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Purpose: Breast cancer (BRCA) is the second most common malignancy in the world and 
the most common in women. Here, we utilized publicly available BRCA dataset to inves-
tigate potential prognosis-related genes through integrated bioinformatics analysis.
Materials and Methods: BRCA dataset was obtained from the Cancer Genome Atlas 
(TCGA) database. The ESTIMATE algorithm was used to calculate the ImmuneScores and 
StromalScores of the samples and then divided them into high- and low-score groups based 
on the median score. Common differentially expressed genes (DEGs) were identified through 
differential expression analysis. Gene Ontology (GO) and Kyoto Encyclopedia of Genes and 
Genomes (KEGG) enrichment analyses were performed. The core prognostic genes were the 
intersection of hub genes from PPI network and prognostic genes from univariate Cox 
proportional hazard regression analysis. Finally, the CIBERSORT algorithm was used to 
calculate proportions of 22 tumor-infiltrating immune cells (TICs) in BRCA samples.
Results: A total of 486 DEGs were identified. These genes were mainly enriched in 
immune-related pathways. Crossover genes between the hub genes and the prognostic 
genes were CD2 and CD40LG. CD40LG was further investigated in this study. CD40LG 
was downregulated in BRCA samples compared with normal samples, and a lower CD40LG 
expression was associated with advanced tumor stages and a poor prognosis. CD40LG was 
shown to be involved in immune-related pathways of BRCA by Gene Set Enrichment 
Analysis. Finally, 14 TICs were found to have a close relationship with CD40LG.
Conclusion: CD40LG was found to be a core prognostic gene related to tumor microenvir-
onment and deeply involved in immune-related pathways in BRCA. Our findings may 
provide new insights for exploring the molecular mechanisms of BRCA and developing 
new immunotherapies for the disease.
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Introduction
Breast cancer (BRCA) is the second most common cancer in the world after lung 
cancer and the most common in women. It is projected that the incidence of BRCA 
will increase to 85 cases per 100,000 women by 2022.1 Owing to substantial 
heterogeneity, treatment and prognosis of breast cancer vary, even if clinicopatho-
logical characteristics are the same. Therefore, it is important to find new prognostic 
molecular markers to explore individualized treatment for patients.

Tumor microenvironment (TME) is the internal environment where tumor cells are 
produced and live. It is a complex network composed of multiple cell types, 
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extracellular matrix and signaling molecules.2 An abundance 
of studies have suggested that the tumor microenvironment 
plays a significant role during breast cancer development, 
progression, metastasis and in determining the therapeutic 
response. However, the TME is also on a dynamic change 
with tumor progression and treatment. In primary breast 
cancer, surrounding stroma with immune cells, extracellular 
matrix, cancer-associated fibroblasts, blood vessels support 
the develop of tumor. Then, primary tumor cells entering 
circulation are facilitated by interactions with platelets and 
may be supported by neutrophils and macrophages, resulting 
in distal metastasis.3,4 However, the interactions between 
tumor cells and TME can be complex with various cell 
types and molecules involved. Therefore, more knowledge 
is needed to better understand the exact mechanisms in order 
to guide precise treatment for this heterogeneous disease.

The Estimation of Stromal and Immune Cells in 
Malignant Tumor Tissues Using Expression Data 

(ESTIMATE) algorithm is introduced to estimate stromal 
and immune components in malignant tumor tissues. It 
utilizes gene expression data to output the estimated 
levels of infiltrating stromal and immune cells and esti-
mated tumor purity and therefore represent the status of 
TME.5 The Cell Type Identification by Estimating 
Relative Subsets of Known RNA Transcripts 
(CIBERSORT) algorithm is another bioinformatic tools 
that is able to calculate the proportions of 22 types of 
immune cells based on transcriptome data.6 Recently, 
studies have applied ESTIMATE and CIBERSORT algo-
rithm to describe immune infiltration landscapes of gas-
tric cancer,7 colon cancer,8 hepatocellular carcinoma9 

and lung cancer.10 Also, several studies have utilized 
the two algorithms to identify immune-related pathogen-
esis of BRCA. In the Liu et al investigation, ATP2C2 
was found to have a pivotal role in the maintenance of 
immune-dominant status for TME.11 In addition, Chen 
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et al and Wang et al respectively revealed that CD2 and 
CD52 were two immune-related prognostic factor in 
BRCA via regulating TME.12,13 With similar approach, 
we identified another prognostic gene that was deeply 
involved in the immune and TME regulation of BRCA 
through an integrated bioinformatic analysis.

