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Summary

Purpose: Breast cancer is a common malignant tumor in 
women with a poor prognosis. This study aimed to investi-
gate angiogenesis subtypes of breast cancer and unveil the 
etiology and molecular features of breast cancer. 

Methods: Based on the angiogenesis gene set derived from 
AmiGO2, and breast cancer data in the Cancer Genome 
Atlas (TCGA), we define a novel cluster of angiogenesis 
subtypes for patients by consensus clustering. The gene 
regulation, immune landscape, molecular characteristics, 
and clinical features as well as enrichment pathways were 
explored in the angiogenesis subtypes of breast cancer. 

Results: Two angiogenesis subtypes were established 
through consensus clustering, among which subtype1 in-
cluded 275 patients and subtype2 included 813 patients. A 
total of 643 differential expressed genes and 109 miRNAs 
were found between the two subtypes. The gene set enrich-
ment analysis showed that the enriched hallmark pathways 
in subtype2 were related to the cancer tumorigenesis and 
breast cancer progression, including estrogen response early 
estrogen response late, epithelial-mesenchymal transition 
(EMT), especially angiogenesis. The mutant-allele tumor 
heterogeneity and tumor mutation burden of non-angio-
genesis subtype were significantly higher than that in the 
angiogenesis subtype. The stroma score, immune score and 
ESTIMATE score were significantly higher in angiogenesis 
subtype, while the tumor purity in angiogenesis subtype 
was considerably lower. Finally, most immune checkpoints 
were expressed higher in the angiogenesis subtype.

Conclusions: The omics analysis has established a novel 
angiogenesis subtype of breast cancer and identified the 
characteristics of the immune microenvironment and 

genomic alteration of breast cancer. Thus, this angiogen-
esis subtype might provide new evidence for inhibiting the 
progression and immunotherapy response in breast cancer. 

Key words: breast cancer, angiogenesis, TCGA, subtype, 
landscape

Abbreviations: ACKR1: atypical chemokine receptor 1; AD-
IPOQ: adiponectin; AMPK/ ULK1: adenosine 5’-monophos-
phate (AMP)-activated protein kinase (AMPK)/Serine/thre-
onine-protein kinase(ULK1); CAIX: carbonic anhydrase IX; 
CAXII: carbonic anhydrase XII; CTLA4, cytotoxic T lym-
phocyte antigen-4; DEGs: differential expression genes; 
ESTIMATE: Estimation of STromal and Immune cells in 
MAlignant Tumor tissues using Expression data; ECM-
receptor, extracellular matrix-receptor; EMT: epithelial-
mesenchymal transition; FDA: U.S. Food and Drug Ad-
ministration; FGF: fibroblast growth factor; HER2: human 
epidermal growth factor receptor-2; HR: hormone receptor; 
ICIS: immune checkpoint inhibitor; GSEA: Gene Set Enrich-
ment Analysis; GO: Gene Ontology; KEGG, Kyoto Encyclo-
pedia of Genes and Genomes; LAG3: lymphocyte-activation 
gene 3; MYC: proto-oncogene protein; NSCLC, non-small 
cell lung cancer; P13K/AKT/mTOR: phosphatidylinositol-
3-kinase (PI3K)/Akt and the mammalian target of rapamy-
cin (mTOR); PD-1: programmed cell death protein-1; PD-L1: 
programmed death-ligand 1; PDGF: platelet-derived growth 
factor; PRAME: preferentially expressed antigen in mela-
noma; STK11/LKB1: serine/threonine kinase 11(STK11)/
liver kinase b1 (LKB1); TCGA: The Cancer Genome Atlas; 
TGFβ-1: transforming growth factor β-1; VEGF: vascular 
endothelial growth factor
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Introduction 

Breast cancer ranks first as leading cause of 
cancer-related death in women around the world, 
accounting for 10% of newly diagnosed malig-
nancies and 22% of malignancies in females each 
year [1]. Since the last decade, the incidence of 
breast cancer in China is more than twice the 
average incidence in the world. It is estimated 
that there will be about 2.5 million breast cancer 
patients in China by 2021 [2]. Angiogenesis is a 
crucial factor in the incidence, progression and 
metastasis of many cancers, including breast can-
cer [3]. Tumor angiogenesis is closely related to 
angiogenic factors, such as transforming growth 
factor β-1(TGFβ-1）and other growth factors [4-6]. 
According to studies by Weidner et al [7-9], the 
level of angiogenic factors and the number of 
vascular networks formed in tumor progression 
are important predictive factors of breast cancer 
survival. Therefore, there are practical reasons to 
use anti-VEGF and anti-angiogenic therapies in 
primary, locally advanced and metastatic breast 
cancer [10]. Thus, it is urgent to study new angi-
ogenesis-related markers as potential therapeutic 
targets.

In recent years, immune checkpoint inhibi-
tors (ICIS) have made some progress as well as 
anti-angiogenic therapy. ICIS activates anti-tu-
mor response by blocking negative regulatory 
immune signals [11]. Common immune check-
points include cytotoxic T lymphocyte antigen-4 
(CTLA4), lymphocyte-activation gene 3 (LAG3) as 
well as programmed cell death protein 1 (PD-1) 
[12]. These two treatments have made significant 
progress in the combined treatment of cancers 
such as hepatocellular carcinoma, as well as non-
small cell lung cancer (NSCLC) [12-14]. Because 
these tumors have high somatic mutation rates 
in their progression, this will lead to neoantigen 
generation, thus stimulating the anti-tumor im-
mune response [15]. For example, PD-1 inhibitors 
increase the activity of cytotoxic T lymphocytes 
by blocking the binding of PD-1 to programmed 
death-ligand (PD-L1), which may save patients 
with advanced NSCLC [16]. On the contrary, breast 
cancer typically exhibits low to moderate levels 
of immunogenicity [16,17]. Breast cancer has a 
lower mutation burden than other tumor types, 
and differs by subtype, with basal-like tumors, and 
ERBB2 (formerly HER2) -positive have a higher 
mutation burden than hormone receptor (HR) 
-positive tumors [18]. With the increasing study of 
the immune microenvironment of breast cancer, 
immune escape has been considered as an essen-
tial sign of breast cancer progression. Tumor cells 

gradually acquire the ability of immune escape 
in the interaction with the immune microenvi-
ronment [19,20]. These bring new challenges to 
immunotherapy.

