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Purpose: The cytotoxic T-lymphocyte-associated protein 4 (CTLA4) is involved in the progression of various cancers, but
its biological roles in breast cancer (BRCA) remain unclear. Therefore, we performed a systematic multiomic analysis to
expound on the prognostic value and underlying mechanism of CTLA4 in BRCA.

Methods: We assessed the effect of CTLA4 expression on BRCA using a variety of bioinformatics platforms, including
Oncomine, GEPIA, UALCAN, PrognoScan database, Kaplan-Meier plotter, and R2: Kaplan-Meier scanner.

Results: CTLA4 was highly expressed in BRCA tumor tissue compared to normal tissue (P < 0.01). The CTLA4 messenger
RNA levels in BRCA based on BRCA subtypes of Luminal, human epidermal growth factor receptor 2, and triple-negative
BRCA were considerably higher than in normal tissues (P < 0.001). However, the overexpression of CTLA4 was associated
with a better prognosis in BRCA (P < 0.001) and was correlated with clinicopathological characteristics including age, T
stage, estrogen receptors, progesterone receptors, and prediction analysis of microarray 50 (P < 0.01). The infiltration of
multiple immune cells was associated with increased CTLA4 expression in BRCA (P < 0.001). CTLA4 was highly enriched in
antigen binding, immunoglobulin complexes, lymphocyte-mediated immunity, and cytokine-cytokine receptor interaction.
Conclusion: This study provides suggestive evidence of the prognostic role of CTLA4 in BRCA, which may be a therapeutic
target for BRCA. Furthermore, CTLA4 may influence BRCA prognosis through antigen binding, immunoglobulin
complexes, lymphocyte-mediated immunity, and cytokine-cytokine receptor interaction. These findings help us understand
how CTLA4 plays a role in BRCA and set the stage for more research.
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molecular markers for estrogen receptors (ER), progesterone
receptors (PR), and human epidermal growth factor 2 (HER2)

INTRODUCTION

As of 2020, there were 2.3 million women diagnosed with
breast cancer (BRCA) and 685,000 deaths globally, which means
it has become a major cancer threat to female health [1]. BRCA
can be divided into different types based on whether it has

[2]. BRCA is a highly heterogeneous tumor with a wide range of
etiologies and clinical symptoms [3]. BRCA patient prognosis is
significantly affected by immunity [4].

Cancer immunotherapy is a new and interesting area of
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cancer treatment, with the primary objective of using one’s own
immune system to identify and eliminate tumor cells [5]. The
immune system is remarkably equipped to recognize cancer
neoantigens as foreign and can develop antitumor responses
with the potential to eliminate the tumor [6]. Immune
checkpoints are an essential component of the immune system
[7], which also are cell surface receptors that are expressed on
immunological cells [8]. Immunotherapy is based on the use
of immune checkpoint inhibitors to prevent the interaction
of immunological checkpoints and activate the immune
response against tumor cells [9]. In recent years, immune
checkpoint inhibitors have become the treatment option for
many recurrent or spreading cancers, especially the targeted
cytotoxic Tlymphocyte-associated protein 4 (CTLA4) checkpoint
blocking therapy, which has achieved remarkable efficacy in the
treatment of different cancers [10-12].

CTLA4 is a protein receptor that is a member of the
immunoglobulin superfamily that is expressed by activated T
cells and transmits an inhibitory signal to T cells [13]. CTLA4
is an important co-inhibitory molecule that suppresses the
functions of T cells and transmits an inhibitory signal to T cells
[14,15]. CTLA4 is a target for monoclonal antibody-based drugs
that enhance anticancer immunity, such as ipilimumab, which
was the first CTLA4 inhibitor to be developed and the only
one to date that has been approved by the U.S. Food and Drug
Administration [16]. CTLA4 expression is associated with the
development of BRCA [17].

As an immunological checkpoint, CTLA4 can inhibit the
immune system from tolerating tumors, offering a potentially
beneficial new approach to the treatment of cancer. Herein,
we analyzed the expression pattern, function, and prognostic
value of CTLA4 in BRCA using various online databases and
annotation tools, and thoroughly evaluated the importance
of CTLA4 expression in BRCA. The findings will aid in the
understanding of CTLA4's prognostic value in human BRCA.

