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Abstract
Background/purpose Cancer immunotherapy has revolutionized the clinical treatment of several tumors.
Immune in�ltration has been found to be closely related to clinical prognosis, but it shows limited activity
in breast cancer (BC). Therefore, this study aimed to explore the in�ltration pattern of immune cells in BC,
and to �nd potential prognostic markers and new therapeutic targets.Patients and methods We
downloaded the immune genome data of BC from the Cancer Genome Atlas (TCGA), and analyzed the
tumor- in�ltrating immune cells (TIICs) in BC for the �rst time using the CIBERSORT algorithm. The aim of
this study was to assess the proportions of 22 immune cell subsets in BC and examine the correlation
between each TIIC and overall survival (OS) as well as clinical characteristics.Results The results
indicated that: (1) there was a signi�cant difference between the immune in�ltration spectrum of
cancerous and adjacent tissues, with M2 macrophages, M0 macrophages, and CD4 + T cells being highly
expressed in BC; (2) CD8 + T cells were positively correlated with activated CD4 + memory T cells and
negatively correlated with M0 macrophages, and M2 macrophages was inversely correlated with M1
macrophages, T cells regulatory, T cells CD8; (3) T cells, macrophages and BC TNM stage, age, clinical
stage were correlated (P < 0.05); and (4) high expression of M2 macrophage markers could be an
independent biomarker of poor prognosis and a potential therapeutic target for BC.Conclusion This study
provides a new research method for the systematic study of immune cells in the BC tumor
microenvironment, and provides theoretical guidance for further experiments to verify M2 macrophages
and T cell subsets as a potential target for immunotherapy and prognosis.

Background
Breast cancer (BC) is one of the most prevalent malignancies in women worldwide and the second
leading cause of cancer-related deaths worldwide.[1, 2] With the advancement of treatments, the survival
rate has improved; however, due to BC’s invasive characteristics, most patients are diagnosed at an
advanced stage, which limits the potential for timely diagnosis and treatment, resulting in poor survival
and prognosis. BC is a recognized heterogeneous disease, and there is still a lack of biomarkers to help
select personalized treatment options, especially for immunotherapy. Recent advances in immuno-
oncology have provided researchers with new insights into the role of innate or adaptive immune cells in
regulating tumor progression. Tumor-in�ltrating immune cells (TIICs) are closely related to clinical
outcomes and are likely to be used as a drug targets to improve patient survival.[3, 4] However, the role of
immune cells in the tumor-associated microenvironment remains unclear. Therefore, it is urgent to �nd
new speci�c TIICs for improving the diagnosis and treatment, and reducing the risk of death, in BC.

Tumor immune cell in�ltration refers to the TIICs from the blood to the tumor tissue and start to play its
role, which can be separated from the tumor tissue. By combinating a large number of genomic pro�les
from the public database and the CIBERSORT algorithm can accurately reveal the relative levels of
molecular markers of different TIIC subgroups, overcoming the shortcomings of traditional
immunohistochemical methods.[5] CIBERSORT assess immune cell subsets using gene expression data
pro�led from tissues such as bulk tumours[6] and enabling large-scale analysis of RNA mixtures for
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cellular biomarkers and therapeutic targets. Studies have shown that CIBERSORT has outperformed other
available methods in resolving closely related cell subsets, unknown mixture content, and noise[7], and
has been proved reliable for derivation of cell proportions within a complex microarray data[8]. The
development of computer-aided and second-generation gene sequencing has injected new vitality into
tumor research. The dual role of TIICs in both supporting host defense and promoting tumor progression
is well documented.[9-11] In addition, a large number of in vitro studies have shown that TIICs can
promote tumor invasion and metastasis through a variety of mechanisms.[12, 13] However, it is still
di�cult to determine the factors that directly affect TIICs and regulate their ability to inhibit or promote
tumor progression, which increases the di�culty in determining the clinical signi�cance of TIICs.

