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Abstract: Breast cancer in women is the first leading tumor in terms of incidence worldwide. Some subtypes of BC lack distinct 
molecular targets and exhibit therapeutic resistance; these patients have a poor prognosis. Thus, the search for new molecular targets 
is an ongoing challenge for BC therapy. The Notch signaling pathway is found in both vertebrates and invertebrates, and it is 
a highly conserved in the evolution of the species, controlling cellular fates such as death, proliferation, and differentiation. 
Numerous studies have shown that improper activation of Notch signaling may lead to excessive cell proliferation and cancer, 
with tumor-promoting and tumor-suppressive effects in various carcinomas. Thus, inhibitors of Notch signaling are actively being 
investigated for the treatment of various tumors. The role of Notch signaling in BC has been widely studied in recent years. There is 
a growing body of evidence suggesting that Notch signaling has a pro-oncogenic role in BC, and the tumor-promoting effect is 
largely a result of the diverse nature of tumor immunity. Immunological abnormality is also a factor involved in the pathogenesis 
of BC, suggesting that Notch signaling could be a target for BC immunotherapies. Furthermore, angiogenesis is essential for BC 
growth and metastasis, and the Notch signaling pathway has been implicated in angiogenesis, so studying the role of Notch signaling 
in BC angiogenesis will provide new prospects for the treatment of BC. We summarize the potential roles of the current Notch 
signaling pathway and its inhibitors in BC angiogenesis and the immune response in this review and describe the pharmacological 
targets of Notch signaling in BC, which may serve as a theoretical foundation for future research into exploring this pathway for 
novel BC therapies. 
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Introduction
Breast cancer (BC) is the most common malignant tumor in women. As of 2020, global tumor data indicated that BC 
incidence surpassed that of lung cancer and has developed into the major malignant tumor in women around the world.1 

Clinically, different subtypes of BC lack specific molecular targets and exhibit drug resistance, and treatment is less 
effective. Therefore, the search for a new specific target molecule for BC therapy is a current therapeutic challenge. The 
previous studies demonstrated that BC is the first solid tumor in which associated with Notch was identified, and there is 
also an emerging opinion that Notch signaling is one of the three main culprits of breast cancer.2,3 Studies have found 
increased expression of members of the Notch family in BC tissues, compared to normal control tissues. Triple-negative 
BC (TNBC) exhibits abnormally activated Notch signaling. The overexpression of the Notch receptor is highly correlated 
with the invasiveness, metastasis, and drug resistance of TNBC.4,5 And several studies have indicated a crucial 
association between BC and members of the Notch family [Table 1].
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Notch1 overexpression is associated with a poor prognosis and BC progression and the transition from ductal carcinoma 
in situ to invasive BC.6,7 Mutations in Notch2 can increase the incidence of BC, and the mutation rate is positively correlated 
with the progression of HER2-positive BC. Furthermore, the susceptibility to BC has been strongly associated with the Notch2 
variant rs11249433.8–10 Notch3 overexpression is related to BC invasion and distant metastasis and is also related to the 
advancement of HER2-negative BC.11,12 TNBC has been reported to exhibit Notch4 expression in 55.6% of cases, while 
HER2-positive cases occur in 45.8% and in 25.5% of luminal cases.13,14 Highly metastatic BC cells can exhibit higher P2Y2 

receptors (P2Y2R), and P2Y2R is significantly associated with Notch4 in BC.15 Numb is a negative regulator of the Notch 
signaling system, and the interference with the inhibition of the Notch pathway by Numb is linked to the development of 
a variety of cancers, most notably BC. Studies have also shown that increased expression of the Notch1 protein is associated 
with poor BC differentiation and survival, which may be due to the fact that half of BCs have low expression of Numb and 
Numb-like proteins.16,17 In general, Notch is highly expressed in normal breast tissue, and when the negative regulatory effect 
of Numb is inhibited, this will lead to the appearance of BC.13 Activation of Notch signaling maintains stem cell stemness 
in BC, and aberrant Notch signaling can affect the onset of BC by interfering with other signaling pathways in BC, indicating 
that Notch signaling may be negatively regulated to maintain normal mammary gland development. Mouse mammary tumor 
virus (MMTV)-integration of Notch1 or Notch4 into the genome results in hyperactive Notch signaling, which leads to an 
overactivated mammary gland and carcinogenesis.18 DLL1, DLL3, DLL4, Jagged1, and Jagged2 are all ligands for Notch 
receptors. DLL1-expressing breast tumor stem cells can drive chemoresistance in BC through the NF-κB pathway, and high 
expression of DLL3 is associated with a poor prognosis and immune infiltration for patients with invasive BC.19,20 

Furthermore, the high expression of DLL4 mRNA has been associated with advanced stage BC. In addition, interference 
with the Jagged1/Notch1 signaling pathway has been shown to control the invasion and migration of TNBC via BRD4. 
Jagged2 has also been reported to regulate the expression of microRNA-200, which facilitates tumor stem cell properties and 
resistance to paclitaxel in TNBC cells.21–23 Thus, Notch receptors and ligands are heavily involved in BC, and abnormalities in 
Notch signaling can lead to the development of BC, suggesting that the Notch signaling pathway contributes significantly 
to BC pathogenesis.