METHODS

Ethics approval and consent to participate
This article does not contain any studies with human

participants or animals performed by any of the authors.

Patient data collection
The Cancer Genome Atlas (TCGA) database (https:/portal.

gdc.cancer.gov) is the largest and most commonly used public
resource, providing somatic mutation, gene expression, gene
methylation, and copy number variation data sets, amongst
others, for several thousands of tumor samples and it is a
government-funded project with the goal of classifying and
discovering the major genomic alterations that cause cancer
to create a comprehensive cancer genome atlas "atlas” that

includes over 20,000 molecular characterizations of primary
cancers and matched normal samples for 33 cancer types [18]. It
was used to download all the raw expression of CTLA4 data in
BRCA in this study, including transcriptome RNA-seq data and
clinical data.

Oncomine platform transcript expression analysis
The Oncomine database (https://www.oncomine.org/

resource/login.html) is a web-based data mining platform with
204 datasets aimed at collecting, standardizing, evaluating,
and distributing transcriptomic cancer data for scientific
research [19]. The Oncomine database was used to assess
CTLA4 expression levels in BRCA. The fold change in CTLA4
expression in clinical cancer specimens relative to normal
controls was calculated using the P-value of le-4, fold-change 2,
and gene ranking in the top 10%.

GEPIA
The GEPIA (Gene Expression Profiling Interactive Analysis;

http:/gepia.cancer-pku.cn) is a web server for analyzing the
RNA sequencing expression data of 9,736 tumors and 8587
normal samples from the TCGA and the GTEx (Genotype-Tissue
Expression) projects, using a standard processing pipeline [20].
In this study, the GEPIA-provided box plots tool, which has a
P-value of 0.01 and a log, fold-change cutoff of 1, was used to
perform CTLA4 in the BRCA tumor tissue and normal tissue
differential expression analysis.

Expression of CTLA4 in breast cancer based on

breast cancer subtypes by UALCAN web
The analysis was performed on the online tool of UALCAN

(Utility for Alleviating Laboratory, and Computational Analysis;
http://ualcan.path.uab.edu) based on BRCA subtypes. UALCAN
is a userfriendly, interactive web portal for analyzing TCGA
gene expression data in depth, which includes 1,211 patients
enrolled in this data profile, including 114 normal and 1,097
tumors in patients with BRCA [21].

Prognosis analysis using PrognoScan
PrognoScan (http:/dna00.bio.kyutech.ac.jp/PrognoScan/) is a

popular online resource for meta-analysis of genes’ prognostic
relevance [22]. The relationship between CTLA4 expression and
BRCA patient survival was investigated using PrognoScan in
this study.

Kaplan-Meier plotter for survival analysis
The Kaplan-Meier plotter (https:/kmplot.com/analysis/) is an

online application tool that can assess the impact of over 54,000
genes on the survival of 21 cancer types [23]. In this study, it
was utilized to investigate the association between CTLA4
expression and BRCA patient survival.
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Survival analysis using R2
R2 (https://hgserverl.amc.nl/cgi-bin/r2/main.cgi) is a web-

based genomics analysis and visualization program that can be
used for a variety of genomics research and visualization tasks.
In this study, it was utilized to investigate the relationship
between CTLA4 expression and overall survival (OS) in BRCA
patients.

Analysis of immune infiltration and its correlation

with CTLA4 expression
By applying the ssGSEA (single-sample Gene Set Enrichment

Analysis) method from the GSVA (gene set variation analysis)
package in R, we quantified the relative tumor infiltration levels
of immune cell types by integrating the expression levels of
genes in published signature gene lists to evaluate the association
between the infiltration of immune cells and the CTLA4
messenger RNA (mRNA) expression groups in BRCA [24-26].

Analysis of differentially expressed genes between
the high and low CTLA4 expression groups in

patients with breast cancer
Expression profiles (RNA-sequencing transcripts per million)

were compared between the high and low CTLA4 mRNA
expression groups to identify the differentially expressed genes
(DEGs) using the ggplot2 program. The thresholds for the DEGs
were set at log, fold change >1 and P < 0.05, respectively. The
clinical data in this section were obtained from the TCGA
database.

