cancer, but patients
with TP53 gene mutations have an increased risk of developing
breast cancer.’® Therefore, we analyzed the effect of TP53 sta-
tus on CCS expression and showed that CCS expression was

significantly reduced in the TP53 mutant group compared
with the wild type. However, the specific molecular mechanism
underlying how the double BRACI/BRCA2 gene mutation
and the 7P53 mutation function to reduce CCS expression
needs further analysis.

By using gene chip-based data, we discovered that meta-
static breast cancer tissues had the greatest levels of CCS
expression, which was consistent with our previous results
indicating that invasive breast cancer cells exhibit a high level
of CCS expression. Overexpressed CCS may operate as a tumor
promoter in breast cancer since its silencer activates the ROS-
mediated MEK/ERK pathways to inhibit tumor cell prolifer-

ation.?! To further clarify the molecular mechanism of high
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CCS expression in the luminal B subtype, we compared the
differential genes in 2 groups of luminal B breast cancer sam-
ples—the CCS high expression group and the normal breast
CCS low expression group, and the differential genes were
functionally enriched to provide clues for CCS gene function in
luminal B breast cancer. The results of GO and pathway analy-
ses showed that the high expression group was mainly involved
in DNA replication, cell cycle,and DNA conformation change
and that CCS expression was significantly associated with the
tumor proliferation-related gene MYBL2 by correlation analy-
sis. MYBL2 is part of the MYB family of transcription factors,
which is an essential component in the regulation of vital cel-
lular processes, including cell proliferation, differentiation, and
DNA repair. Indeed, expression of MYBL2 has been identified
as a predictor of recurrence, resistance, and metastasis in cells,
especially.39-42 However, how CCS and MYBL2 collaborate to
promote cancer cell progression in luminal B breast cancer
requires further investigation.

The increasing survival rate of breast cancer in recent years is
partially attributable to the development of clinically efficient
treatment paths based on a better knowledge of molecular sub-
types.*® We performed a bioinformatics analysis using public
databases to assess the expression of CCS and its relationship
with clinicopathologic parameters and potential prognostic
value. This discovery will contribute to the establishment of a
theoretical framework for predicting risks and implementing
customized interventions and therapies for luminal breast cancer
in the clinical setting. Nevertheless, it is crucial to recognize the
current constraints in our research. Additional in vitro and in
vivo studies are necessary to authenticate our results. We antici-
pate that our findings will offer a fresh perspective that could
potentially enhance the clinical utilization of CCS as prognostic
biomarkers in luminal B breast cancer in the foreseeable future.

Conclusions

In summary, the results of our investigation illustrate the cor-
relation between the expression of CCS in breast cancer and
various clinicopathologic parameters. Moreover, our research
emphasizes the independent prognostic significance of CCS
specifically in luminal B breast cancer subtypes. These results
establish a theoretical groundwork for future investigations on
the potential utilization of CCS as a biomarker for luminal B
breast cancer.

Acknowledgements
We appreciate all the free online databases that have helped us
with our research.

Author Contributions

YL designed the project, conducted the bioinformatic analysis,
and wrote the initial manuscript. WD conducted the bioinfor-
matic analysis. RY conducted the immunohistochemical stain-
ing experiment data analysis. XW assisted with data analysis.

HL assisted with data analysis. XZ provided the funding and

revised the manuscript.

Data Availability Statement

The data are available for all study authors. The data sets used
and analyzed during the current study are available from the
corresponding author on reasonable request.

Ethics Approval and Consent to Participate
Not applicable.

ORCIDiD

Yanping Li https://orcid.org/0000-0002-9814-6803

REFERENCES

1. Barzaman K, Karami ], Zarei Z, et al. Breast cancer: biology, biomarkers, and
treatments. Int 2020;84:106535. doi:10.1016/j.
intimp.2020.106535

2. SungH, Ferlay ], Siegel RL, et al. Global cancer statistics 2020: GLOBOCAN
estimates of incidence and mortality worldwide for 36 cancers in 185 countries.
CA Cancer J Clin. 2021;71:209-249. doi:10.3322/caac.21660

3. WangL, Zhou, Jiang L, et al. CircWAC induces chemotherapeutic resistance in
triple-negative breast cancer by targeting miR-142, upregulating WWP1 and acti-
vating the PI3K/AKT pathway. Mo/ Cancer. 2021;20:43. doi:10.1186/s12943-021

4. Sorlie T, Tibshirani R, Parker J, et al. Repeated observation of breast tumor sub-
types in independent gene expression data sets. Proc Natl Acad Sci USA.
2003;100:8418-8423. doi:10.1073/pnas.0932692100

5. Smid M, WangY, Zhang Y, et al. Subtypes of breast cancer show preferential site
of relapse. Cancer Res. 2008;68:3108-3114. doi:10.1158/0008-5472.can

6. Tran B, Bedard PL. Luminal-B breast cancer and novel therapeutic targets.
Breast Cancer Res. 2011;13:221. doi:10.1186/bcr2904

7. Ransohoff DF. Gene-expression signatures in breast cancer. New Engl | Med.
2003;348:1715-1717; author reply 1715-1717.