Materials and Methods
Breast Cancer Data Source
The BRCA dataset, comprising RNA-sequence data and 
corresponding clinical information of 1109 tumor samples 
and 113 normal samples, were obtained from the TCGA 
database (https://portal.gdc.cancer.gov/). There is no need 
for approval from the Ethics committee or written 
informed consent from patients since this study is based 
on a publicly available database.

Estimation of Immune and Stromal 
Component and Its Associations with 
Clinical Features
The ESTIMATE algorithm was used to calculated the 
ImmuneScore, the StromalScore and the ESTIMATEScore 
of each of the BRCA samples through the “estimate” 
R package. And based on these scores, the samples were 
divided into high or low ImmuneScore/StromalScore/ 
EstimateScore groups based on the median scores. Survival 
comparisons between high and low ImmuneScore/ 
StromalScore/ESTIMATEScore groups were visualized by 
Kaplan–Meier survival curves and examined by Log rank 
test using the “survival” and “survminer” R-packages. 
Kruskal–Wallis rank sum test was utilized to analyze the 
correlations between the high or low ImmuneScore/ 
StromalScore/EstimateScore groups and BRCA clinico-
pathological characteristics through the “ggpubr” R package.

Identification of Differentially Expressed 
Genes
Differentially expressed genes (DEGs) in high and low 
ImmuneScore/StromalScore groups were screened and 
identified with “limma” R package. The thresholds for 
DEGs were: |log2-fold change| > 1 and false discovery 
rate (fdr) < 0.05. Heatmaps of DEGs were drawn using 
the “pheatmap” R package. The common upregulated 
and downregulated DEGs were seen as TME-related 
genes.

Enrichment Analysis and the Protein– 
Protein Interaction Network 
Construction of the Intersected DEGs
The “clusterProfiler” R package was used to identify biolo-
gical processes (BP), cell components (CC), and molecular 
functions (MF) of the common DEGs with Gene Ontology 
(GO) functional enrichment, and pathway enrichment with 
Kyoto Encyclopedia of Genes and Genomes (KEGG). In 
addition, the protein–protein interaction (PPI) network was 
constructed using the Search Tool for the Retrieval of 
Interacting Genes (STRING, https://string-db.org/) database 
to further explore the relationships between DEGs at the 
protein level. Cytoscape software was used to visualized that 
network. Ten genes with the maximum numbers of adjacent 
nodes in the PPI network were selected as hub genes.

Identification of Core Prognostic Genes
Based on the gene data and clinical information of the 
BRCA dataset, genes related to overall survival were 
identified through univariate Cox proportional hazard 
regression analysis (P value < 0.05). Intersecting genes 
of the hub genes from PPI network and the prognostic 
genes related to overall survival were considered as core 
prognostic genes. Then, the expression levels of the core 
prognostic genes we compared in tumor samples and nor-
mal samples. Furthermore, the correlations between the 
core prognosis genes and overall survival, and tumor clin-
icopathological characteristics were analyzed.

Core Prognostic Genes and Molecular 
Subtypes
The molecular subtype information of TCGA BRCA dataset 
was obtained from UCSC Xena (https://xenabrowser.net/). 
Molecular subtype information was available for 956 samples 
including luminal A (n = 434), luminal B (n = 194), HER2- 
enriched (n = 67), basal-like (n = 142) and normal-like (n = 
119). Kruskal–Wallis test were used to compare the expres-
sions of CD40LG among different molecular subtypes. Then, 
after removing cases with a 0-day survival, Kaplan–Meier 
survival curves with Log rank test were performed for each 
subtype stratified by CD40LG expression.

Gene Set Enrichment Analysis (GSEA) of 
Core Prognostic Genes
The GSEA software (https://www.gsea-msigdb.org/gsea/ 
index.jsp) was used to explore the enriched KEGG 
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pathways associated with high or low expression of the 
core prognostic genes in BRCA. The pathways with 
a NOM p value < 0.05 and FDR q value < 0.25 were 
selected.

Analysis of TME Immune Infiltration 
Through CIBERSORT Algorithm
The CIBERSORT algorithm was utilized to evaluate the 
relative proportions of 22 TICs in each of the tumor samples 
and the bar charts of each sample were drawn by the “bar-
plot” R package. Meanwhile, the correlations between these 
TICs were evaluated through the “corrplot” R package.