Gene Ontology and Kyoto Encyclopedia of Genes

and Genomes enrichment analysis
Gene Ontology (GO) and Kyoto Encyclopedia of Genes and

Genomes (KEGG) enrichment analyses were used to determine
the biological significance of DEGs, and GO includes biological
processes (BP), cellular components (CC), and molecular
functions (MF). In this study, we used the package R "cluster
profile” to perform GO and KEGG analyses on DEGs to identify
possible biological activities and signaling pathways impacted
by CTLA4 [27).

Protein-protein interaction analysis using

Cytoscape

Cytoscape software (ver. 3.6.1, http:/www.cytoscape.org;
Shannon et al. [28]) was used to visualize and analyze the
protein-protein interaction (PPI) network. In this study, PPI
networks for CTLA4 were constructed by the Cytoscape plug-in
STRING protein query (set its parameters as Homo sapiens, with
a confidence interval of 1) and Cytoscape plug-in cytoHubba
to create a PPI network and perform analysis identify to 5 hub
genes in the PPI network [28].

Statistical analysis
The statistical analysis was carried out using R software

ver. 3.6.3 (The R Foundation for Statistical Computing). The
Wilcoxon rank-sum test or the Kruskal-Wallis test was used to
examine differences across groups, as appropriate, Correlations
were determined using Pearson or Spearman correlation tests,
where applicable. PrognoScan, Kaplan-Meier plotter, and R2
were used to create survival curves. The logrank test P-values
were used to show all the results. And log-rank tests were used
to determine the significance of the differences between the
survival curves, with a P-value of <0.05 regarded as statistically
significant.

RESULTS

CTLA4 expression in breast cancer patients
The CTLA4 mRNA levels in pan-cancer tissues and normal

tissues were compared using Oncomine and the TCGA database,
and we found that CTLA4 was highly expressed in multiple
cancer tissues, including in BRCA (P < 0.01) (Fig. 1). The GEPIA
database was used for further verification of the above results,
which showed that CTLA4 mRNA expression in BRCA tissues
was much higher than in normal tissues (P < 0.01) (Fig. 2A).
Also, we analyzed the different types of BRCA and compared
how CTLA4 was expressed in each type and found that the
expression of CTLA4 in subtypes of Luminal, HER2 positive,
and triple-negative BRCA (TNBC) was significantly upregulated
compared to that of normal breast tissues (P < 0.001) (Fig. 2B).

Prognostic value of CTLA4 mRNA expression in

breast cancer patients
The PrognoScan, Kaplan-Meier plotter, and R2 databases were

used to investigate the prognostic value of CTLA4 expression
in BRCA to explain how it affects the prognostic characteristics
of BRCA patients and the associations between variations in
CTLA4 expression and clinical outcomes. As shown in Fig. 3,
we observed a connection between CTLA4 overexpression and
better OS in BRCA patients. The PrognoScan analysis result
showed that overexpression of CTLA4 was associated with
better prognosis in BRCA patients (P < 0.05) (Fig. 3A). We used
the Kaplan-Meier plotter to analyze and confirm that increased
CTLA4 expression was associated with improved OS in BRCA
(P < 0.01) (Fig. 3B). The analysis results of the R2: Kaplan-
Meier scanner were consistent with the above results, that is,
overexpression of CTLA4 is associated with better OS of BRCA
patients (P < 0.05) (Fig. 3C).

The relationships between CTLA4 expression and
clinicopathological features in patients with

