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Tumor microenvironment (TME) plays an essential role in the development and metastasis
of breast cancer (BC). More studies are needed on the differences and functions of immune
components and matrix components. In this study, we calculated the proportion of tumor-
infiltrating immune cells (TICs) and the proportion of immune and matrix components of
BC patients from The Cancer Genome Atlas (TCGA). We performed Cox regression
analysis and constructed protein-protein interaction (PPI) network based on the differentially
expressed genes (DEGs) and obtained the most crucial gene CD52. CD52 significantly
upregulated and affected the prognosis of BC patients. Gene set enrichment analysis
(GSEA) suggested that the genes in the CD52 high-expression group were mainly enriched
in immune-related pathways, while those in the CD52 low-expression group were mainly
enriched in metabolic pathways. TICs analyses showed that there should be a positive
correlation between CD52 expression and CD8+ T cells, activated memory CD4+ T cells,
macrophage M1, and Gamma Delta T cells. It indicated that CD52 might be an essential
factor in maintaining the immune-dominant position of TME. These results suggest that
CD52 might be a potential biomarker for prognosis and provide a new therapeutic target
for BC patients.

Keywords: breast cancer, CD52, tumor microenvironment, immune infiltration, prognosis

INTRODUCTION

Breast cancer (BC) is one of the most common tumors diagnosed by women. According to
the American Cancer Associations latest statistics, BC patients account for 30% of all female
cancer patients, and the mortality rate is the highest among 20-59-year-old female cancer
patients (Siegel et al., 2020). With the popularization of mammography, BC’s early diagnosis
rate has increased, and the mortality rate has declined. However, in recent years, BC mortality’s
declining trend is not optimistic (DeSantis et al., 2019). For BC patients, chemotherapy is the
most used treatment. In the past 30 years, the research and application of targeted therapy
have improved the survival rate of metastatic breast cancer (Jin et al., 2018). However, the
research progress of targeted treatment for breast cancer types without precise biomarkers is
relatively backward, and it still stops at the stage of non-metastatic breast cancer treatment
(Waks and Winer, 2019). Besides, the emergence of patients’ drug resistance to chemotherapy
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drugs makes the therapeutic effect of existing targeted drugs
hit (Chen and Zhang, 2018; Yang et al., 2019). Therefore, the
discovery and development of more extensive tumor markers
and new targeted drugs are the bottlenecks of targeted therapy.

The tumor microenvironment (TME) is an essential factor
that affects tumor behavior, in which immune cells play an
essential role (Gajewski et al., 2013). The characteristics of the
immune microenvironment changed dynamically with tumor
progression. BC is a kind of tumor characterized by an
inflammatory response, and the immune cells are abundant in
the microenvironment (Tower et al., 2019). More and more
studies show that infiltrating immune cells in the TME can
be the target of treatment and the target of therapeutic effect.
Especially, tumor-infiltrating lymphocytes have been proved to
be related to the good response and better prognosis of
chemotherapy (Pruneri et al., 2016). In neoadjuvant chemotherapy,
the presence of tumor-infiltrating lymphocytes is associated with
a high pathological response rate (Denkert et al., 2010). Given
the PD-1/PD-L1 pathway that induces immune escape between
tumor and T lymphocyte, the advent of the PD-1 inhibitor
undoubtedly provides a new possibility for targeted therapy
(Bastaki et al., 2020). From these results, immune cells have
very subtle functional transformation under the regulation of
tumor cells, and the state of activation or inhibition of immune
cells also affects the survival state of the tumor. Therefore, it
is crucial to determine the factors that affect the dynamic
changes of immune cells at the gene level for targeted
BC treatment.

In this study, we calculated the proportion of tumor-infiltrating
immune cells (TICs) and the proportion of immune and matrix
components of BC samples from The Cancer Genome Atlas
(TCGA) database and determined a useful predictive biomarker
CD52. CD52 is a membrane glycoprotein widely expressed on
the surface of mature lymphocytes, monocytes, and dendritic
cells. The monoclonal antibody Alemtuzumab combined with
CD52 is commonly used in treating chronic lymphoblastic
leukemia and multiple sclerosis, but its role in solid tumors
has not been studied (Badoux et al., 2011; Cohen et al., 2012;
Zhao et al, 2017). Therefore, CD52 might be an unexplored
biomarker related to immune cell regulation in BC.