The diversity of the tumor microenvironment results in either tumor-promoting or tumor-suppressive effects of Notch 
signaling in different carcinomas, but mainly exerts a pro-oncogenic effect on BC. A crucial process that affects the 
occurrence and development of BC is the immune response in the microenvironment, which is also closely associated 
with Notch signaling. These findings show that Notch pathway inhibitors may become a novel target for BC 

Table 1 Relationship Between Notch Receptors and Different Types of Breast Cancer

Notch 
Members

Types of Breast 
Cancer

Relationship Between Notch Receptor and Breast Cancer References

Notch1 DCIS Promoting ductal carcinoma in situ to invasive carcinoma [6,7]

Notch2 Her2 enriched Progress in promoting Her2-positive breast cancer [8,9]

Notch3 Her2 enriched Progress in promoting Her2-negative breast cancer [11,12]

Notch4 TNBC The expression was the highest on TNBC [13,14]

DLL1 BC Driving chemotherapy resistance in breast cancer [19]

DLL3 IBC Poor prognosis and immune infiltration affecting patients with invasive breast cancer [20]

DLL4 BC Tumor stage affecting patients with advanced breast cancer [21]

Jagged1 TNBC BRD4 regulates TNBC invasion and migration through Jagged1/Notch1 signaling [22]

Jagged2 TNBC Jagged2 modulates microRNA-200 to promote tumor stem cell properties and paclitaxel 
resistance in TNBC cells

[23]

Abbreviations: DCIS, ductal carcinoma in situ; TNBC, triple-negative breast cancer; BC, breast cancer; IBC, inflammatory breast cancer.
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immunotherapy. We will discuss how the Notch signaling pathway regulates angiogenesis and immunity in BC diseases, 
as well as the potential applications of Notch pathway inhibitors, which may provide a theoretical foundation for future 
research into making Notch signaling an attractive target for novel BC therapies.

Notch Signaling Pathway
Unlike most other signaling pathways, both the Notch ligands and the receptors are transmembrane protein 1; therefore, 
the Notch pathway is initiated by a receptor–ligand interaction between two neighboring cells.24 It has also been reported 
that the Notch signaling pathway can also occur in the cytoplasmic membrane of the same cell.25 In mammals, there are 
more members of the Notch family, which consists mostly of four transmembrane protein receptors (Notch1-4) and five 
transmembrane protein ligands (DLL1, DLL3, DLL4, Jagged1, and Jagged2).26,27 The Notch signaling pathway is 
composed of Notch receptors, Notch ligands, downstream target genes, and other effectors, and it is activated by two 
pathways. The most recognized one is the classical CBF-1/RBP-Jκ-dependent pathway [Figure 1], which consists of the 

Figure 1 Classical mechanism of the Notch signaling pathway. 
Abbreviations: DLL1, Delta-like 1; DLL3, Delta-like 3; DLL4, Delta-like 4; NICD, intracellular segment; ADAM10, a disintegrin and metalloproteinase domain 10; TACE, 
TNF-alpha converting enzyme.
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interaction of ligands and receptors from two adjacent cells. Subsequently, proteolytic cleavage of the receptor is 
initiated, and after the Notch receptor protein undergoes two consecutive proteolytic cleavages, the intracellular segment 
(NICD) is released into the cytoplasm by interacting with the transcriptional repressor family CSL (CBF1/SU(H)/LAG- 
1) and recruiting the nuclear transcriptional activator protein family MAML (mastermind-like), generating a ternary 
complex transcriptional activator (NICD-CSL-MAML), which then activates transcription of downstream target genes 
(Hes and Hey protein family), therefore controlling downstream transcription factor expression levels.28–36 The Notch 
signaling system is a receptor-ligand cascade that is extremely conserved. After Notch signaling is turned on, it 
influences normal cellular morphogenesis, including cell differentiation, proliferation, apoptosis, and cell border creation, 
among other things.37,38

Notch Signaling Mediates Tumor Angiogenesis in Breast Cancer
The mechanisms involved in Notch signaling-mediated angiogenesis in BC are depicted in Figure 2.