Correlation Analysis of Core Prognostic 
Genes with TICs
First, Pearson’s correlation analysis was used to identify the 
correlation between the expression of core prognostic genes 
and each TIC. Second, the proportions of each TIC in high 
and low gene groups were compared using Wilcoxon rank 
sum test. Finally, a Venn diagram was drawn to obtain the 
intersection of TICs from the above two steps. The 
R packages used for calculation and visualization were 
“ggplot2”, “ggpubr”, “vioplot” and “VennDiagram”.

Statistical Analysis
All the statistical analyses were performed with R software 
(version 4.0.3). A P value less than 0.05 was considered 
statistically significant unless otherwise specified.

Results
High ImmuneScores Was Associated with 
Better Survival
The overall design of the study was shown in Figure 1. The 
ImmuneScores, StromalScores, and ESTIMATEScores of 
all samples were calculated by the ESTIMATE algorithm. 
Samples with a score higher than the median score were 
divided into the high score group, and the rest samples were 
divided into the low score group. Survival analysis sug-
gested that higher ImmuneScores were associated with bet-
ter overall survival (Figure 2A, P < 0.023). However, no 
such association was found for StromalScores (Figure 2B, 
P = 0.431) or ESTIMATEScores (Figure 2C, P = 0.174). 
Though lack of statistical confidence, ImmuneScore seemed 
to be negatively correlated with tumor T stage (Figure S1). 
From these data, it can be inferred that the immune compo-
nent of the TME tend to impact survival probability of 
BRCA.

DEGs Based on the Analysis of 
ImmuneScore and StromalScore
With the “limma” R package, we found 1255 upregulated 
genes and 187 downregulated genes were differentially 
expressed between the high and low ImmuneScore groups. 
Additional 1079 up-regulated and 222 down-regulated 
DEGs were found between the high and low 
StromalScore groups. The top 20 upregulated and down-
regulated DEGs for the ImmuneScore groups and the 
StromalScore groups were visualized as heatmaps 
(Figure 3A and Figure 3B). The numbers commonly upre-
gulated and downregulated DEGs between the 
ImmuneScore groups and the StromalScore groups were 
437 and 49, respectively (Figure 3C). These 486 intersect-
ing DEGs combined were therefore seen as crucial genes 
in the TME of BRCA.

DEGs Were Enriched in Immune-Related 
GO Annotations
Through the GO analysis, we obtained the enrichment 
annotations of the DEGs in biological processes (BP), 
molecular function (MF) and cell component (CC). The 
top 3 enriched annotations for BP are immune response- 
activating cell surface receptor signaling pathway, lym-
phocyte mediated immunity, and adaptive immune 
response based on somatic recombination of immune 
receptors built from immunoglobulin superfamily domains 
(Figure 3D). DEGs in the molecular function (MF) cate-
gory were mainly involved in antigen binding, immuno-
globulin receptor binding, immune receptor activity 
(Figure 3D). In the cell component (CC), DEGs primarily 
clustered in the T cell receptor complex, immunoglobulin 
complex, external side of plasma membrane and immuno-
globulin complex (Figure 3D). In the KEGG pathways, the 
DEGs were enriched in malaria, cytokine–cytokine recep-
tor interaction and hematopoietic cell lineage (Figure 3D). 
These results showed that the top enrichment pathways are 
all related to immunologic process, suggesting theses 
DEGs closely participated in immune-related pathologies.

CD40LG and CD2 Were Core 
Prognostic Genes
Univariate Cox proportional hazard regression analysis 
revealed that the intersecting DEGs were associated with 
overall survival of BRCA (Figure 4A). The PPI network 
was constructed by STRING tool with a confidence score 
> 0.9 and visualized by Cytoscape software (Figure S2). 
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The top 10 hub genes with the maximum numbers of 
adjacent nodes extracted from the PPI network were: 
PTPRC, IL6, CCR5, CD2, TLR4, TLR7, CCR2, CD28, 
CD40LG, TLR8 (Figure 4B). The intersecting genes 
between the prognostic genes and the hub genes were 
CD2 and CD40LG (Figure 4C). Because CD2 had been 
a known prognostic genes in BRCA,12,14 we herein 
focused on CD40LG for further investigation.