breast cancer
In the TCGA database, CTLA4 overexpression was connected
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Fig. 1. The expression of CTLA4 messenger RNA (mRNA) in different types of cancers (Oncomine and The Cancer Genome
Atlas [TCGA] database). (A) This graphic generated by Oncomine (https://www.oncomine.org/resource/login.html) indicates
the numbers of datasets with statistically significant (P < 0.01) mRNA overexpression (red) or down-expression (blue) of CTLA4
(different types of cancer vs. corresponding normal tissue). The threshold was designed with the following parameters: P-value
of 1e-4, fold change of 2, and gene ranking of 10%. (B) Human CTLA4 expression levels in different tumor types from the
TCGA database were determined. ***P <0.001.
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to clinicopathological characteristics of BRCA patients (Table 1).  above findings, we examined the clinical characteristics of BRCA
Overexpression of CTLA4 was related to age, tumor size stage,  patients with low and high expression CTLA4 (Table 2). The
ER status, PR status, and prediction analysis of microarray 50  results showed that the differential expression of CTLA4 was
(PAM50) subtypes in BRCA patients (P < 0.01). To validate the  significantly related to age and T stage in BRCA patients (P < 0.01).
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Fig. 3. Overall survival (OS) of CTLA4 in breast cancer. (A) OS of CTLA4 in breast cancer using PrognoScan (http://dna00.bio.
kyutech.ac.jp/PrognoScan-cgi/PrognoScan.cgi). (B) OS of CTLA4 in breast cancer using Kaplan-Meier plotter (https://kmplot.
com/analysis/index.php?p=service). (C) OS of CTLA4 in breast cancer using R2: Kaplan-Meier scanner (https:/hgserverl.amc.
nl/cgi-bin/r2/main.cgi). HR, hazard ratio; Cl, confidence interval; TCGA, The Cancer Genome Atlas.

The relationship between CTLA4 expression and

infiltration of immune cells
To understand the underlying mechanism of CTLA4 in BRCA,

we investigated the associations between CTLA4 expression
and immune cell infiltration in BRCA, as shown in Fig. 4.
The results indicated that the expression of CTLA4 in BRCA
was positively correlated with the infiltration of multiple
immune cells (Fig. 4). CTLA4 mRNA expression was found to be
positively correlated with the infiltration of activated dendritic
cells (aDCs), B cells, CD8 T cells, cytotoxic cells, dendritic cells
(DCs), immature DCs (iDCs), macrophages, neutrophils, natural
killer CD56dim cells, plasmacytoid DCs (pDCs), T cells, T helper
(Th) cells, T central memory, T effector memory, T follicular
helper, Thl cells, Th2 cells, and regulatory T cells (Tregs) in
BRCA (P < 0.001, Fig. 5).

Functional enrichment analysis of samples with

high and low CTLA4 expression
To further explore the potential mechanism of CTLA4

promoting antitumor immunity progression, we identified the
DEGs and rich BP between the high expression group and the
low expression group mediated by CTLA4. In the TCGA-BRCA
transcriptome database, a total of 2936 DEGs were found, with
1995 positively correlated genes and 941 negatively correlated
genes for CTLA4 (Fig. 6A). The top 20 co-expressed genes with
positive and negative correlations to CTLA4 were depicted in
heat maps (Fig. 6B). Subsequently, the functions of the high
expression group and the low expression of CTLA4 in patients
with BRCA were predicted using GO and KEGG as shown in Fig,
6. The top GO enrichment items in the BP, CC, and MF groups
were antigen binding, immunoglobulin complex, lymphocyte-
mediated immunity (Fig. 7A). KEGG pathway analysis displayed
that the high expression group and the low expression group

mediated by CTLA4 were enriched in cytokine-cytokine
receptor interaction (Fig. 7B).

Identification of known and predicted structural

proteins essential for CTLA4 function
PPI networks are composed of proteins that interact with

each other to participate in cellular processes such as biological
signal transmission, gene expression regulation, energy and
material metabolism, and cell cycle regulation. Therefore,
additional interacting partners' control of CTLA4 deserves
further exploration. As shown in Fig. 8, we utilized the
Cytoscape plug-in STRING protein query (set its parameter as
Homo sapiens, with a confidence interval of 1) and Cytoscape
plug-in cytoHubba to create a PPI network and analysis to hub
genes. The predicted protein partners of CTLA4 along with
their respective genes' PPI networks were shown in Fig. 8A,
which showed that there were 30 edges and 11 nodes. Further,
the Cytoscape cytoHubba plug-in for hub genes analysis was
used. We ran the cytoHubba application and extracted data
from a degree of calculation methods. The top 5 hub genes were
CTLA4, LCK, FOXP3, CD80, and PTPNI11 (Fig. 8B). Thus, these
predicted interacting partners of CTLA4 may be involved in
the regulation of CTLA4-mediated anticancer progression and
prognosis.