BC is a highly heterogeneous immune disease. Studies have shown that its low immunogenicity and
strong immunosuppressive tumor microenvironment (TME) limit the bene�ts of immunotherapy, such as
checkpoint inhibitor (CPI) immunotherapy, against the adaptive immune system.[14, 15] The TME can
support the growth and development of BC, promoting invasion/metastasis and insensitivity to drug
therapy. CPI immunotherapy is a treatment method that improves the body’s anti-tumor immune response
by co-suppression or co-stimulation to regulate T cell activity, and shows signi�cant clinical effect.[16, 17]
With the development of immune checkpoint therapy, the distribution of TIICs in tumors has become the
focus of research. The type, density, quantity, and localization of TIICs – including T cells, B cells,
monocytes, macrophages, neutrophils, and mast cells – in BC are closely related to the size of the
primary tumor, lymph node metastasis, molecular classi�cation, and prognosis. Immunohistochemistry
analyses have demonstrated that CD8+ CTLs, known to contribute to tumor clearance, are associated
with good prognosis.[18] CD4+ follicular helper cells can also serve as a prognostic marker in BC.[19, 20]
These studies reveal the bright future of TIICs in BC.

The Cancer Genome Atlas (TCGA) is currently the largest database of cancer genetic information and has
profoundly illuminated the genomic landscape of human malignancy. Genomic and transcriptional data
can be used to study the TIICs. The TIICs can also be characterized by the expression of genetic markers
as well as by T cell receptor (TCR) and B cell receptor (BCR) expression pro�les in order to identify the
immune targets of neoantigens. These targets can provide valuable information and with high predictive
value for a variety of cancer types. With the discovery that antibodies against CTLA-4, PD-1, and PD-L1
have good therapeutic effect in a variety of malignant tumors,[14] immunotherapy has become the most
promising treatment for the radical cure of malignant tumors. However, only a few patients respond to
this treatment. Understanding the genes, transcription factors, and cell surface receptors that constitute
the unique properties of each immune cell is of great signi�cance for understanding the complex
interactions in the TIICs.

In our study, we analyzed the immune microenvironment of BC by means of immunogenomics using the
TCGA database, and quanti�ed 22 TIIC subsets from the BC immune response using the CIBERSORT
method. The relationships between 22 TIICs and overall survival (OS), clinical stage, pathological
classi�cation (TNM stage), and age were also investigated. Our study explored the complex relationship
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between the heterogeneity of TIICs and disease progression in BC and looked for potential new targets for
BC immunotherapy.

Results
2.1 Characteristics of study subjects

The BC transcriptome pro�ling data and the corresponding clinical information were obtained using the R
bioconductor package TCGABiolinks. A total of 1223 samples were investigated, which included 1110
tumor samples and 113 normal samples. By integrating gene expression quanti�cation data, we obtained
the mRNA expression matrix of BC and used the Ensembl online database to annotate mRNAs.
Subsequently, we normalized the BC mRNA data using the R “limma” package.

2.2 The composition of in�ltrating immune cells in BC

Thanks to the development of science and technology, the immune in�ltration of BC has been gradually
revealed in TCGA database and veri�ed by experimental PCR, but little is known about these low-
abundance cell subsets. Using the CIBERSORT algorithm, we �rst investigated the difference between
immune in�ltration in cancer and adjacent tissues in 22 immune cell subsets. The CIBERSORT algorithm
can provide information about relative proportions among TIIC subpopulations. The greater the
proportion of immune cells identi�ed, the smaller the P-value. In this study, 625 tumor samples and 16
paracancerous samples were selected for further analysis based on CIBERSORT P-values < 0.01.