The Expression of CD40LG Was Lower 
in Tumor Samples and Higher CD40LG 
Predicted Better Survival
The expression of CD40LG in tumor samples was signifi-
cantly lower than that in normal samples (Figure 5A, P < 
0.001). This was validated after paired analysis (Figure 5B, 
P < 0.01). The tumor samples were divided into high and 

Figure 1 Flow diagram of the study design and main results. 
Abbreviations: BRCA, breast cancer; TCGA, the Cancer Genome Atlas; ESTIMATE, Estimation of Stromal and Immune Cells in Malignant Tumor Tissues Using Expression 
Data; CIBERSORT, Cell Type Identification by Estimating Relative Subsets of Known RNA Transcripts; DEG, differentially expressed gene; GO, Gene Ontology; KEGG, Kyoto 
Encyclopedia of Genes and Genomes; GSEA, Gene Set Enrichment Analysis; TIC, tumor-infiltrating cell.
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low CD40LG expression groups based on the median 
expression level. The Kaplan–Meier survival curve showed 
that patients with a higher expression level of CD40LG had 
a longer overall survival as compared with those with 
a lower expression of CD40LG (Figure 5C, p = 0.005).

CD40LG Expression Negatively 
Correlated with BRCA Progression
Compared with T1, T2, and T3, T4 (tumor size over 5cm) 
BRCA had a significantly lower expression of CD40LG, 
though difference was not significant within T1, T2, and 

A

B

C

Figure 2 ImmunScore/StromalScore/ESTIMATEScore and overall survival. (A) ImmuneScore and overall survival. (B) StromalScore and overall survival. (C) ESTIMATEScore 
and overall survival.
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T3 (Figure 5D). In the lymph node staging (N), the expres-
sion of CD40LG in N0 was the highest, and the order for 
their expression levels were: N0 > N1 > N2 > N3, how-
ever the difference between them is not significant 
(Figure 5E). In addition, tumors with distant metastasis 
were also associated with lower CD40LG expression 
(Figure 5F). Given these results, lower CD40LG expres-
sion was found to be associated with more advanced 
BRCA (Figure 5G) and that may partially explain why it 
predicts a poor overall survival.

The Expression of CD40LG Differed in 
BRCA Molecular Subtypes
According to the box plot (Figure 6A), the expression of 
CD40LG was different among the five molecular subtypes 
except the comparison between luminal A and luminal 
B. The Kaplan–Meier survival curve of each molecular 
subtype stratified for CD40LG expression were shown in 

Figure 6. These curves suggested that the predictive value 
of CD40LG was significant in type luminal B (Figure 6C) 
and type HER2-enriched (Figure 6D) but might not be for 
the others.

Genes in the High CD40LG Expression 
Group are Enriched in Immune-Related 
Pathways
The top ten pathways with the highest enrichment scores 
for the high CD40LG expression group were shown in 
Figure 7A. Many of these pathways were immunologically 
relevant, such as antigen processing and presentation, nat-
ural killer cell mediated cytotoxicity and T cell receptor 
signaling. The other pathways were associated with 
inflammation, which can also trigger immune response, 
such as cytokine-cytokine receptor interaction, chemokine 
signaling pathway. Therefore, we inferred that CD40LG 
had an important role in the immune process of BRCA. As 

A B

C D

Figure 3 DEGs, GO and KEGG analysis. (A) Heatmap of top 20 upregulated and downregulated DEGs in high and low ImmuneScore groups. (B) Heatmap of top 20 
upregulated and downregulated DEGs in high and low StromalScore groups. (C) Venn diagrams of commonly upregulated and downregulated genes. (D) Biological process, 
cellular component, molecular function and KEGG pathway enrichment analysis. 
Abbreviations: BP, biological process; CC, cellular component; MF, molecular function; KEGG, Kyoto Encyclopedia of Genes and Genomes.
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for the low CD40LG expression group, the genes were 
mainly enriched in metabolic pathways Figure 7B

Correlation Between CD40LG 
Expression and TICs
The relative proportions of the 22 TICs were estimated by 
the CIBERSORT algorithm, and their correlations with 
each other were shown Figure S3. The expression of 
CD40LG was significantly correlated with 16 TICs (nine 
were positively correlated and seven were negatively cor-
related). Among them, 12 TICs with the highest correla-
tion coefficients were shown in Figure 8A. In addition, 15 
TICs had significant different proportions between high 
and low CD40LG expression groups (Figure 8B). And 
finally, there were 14 intersecting TICs according to the 
results of correlation analysis and proportion difference 
analysis (Figure 8C). Those intersecting TICs with 
a positive correlation with CD40LG were B cells naïve, 
T cells CD8, T cells CD4 memory resting, T cells CD4 

memory activated, T cells regulatory, T cells gamma delta, 
and macrophages M1. And those with a negative correla-
tion were NK cells resting, macrophages M0, macro-
phages M2, dendritic cells resting, mast cells activated, 
mast cells resting and neutrophils.