DISCUSSION

The relationship between CTLA4 expression profiles and
clinical outcomes of BRCA was investigated in this study. BRCA
is one of the most frequent cancers in women, and it is also
the leading cause of cancer mortality in women [29]. Immune
checkpoint inhibitors have been shown to increase survival
in a variety of solid tumors and are now a standard part of
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Table 1. The relationships between CTLA4 expression and  treatment for many cancer types [30-33]. A previous study
clinicopathological features in breast cancer reported on targeted CTLA4 checkpoint blocking therapy, which
Variable No. of patients CTLA4 (P-value) has achieved remarkable efficacy in the treatment of different
cancers [12]. It has been reported that high expression of CTLA4

AEZ (()yr) 601 <0.01 correlates with poor survival in patients with melanoma, renal

~60 482 cell carcinoma, and colorectal cancer, and a significantly higher
T stage <0.01 expression of it is present in patients with BRCA [34]. However,

T 277 the mechanism of CTLA4 in BRCA progression is unclear.

T2 629 CTLA4 as a checkpoint predominantly functions early in the

13 139 life cycle of the immune response, during T-cell priming and

I 35 activation, and it enhances the immunosuppressive activity of
N stage NS . . .

NO - Tregs [35]. Identifying aberrantly expressed genes in tumors is

N1 358

N2 116

N3 76 Table 2. Clinical characteristics of breast cancer patients
M stage NS with low and high expression CTLA4 in TCGA

Mo 902 Low expression High expression

M1 20 Characteristic of CTLA4 of CTLA4 P-value
ER status <0.001

+ 793 No. of patients 541 542

- 240 Age (yr) 60 (49-69) 56 (48-65) 0.002*
PR status <0.001 T stage <0.001*

+ 688 T1 143 (13.2) 134 (12.4)

_ 342 T2 289 (26.8) 340 (31.5)
HER?2 status NS T3 79(7.3) 60 (5.6)

+ 157 T4 27 (2.5) 8 (0.7)

- 558 N stage 0.918
PAM50 <0.001 NO 252 (23.7) 262 (24.6)

Lum A 562 N1 183 (17.2) 175 (16.4)

Lum B 204 N2 56 (5.3) 60 (5.6)

HER2-enriched 82 N3 37 (3.5) 39 (3.7)

Basal-like 195 M stage 0.859

Normal-like 40 MO 455 (49.3) 447 (48.5)

M1 11(1.2) 9 (1.0)

NS, no significance; ER, estrogen receptor; PR, progesterone
receptor; HER2, human epidermal growth factor receptor 2;  Values are presented as number only, median (interquartile

PAM50, prediction analysis of microarray 50; Lum, Luminal; range), and number (%).
HER2, human epidermal growth factor 2. *P < 0.05.
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Fig. 5. The correlation between CTLA4 expression and immune cell infiltration in breast cancer. Correlation between CTLA4
expression and (A) activated dendritic cells (aDC), (B) B cells, (C) CD8 T cells, (D) cytotoxic cells, (E) dendritic cells (DC), (F)
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Fig. 6. Functional enrichment analysis of samples with high and low CTLA4 expression. (A) Volcano plot of differentially
expressed genes (DEGs), |log, (FC)| > 1 and adjusted P < 0.05. (B) Heatmap of DEGs. TPM, transcripts per million.**P < 0.01
and ***P < 0.001.

important for the development of individualized treatments,
which can improve therapeutic outcomes [36]. Therefore, we
first analyzed the expression of CTLA4 in BRCA tissues and

normal breast tissues, finding that CTLA4 expression in BRCA
tissues was higher than in normal tissues (P < 0.01). Then,
we compared the expression of CTLA4 in different subtypes
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with low and high expression CTLA4 in breast cancer. (A) GO analysis. (B) KEGG analysis. P < 0.001.
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Fig. 8. Identification of known and predicted structural proteins essential for CTLA4 functions and top 5 hub genes (cytoHubba).
(A) The protein-protein interaction network of CTLA4 was generated using the Cytoscape STRING plug-in. GRB2, growth
factor receptor-bound protein 2; CD80, T-lymphocyte activation antigen CD80; LCK, tyrosine-protein kinase Lck; CD86,
T-lymphocyte activation antigen CD86; CD276, immune costimulatory protein b7-h3; PTPN11, tyrosine-protein phosphatase
non-receptor type 11; FOXP3, forkhead box protein P3; ICOSL, ICOS ligand; B7RP1, inducible T-cell co-stimulator ligand;
PPP2R4, serine/threonine-protein phosphatase 2A activator. (B) The top 5 hub genes were identified using the Cytoscape

cytoHubba plug-in with extracted data from the degree of calculation methods.