Relevance of Notch Signaling and Breast Cancer Angiogenesis
Tumor angiogenesis, the formation of new blood vessels, is a crucial process for tumor growth and metastasis.39,40 

Normally, pro-angiogenic and anti-angiogenic factors are in a tightly balanced mechanism. Once the balance is disturbed, 
proliferation, infiltration, and metastasis of the tumor will occur. The theory that tumor growth depends on angiogenesis 
has been proposed by many scholars earlier; therefore, anti-angiogenic therapy has also become an efficient strategy 
for BC therapy.39,41 Due to various reasons such as the variability of tumor cells, lack of targeting, and VEGF gene 
polymorphism, single anti-angiogenic drug therapy is not effective for BC patients, thus finding new therapeutic targets 
for anti-angiogenesis is urgently needed.

The Notch signaling pathway plays a crucial role in angiogenesis and is necessary for the development of normal 
arterial and venous systems.42,43 Mice lacking Notch1 die on embryonic day 9.5 and present severe vascular abnorm-
alities, while Notch1 at a removing later stage of development would lead to vascular rupture.44 Notch receptors and 
ligands located in the arteries are critical for arterial differentiation during early embryonic stages, which is mainly 
completed by activation of the FOXC2/DLL4/Notch1 pathway.45,46 FOXC2 is a transcription factor that initiates DLL4 

Figure 2 Role of the Notch signaling pathway in angiogenesis of breast cancer. 
Abbreviations: DLL4, Delta-like 4; NICD, intracellular segment; TNF-α, tumor necrosis factor-alpha; VEGF, vascular endothelial growth factor; VEGF2, vascular endothelial 
growth factor receptor 2.
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transcription and translation by binding to the DLL4 promoter region and increased expression of DLL4, which, in turn, 
binds to the Notch1 receptor, to primarily determine embryonic vascular differentiation into arterioles or venules during 
the embryonic stage.47,48 A previous study found that binding of Notch1 and DLL4 in BC cells induced transcription of 
the downstream target gene Hey2 and FOXC2 interacted with the Notch transcriptional activation complex containing 
intracellular Notch domains to increase Hey2 promoter activity, while binding of FOXC2 and the vascular endothelial 
growth factor (VEGF) induced activation of DLL4 and Hey2 promoters.46 Furthermore, the higher the malignancy of 
human BC, the higher the level of FOXC2, which may suggest that a poor prognosis of BC is associated with Notch 
signaling involving in FOXC2.49

To further demonstrate the proangiogenic effect of FOXC2/DLL4/Notch1 in BC, researchers constructed a FOXC2- 
overexpressing vector in MCF-7 with low FOXC2 expression. They found that the supernatant of the MCF-7 cell line 
overexpressing FOXC2 promoted angiogenesis in human umbilical vein endothelial cells (HUVEC). Further experiments 
verified that FOXC2 overexpression increased the expression levels of DLL4 and Notch1 mRNA, suggesting that the 
proangiogenic effect of FOXC2 on BC may be achieved through Notch signaling.50

By knocking down Linc-OIP5 expression in mammary carcinoma cells, Zhu et al reported that the cocultured of 
HUVEC with cancer cells resulted in the downregulation of YAP1 and Jagged1 expression. Furthermore, angiogenesis 
was found to be inhibited in cocultured HUVECs under the same conditions, indicating that Linc-OIP5 could have 
a regulatory effect on BC angiogenesis by suppressing Notch signaling.51

As an overexpressed gene and tumor endothelial marker in BC cells, HEYL can regulate tumor angiogenesis by 
modulating the expression of the breast tumor epithelium and endothelium. HEYL acts as a downstream target of Notch 
signaling, suggesting that regulation of the Notch pathway can affect angiogenesis in breast cancer. Based on this 
evidence, there is an essential association between the Notch signaling pathway and angiogenesis in BC.

Relevance of Notch Signaling and VEGF in Breast Cancer Angiogenesis
A feedback loop seemingly between Notch signaling and VEGF, with Notch signaling located downstream of VEGF, can 
down-regulate VEGFR2 expression when Notch signaling is activated.43,52 Inhibition of VEGFR2, in turn, leads to 
inhibition of tumor vascular sprouting and angiogenesis. Conversely, DLL4 expression decreases rapidly and signifi-
cantly when VEGF is blocked, suggesting that DLL4 expression is dependent on sustained VEGF signaling in tumor 
vessels.53 HUVECs overexpressing DLL4 using retroviruses were engineered in one study. Compared to controls, 
proliferation and migration of the cells overexpressing DLL4 were inhibited, while overexpression of DLL4 negatively 
regulated the expression of VEGFR2, which is the main signaling receptor of VEGF-A.54 To determine whether this 
change occurred through the Notch signaling pathway, a recombinant human DLL4 (RhDLL4) lacking NICD was 
introduced. RhDLL4 not only inhibited VEGF-A proliferation but also significantly decreased VEGFR2 expression, 
indicating that the Notch extracellular region was sufficient to inhibit signaling.54