Discussion
The mortality of BRCA has been steadily decreasing due 
to advancements of treatment modalities, which signifi-
cantly improved the long-term survival. However, it is 
not enough since these treatments are still ineffective in 
refractory cases.15–17 Recent immunotherapies provide 
a new basis for the treatment of patients with BRCA, but 
the underlying mechanisms are still under investigation. 
Further studies on prognostic molecular markers and ther-
apeutic targets are therefore needed.18,19

In this integrated bioinformatic study, we found that 
immune-related pathways played a vital role in TME and 
might determine the prognosis of BRCA patients. We also 
revealed that CD40LG was a core prognostic gene 

A B

C

Figure 4 Core prognostic genes analysis. (A) Forest plot of prognostic genes for overall survival using univariate Cox proportional hazard analysis. (B) Genes with the 
maximum numbers of adjacent nodes in the PPI network. (C) Venn diagram of core prognostic genes.
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associated with BRCA overall survival and a lower 
CD40LG expression predicted worse clinicopathological 
characteristics. With GSEA analysis, we revealed that 
CD40LG was deeply involved in immunological modula-
tions of BRCA. These results suggest that CD40LG has 
the potential to serve as a target for immunotherapies.

Human CD40LG or CD40L, also known as CD154, is 
a transmembrane protein and the ligand of CD40. It 
belongs to the tumor necrosis factor (TNF) gene super-
family. CD40LG is mainly expressed in activated T cells 
and effects critical roles in the regulation of activation and 
differentiation of B cell and maturation of dendritic 
cells.20,21 Alex W. Tong et al revealed that almost all 
infiltrating breast carcinomas expressed CD40, whereas 
CD40L were less expressed.22 In another study, CD40(+) 
human BRCA cell lines and tumor-bearing mice treated 
with CD40L stimulation showed increased tumor cell 
apoptosis and longer survival, respectively.23 The interac-
tion between CD40L and CD40 can directly inhibit growth 
of CD40-positive carcinoma cells and may indirectly inhi-
bit tumor growth through coordination of immune 
responses.24 However, in this early investigation, the spe-
cific molecular mechanism of CD40L in BRCA was 
unclear. In the following study, Loskog et al suggested 
that CD40L played an antitumor role through inducing 

autocrine and paracrine death ligands like TNF-α, Fas 
ligand (FasL) and TNF-associated apoptosis-inducing 
ligand.21 In the Purwanti's investigation, systemic injection 
of the CD40L-expression EPCs stimulated the secretion of 
both tumor necrosis factor-α and interferon-γ and led to 
prolonged survival of the tumor-bearing mice.25 However, 
Kim et al showed that CD40LG on the surface of T cells 
directly interacts with CD40 on the surface of tumor cells, 
promoting the proliferation of breast tumor cells through 
accelerating the production of TGF-β and the differentia-
tion of Th17, which might be closely related to the 
immune escape of tumors.26 Therefore, further study of 
the interaction between CD40 and CD40LG in TME of 
BRCA is of great significance for immunotherapy 
strategies.

In 2000, Perou et al firstly identify four subtypes of 
breast cancer in relation to different molecular features of 
mammary epithelial biology (ie, ER+/luminal-like, basal- 
like, Erb-B2+ and normal breast), based on complemen-
tary microarrays representing 8102 human genes.27 In 
2009, Parker et al constructed an array of 50 genes to 
rapidly distinguish 5 molecular types of breast cancer (ie, 
luminal A, luminal B, basal-like, normal-like, HER-2 
enriched), and called that PAM50 subtype,28 which was 
investigated in this studies with respect to CD40LG. Our 

A CB

D F GE

Figure 5 CD40LG expression level and its association with tumor clinicopathological characteristics. (A) Comparison of CD40LG expression between normal samples and 
tumor samples. (B) Comparison of CD40LG expression between normal samples and paired tumor samples. (C) Kaplan–Meier survival curve of high and low CD40LG 
expression groups. (D) CD40LG expression and tumor T stage. (E) CD40LG expression and tumor N stage. (F) CD40LG expression and tumor distal metastasis. (G) 
CD40LG expression and tumor overall TNM stage.
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results showed that the expression of CD40LG were dif-
ferent among these subtypes and the prognostic value of 
CD40LG in BRCA could be largely attributed to type 
luminal B and type HER2-enriched. However, related 
studies are lacking and more data are need to examine 
whether there is a type-specific effect of CD40LG on 
BRCA.