In this study, we identified 474 genes related 
to angiogenesis and have established a novel an-
giogenesis subtype of breast cancer based on The 
Cancer Genome Atlas (TCGA) database. This study 
also systematically analyzed the tumor microen-
vironment and the mutation landscape of breast 
cancer. By combining omics data, we hope to sup-
plement the immune mechanism of anti-angio-
genesis therapy and provide new evidence for the 
targeted treatment of breast cancer.

Methods 

The Cancer Genome Atlas (TCGA) dataset

The study population was based on breast cancer 
patients from TCGA (https://www.cancer.gov/about-nci/
organization/ccg/research/structural-genomics/tcga) in-
cluding RNAseq and miRNAseq level 3 data, genomic 
data, as well as clinical data. These processed data were 
freely available obtained from the UCSC Xena (http://
xena.ucsc.edu/).

Angiogenesis genes and consensus clustering

A list of 507 angiogenesis genes was downloaded 
from the AmiGO database (http://amigo.geneontology.
org/amigo). A total of 474 angiogenesis-related genes 
were obtained in the TCGA breast cancer dataset. Unsu-
pervised consensus clustering was applied to the TCGA 
angiogenesis genes data for 1094 breast cancers by us-
ing ConsensusClusterPlus R package, to identify robust 
patient clusters with k-means clustering of 1000 rounds 
and maximum clusters k of 7. 

Differential expression of genes and miRNAs, gene-set en-
richment analysis 

Differential expression genes (DEGs) and miRNAs 
(miRs) analysis between these two subtypes was per-
formed using Limma R package. Genes with the absolute 
logFoldchange>1 and false discovery rate (FDR) <0.05 
were defined as differentially expressed. We performed 
Gene Ontology (GO) and Kyoto Encyclopedia of Genes 
and Genomes (KEGG) enrichment analysis based on the 
DEGs by using clusterProfiler R package. The enrich-
ment cutoff was set at a false discovery rate (FDR) < 
0.05. Next, the hallmark gene-set was used for gene-set 
enrichment analysis (GSEA) on the different subtypes of 
breast cancer patients. The NES and NOM p value was 
used to define the significant pathways altered in the two 
subtypes of breast cancer. 

The mutation landscape of angiogenesis subtypes

To analyzed the alteration of somatic mutations, the 
MC3 files were downloaded from the UCSC Xena. The R 
Maftools package were utilized to analyze the mutation 
landscape of the two subtypes of breast cancer, including 
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oncogenic driver genes, oncogenic pathway, drug-genes 
interactions as well as oncoplots. For each tumor sam-
ple, the tumor mutation burden and mutant-allele tumor 
heterogeneity (MATH) was then compared between the 
two subtypes.

Tumor immune microenvironment 

The Estimation of STromal and Immune cells in 
MAlignant Tumor tissues using Expression data (ES-
TIMATE) algorithm was used to assess the immune 
score, stroma score, for each tumor sample based on its 
mRNA expression profiles. Based on the single-sample 
gene-set enrichment analysis (ssGSEA) score, the tumor 
purity was also calculated [21]. In evaluating the ratio, 
the original value was compared between two differ-
ent angiogenesis subtypes. The expression of the fifteen 
immune checkpoints was analyzed between these two 
angiogenesis subtypes.

Statistics

All data were analyzed and visualized by R language 
software. The continuous variables were presented as 
mean ± SD, and the two-sample t-test was utilized to an-
alyze the statistical significance. X2 test was performed 
to compare the difference between two binary variables. 
The threshold of two-sided p<0.05 suggested significant 
difference. 

Results

Angiogenesis subtypes 

By performing consensus clustering of 1094 
breast cancer based on the angiogenesis-related 
gene expression a total of 7 angiogenesis subtypes 
were identified, and we selected the consensus two 
as the most robust subtypes for angiogenesis. The 
subtype 1 included 243 patients, and the subtype 
2 included 813 patients (Figure 1A).

Differential expression of genes and miRNAs in angio-
genesis subtypes

Next, we examined gene and miRNA expres-
sion between the two angiogenesis subtypes of 
breast cancer. Totally, 643 differently expressed 
genes were found in the comparison between 
these two subtypes, of which 625 genes were up-
regulated and 18 genes were downregulated in the 
subtype 2. The top ten up-regulated genes (AD-
H1B, SCGB2A2, ADIPOQ, CILP, TFF1, C7, OGN, 
FABP4, ABCA8 and DARC) and down-regulated 
genes (PRAME, CXorf61, MAST1, ART3, RCOR2, 
ROPN1, A2ML1, HORMAD1, MSLN and CA9) are 

Figure 1. Consensus cluster for the angiogenesis subtype of breast cancer and the regulation network. A: Consensus 
Cluster for the angiogenesis subtype of breast cancer; B: Differently expressed genes for the angiogenesis subtype; C: 
Differently expressed miRNAs for the angiogenesis subtype; D: GO enrichment for the angiogenesis subtype; E: KEGG 
enrichment for the angiogenesis subtype.
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Gene logFC Average expression t p value FDR B