MATERIALS AND METHODS

Data Source

We obtained RNA-sequence of 1222 BC samples (1,109 tumor
samples and 113 healthy samples) and clinical information
from the TCGA database.’

Abbreviations: BC, Breast cancer; DEGs, Differentially expressed genes; ES,
Enrichment score; GO, Gene ontology; FDR, False discovery rate; GPI,
Glycosylphosphatidylinositol; GSEA, Gene set enrichment analysis; KEGG, Kyoto
Encyclopedia of Gene and Genome; KM, Kaplan-Meier; OS, Overall survival;
PPI, Protein-protein interaction; ROC, Receiver operating characteristic; TCGA,
The Cancer Genome Atlas; TICs, Tumor-infiltrating immune cells; TME, Tumor
microenvironment.

'https://portal.gdc.cancer.gov/

Calculation of InmuneScore and
StromalScore

We used the ESTIMATE algorithm with the “estimate” package
in R to calculate the proportion of immune and matrix
components in the TME of each sample, embodied in
ImmuneScore and StromalScore. We combined ImmuneScore
and StromalScore with follow-up information on BC patients
for survival analysis. A value of p < 0.05 was considered significant.

Identification of DEGs

The BC samples were labeled high or low based on median
scores compared with ImmuneScore and StromalScore. The
“limma” R package was used to identify differentially expressed
genes (DEGs) between the high group and low group according
to the cut-off criteria of [log 2 FC| > 1 and false discovery
rate (FDR) < 0.05 (Ritchie et al., 2015).

GO and KEGG Terms Enrichment Analysis
To explore the functional correlation of these sharing DEGs,
we used the “clusterProfiler” R package to perform Gene
Ontology (GO) functional annotations and Kyoto Encyclopedia
of Genes and Genomes (KEGG) pathway enrichment analysis
(Yu et al, 2012). Those with p- and g-values < 0.05 were
considered as significant categories.

PPI Network Construction

To further explore its potential mechanism, we built a protein-
protein interaction (PPI) network based on the String database’
using Cytoscape’s software (version 3.8.0). Nodes with interaction
confidence greater than 0.70 were used to construct the network.

Univariate Cox Regression Analysis

We performed univariate Cox regression analysis to identify
the DEGs associated with overall survival (OS). Select DEGs
with a value of p < 0.01 for further analysis. Intersecting with
the results of PPI, we got the gene CD52 for further study.

Differential Expression and Survival
Analysis of CD52

We verified the difference of CD52 expression between tumor
and normal samples by the Wilcoxon rank-sum test. We also
analyzed the CD52 expression in paired samples of normal
and tumor tissues of the same patient. Kaplan-Meier (KM)
method was used to analyze the effect of CD52 on the survival
of BC patients. We downloaded the METABRIC cohort of breast
cancer patients and combined CD52 expression with clinical
follow-up data, including 1,904 patients for survival analysis.

Gene Set Enrichment Analysis

We performed gene set enrichment analysis (GSEA) with GSEA
software.’ The enrichment score (ES) > 0.4 as a filter and
FDR value < 0.05 were statistically significant.

*https://string-db.org/
*https://www.gsea-msigdb.org/gsea/index.jsp
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CIBERSORT Analysis

To calculate the relationship between CD52 expression and
the TICs abundance distribution of all BC samples, we used
the CIBERSORT algorithm to estimate the relative abundance
of 22 types of infiltrating immune cells, including macrophages,
T cells, B cells, and other immune cells (Newman et al., 2015).
A value of p < 0.05 was set as the threshold, and the CIBERSORT
output was analyzed to determine the difference between TICs
and CD52 expressions.