We also noticed that CD40LG high-expression group 
had significantly higher proportions of B cells naïve, 
Plasma cells, T cells CD8, T cells CD4, T cells follicular 
helper, Tregs and T cells gamma delta than low-expression 
group. Based on these results, we hypothesized that 

CD40LG might participate in both cell-mediated immunity 
and humoral immunity in BRCA. In the group with high 
CD40LG expression, the proportion of M1 macrophages 
was significantly higher than that in the group with low 
CD40LG expression, while the proportion distributions of 
M2 macrophages were the opposite. M1 macrophages 
secrete cytokines, including TNF-A, IL-6, and IL-12, that 
kill tumor cells in the TME. Whereas M2 macrophages 
promote tumor growth and metastasis by secreting anti- 
inflammatory factors such as TGF-β and IL-10.29,30 In 
a recent study, recombinant vaccinia virus expressing 
CD40L promoted the induction of TNF-α-dependent 

DC

BA

FE

Figure 6 Analysis of PAM50 molecular subtypes and CD40LG. (A) The expression of CD40LG in each molecular subtype. (B) Survival curve of luminal A stratified by 
CD40LG expression. (C) Survival curves of luminal B stratified by CD40LG expression. (D) Survival curves of HER2-enriched stratified by CD40LG expression. (E) Survival 
curves of basal-like stratified by CD40LG expression. (F) Survival curves of normal-like stratified by CD40LG expression.
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antitumor activity of M1-like macrophages.31 These 
results suggest that CD40LG may play an anti-tumor role 
by regulating macrophages in the TME of BRCA.

The generation of anti-tumor immunity depends on the 
nature of dendritic cell (DC)-tumor interactions.32 CD40LG 
may rescue dendritic cells from apoptosis induced by BRCA 
products and functionally improves immature antigen- 
presenting cells and CD40L is also the key in overturning 
tumor-induced DC dysfunction.33 In addition, stimulation of 
CD40L/CD40 by endogenous expression of (m)CD40L has 
been shown to increase the immunomodulatory capacity of 
DC in cholangiocellular, pancreatic, and colorectal tumor 
cells.34 These results corroborate with our finding that 
CD40LG is enriched in antigen processing and presentation 
pathway (Figure 7A), but more in-depth researches for exact 
mechanism are needed to guide new therapies.

In prostate cancer, mast cells have an immunoregulatory 
effect on polymorphonuclear myeloid-derived suppressor 
cells (PNM-MDSC) activity through CD40L-CD40 interac-
tion, favoring immunosuppression and tumor onset.35 Also, 

mast cells boost MDSC activity and contribute to the devel-
opment of tumor-favoring microenvironment via CD40: 
CD40L cross-talk in colon carcinoma.36 However, the role 
of mast cell in BRCA is poorly understood and even 
controversial.17,37,38 In our results, the expression of 
CD40LG was negatively correlated with mast cells. We 
therefore speculate that regulations of mast cells by targeting 
CD40L may be one of the anti-tumor pathways for BRCA.

Conclusions
With a series of bioinformatic tools to obtain immune- 
related core prognostic genes of BRCA, CD40LG emerges 
as a valuable prognostic molecular marker. CD40LG is 
downregulated in BRCA patients, and a lower CD40LG 
expression is associated with advanced tumor stages and 
a poor prognosis. We also reveal that CD40LG involves in 
a series of immune-related pathways and is associated with 
multiple TICs in the TME, which coincides with recent 
studies. Therefore, CD40LG may serve as a promising 
therapeutic target, but more studies are need to better 

A B

Figure 7 GSEA analysis of CD40LG expression. (A) KEGG pathway enrichment in high CD40LG expression group. (B) KEGG pathway enrichment in low CD40LG 
expression group.
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explore the exact mechanisms of CD40LG in modulating 
TME in BRCA.
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The Cancer Genome Atlas; ESTIMATE, Estimation of 
Stromal and Immune Cells in Malignant Tumor Tissues 
Using Expression Data; DEGs, differentially expressed 
genes; GO, Gene Ontology; KEGG, Kyoto Encyclopedia 
of Genes and Genomes; CIBERSORT, The Cell Type 
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Figure 8 Associations between CD40LG expression and TICs. (A) Correlations between CD40LG expression and TICs. (B) Violin diagram showing proportions of TICs in 
high and low CD40LG expression groups. (C) Venn diagram of showing intersecting TICs in correlation analysis and difference proportion analysis.
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