Up-regulation       

DARC 2.335 3.121 15.491 <0.0001 <0.0001 100.723

ABCA8 2.343 1.446 17.913 <0.0001 <0.0001 132.815

FABP4 2.397 3.508 12.885 <0.0001 <0.0001 69.627

OGN 2.578 3.093 18.728 <0.0001 <0.0001 144.209

C7 2.616 2.551 15.407 <0.0001 <0.0001 99.659

TFF1 2.621 4.447 9.846 <0.0001 <0.0001 38.871

CILP 2.674 6.347 22.739 <0.0001 <0.0001 203.578

ADIPOQ 2.963 2.608 13.968 <0.0001 <0.0001 82.066

SCGB2A2 3.015 5.407 9.678 <0.0001 <0.0001 37.367

ADH1B 3.159 2.889 15.148 <0.0001 <0.0001 96.413

Down-regulation

CA9 -1.569 -0.215 -8.594 <0.0001 <0.0001 28.187

MSLN -1.558 -0.112 -7.896 <0.0001 <0.0001 22.787

HORMAD1 -1.360 -1.410 -8.929 <0.0001 <0.0001 30.926

A2ML1 -1.309 -0.235 -6.770 <0.0001 <0.0001 14.936

ROPN1 -1.228 -0.692 -7.644 <0.0001 <0.0001 20.937

RCOR2 -1.215 1.477 -10.594 <0.0001 <0.0001 45.825

ART3 -1.193 -1.197 -7.722 <0.0001 <0.0001 21.504

MAST1 -1.173 -0.207 -11.202 <0.0001 <0.0001 51.791

CXorf61 -1.152 -1.902 -9.282 <0.0001 <0.0001 33.903

PRAME -1.126 1.042 -4.556 <0.0001 <0.0001 2.800

Table 1. Differently expressed genes between angiogenesis-subtypes of BRCA

Gene logFC Average expression t p value FDR B

Up-regulation

hsa-mir-3926-2 1.805 -1.970 7.477 <0.0001 <0.0001 19.886

hsa-mir-204 1.885 -0.608 7.216 <0.0001 <0.0001 18.065

hsa-mir-543 1.972 -1.222 9.161 <0.0001 <0.0001 32.983

hsa-mir-4501 1.973 -3.533 6.548 <0.0001 <0.0001 13.679

hsa-mir-3926-1 1.994 -2.841 7.901 <0.0001 <0.0001 22.957

hsa-mir-665 2.017 -4.045 7.775 <0.0001 <0.0001 22.028

hsa-mir-541 2.107 -3.341 8.184 <0.0001 <0.0001 25.099

hsa-mir-202 2.167 -3.011 7.788 <0.0001 <0.0001 22.122

hsa-mir-184 2.344 2.483 9.126 <0.0001 <0.0001 32.683

hsa-mir-1258 2.981 -2.098 11.895 <0.0001 <0.0001 58.916

Down-regulation

hsa-mir-4766 -1.853 -4.009 -7.021 <0.0001 <0.0001 16.749

hsa-mir-877 -1.503 -0.454 -7.062 <0.0001 <0.0001 17.018

hsa-mir-1254-1 -1.449 -3.769 -5.512 <0.0001 <0.0001 7.668

hsa-mir-1269a -1.388 -1.614 -3.406 0.001 0.005 -1.507

hsa-mir-105-1 -1.358 -3.351 -3.769 <0.0001 0.001 -0.224

hsa-mir-548f-1 -1.351 -6.639 -6.038 <0.0001 <0.0001 10.600

hsa-mir-4665 -1.348 -5.454 -5.356 <0.0001 <0.0001 6.845

hsa-mir-7-2 -1.314 -2.422 -5.034 <0.0001 <0.0001 5.218

hsa-mir-577 -1.289 -1.136 -4.087 <0.0001 <0.0001 1.001

hsa-mir-1229 -1.248 -3.014 -4.591 <0.0001 <0.0001 3.140

Table 2. Differently expressed miRNAs between angiogenesis-subtypes of BRCA
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shown in Table 1 and Figure 1B. Further, a total of 
109 differently expressed miRNAs were found be-
tween these two subtypes, of which 75 upregulated 
miRNAs and 34 downregulated miRNAs were in 
subtype 2 (Figure 1C and Table 2). We then used 
the differently expressed genes to analyze the en-
riched GO and KEGG pathway. As a result, 53 GO 

enrichments were found including extracellular 
matrix structural constituent conferring tensile 
strength, glycosaminoglycan binding, extracellu-
lar matrix structural constituent, heparin-binding, 
sulfur compound binding, proteoglycan binding, 
endopeptidase activity, collagen binding, platelet-
derived growth factor binding and metalloendo 

Figure 3. Somatic mutation for the angiogenesis subtype of breast cancer. A: The comparison of oncogenic driver 
genes between the non-angiogenesis subtype and angiogenesis subtype; B: The alteration of oncogenic pathway in the 
non-angiogenesis subtype and angiogenesis subtype; C: The heterogeneity of the mutant alleles and tumor mutation 
burden in the non-angiogenesis subtype and angiogenesis subtype.

Figure 2. Gene set enrichment analysis for angiogenesis subtype of breast cancer. Top panel: Cancer-related hallmark 
pathway enrichment in the angiogenesis subtype; Bottom panel: Hallmark pathways enrichment-related with breast 
cancer progression in the angiogenesis subtype.
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peptidase activity (Figure 1D). Additionally, 20 
KEEG enrichments were demonstrated to be al-
tered by angiogenesis subtype such as PI3K-AKT 
signaling pathway, protein digestion and absorp-
tion, ECM-receptor interaction, focal adhesion, and 
malaria (Figure 1E).