8. Huang Z, YangJ, Qiu W, et al. HAUSS is a potential prognostic biomarker with
functional significance in breast cancer. Fronmt Oncol. 2022;12:829777.
doi:10.3389/fonc.2022.829777

9. LiA, Schleicher SM, Andre F, Mitri ZI. Genomic alteration in metastatic breast
cancer and its treatment. Am Soc Clin Oncol Educ Book. 2020;40:1-14. d0i:10.1200/
edbk_280463

10. Liu Z, Jiang Z, Gao Y, Wang L, Chen C, Wang X. TP53 mutations promote
immunogenic activity in breast cancer. J Omncol. 2019;2019:5952836.
doi:10.1155/2019/5952836

11.  Hozhabri H, Ghasemi Dehkohneh RS, Razavi SM, et al. Comparative analysis
of protein-protein interaction networks in metastatic breast cancer. PLoS ONE.
2022;17:¢0260584. doi:10.1371/journal.pone.0260584

12.  Rimawi MF, Schiff R, Osborne CK. Targeting HER?2 for the treatment of breast
cancer. Annu Rev Med. 2015;66:111-128. doi:10.1146/annurev-med

13.  Nicolini A, Ferrari P, Duffy MJ. Prognostic and predictive biomarkers in breast
cancer: past, present and future. Semin Cancer Biol. 2018;52:56-73. doi:10.1016/j.
semcancer.2017.08.010

14.  Horecka J, Kinsey PT, Sprague GF Jr. Cloning and characterization of the Sac-
charomyces cerevisiae LYS7 gene: evidence for function outside of lysine biosyn-
thesis. Gene. 1995;162:87-92. doi:10.1016/0378-1119(95)00325

15. Kawamata H, Manfredi G. Different regulation of wild-type and mutant Cu,Zn
superoxide dismutase localization in mammalian mitochondria. Hum Mol Genet.
2008;17:3303-3317. doi:10.1093/hmg/ddn226

16. Pierson H, Yang H, Lutsenko S. Copper transport and disease: what can we
learn from organoids? Annu Rev Nutr. 2019;39:75-94. doi:10.1146/annurev-nutr

17. Wang ], Luo C, Shan C, et al. Inhibition of human copper trafficking by a small
molecule significantly attenuates cancer cell proliferation. Naz Chem. 2015;7:968-
979. doi:10.1038/nchem.2381

18.  Oe S, Miyagawa K, Honma Y, Harada M. Copper induces hepatocyte injury due
to the endoplasmic reticulum stress in cultured cells and patients with Wilson
disease. Exp Cell Res. 2016;347:192-200. doi:10.1016/j.yexcr.2016.08.003

19.  Singh A, Kukreti R, Saso L, Kukreti S. Oxidative stress: a key modulator in neu-
rodegenerative  diseases. ~Molecules (Basel, Switzerland). 2019;24:1583.
doi:10.3390/molecules24081583

20. Lelievre P, Sancey L, Coll JL, Deniaud A, Busser B. The multifaceted roles of
copper in cancer: a trace metal element with dysregulated metabolism, but also a

Immunopharmacol.


https://orcid.org/0000-0002-9814-6803

Lietal

13

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

target or a bullet for therapy. Cancers. 2020;12:3594. doi:10.3390/cancers
12123594

LiY, Liang R, Zhang X, et al. Copper chaperone for superoxide dismutase pro-
motes breast cancer cell proliferation and migration via ROS-mediated MAPK/
ERK signaling. Front Pharmacol. 2019;10:356. doi:10.3389/fphar.2019.00356
Hozhabri H, Moghaddam MM, Moghaddam MM, Mohammadian A. A com-
prehensive bioinformatics analysis to identify potential prognostic biomarkers
among CC and CXC chemokines in breast cancer. Sci Rep. 2022;12:10374.
doi:10.1038/s41598-022

Thul PJ, AkessonL, Wiking M, et al. A subcellular map of the human proteome.
Science. 2017;356:eaal3321. doi:10.1126/science.aal3321