of BRCA and the expression of normal breast tissue using
the UCLan (University of Central Lancashire) platform, and
the results indicated that the expression of CTLA4 in BRCA
subtypes Luminal, HER2 positive, and TNBC tissues was
significantly higher than in normal tissues (P < 0.001).
Previous studies reported that high expression of CTLA4
correlates with poor survival of patients with melanoma, renal
cell carcinoma, and colorectal cancer [37,38]. However, it's
unclear what effect higher CTLA4 expression has on the OS of
BRCA. In this study, we found that overexpression of CTLA4
mRNA levels was related to better OS (P < 0.05). It may be
related to the fact that CTLA4 can relieve inhibitory signals

of T-cell activation and thus enhance an effective antitumor
response [39]. The previous study indicated that cancer cells
express PD-LI and CTLA4, which prevent the immune system
from recognizing and destroying tumor cells, and PD-1 and
CTLA4 blocking antibodies can activate the antitumor response,
leading to tumor regression [40]. CTLA4 protein plays a key role
in activating the antitumor response against cancer cells [41].

A study has reported that CTLA4 expression was associated
with multiple lesions, larger tumor size, advanced lymph node
stage, lymphovascular infiltration, and skin invasion in BRCA
[42]. Our results indicated that overexpression of CTLA4 was
related to age, tumor size stage, ER status, PR status, and PAM50
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subtypes in BRCA patients (P < 0.01).

In this study, to comprehensively explore the mechanism
of CTLA4 in BRCA, we investigated the associations between
CTLA4 expression and immune cell infiltration, and the results
showed that the expression of CTLA4 in BRCA was positively
correlated with the infiltration of multiple immune cells. GO
analysis found that the high expression group and the low
expression of CTLA4 in BRCA were mainly involved in antigen
binding, immunoglobulin complex, and lymphocyte-mediated
immunity. KEGG pathway analysis showed that the high
expression group and the low expression group mediated by
CTLA4 were enriched in cytokine-cytokine receptor interaction.
CTLA4 has 30 edges and 11 nodes in the PPI network, according
to our findings, with the top 5 hub genes: CTLA4, LCK, FOXP3,
CD8&0, and PTPN11. LCK (or lymphocyte-specific protein
tyrosine kinase) is a member of the Src family and regulates
the activation of T cells [9]. Previous studies have shown that
LCK is expressed in various cancer types, such as BRCA, colon
cancer, and lung carcinoma [43-45]. LCK has been discovered
to be expressed in BRCA and has been identified as a crucial
participant in the HER2-enriched subtype network [44]. FOXP3
is a protein involved in immune system responses [46], which
is expressed in BRCA and was associated with poor prognosis
[47]. A member of the FOX protein family, FOXP3 appears to
function as a master regulator of the regulatory pathway in
the development and function of regulatory T cells [48,49]. In
addition, FOXP3 is the most specific and reliable marker of
regulatory T cells, and elevated FOXP3 lymphocytes are thought
to contribute to tumor-immune evasion in BRCA [50]. The
cluster of differentiation 80 is a B7 type I membrane protein
that regulates the immune system through an inhibitory
interaction with CTLA4 [51]. PTPNII has significant relevance
in BRCA, and it encodes phosphatase SHP2, involved in BRCA
progression [52].

CTLA4 may play an important regulatory role in the tumor-
immune microenvironment of BRCA, which may serve as a
potential indicator of prognosis and immunotherapy response
for BRCA. Furthermore, CTLA4 may influence BRCA prognosis

through antigen binding, immunoglobulin complexes,
lymphocyte-mediated immunity, and cytokine-cytokine
receptor interaction. These findings help us understand how
CTLA4 plays a role in BRCA and set the stage for more research.
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