GSEA for angiogenesis subtypes

Moreover, we also investigated the GSEA for 
these angiogenesis subtypes. Notably, 11 hallmark 
pathways were enriched in subtype 1 including 
Myc targets V1, Myc targetsv2, E2F targets, oxida-
tive phosphorylation, G2M checkpoint, DNA repair, 
Mtorc1 signaling, spermatogenesis, glycolysis, mi-
totic spindle. Next, the most of enriched hallmark 
pathways in subtype 2 were related to the cancer 

progression such as TGF beta signaling, KRAS 
signaling up, p53 pathway, inflammatory response 
and IL2/STAT5 signaling (Figure 2 and Table 3). 
Notably, four pathways that were strongly associ-
ated with breast cancer progression were enriched 
in the subtype 2, including epithelial-mesenchy-
mal transition, estrogen response early, estrogen 
response late, and especially angiogenesis. Thus, 
we defined subtype 2 as the angiogenesis type and 
subtype 1 as the non-angiogenesis type (Figure 2 
and Table 3). 

Molecular characteristics of the angiogenesis subtypes 

As we acknowledged, the somatic mutations 
plays a vital role in tumor development. Firstly, 
we also analyzed the oncogenic driver genes in 

GS details Size ES NES NOM
p value

FDR
p value

FWER
p value 

Rank 
at max

Subtype

Hallmark Myc Targets V1 188 0.65 2.26 0.000 0.001 0.002 6015 Non-angiogenesis

Hallmark Myc Targets V2 58 0.72 2.16 0.000 0.001 0.004 4081 Non-angiogenesis

Hallmark E2F Targets 187 0.69 1.81 0.006 0.031 0.142 3973 Non-angiogenesis

Hallmark Oxidative Phosphorylation 182 0.40 1.67 0.086 0.066 0.319 5960 Non-angiogenesis

Hallmark Unfolded Protein Response 106 0.30 1.55 0.087 0.117 0.53 4829 Non-angiogenesis

Hallmark G2M Checkpoint 184 0.57 1.53 0.078 0.106 0.554 3063 Non-angiogenesis

Hallmark DNA Repair 140 0.29 1.42 0.170 0.170 0.736 4975 Non-angiogenesis

Hallmark Mtorc1 Signaling 192 0.31 1.24 0.257 0.284 0.908 4828 Non-angiogenesis

Hallmark Spermatogenesis 132 0.27 0.92 0.596 0.620 0.988 2836 Non-angiogenesis

Hallmark Glycolysis 196 0.20 0.83 0.696 0.691 0.996 4687 Non-angiogenesis

Hallmark Mitotic Spindle 196 0.19 0.71 0.717 0.781 1 1635 Non-angiogenesis

Hallmark Apoptosis 158 -0.53 -2.09 0.000 0.040 0.017 5279 Angiogenesis

Hallmark UV Response Dn 137 -0.61 -2.04 0.000 0.026 0.021 5215 Angiogenesis

Hallmark Tgf Beta Signaling 54 -0.56 -2.04 0.000 0.018 0.022 5921 Angiogenesis

Hallmark Adipogenesis 189 -0.46 -2.02 0.000 0.016 0.027 4801 Angiogenesis

Hallmark Apical Junction 194 -0.56 -1.96 0.000 0.019 0.045 5027 Angiogenesis

Hallmark Epithelial Mesenchymal Transition 194 -0.72 -1.96 0.000 0.016 0.045 3512 Angiogenesis

Hallmark Coagulation 136 -0.61 -1.93 0.000 0.017 0.052 4201 Angiogenesis

Hallmark Androgen Response 96 -0.49 -1.85 0.006 0.030 0.092 7179 Angiogenesis

Hallmark Fatty Acid Metabolism 154 -0.45 -1.84 0.000 0.028 0.097 5294 Angiogenesis

Hallmark IL2 STAT5 Signaling 194 -0.57 -1.82 0.000 0.029 0.112 4709 Angiogenesis

Hallmark Angiogenesis 36 -0.64 -1.81 0.000 0.028 0.117 2764 Angiogenesis

Hallmark KRAS Signaling Up 193 -0.62 -1.81 0.000 0.026 0.118 3934 Angiogenesis

Hallmark Estrogen Response Early 192 -0.59 -1.81 0.004 0.024 0.124 5550 Angiogenesis

Hallmark Apical Surface 43 -0.60 -1.81 0.004 0.023 0.127 5355 Angiogenesis

Hallmark Xenobiotic Metabolism 197 -0.48 -1.73 0.002 0.042 0.233 5466 Angiogenesis

Hallmark P53 Pathway 191 -0.40 -1.69 0.017 0.049 0.286 7663 Angiogenesis

Hallmark Myogenesis 198 -0.55 -1.68 0.012 0.050 0.305 4100 Angiogenesis

Hallmark Complement 195 -0.53 -1.67 0.008 0.049 0.308 5279 Angiogenesis

Hallmark Estrogen Response Late 196 -0.50 -1.67 0.004 0.048 0.316 5572 Angiogenesis

Hallmark Inflammatory Response 197 -0.64 -1.66 0.010 0.048 0.322 4306 Angiogenesis
ES: enrichment score; FDR: false discovery rate; FWER: familywise-error rate; NES: normalized enrichment score; NOM p value: nominal p value