2.3 The landscape of immune in�ltration in BC

The following results were obtained by studying the overall proportion of TIICs in 641 samples with
CIBERSORT P-values < 0.01. Figures 1a and 1b show the proportion of each TIIC subtype in each sample.
The bar plot in Figure 1a shows that the TIICs that account for the top three proportions in all samples
were: M2 macrophages, M0 macrophages, and resting memory CD4+ T cells. The heat map in Figure 1b
shows that tumor and normal samples were clearly separated into two distinct groups and that M2
macrophages, M0 macrophages, and resting memory CD4+ T cells have strong heterogeneity. In order to
explore the correlation among 22 TIICs in BC, we used the “corrplot” package of R to draw the correlation
heat map of 22 TIICs. As shown in Figure 2, the proportions of different TIIC subpopulations were weakly-
to-moderately correlated. CD8+ T cells were positively correlated with activated memory CD4+ T cells, and
negatively correlated with M0 macrophages. The correlation coe�cients were 0.42 and -0.47, respectively.
In addition, as shown in Figure 3, there were 7 TIICs that showed different in�ltration patterns when
comparing tumor and adjacent normal tissue in BC (P<0.01): activated memory CD4+ T cells, T follicular
helper cells, regulatory T cells (Tregs), M0 macrophages, M1 macrophages, M2 macrophages, and resting
mast cells. In summary, the above results consistently showed that abnormal immune in�ltration and its
heterogeneity were of great signi�cance in BC.

2.4 Survival evaluation for the TIICs in BC
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K-M and log-rank test were used to determine the relationship between the 22 TIICs and the OS of BC
patients, with a cut-off threshold of P < 0.05. As shown in Figure 4, 2 TIICs were found to be linked to
overall survival (OS): patients with higher levels of M2 macrophages and activated mast cells had a
shorter OS. Using the univariate Cox proportional hazards regression method, we found that 2 TIICs (M2
macrophages and neutrophils) were closely related to survival in BC patients, P<0.05 (Figure 5a). The
multivariate Cox proportional hazard regression method con�rmed that M2 macrophages were an
independent prognostic factor for BC (P=1.79E-06).

Figure 5b shows the survival difference between the high-risk group and the low-risk group (P = 0.001).
The 3 and 5-year survival correlation of the M2 macrophages signature was analyzed by ROC and area
under curve (AUC) was computed to assess the discriminatory capacity of TIIC signature (Figures 5c &
5d). The AUC of the M2 macrophages signature was 0.72 and 0.696 indicating its utility as a prognostic
model for predicting the survival status of BC. Signi�cantly, we found that M2 macrophages were also
shown to be connected to OS in K-M (log-rank test) and Cox regression analysis.

2.5 Relationship between TIIC subsets and clinical characteristics

We downloaded the BC clinical data from TCGA and sorted out the relevant information – survival state,
survival time, TNM stage, age, and clinical stages – using R software. Next, we assessed the correlation
between 22 TIICs and each clinical trait (Figure 6). We found that TIICs associated with tumors (T)
include resting dendritic cells, resting memory CD4+ T cells, M1 macrophages, CD8+ T cells, activated NK
cells, plasma cells, and M0 macrophages; those associated with  lymph node (N) include monocytes,
naïve CD4+ T cells, M0 macrophages, and activated memory CD4+ T cells; those associated with
metastasis (M) include activated memory CD4+ T cells, activated NK cells, monocytes, and M1
macrophages; those associated with clinical stages include monocytes, resting mast cells, resting
dendritic cells, and activated memory CD4+ T cells; those associated with age include M2 macrophages,
neutrophils, naïve B cells, gamma delta T cells, monocytes, resting memory CD4+ T cells, and resting
mast cells. This reveals that TIICs not only affect prognosis, but also play an important role in the
development and progression of BC.

Discussion
This study describes the distribution of tumor-in�ltrating immune cells in BC based on gene expression
data in the TCGA cohort, which clearly con�rmed that immune in�ltration was indeed involved in the
occurrence of breast cancer. Compared with other treatment methods, cellular immunotherapy has the
advantages of fewer side effects, stronger targeting, and synergistic effects with other treatments.
Because of these advantages, immunotherapy has great potential to become the leading tumor
therapeutic modality.[21] However, targeting TIICs has only achieved good results in the treatment of
melanoma. Melanoma has high expression of tumor neoantigens and a high mutational load, and its
immune characteristics are quite different from those of other solid tumors. Although a large number of
clinical studies have been carried out on immunotherapy for BC and other solid tumors, the reported
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clinical response rates are not very satisfactory, �uctuating between 10% and 30%.[22] Therefore, an in-
depth understanding of the immune status of the BC tumor microenvironment, to explore the function
and distribution of TIICs in the tumor microenvironment, could be useful for improving immunotherapy.