Zhang Z, Lin E, Zhuang H, et al. Construction of a novel gene-based model for
prognosis prediction of clear cell renal cell carcinoma. Cancer Cell Int. 2020;20:27.
doi:10.1186/512935-020

Sotiriou C, Pusztai L. Gene-expression signatures in breast cancer. N Engl |
Med. 2009;360:790-800. doi:10.1056/NEJMra0801289

Zhang YN, Xia KR, Li CY, Wei BL,, Zhang B. Review of breast cancer pathologi-
calimage processing. Biomed ResInt.2021;2021:1994764.d0i:10.1155/2021/1994764
Yi Z, Ma F. Biomarkers of everolimus sensitivity in hormone receptor-positive
breast cancer. J Breast Cancer. 2017;20:321-326. doi:10.4048/jbc.2017.20.4.321
Ades F, Zardavas D, Bozovic-Spasojevic I, etal. Luminal B breast cancer:
molecular characterization, clinical management, and future perspectives. J Clin
Oncol. 2014;32:2794-2803. do0i:10.1200/jc0.2013.54.1870

Xie J, Diener M, De G, Yang H, Wu EQ,, Namjoshi M. Budget impact analysis
of everolimus for the treatment of hormone receptor positive, human epidermal
growth factor receptor-2 negative (HER2-) advanced breast cancer in the United
States. J Med Econ. 2013;16:278-288. d0i:10.3111/13696998.2012.749788
Hatori Y, Lutsenko S. The role of copper chaperone atox1 in coupling redox
homeostasis to intracellular copper distribution. Antioxidants (Basel, Switzer-
land). 2016;5:25. doi:10.3390/antiox5030025

Tadini-Buoninsegni F, Bartolommei G, Moncelli MR, et al. Translocation of
platinum anticancer drugs by human copper ATPases ATP7A and ATP7B.
Angew Chem Int Ed Engl. 2014;53:1297-1301. doi:10.1002/anie.201307718

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Giinther UL. Metabolomics biomarkers for breast cancer. Pathobiology.
2015;82:153-165. doi:10.1159/000430844

Rommasi F. Identification, characterization, and prognosis investigation of piv-
otal genes shared in different stages of breast cancer. Sci Rep. 2023;13:8447.
doi:10.1038/541598-023

Kensler KH, Sankar VN, Wang J, et al. PAM50 molecular intrinsic subtypes in
the Nurses’ Health Study Cohorts. Cancer Epidemiol Biomarkers Prev.
2019;28:798-806. d0i:10.1158/1055-9965.cpi

Rahman N, Stratton MR. The genetics of breast cancer susceptibility. 4nnu Rev
Genet. 1998;32:95-121. doi:10.1146/annurev.genet.32.1.95

Gatei M, Scott SP, Filippovitch I, et al. Role for ATM in DNA damage-induced
phosphorylation of BRCA1. Cancer Res. 2000;60:3299-3304.

Yoshida K, Miki Y. Role of BRCA1 and BRCA2 as regulators of DNA repair,
transcription, and cell cycle in response to DNA damage. Cancer Sci.
2004;95:866-871. doi:10.1111/j.1349-7006.2004.tb02195..x

Walsh MF, Nathanson KL, Couch FJ, Offit K. Genomic biomarkers for breast
cancer risk. Adv Exp Med Biol. 2016;882:1-32. doi:10.1007/978-3-319-22909-6_1
Musa J, Aynaud MM, Mirabeau O, Delattre O, Griinewald TG. MYBL2
(B-Myb): a central regulator of cell proliferation, cell survival and differentiation
involved in tumorigenesis. Ce// Death Dis. 2017;8:¢2895. doi:10.1038/
cddis.2017.244

Heinrichs S, Conover LF, Bueso-Ramos CE, et al. MYBL2 is a sub-haploinsuf-
ficient tumor suppressor gene in myeloid malignancy. eLife. 2013;2:¢00825.
doi:10.7554/eLife.00825

Clarke M, Dumon S, Ward C, et al. MYBL2 haploinsufficiency increases sus-
ceptibility to age-related haematopoictic neoplasia. Leukemia. 2013;27:661-670.
doi:10.1038/1eu.2012.241

Zhou Q, Ren J, Hou ], et al. Co-expression network analysis identified candi-
date biomarkers in association with progression and prognosis of breast cancer. J
Cancer Res Clin Oncol. 2019;145:2383-2396. doi:10.1007/s00432-019

Paik S, Shak S, Tang G, et al. A multigene assay to predict recurrence of tamox-
ifen-treated, node-negative breast cancer. N Eng/ | Med. 2004;351:2817-2826.
doi:10.1056/NEJMoa041588