Table 3. GSEA for Angiogenesis-subtypes of BRCA
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the angiogenesis subtype and non-angiogenesis 
subtype. As the results showed, six genes were 
revealed as the driver genes for the patients in 
the non-angiogenesis subtype (FANK1, PIK3CA 
and RGS7; FDR<0.05) and eight genes acted as 
the driver gene for the tumorigenesis of the pa-
tients in the angiogenesis subtype (AKT1, ATXN3, 
PIK3CA, C9orf3, CTSK, NAALADL1, PPP2R5B and 
TM9SF1; FDR<0.05, Table 4). Next, there were re-
spectively 41 drug-genes interactions (MAP3K1, 
TP53, GATA3, FAT3, KMT2C, TTN, USH2A, PIK-
3CA, MUC16, MUC4, HMCN1 and OBSCN) in the 
non-angiogenesis subtype and 62 drug-genes in-
teractions in the angiogenesis subtype (MAP3K1, 
TP53, GATA3, KMT2C, NCOR1, PTEN, CDH1, TTN, 
USH2A, DMD, PIK3CA, MUC16, HMCN1, MUC17 
and RYR2, Table 5). Further, the mutation frequen-
cy of six genes (MYH7B, FRYL, MS4A14, HGS, 
ATP4A and EPB41L3) were significantly higher, 
and two genes (PIK3CA and CDH1) were lower in 
the non-angiogenesis subtype comparing to the 
angiogenesis (Figure 3A). Additionally, the ten on-
cogenic pathways were also analyzed based on the 
mutation data. This revealed that TGF-Beta path-
way was the most affected in the non-angiogenesis 
type while TGF-Beta and TP53 pathway were found 
to be the most affected fraction of pathway in the 
angiogenesis type (Figure 3B). The results showed 
that MATH was significantly higher in the angio-
genesis subtype and the tumor mutation burden 
also presented the same trend in the angiogenesis 
subtype (Figure 3C). The landscape of the somatic 
mutations is shown in Figure 4. 

The immune landscape of angiogenesis subtypes

Given that the immune system exerts tumor 
progression activity, we next sought to explore the 
tumor microenvironment within the angiogenesis 
subtype. By using the ESTIMATE algorithm, we 
found that the stroma score, immune score, and ES-
TIMATE score were markedly lower in the angio-
genesis subtype. Moreover, the tumor purity in the 
angiogenesis subtype was significantly lower than 
that in the non-angiogenesis subtype (Figure 5A). 
We also analyzed the expression of the 29 types of 
immune cells for the angiogenesis subtypes (Fig-
ure 5B). Finally, the expression of a total of 15 im-
mune checkpoints (CTLA4, PD1, PDL1, ADORA2A, 
B7H3, VTCN1, BTLA, IDO, KIR, LAG3, NOX2, TIM-
3, VISTA, SIGLEC7, and SIGLEC9) was compared 
between these two subtypes. A total of 14 of 15 
immune checkpoints were expressed higher in the 
angiogenesis subtype except for LAG3, suggesting 
the immunosuppression in these patients caused 
by breast cancers (Figure 6). H
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Clinical characteristics of the angiogenesis subtypes 

As a result, the patients in the angiogenesis 
subtype were more likely to have lymph node me-
tastasis than the patients in the non-angiogenesis 
subtype (p<0.05). Moreover, the patients in the an-
giogenesis subtype presented the more advanced 
clinical stages comparing to the patients in the 

non-angiogenesis subtype, suggesting the angio-
genesis might increase the progression of tumors 
(p<0.05). Interestingly, a higher positive rate of 
estrogen receptor status was found in the angio-
genesis subtype. Notably, progesterone receptor 
status and HER2 receptor status were more likely 
positive in the patients in the angiogenesis subtype 
(p<0.05, respectively; Table 6). 

Figure 4. The mutation landscape of the angiogenesis subtype of breast cancer. A: Non-angiogenesis subtype; B: An-
giogenesis subtype. 

Figure 5. The tumor immune microenvironment in the angiogenesis subtype of breast cancer. A: The estimated score, 
stromal score, and immune score as well as the purity of the tumors in the two subtypes; B: The immune activity of 
different cell types in the non-angiogenesis and angiogenesis subtype of breast cancer.
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Gene Category sources Category Subtype