 BC has a high susceptibility and malignancy in women. Traditional surgical resection treatment has
limited effect due to frequent distant metastasis and invasion, while chemotherapy and radiotherapy are
very harmful to normal body tissues due to a lack of targeted treatment. Therefore, it is urgent to develop
more promising treatment strategies. Cancer immunotherapy emerged as a breakthrough cancer
treatment strategy[23] and provide promising results for this aggressive cancer. Immune system-related
biomarkers have important prognostic signi�cance in many tumor types, including BC, and there are
many ongoing clinical studies involving BC patients and various immunotherapy strategies.[24] The most
mature immunotherapy revolves around programmed cell death 1 (PD-1) receptor and its ligands, PD-L1
and CTLA-4. It has been found that TIICs play an important role in host defense mechanisms during BC
adjuvant and neoadjuvant therapies.[25] Although a growing number of studies have shown that TIICs
have great potential to predict clinical outcomes and treatment response, studies on the impact of single
TIICs on cancer prognosis have been lacking. It is worth noting that the study of the in�ltration pattern of
tumor immune cells based on a large number of genomic pro�les from the public database and the
discussion of the potential mechanism of the interaction of TIICs are further studies on genomics, which
can bring the greatest possibility for the clinical cure of tumors and providing new insights into
immunotherapy for BC.

The results of this study showed signi�cant heterogeneity of TIICs within the tumor. According to the bar
plot and heat map, M2 macrophages, M0 macrophages, resting memory CD4+ T cells, etc. were highly
expressed in BC. Moreover, Figure 3 shows the statistical signi�cance of the differential expression of the
molecular markers of these three TIICs when comparing tumors and adjacent tissues, and the results
were consistent. Through the correlation analysis of 22 TIICs, we found that CD8+ T cells were positively
correlated with activated memory CD4+ T cells, and negatively correlated with M0 macrophages. In order
to further explore the relationship between these TIICs and the prognosis of BC, we performed survival
and Cox regression analysis. The results showed that M2 macrophages and mast cell activation were
related to prognosis, and M2 macrophages could be used as an independent prognostic marker for BC.
In-depth analysis of the relationship between 22 TIICs and clinical characteristics revealed a complex
correlation between macrophages and CD4+ T cells and clinical results. Therefore, we concluded that
macrophages, especially M2 macrophages, play an important role in regulating the occurrence,
development, and prognosis of BC.

Macrophages have innate heterogeneity, which is closely related to the unique function of their local
microenvironment,[26] and demonstrate plasticity of functions in the pathological processes of various
diseases, including infectious diseases, autoimmune diseases, and tumor progression.[26, 27]
Macrophages are conventionally subdivided into three phenotypes: naïve (; also called M0), pro-
in�ammatory (M1), and anti-in�ammatory (M2).[28] Macrophages act as immune sentries to maintain



Page 7/18

the integrity of tissues and can sense, react, and quickly adapt to their local environment[29, 30] in order
to maintain their tolerance and resist invading pathogens. [31] However, when the host is challenged for a
long time (e.g., by long-term exposure to irritating particles or infection), macrophages may play a
harmful role, leading to a low-grade in�ammatory state that can lead to disease progression and even
cancer.[32, 33] Many macrophage-centered treatment approaches are considered to be potential cancer
treatments, including strategies to limit their in�ltration or to exert their anti-tumor effects. In the vast
majority of cancers, macrophages exhibit a global immunosuppressive phenotype, which is characterized
by low levels of in�ammatory molecules and increased transcriptional activity of alternatively activated
M2 macrophages.[34] In animal models, drugs that inhibit key signaling molecules of M2 macrophage
polarization (such as IL-4, STAT3, or PI3- kinase) successfully limit the immunosuppressive function of
tumor-associated macrophages (TAMs) and shrink tumors.[35, 36] However, M2 macrophages can also
promote tumor angiogenesis, cancer cell migration/invasion, immunosuppression, and matrix
remodeling.[37, 38] Our study con�rmed and extended the results of previous studies; we found that M2
macrophages are a potential independent prognostic factor for BC, high expression of M2 macrophage
markers is associated with poor prognosis.