The interdependent relationship between Notch and VEGF also has a role in angiogenesis of BC. Leptin stimulates 
angiogenesis of BC by increasing the expression of VEGF/VEGFR2 via the Notch pathway.55 Cao et al found that the 
expression of VEGF and Notch1 in BC tissues was higher than in normal breast tissue adjacent to cancer tissues and that 
the expression of VEGF and Notch1 in BC tissues exhibited a consistent positive correlation.56 Furthermore, the 
expression of DLL4 mRNA is positively associated with VEGF levels in BC tissues.57

Taken together, the above findings show that both Notch and VEGF receptors and ligands are significantly co- 
expressed in BC. This indicates that Notch signaling and VEGF play a cross-linked role in BC, and both may be involved 
in the regulation of angiogenesis of BC. The findings also imply that inhibiting the Notch signaling system in 
combination with VEGFR inhibitors could lead to novel BC therapy options.

Down-Regulation of DLL4 Has an Inhibitory Effect on Breast Cancer Angiogenesis
Highly expressed in the tumor vasculature, DLL4 and Jagged1 are the best studied Notch ligands and are considered 
competitive regulators of tumor angiogenesis.58,59 Although DLL4 expression is required for proper embryonic angio-
genesis, it is not detected in normal breast tissues. DLL4 is thus not expressed in normal breast tissue but is significantly 
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expressed in BC cells, according to in situ hybridization and quantitative polymerase chain reaction assays, and the 
expression of DLL4 mRNA and VEGF was positively correlated.21,57

Mailhos et al grafted a DLL4-knockout human BC MCF-7 cell line subcutaneously in mice and found higher 
expression of DLL4 mRNA in the mouse mammary carcinoma vascular system.60 DLL4, which is expressed in 
endothelial cells, has been linked to the differentiation of tip and stem cells during angiogenesis. DLL4 inhibits 
endothelial cell growth, proliferation, and metastasis by acting as a negative regulator.61–64 As a negative regulatory 
factor for blood vessel growth, enhancement of DLL4 can inhibit excessive sprouting and branching of blood vessels. 
Conversely, blocking the DLL4/Notch signaling pathway will enhance the sprouting and branching activity of tumor 
blood vessels, which will lead to a significant increase in tumor blood vessel density. Because the increase is 
“nonproductive”, both the function of blood vessels and tumor growth is inhibited.65 Zhou et al generated a bispecific 
monoclonal antibody (HB-32) with a high affinity for VEGF and DLL4 and can block DLL4 and human VEGF. 
Xenograft experiments demonstrated that treatment with HB-32 decreased BC cell growth and promoted tumor cell death 
more effectively than an anti-VEGF or anti-DLL4 antibody alone.66 In another study, Wang et al developed a new DLL4 
targeted antibody coupling small molecular cytotoxic drugs that also exhibit an effective antitumor effect.67 

Downregulation of DLL4 expression and the development of novel DLL4 blockers that inhibit vascular growth may 
represent a new therapeutic approach to inhibit tumor growth of BC.

Jagged1 and DLL4 Antagonize Each Other to Regulate Vascular Growth in Breast 
Cancer Angiogenesis
Jagged1 has an essential regulatory role in tumor angiogenesis, and the lack of Jagged1 results in the death of these mutants 
on embryonic day 10.5.68 Jagged1 expression is associated with the density of blood vessels in tumors, and estrogen has 
been found to upregulate the expression of Jagged1 and Notch1 in MCF-7 cells, which in turn promotes angiogenesis of BC 
and accelerates the progression of BC.69,70 A mouse model expressing Jagged1 cDNA showed that overexpression of 
Jagged1 promotes sprouting angiogenesis.63 Similar to DLL4, Jagged1 has a function in vascular outgrowth, proliferation, 
and metastasis, and it also acts as a proangiogenic factor.61–64 DLL4, which down-regulates DLL4/Notch signaling and 
contributes to the maintenance of VEGFR expression, may be efficiently antagonized by Jagged1 – necessary to maintain 
the equilibrium of mammary angiogenesis. Furthermore, Sainion et al found that tumor necrosis factor-alpha (TNF-α) 
decreases DLL4 expression and increases Jagged1 expression, which also promotes BC.71

Taken together, the above findings may indicate that Jagged1, a proangiogenic factor, promotes angiogenesis of BC. 
A new therapeutic strategy may be provided by appropriately regulating the level of DLL4 and antagonizing Jagged1 
expression for Jagged1-overexpressing breast tumors.