MAP3K1
Mitogen-Activated Protein 

Kinase Kinase Kinase 1
RussLampel, dGene, 

HopkinsGroom, 
HingoraniCasas

Druggable Genome Non-angiogenesis

MAP3K1 Mitogen-Activated Protein 
Kinase Kinase Kinase 1

FoundationOneGenes, 
MskImpact

Clinically Actionable Non-angiogenesis

MAP3K1 Mitogen-Activated Protein 
Kinase Kinase Kinase 1

dGene, GO, 
GuideToPharmacologyGenes

Serine Threonine Kinase Non-angiogenesis

MAP3K1 Mitogen-Activated Protein 
Kinase Kinase Kinase 1

HopkinsGroom, GO, 
GuideToPharmacologyGenes

Kinase Non-angiogenesis

MAP3K1 Mitogen-Activated Protein 
Kinase Kinase Kinase 1

GO Tumor Suppressor Non-angiogenesis

TP53 Tumor Protein P53 HingoraniCasas, RussLampel, 
HopkinsGroom

Druggable Genome Non-angiogenesis

TP53 Tumor Protein P53 GO Tumor Suppressor Non-angiogenesis

TP53 Tumor Protein P53 GO Transcription Factor Binding Non-angiogenesis

TP53 Tumor Protein P53 GO Rna Directed Dna Polymerase Non-angiogenesis

TP53 Tumor Protein P53 GO Dna Repair Non-angiogenesis

TP53 Tumor Protein P53 GO Histone Modification Non-angiogenesis

TP53 Tumor Protein P53 GO Drug Resistance Non-angiogenesis

TP53 Tumor Protein P53 GO Transcription Factor Complex Non-angiogenesis

TP53 Tumor Protein P53 FoundationOneGenes, 
MskImpact, 

CarisMolecularIntelligence

Clinically Actionable Non-angiogenesis

GATA3 Gata Binding Protein 3 FoundationOneGenes, 
MskImpact

Clinically Actionable Non-angiogenesis

GATA3 Gata Binding Protein 3 GO Tumor Suppressor Non-angiogenesis

GATA3 Gata Binding Protein 3 GO Transcription Factor Complex Non-angiogenesis

GATA3 Gata Binding Protein 3 GO Transcription Factor Binding Non-angiogenesis

GATA3 Gata Binding Protein 3 GO Drug Resistance Non-angiogenesis

GATA3 Gata Binding Protein 3 GO Histone Modification Non-angiogenesis

FAT3 Fat Atypical Cadherin 3 HingoraniCasas Druggable Genome Non-angiogenesis

KMT2C Lysine Methyltransferase 2C GuideToPharmacologyGenes, 
BaderLabGenes

Methyl Transferase Non-angiogenesis

KMT2C Lysine Methyltransferase 2C GO Histone Modification Non-angiogenesis

KMT2C Lysine Methyltransferase 2C MskImpact Clinically Actionable Non-angiogenesis

TTN Titin HingoraniCasas, dGene, 
HopkinsGroom

Druggable Genome Non-angiogenesis

TTN Titin dGene, GO, 
GuideToPharmacologyGenes

Serine Threonine Kinase Non-angiogenesis

TTN Titin GO, 
GuideToPharmacologyGenes, 

HopkinsGroom

Kinase Non-angiogenesis

TTN Titin GO Tyrosine Kinase Non-angiogenesis

USH2A Usherin HingoraniCasas Druggable Genome Non-angiogenesis

Continued on the next page

Table 5. Drug-genes interactions in non-angiogenesis and angiogenesis subtype
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Gene Category sources Category Subtype

PIK3CA Phosphatidylinositol-4,5-
Bisphosphate 3-Kinase 
Catalytic Subunit Alpha

RussLampel, dGene, 
HopkinsGroom, 
HingoraniCasas

Druggable Genome Non-angiogenesis

PIK3CA Phosphatidylinositol-4,5-
Bisphosphate 3-Kinase 
Catalytic Subunit Alpha

GO Serine Threonine Kinase Non-angiogenesis

PIK3CA Phosphatidylinositol-4,5-
Bisphosphate 3-Kinase 
Catalytic Subunit Alpha

GO, 
GuideToPharmacologyGenes

Kinase Non-angiogenesis

PIK3CA Phosphatidylinositol-4,5-
Bisphosphate 3-Kinase 
Catalytic Subunit Alpha

FoundationOneGenes, 
CarisMolecularIntelligence, 

MskImpact

Clinically Actionable Non-angiogenesis

PIK3CA Phosphatidylinositol-4,5-
Bisphosphate 3-Kinase 
Catalytic Subunit Alpha

GuideToPharmacologyGenes, 
dGene, HopkinsGroom

Phosphatidylinositol 3 
Kinase

Non-angiogenesis

MUC16 Mucin 16, Cell Surface 
Associated

HingoraniCasas Druggable Genome Non-angiogenesis

MUC4 Mucin 4, Cell Surface 
Associated

HingoraniCasas Druggable Genome Non-angiogenesis

HMCN1 Hemicentin 1 HingoraniCasas Druggable Genome Non-angiogenesis

HMCN1 Hemicentin 1 GO Cell Surface Non-angiogenesis

OBSCN Obscurin, Cytoskeletal 
Calmodulin And Titin-

Interacting Rhogef

HopkinsGroom, GO, 
GuideToPharmacologyGenes

Kinase Non-angiogenesis

OBSCN Obscurin, Cytoskeletal 
Calmodulin And Titin-

Interacting Rhogef

HopkinsGroom, 
HingoraniCasas, dGene

Druggable Genome Non-angiogenesis

OBSCN Obscurin, Cytoskeletal 
Calmodulin And Titin-

Interacting Rhogef

GO, 
GuideToPharmacologyGenes, 

dGene

Serine Threonine Kinase Non-angiogenesis

MAP3K1 Mitogen-Activated Protein 
Kinase Kinase Kinase 1

RussLampel, dGene, 
HopkinsGroom, 
HingoraniCasas

Druggable Genome Angiogenesis

MAP3K1 Mitogen-Activated Protein 
Kinase Kinase Kinase 1

FoundationOneGenes, 
MskImpact

Clinically Actionable Angiogenesis

MAP3K1 Mitogen-Activated Protein 
Kinase Kinase Kinase 1

dGene, GO, 
GuideToPharmacologyGenes

Serine Threonine Kinase Angiogenesis

MAP3K1 Mitogen-Activated Protein 
Kinase Kinase Kinase 1

HopkinsGroom, GO, 
GuideToPharmacologyGenes

Kinase Angiogenesis

MAP3K1 Mitogen-Activated Protein 
Kinase Kinase Kinase 1

GO Tumor Suppressor Angiogenesis

TP53 Tumor Protein P53 HingoraniCasas, RussLampel, 
HopkinsGroom

Druggable Genome Angiogenesis

TP53 Tumor Protein P53 GO Tumor Suppressor Angiogenesis

TP53 Tumor Protein P53 GO Transcription Factor Binding Angiogenesis

TP53 Tumor Protein P53 GO Rna Directed Dna Polymerase Angiogenesis

Continued on the next page
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Gene Category sources Category Subtype