RESULTS

Scores Correlated With Survival of BC
Patients

We performed the KM analysis by combining ImmuneScore
and StromalScore with survival time and state of patients. The
proportion of immune components was significantly related
to the OS of BC patients (Figure 1A), while the proportion
of matrix components was not significantly correlated to the
OS (Figure 1B).

DEGs Screening

One thousand three hundred and one genes were identified
from StromalScore, including 1,079 upregulated genes and 222
downregulated genes (Figure 2A). One thousand four hundred
and forty-two DEGs were identified from ImmuneScore,
consisting of 1,255 upregulated genes and 187 downregulated
genes (Figure 2B). We obtained 437 upregulated genes and
49 downregulated from the intersection analysis (Figures 2C,D).

Functional Enrichment Analysis

Gene ontology analysis showed that DEGs were mainly enriched
in immune-related functions, including adaptive immune
response based on somatic recombination of immune receptors
built from immunoglobulin superfamily domains, immune
response-activating cell surface receptor signaling pathway,
immune response-regulating cell surface receptor signaling
pathway, immunoglobulin mediated immune response, and
lymphocyte-mediated immunity (Figure 2E). Similarly, KEGG

analysis showed that DEGs were mainly enriched in immune-
related pathways, including cell adhesion molecules, chemokine
signaling pathway, cytokine-cytokine receptor interaction,
hematopoietic cell lineage, and viral protein interaction with
cytokine and cytokine receptor (Figure 2F).

Hub Gene Identification and Cox
Regression Analysis

We used sharing DEGs to construct a PPI network by Cytoscape
(Figure 3A). The top 30 genes with the most nodes in the
PPI network were identified as the hub genes (Figure 3B).
Cox regression analysis showed that five genes (TRBVS5-5,
AC006369.1, CD52, KLRBI, and CST7) were closely related to
BC’s OS (Figure 3C). The intersection analysis PPI and Cox
results obtained the most critical gene CD52 (Figure 3D).

CD52 Expression and Survival Analysis

We found that CD52 was significantly upregulated in BC
samples (Figure 4A), and the same results were observed in
the paired samples (Figure 4B). Survival analysis showed that
CD52 had an excellent ability to predict BC patients’ prognosis
in the TCGA database (Figure 4C, p < 0.001). The METABRIC
cohort also verified the prognostic value of CD52 (Figure 4D,
p = 0.033).

Gene Set Enrichment Analysis

Gene set enrichment analysis (GSEA) suggested that the genes
in the CD52 high expression group were mainly enriched in
immune-related pathways, while those in the CD52 low expression
group were mainly enriched in metabolic pathways (Figure 4E).

Correlation Between CD52 and TICs

To further explore the correlation between CD52 expression
and immune microenvironment, we constructed the relative
abundance of 22 types of infiltrating immune cells in BC
samples. It had a significant correlation with 14 kinds of
immune cells (Figure 5A). Among them, there should be a
positive correlation between CD52 expression and CD8+ T
cells, activated memory CD4+ T cells, macrophage M1, and
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FIGURE 1 | Correlation of scores with the survival of patients with breast cancer (BC). (A) Kaplan—Meier (KM) survival analysis for BC patients grouped into the high
or low score in ImmuneScore determined by comparing the median. (B) Kaplan—-Meier survival curve for StromalScore.
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and Kyoto Encyclopedia of Genes and Genomes (KEGG) for differentially

Gamma Delta T cells (Figures 5B-E). There should be a
negative correlation between CD52 expression and macrophages
MO and M2 (Figures 5F,G).

DISCUSSION

The TME has been proved to play an essential role in the
occurrence, development, and metastasis of tumors. Especially
the immune cells infiltrated in the TME, under the regulation
of tumor, the behavior of immune cells is not coordinated,
and the activation state and function of different immune cells
incline to the direction of anti-tumor or promoting tumor
under the regulation of tumor (Tower et al, 2019). Therefore,
it is crucial to find the critical markers of regulating tumor
immune microenvironment for reversing TME and promoting
tumor state.