Correlation of Notch and Major Immune Cells in Breast Cancer
Immune cells are important for normal tissue homeostasis and tumor development since they are one of the most visible 
components of the immune microenvironment. As an extremely “cold” immune microenvironment, the clinical prognosis 
of breast cancer is inextricably linked to immune infiltration, with the most critical regulators of breast cancer formation 
and progression being tumor-associated macrophages (TAM), followed by CD8+ T cells, CD4+ T cells, B cells, NK cells, 
and macrophages.72 These play a major role in resistance to tumor cells by providing important innate and acquired 
immunity to the breast epithelium. [Figure 3]

Notch Regulates Tumor-Associated Macrophages (TAMs) in Breast Cancer
Macrophages are the main facilitators of the innate immune response. In addition to secreting lysosomal enzymes, 
myeloperoxidases, and cytotoxic factors to kill target cells, they can also be altered by substances secreted by tumor cells 
to become tumor-associated macrophages (TAM) that regulate tumor development.73 TNBC is characterized by a large 
invasion of immune cells. The number of TAMs and the infiltration patterns are directly associated with the prognosis of 
TNBC, and high levels of TAM are inversely correlated with BC angiogenesis and survival.74 The Notch pathway, which 
controls the production of potent pro-inflammatory proteins in tumor cells, is linked to a poor prognosis in BC and is an 
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important signaling pathway that defines the innate immune response of the tumor.75–78 Furthermore, Notch also 
moderates TAM activation in response to transforming growth factor β (TGFβ)-mediated tumor cells. Inhibition of the 
Notch pathway leads to malignant infiltration of TAMs and overproduction of cytokines, and TAM facilitates BC 
progression by further stimulating tumor angiogenesis, tumor cell migration, and invasion.79,80 By increasing Notch 
signaling in BC cells, Lin et al determined that lactic acid can convert human macrophages into TAMs and increase 
CCL5 production to promote BC metastasis and epithelial–mesenchymal transition.81

TAMs in BC include M1 and M2 types, both of which exert corresponding inhibitory or promotive effects on tumors 
mainly through polarization. Typically, M1 exerts a killing effect on BC cells by mainly secreting IL-12, while M2 
contributes to the development of BC by primarily secreting IL-10.82,83

A strong relationship between Notch signaling and polarization of M1 macrophages has been identified. After 
inoculating tumor-bearing mice with macrophages generated from bone marrow monocytes cultured in vitro, the 
expression of M1 polarization in tumors is accompanied by the presence of additional Notch ligands and receptors.84 

In addition, researchers observed significantly enhanced IL-12 expression by stimulating strong activation of Notch 
signaling, showing a stronger M1 polarization phenomenon.84 Yin et al found that esophageal M1 polarization was 
decreased following high-frequency mechanical ventilation when Notch signaling was inhibited.85

In an in vitro study, DLL4-mediated Notch signaling enhanced MCP-1 expression through NF-kB, which also caused 
macrophages to polarize to M1.86 Forced activation of Notch signaling may facilitate the polarization of M1, and 
activation of macrophages lacking Notch signaling may exhibit the M2 phenotype, with most TAMs exhibiting M2.84 

Polarization of M2 polarization is a major participant in BC malignancy and metastasis. Unlike M1 polarization, Notch 
signaling negatively regulates M2 polarization. Singla et al reported higher levels of M2 polarization after blocking the 
Notch1 pathway, while Pagie et al determined that DLL4 not only promoted M1 polarization through the Notch signaling 
pathway but also promoted M2 polarization by inhibiting M2-specific genes or promoting their apoptosis.87,88 Tao et al 
discovered that Linc00514 was highly expressed in clinical BC tissues and BC cell lines and that elevated Linc00514 not 
only promoted proliferation and invasion of BC cells but also increased the percentage of M2 macrophages by analyzing 

Figure 3 (A) The mechanism of PD-1/PD-L1 signaling pathway and its role in T cells; (B)Relationship between immune cells and Notch signaling pathway in breast cancer: 
① Notch signaling mediates the anti-tumor effect of IFN-γ secretion by NK cells on breast cancer. ② Notch pathway activation promotes the secretion of INF-γ by CD4+ 
T cells to produce pro-cancer effects. ③ Notch pathway promotes SLEC differentiation of CD8+ T cells through the Hes1-PTEN axis, thus affecting the development of 
breast cancer. ④ Notch pathway increases the percentage of Treg cells by upregulating the expression of FOXP3, which in turn affects the development of breast cancer. ⑤ 
Notch pathway activation upregulates the expression of PD-1/PD-L1, which leads to immune escape from breast cancer. ⑥ Notch pathway upregulates HES1 expression to 
promote T-cell development, which in turn affects the development of breast cancer. ⑦ Silencing of the Notch pathway promotes the polarization level of M2 and down- 
regulates the polarization level of M1, which in turn affects the development of breast cancer. 
Abbreviations: BC, breast cancer; NK, natural killer cells; Treg, regulatory cells; PD-1, programmed death-1; PD-L1, programmed cell death-Ligand 1; M1, M1 
macrophages; M2, M2 macrophages; INF-γ, interferon-gamma.
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candidate long-stranded noncoding RNAs associated with BC and performing functional tests using the GEO database.89 

Therefore, according to the above studies, TAMs when combined with Notch signaling appear to have a major impact 
on BC development.