TP53 Tumor Protein P53 GO Dna Repair Angiogenesis

TP53 Tumor Protein P53 GO Histone Modification Angiogenesis

TP53 Tumor Protein P53 GO Drug Resistance Angiogenesis

TP53 Tumor Protein P53 GO Transcription Factor Complex Angiogenesis

TP53 Tumor Protein P53 FoundationOneGenes, 
MskImpact, 

CarisMolecularIntelligence

Clinically Actionable Angiogenesis

GATA3 Gata Binding Protein 3 FoundationOneGenes, 
MskImpact

Clinically Actionable Angiogenesis

GATA3 Gata Binding Protein 3 GO Tumor Suppressor Angiogenesis

GATA3 Gata Binding Protein 3 GO Transcription Factor Complex Angiogenesis

GATA3 Gata Binding Protein 3 GO Transcription Factor Binding Angiogenesis

GATA3 Gata Binding Protein 3 GO Drug Resistance Angiogenesis

GATA3 Gata Binding Protein 3 GO Histone Modification Angiogenesis

KMT2C Lysine Methyltransferase 2C GuideToPharmacologyGenes, 
BaderLabGenes

Methyl Transferase Angiogenesis

KMT2C Lysine Methyltransferase 2C GO Histone Modification Angiogenesis

KMT2C Lysine Methyltransferase 2C MskImpact Clinically Actionable Angiogenesis

NCOR1 Nuclear Receptor 
Corepressor 1

MskImpact Clinically Actionable Angiogenesis

NCOR1 Nuclear Receptor 
Corepressor 1

GO Transcription Factor Binding Angiogenesis

PTEN Phosphatase And Tensin 
Homolog

MskImpact, 
FoundationOneGenes, 

CarisMolecularIntelligence

Clinically Actionable
Angiogenesis

PTEN Phosphatase And Tensin 
Homolog

dGene Druggable Genome Angiogenesis

PTEN Phosphatase And Tensin 
Homolog

dGene Pten Family Angiogenesis

PTEN Phosphatase And Tensin 
Homolog

GO Tumor Suppressor Angiogenesis

PTEN Phosphatase And Tensin 
Homolog

GO Serine Threonine Kinase Angiogenesis

PTEN Phosphatase And Tensin 
Homolog

GO Drug Resistance Angiogenesis

PTEN Phosphatase And Tensin 
Homolog

GO Transporter Angiogenesis

PTEN Phosphatase And Tensin 
Homolog

GO Protein Phosphatase Angiogenesis

PTEN Phosphatase And Tensin 
Homolog

GO Kinase Angiogenesis

CDH1 Cadherin 1 HingoraniCasas Druggable Genome Angiogenesis

CDH1 Cadherin 1 FoundationOneGenes, 
MskImpact, 

CarisMolecularIntelligence

Clinically Actionable Angiogenesis

CDH1 Cadherin 1 GO Drug Resistance Angiogenesis

Continued on the next page
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Gene Category sources Category Subtype

TTN Titin HingoraniCasas, dGene, 
HopkinsGroom

Druggable Genome Angiogenesis

TTN Titin dGene, GO, 
GuideToPharmacologyGenes

Serine Threonine Kinase Angiogenesis

TTN Titin GO, 
GuideToPharmacologyGenes, 

HopkinsGroom

Kinase Angiogenesis

TTN Titin GO Tyrosine Kinase Angiogenesis

USH2A Usherin HingoraniCasas Druggable Genome Angiogenesis

DMD Dystrophin GO Transporter Angiogenesis

DMD Dystrophin GO Cell Surface Angiogenesis

DMD Dystrophin GO Ion Channel Angiogenesis

DMD Dystrophin HingoraniCasas Druggable Genome Angiogenesis

PIK3CA Phosphatidylinositol-4,5-
Bisphosphate 3-Kinase 
Catalytic Subunit Alpha

RussLampel, dGene, 
HopkinsGroom, 
HingoraniCasas

Druggable Genome Angiogenesis

PIK3CA Phosphatidylinositol-4,5-
Bisphosphate 3-Kinase 
Catalytic Subunit Alpha

GO Serine Threonine Kinase Angiogenesis

PIK3CA Phosphatidylinositol-4,5-
Bisphosphate 3-Kinase 
Catalytic Subunit Alpha

GO, 
GuideToPharmacologyGenes

Kinase Angiogenesis

PIK3CA Phosphatidylinositol-4,5-
Bisphosphate 3-Kinase 
Catalytic Subunit Alpha

FoundationOneGenes, 
CarisMolecularIntelligence, 

MskImpact

Clinically Actionable Angiogenesis

PIK3CA Phosphatidylinositol-4,5-
Bisphosphate 3-Kinase 
Catalytic Subunit Alpha

GuideToPharmacologyGenes, 
dGene, HopkinsGroom

Phosphatidylinositol 3 
Kinase

Angiogenesis

MUC16 Mucin 16, Cell Surface 
Associated

HingoraniCasas Druggable Genome Angiogenesis

HMCN1 Hemicentin 1 HingoraniCasas Druggable Genome Angiogenesis

HMCN1 Hemicentin 1 GO Cell Surface Angiogenesis

MUC17 Mucin 17, Cell Surface 
Associated

GO Cell Surface Angiogenesis

MUC17 Mucin 17, Cell Surface 
Associated

GO External Side Of Plasma 
Membrane

Angiogenesis

MUC17 Mucin 17, Cell Surface 
Associated

HingoraniCasas Druggable Genome Angiogenesis

RYR2 Ryanodine Receptor 2 RussLampel, HingoraniCasas, 
HopkinsGroom

Druggable Genome Angiogenesis

RYR2 Ryanodine Receptor 2 BaderLabGenes, 
GuideToPharmacologyGenes, 

HopkinsGroom, GO

Ion Channel Angiogenesis

RYR2 Ryanodine Receptor 2 GuideToPharmacologyGenes, 
GO

Transporter Angiogenesis

RYR2 Ryanodine Receptor 2 GuideToPharmacologyGenes, 
HopkinsGroom

B30_2 Spry Domain Angiogenesis

RYR2 Ryanodine Receptor 2 GO Abc Transporter Angiogenesis
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Figure 6. Expression levels for the immune checkpoints in the non-angiogenesis and angiogenesis subtype of breast 
cancer. Expression of immune checkpoints (CTLA4, PD1, PDL1, ADORA2A, B7H3, VTCN1, BTLA, IDO, KIR, LAG3, NOX2, 
TIM-3, VISTA, SIGLEC7, and SIGLEC9) was compared between these two subtypes. 