CD52 is a glycoprotein composed of 12 amino acids
and an amino acid terminal oligosaccharide linked with
asparagine. It is anchored on the cell membrane by a
glycosylphosphatidylinositol (GPI) and widely expressed in mature
lymphocytes, monocytes, dendritic cells, and NK cells (Treumann
et al,, 1995; Hale, 2001a,b). Its targeted Alemtuzumab can induce
cell lysis by complement to induce apoptosis of immune cells
to achieve immunosuppression. It is also used as a high
immunosuppressive drug in chronic lymphoblastic leukemia,
lymphoma, multiple sclerosis, and other autoimmune diseases
(Boyd and Dearden, 2008; Wingvist et al., 2017; Zmira et al,,
2020). In recent years, the role of soluble CD52 has been
discussed. Under the stimulation of glutamic acid decarboxylase,
T lymphocytes with high expression of CD52 hydrolyze GPI
under the action of phospholipase C, which leads to the release
of soluble CD52. Soluble CD52 binds to sialic acid-binding
immunoglobulin-like lectin-10 (Siglec10), a signal molecule of
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immunosuppression on the surface of T cells, which inhibits
the activation and proliferation of immune cells, especially CD4+
T cells, and does the immune body damage caused by over
activation of the immune system (Bandala-Sanchez et al., 2013).
In addition to its inhibitory effect on T cell activation, soluble
CD52 can also inhibit the toll-like receptor and tumor necrosis
factor receptor pathways, inhibit the production of NF-kB, and
the production of pro-inflammatory factors (Rashidi et al., 2018).
However, the role of CD52 as a cell membrane surface receptor
and in TME is not yet clear.

In this study, we identified that CD52 might play an
important role in tumor immunity by regulating the TME of
BC. GSEA analysis found that the immune response-related
pathways in the CD52 high expression group were significantly
enriched, such as cytokine and chemokine action pathway,
T-cell receptor and B-cell receptor NK cell-mediated cytotoxicity
pathway, and toll-like receptor-mediated immune activation
pathway. In contrast, GPI synthesis, glucose metabolism, lipid
metabolism, and other pathways were enriched in the CD52
low expression group. The results suggested that the expression

and microenvironment of CD52 changed from immune response
to metabolism. The regulatory mechanism of CD52 gene
expression has not been clarified. Little is known about the
role of CD52 as a membrane surface molecule. In the past
studies, it was found that CD52 was highly expressed on the
surface of T cells induced by quiescence and low expressed
on T cells in the dividing stage. Many people think that CD52
is a sign of relatively disabled T cells (Kubota et al., 1990;
Haaland et al., 2005). In the treatment of chronic lymphocytic
leukemia, Alemtuzumab recognizes T cells with high expression
of CD52, eliminates the disabled T cells through cell lysis,
and restores the normal immune function of T cells (Bandala-
Sanchez et al., 2013). In our study, we found that the high
expression of CD52 is related to a good prognosis and a
good survival rate, which may be the reason why CD52
regulates the maladjusted immune state. CD52 may play a
dual role in the microenvironment of solid tumors, while
CD52 falls off from the surface of the cell membrane to
become soluble CD52, which makes CD52 change from a
two-way regulator to a one-way regulator.
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Using the algorithms of ESTIMATE and CIBERSORT and
analyzing the gene enrichment of BC in the TCGA database,
we determined that CD52 was related to the prognosis of BC
patients. CD52 can be used as a biomarker and regulator of
immune status in the TME. Based on the results of enrichment
analysis and tic analysis, the immunomodulatory effect of
CD52 in the tumor environment was speculated. The regulatory
mechanism of CD52 gene expression, the regulatory pathway
of CD52 as a surface receptor, and the role of CD52 on immune
cells other than T cells in the solid TME need to be explored
and studied urgently.

CONCLUSION

In conclusion, our results suggested that CD52 might affect the
prognosis of BC through its involvement in immune activity
in TME. CD52 might be a biomarker to predict the immune
response of the TME and provide a new therapeutic target for
BC patients.
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