Notch and Natural Killer Cells
In the immunological environment of BCs, natural killer cells (NK), the principal effector cells of innate immunity, are 
diverse.90 NK cells not only predict BC remission rates and overall survival, but different subtypes have substantial 
ramifications for mammary gland growth and tolerance to treatment.91 In BC, Notch signaling is critical for the formation 
and function of NK cells.

RBP-J is a well-known Notch signaling transcriptional effector. Both activated NK cells and NK cells were found to 
be considerably decreased in peripheral blood from mice lacking RBP-J, suggesting that Notch signaling is involved in 
controlling NK cell development.92 Recently, in vitro experiments have shown that Jagged1, DLL1, and DLL4 can 
induce HUVECs to expand functional NK cells.93 Notch regulates embryonic plasticity and maturation of human NK 
cells in a stage-specific and stroma-dependent manner.94

MRPL13 is an influential molecule that promotes BC progression and is involved in several regulatory signaling 
processes in BC, including the Notch signaling pathway.95 Inhibiting MRPL13 expression reduces the ability of BC cells 
to invade by activating intracellular Notch signaling.

Increasing the number of NK cells96 activates the Notch pathway to increase the secretion of interferon (INF), 
a pleiotropic cytokine. Thus, Notch signaling can exert anti-tumor effects on BC by mediating IFN-secretion by NK cells, 
which implies that Notch signaling can exert anti-tumor effects on BC by mediating IFN-secretion of NK cells.97,98 

Altogether, this evidence suggests that NK cells can control BC via Notch signaling.

Notch Signaling and Tumor-Specific T Cell Responses in Breast Cancer
Tumor-specific T lymphocytes, a key target in immunotherapy, contribute to tumor cell proliferation by promoting 
growth and clearance. T cells in their early stages are known to be double-negative (CD4- and CD8-) and can only 
develop into double-positive T cells (CD4+, CD8+) under particular conditions.99 The Notch signaling pathway is crucial 
for proper thymic T cell development before differentiation into double-positive cells, after which Notch signaling 
strength declines.99 Notch signaling is required for appropriate T cell development, according to several studies. Many 
Notch ligands are expressed in T cells at various stages and multiple transcription factors involved in T cell development, 
such as GATA3 and HES1, have key synergistic connections with Notch signaling. GATA3 can initiate T cell develop-
ment by inhibiting the activity of the Notch pathway, and in turn, GATA3 can also promote T cell activity by inhibiting 
the activity of the Notch pathway.100,101 GATA3, an important transcription factor affecting BC development, progres-
sion, and metastasis, has an important link to Notch-mediated T cell activity, suggesting that Notch signaling may 
influence BC fate via T cell/GATA3.

HES1 has been reported to be negatively expressed in normal breast tissue but highly expressed in invasive ductal 
carcinoma of the breast as evidenced by immunohistochemistry. Further, knocking down HES1, an important down-
stream target gene of Notch, can suppress T-cell development, while overexpression of HES1 promotes T-cell develop-
ment, suggesting that Notch can influence BC T-cell responses by regulating HES1 expression.102–104 These findings 
suggest that Notch signaling is related to the T-cell response in BC.

Notch and the Proliferation and Differentiation of CD4+ T Cells
CD4+ T cells are critical components of the human immune system. They are developed primarily into helper T cells like 
Th1, Th2, Th17, and Treg cells when they are young. In most helper T cells, Notch signaling is active. The exact 
mechanism by which Notch and T cells develop is not well understood. Rutz et al found that the knockdown of Notch1 
could inhibit the ability of CD4+ T cells to activate, proliferate, and differentiate, although CD4+ T cells did not show the 
same situation when RBP-J expression was knocked down, which may indicate that Notch signaling has an effect on 
CD4+ T cells upstream of Notch signaling.105 Th1 and Th2, as the main helper T cells, mainly secrete IFN-γ and IL-4 
and activation of the DLL4-Notch signaling pathway, which then increases the secretion of IFN-γ and IL-4 by CD4+ 
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T cells. As mentioned above, IFN-γ is an important cytokine in the development of BC, and IFN-γ and IL-4 can promote 
or inhibit the expression of ER protein in BC cell lines, which affects the growth of BC.105,106 Experiments using CD4+ 
T cell subsets derived from the tumor microenvironment of patients with inflammatory BC demonstrated that DLL4 
overexpression enhances Th17 cell growth and that Notch-mediated Th17 polarization is therapeutically essential for 
immune modulation of BC.107 Furthermore, researchers have examined normal breast tissue from parametrial or 
prophylactic mastectomy specimens and found that CD4+ and CD8+ were more common in BC tissue.108 Overall, 
these findings suggest that Notch signaling regulates the tumor immune response in BC by modulating the activity of 
CD4+ T cells.