In addition, it was found that high levels of CD8+ T cell in cancer cell nests heighten neoadjuvant
chemotherapy sensitivity in breast cancers,[39-41] and Ali et al reported that CD8 T cells were associated
with reduced risk of death in patients with either ER-negative or ER-positive/HER2-positive disease.[42]
The interleukin-17 A (IL-17A), a proin�ammatory cytokine produced by activated CD4+ memory T cells
has been found with a protective role in the development of breast cancer.[43, 44] Furthermore, mast cells
(MCs) are a major source of pro-tumorigenic and antitumorigenic molecules, thus, their role on breast
cancer is controversial.[45] Some scholars believe that mast cell in�ltration suggests a good prognosis of
breast cancer.[46, 47] On the other hand, MCs as a proliferating factor, can stimulate the development of
breast cancer and is related to the adverse reactions of neoadjuvant chemotherapy for breast cancer,[48,
49] which is consistent with the poor prognosis of high expression MCs found in our study. A large
number of studies have shown that TIICs has prognostic value independent of many established
prognostic signs, and single TIICs have the ability to predict clinical outcomes. These �ndings provide a
reference for BC immunotherapy; however, owing to the complexity of this topic, further studies are
required to validate our �ndings.

Conclusion
In conclusion, we have combined, for the �rst time, the reliable CIBERSORT algorithm with large-scale
genomic data to analyze the relationship between 22 TIICs and clinical outcomes of BC. We found that
M2 macrophages could be used as a potential prognostic marker and could be a new drug target for BC.
Our study lays the foundation for further studies on the prognostic value of different subsets of TIICs.

Materials And Methods
5.1 Data acquisition
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Individual BC RNA sequencing (RNA-seq) data (level 3) and the corresponding clinical data were obtained
from TCGA database.[50] Exclusion criteria were as follows: (1) histological diagnosis negating BC; (2)
presence of a malignancy other than BC; and (3) lack of complete clinical data. The HTSeq - FPKM data
were downloaded and sorted by the DESeq package of R, and the data were normalized using the
“limma” package. Clinical data collected included age, TNM stage, clinical stage, survival status, survival
time, etc. This study was conducted in compliance with the publication guidelines provided by TCGA, and
the data obtained from TCGA did not require approval from an ethics committee.

5.2 Evaluation of tumor-in�ltrating immune cells

CIBERSORT (http://cibersort.stanford.edu/) was used to assess the relative proportions of 22 types of
invasive immune cells in the standardized gene expression data.[51] CIBERSORT is a deconvolution
method for complex tissues, especially human leukocyte subsets, based on linear support vector
regression (SVR) from gene expression pro�les.  It uses a set of barcode gene expression values (a
“signature matrix” of 547 genes) to characterize immune cell composition. CIBERSORT enables large-
scale analysis of RNA mixtures to identify cellular biomarkers and therapeutic targets. Through this
approach, we distinguished 22 human hematopoietic cell phenotypes from BC genes, including seven T
cell types, three B cell types, NK cells, and a variety of myeloid subsets.

5.3 Filtration and visualization of the tumor-in�ltrating immune cell matrix

The P-value obtained by CIBERSORT re�ects the proportion of samples composed of immune cells and
non-immune cells, and the proportion of immune cells is inversely related to the P-value. In our study, P <
0.01 was used as the �ltration standard. The steps for visualizing the in�ltrating immune cell matrix are
as follows: (1) R software and the “pheatmap” package were used to draw bar plots and heat maps of
the proportion of various immune cells in each sample. 2) The “corrplot” package of R was used to draw
the correlation heat map between 22 TIICs. (3) Comparison of the number of immune cells between
tumor and paracancerous cells was performed using the R “vioplot” package to draw a violin plot.