Variables Group Cluster 1 Cluster 2 χ2 p

Age 59.61±13.398 57.51±13.112 2.014 0.044*
Positive 32 152

M Negative 243 661 0.978 0.323
Positive 8 14

N Negative 169 345 15.991 <0.001
Positive 123 436

T I~II 251 662 0.204 0.651
III~IV 46 132

Clinical stage I~II 242 560 12.953 <0.001
III~IV 51 219

Cancer status With tumor 247 685 0.463 0.496
Tumor free 37 89

Estrogen receptor status Negative 110 128 59.827 <0.001
Positive 169 637

Progesterone receptor 
status

Negative 147 197 67.428 <0.001

Positive 131 566
HER2 receptor status Negative 203 504 9.637 0.002
*P value by Student’s t-test

Table 6. Association between Angiogenesis-subtype and clinical features of BRCA
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Discussion

At present, breast cancer ranks first in malig-
nant tumors in females. Despite the remarkable pro-
gress made in early diagnosis, surgical resection, 
local and systemic adjuvant therapy, the mortality 
of breast cancer remains high. Distant metastasis is 
considered to be the leading cause of death in breast 
cancer patients [22]. What’s more, angiogenesis 
plays a vital role in the progression of breast cancer. 
Therefore, targeted drugs on angiogenesis genes 
and pathways have become a research hotspot [23]. 

This study established angiogenesis-related 
subtypes of breast cancer, and uncovered the im-
mune microenvironment and genomic alteration of 
angiogenesis-related subtypes. Using bioinformatics 
tools, we screened out differentially expressed genes 
in angiogenesis subtypes of breast cancer. Atypical 
chemokine receptor 1(ACKR1) is a highly promis-
cuous receptor, which binds plenty of chemokines 
from the CXC and CC subfamilies, primarily the in-
flammatory subgroups [24,25]. ACKR1 reduces the 
utilization rate of ELR and CXC chemokines through 
constitutive expression of venus endothelial cells, 
thereby promoting angiogenesis [25,26]. Adiponec-
tin (ADIPOQ) is an endogenous bioactive peptide or 
protein secreted by adipocytes, which has the effects 
of anti-inflammation, anti-atherosclerosis and insu-
lin sensitivity [27]. Other studies have shown that 
ADIPOQ induces autophagosome aggregation in 
breast cancer cells through STK11/LKB1-mediated 
AMPK-ULK1 axis [28]. Therefore, the high expres-
sion of ADIPOQ may have the effect of preventing 
breast cancer progression and metastasis [29]. In 
the study of Srishti Singh et al [30], the overexpres-
sion of transmembrane proteins CAIX and CAXII in 
tumor tissues was related to tumor proliferation, 
invasion, and increased chemotherapy resistance. 
Some studies have shown that PRAME antigen is 
widely expressed in breast cancer subtypes, which 
is considered to be associated with undesirable clini-
cal outcomes. Combined with clinical parameters, it 
can be used as an indicator of diagnosis and prog-
nosis of breast cancer [31,32]. The expression level 
of PRAME is related to negative estrogen receptor, 
decreased overall survival rate and increased distant 
metastasis rate [33]. Conversely, according to Sun 
et al [34], targeted knockout of the PRAME gene 
can reduce the expression of E-cadherin, thereby 
enhancing the migration and invasion of breast 
cancer cells. Therefore, the function of PRAME in 
breast cancer needs intensive study. EMT is a key 
driving factor for malignant tumor cells to acquire 
migration and invasion capabilities [35]. Epithelial 
cells lose their polarity, lose the connection with 
the basement membrane, change from epithelial 

phenotype to mesenchyme phenotype, and express 
mesenchymal markers such as FSP-1, α-SMA and 
vimentin, which lead to tumor metastasis [36]. It has 
been reported that MYC, as a transcription factor, is 
overexpressed in tumor tissues [37]. MYC collabo-
rate with other transcription factors to regulate spe-
cific genes expression and controls the non-coding 
RNA network, which leads to tumor angiogenesis, 
immune escape, invasion and migration [38]. As a 
classic signaling pathway, PI3K/Akt/mTOR partici-
pates in inhibiting tumor cell apoptosis, regulating 
cell cycle, and promoting tumor angiogenesis [39]. 
A previous research has shown that the PI3K/AKT/
mTOR signaling pathway is associated with breast 
cancer [40]. However, due to the problem of drug 
resistance, PI3K-AKT-mTOR pathway inhibitors are 
still an exciting research hotspot in the treatment 
of breast cancer. Consequently, these transcription 
factors (TFs) related to breast cancer angiogenesis 
can be used as new therapeutic targets.

It has been reported that the tumor microenvi-
ronment (TME) has an essential influence on gene 
expression in tumor tissues, thereby affecting clini-
cal characteristics and prognosis [41]. The compre-
hension analysis of angiogenesis-related subtypes 
and TME may provide new insights for studying the 
molecular mechanisms of breast cancer and provide 
methods for improving patient immunotherapy [42]. 
Next, we analyzed the immune microenvironment 
of two angiogenesis-related subtypes, including im-
mune index, interstitial index, tumor purity and im-
mune cell distribution. Due to the low mutation bur-
den and low immunogenicity of breast cancer, coupled 
with the heterogeneity of tumors, although the FDA 
has approved immunosuppressants for breast cancer, 
the proportion of patients who benefit from single-
agent immunosuppressants is low, so it is urgent 
to combine immunosuppressants with new drugs.
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