Notch Regulates SLEC Differentiation of CD8+ T Cells
CD8+ T cells specifically secrete various cytokines involved in immune responses and constitute an important line of 
defense for antitumor and antiviral immune responses together with NK cells. After the initial proliferation, nearly 90% 
of CD8+ T cells die, and the rest mainly form memory T cells, which can also differentiate into short-term effector T cells 
(SLEC). The close link between the correct differentiation of CD8+ T cells and Notch signaling has been previously 
reported, but the specific mechanism is not clear.109

Because activated CD8+ T cells primarily express Notch1 and Notch2, CTL activity for antigen presentation is 
severely impaired in Notch1 knockout mice models. Analyses of the transcriptomes of activated CD8+ T cells revealed 
that more than 40% of SLEC-specific genes were reduced, implying that the Notch pathway is a key factor in SLEC 
differentiation of T cells.109 De Sousa et al activated the expression of HES1, an important downstream gene of the Notch 
signaling pathway. The inhibition of PTEN transcription revealed that Notch signaling interfered with SLEC differentia-
tion via the HES1-PTEN axis.110

CD8+ T lymphocytes have been shown to be positively linked to the survival of BC patients. The expression of CD8+ 
T cells is highest in TNBC, and the expression of CD8 + T cells also predicts a decreased rate of recurrence and 
metastasis in TNBC, suggesting that the pro-differentiation impact of Notch on CD8+ T cells may affect BC 
development.111 Notch’s pro-differentiation effect on CD8+ T cells might lead to a new approach to BC immunotherapy.

Notch Signaling Regulates Tumor-Associated Fibroblasts (CAFs) in Breast Cancer
CAFs are one of the most numerous components of the BC microenvironment, and they influence all aspects of breast 
cancer development, growth, and metastasis, and they mainly secrete various growth factors, chemokines, and cytokines 
to exert pro-tumorigenic effects.112 Many studies have been published on CAFs and Notch signaling. In vitro, activation 
of the Notch pathway in human melanoma fibroblasts (MAFs) inhibited tumor growth significantly, according to Shao 
et al.113 In their study on melanoma, Du et al found that CAFs regulate the plasticity of cancer stem cells through the 
Notch1 signaling pathway in cells.114 In BC cells and CAFs, knocking down GPER or employing the Notch transcrip-
tional co-activator Master-mind like-1 (DN-MAML-1) revealed that Notch signaling is involved in mediating the effects 
of GPER signaling.115 Pelon et al discovered four CAF subpopulations in metastatic BC lymph nodes, and further 
experiments revealed that heterogeneity of CAFs in axillary metastatic lymph nodes can drive BC metastasis via the 
Notch pathway.116 Taken together, this suggests that modulating CAFs of BC may be able to achieve better therapeutic 
effects by targeting Notch.

Mechanisms of the Related Pathway Between Notch and PD-1/PD-L1
PD-1/PD-L1 Pathway
Activated T cells, NK cells, and other immune effector cells express the cell surface receptor programmed cell death 
protein 1 (PD-1); however, tumor-specific T cells express PD-1 in significant amounts.117 PD-1, a key immunosuppres-
sive molecule, regulates the activation of T lymphocytes, whose ligands are PD-L1 and PD-L2, and thus plays 
a significant role in the immunosuppressive response.118 Programmed cell death ligand 1 (PD-L1) is a transmembrane 
protein that binds to PD-1, which is produced in all human cells and functions as a pro-tumor factor in cancer cells by 
connecting to tumor cell receptors and activating their proliferation and survival signaling pathways.118,119 When PD-1 
and PD-L1 are combined, the proliferation of PD-1 cells is inhibited, and cytokine secretion is also inhibited. When the 
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inhibited cells are T cells, this indicates that the programmed death of T cells is initiated, and the tumor will acquire the 
function of immune escape.120–122 PD-L1 has the potential to play a role in BC, particularly TNBC. These findings 
suggest that the link between PD-1/PD-L1-related pathways and Notch signaling should be investigated in BC.