5.4 Survival analysis and establishment of prognosis model

Samples with CIBERSORT P < 0.05 were included in the main survival analysis. Combining the clinical
data of BC patients, the Kaplan-Meier (K-M) survival curves of 22 TIICs were plotted with the “survival”
package of R. P < 0.05 was regarded as signi�cant. In addition, 22 TIICs were assessed via univariate Cox
proportional hazards regression analysis to obtain prognostic values (P < 0.05). Independent prognostic
factors of BC were determined by multivariable Cox regression analysis, and each prognostic TIIC was
weighted according to its estimated regression coe�cient to establish a risk-scoring formula. The risk
score of each patient was evaluated, and the corresponding median risk score was used as the cutoff
value to divide the patients into high-risk or low-risk groups. The “survival ROC” package in R was used to
construct the time-dependent receiver operating characteristic (ROC) curves for 3 and 5 years, and to
measure the risk prediction rate of speci�c TIICs between the two groups. K-M and log-rank tests were
used to calculate the survival difference between the low-risk and high-risk groups.

https://portal.gdc.cancer.gov/repository?facetTab=files&filters=%7b
http://cibersort.stanford.edu/
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5.5 Statistical analysis between tumor-in�ltrating immune cells and clinical characteristics

In order to evaluate the correlation between TIICs and clinical characteristics, we extracted the clinical
data of each sample, including survival status, survival time, local invasion, lymph node metastasis,
distant metastasis, age, and stage. The correlation between clinical traits and 22 TIICs was evaluated. All
data were analyzed by R-studio 3.3.3. When P<0.05, the TIIC was considered to be correlated with a given
clinical trait.

List Of Abbreviations
BC: breast cancer; TCGA: The Cancer Genome Atlas; TIICs: Tumor- in�ltrating immune cells; OS: overall
survival; TME: tumor microenvironment; CPI: checkpoint inhibitor ; PD-1: programmed death 1 receptor; K-
M: kaplan-meier; ROC: receiver operating characteristic ; AUC: area under curve.
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Figure 1

The landscape of immune in�ltration of breast cancer in the TCGA cohort. (a) The differences between
immune in�ltration in cancer and paracancerous tissue, X-axis represents the samples, Y-axis denotes the
distribution of 22 TIICs in each sample. (b) A heat map of the proportions of 22 immune cell subsets. The
X-axis shows the clustering information of samples which were divided into two major clusters, Y-axis
denotes the type of 22 TIICs. TIICs: tumor-in�ltrating immune cells.
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Figure 2

Correlation matrix heat map of the proportions of all 22 immune cell proportions and immune cytolytic
activity in TCGA cohort. Variables have been ordered by average linkage clustering.
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Figure 3

Violin plot diagram visualizing the expression of in�ltrated immune cell markers. Blue represents the
proportion of marker expression in normal tissues, red represents the proportion of marker expression in
tumor tissues, and white points represent the median value of marker expression. The difference between
the groups was statistically signi�cant with P < 0.05.
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Figure 4

Kaplan - Meier (K-M) curves of overall survival. High in�tration of M2 macrophages and mast cells
activated were associated with overall poor survival in patients with breast cancer (p<0.05).

Figure 5

Construction of a survival risk-scoring system based on 22 tumor-in�ltrating immune cell signatures. (a)
The HR and P-value in the Cox model. (b) The survival curve of patients with high-risk and low-risk. (c-d)
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The ROC curves for 3 and 5 years with AUC values. HR: hazard ratio; ROC: receiver operating
characteristic ; AUC: area under curve

Figure 6

The correlation between tumor-in�ltrating immune cells and clinical characteristics (a: Clinical stage; b:
Tumor; c: Lymph Node; d: Metastasis; E: Age).