The Notch Pathway and the PD-1/PD-L1 Pathway Synergistically Regulate Breast 
Cancer
In general, BC is not a particularly immunogenic tumor, but TNBC exhibits chemoresistance and a poor prognosis, and 
these tumors can also express some immunotherapeutic molecular targets, suggesting that they are immunogenic, and 
providing a rationale for immunotherapy as a treatment of choice for these patients.123,124

PD-L1, a vital immune checkpoint molecule, has been identified in different types of tumor cells, and the relationship 
between PD-L1 and BC is still a hot topic. Activation of the PD-1/PD-L1 pathway can downregulate the immune system 
by expanding the expression of PD-L1 in BC.125 TNBCs that express PD-L1 are more aggressive in general, and there is 
a negative relationship between the degree of PD-L1 expression and BC survival.126–128

Multiple signaling pathways are controlled, including PD-1/PD-L1. The Notch signaling system, which is critical for 
T cell maturation, has been linked to PD-1/PD-L1 in several studies. Chen et al found that Notch and PD-L1 were linked 
by the long noncoding RNA HOTAIRM1 on one axis, meaning that PD-L1 is elevated upon activation of Notch 
signaling.129 Pan et al discovered that Notch signaling was involved in the regulation of PD-1 expression in previous 
studies related to sepsis.130 Although immune checkpoint inhibitors have produced promising results in many tumors, 
only a small proportion of patients with BC respond well. Whether the Notch signaling pathway, one of the many 
pathways that regulates the PD-1/PD-L1 axis, is mechanistically associated with PD-1/PD-L1 in BC is not yet clear, but 
a study by Meng et al found that treatment with anti-PD-1 antibodies combined with Notch inhibitors significantly 
inhibited tumor growth in BC models compared to the group administered Notch inhibitors alone, which may suggest 
a synergistic effect of Notch signaling with PD-1/PD-L1 in BC.131 PD-L1 overexpression in BC stem cells is partially 
mediated the Notch3/mTOR axis, suggesting that anti-PD-L1 therapy in combination with Notch inhibitors can 
successfully improve immunotherapy in BC. According to Mansour et al,132 Notch pathway inhibitors in combination 
with PD-1/PD-L1 inhibitors are expected to overcome the problem of immune resistance in BC.

Notch Signaling Pathway Maintains Th17/Treg Homeostasis in Breast Cancer
Treg cells are a subset of T cells that direct self-immune reactions and are recognized into characteristic sort adminis-
trative T cells and initiated administrative T cells, the former developing in the thymus and closely related to autoanti-
body induction, and the latter mainly a subset of T cells differentiated by initial CD4+ T cells after receiving antigenic 
stimulation and stimulated by different cytokines, of which are differentiated into Treg cells induced by β-transforming 
growth factor (TGF-β) alone, secreting TGF-β and participating in autoimmune regulation in vivo.133

The ability of Notch to promote Treg cells has been explored for a long time, and Notch signaling in melanoma cells 
increases FOXP3 expression through upregulation of TGF-β1, increasing the percentage of Treg cells, which appears to 
suppress anti-tumor immunity.134 As specified, prior Treg cells are primarily partitioned into two distinctive sorts of Treg 
cells, but the common highlight of both is that they both express the translation figure FOXP3, which is imperative for 
their development.135 Anastasi et al first observed that CD4+CD25+ Treg cells express more abundant Notch3 receptors 
than CD4+CD25-Treg cells and found that Notch 3 promotes Treg cell development by upregulating FOXP3 expression, 
furthermore, animal experiments showed that Notch signaling can also downregulate FOXP3 expression and inhibit Treg 
cell differentiation.136,137 Recent studies have shown that Th17 and Treg cells share a common developmental pathway, 
that they functionally regulate each other, and that the Th17/Treg balance is essential for maintaining immune home-
ostasis in vivo.138 He’s experiments found an increased Th17/Treg ratio in chronic asthmatic mice, which was positively 
reversed after aggressively expanding the expression of Notch ligands Jagged1 and DLL4.139 Tumor Syndecan-1 can 
apply immunomodulatory effects on Th17/Treg in the isolated tumor microenvironment of BC patients, and Syndecan-1 
was shown to achieve such modulatory effects on breast cancer through upregulation of DLL4-mediated activation of 
Notch signaling.107 Recently, analytical methods capable of quantitatively measuring the activity of signal transduction 
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pathways in tissue and blood samples have been developed, and the pathway analysis revealed that Treg cells in breast 
cancer have high Notch pathway activity scores, and Notch is expected to be a new target for the characterization of 
immune activity and immunosuppressive therapy in BC.107,140 In summary, Notch signaling has important implications 
for Th17/Treg in BC.

Notch Signaling Pathway Inhibitors and Treatment Prospects in Breast 
Cancer
Notch Signaling Pathway Inhibitors
The Notch signaling pathway, as a dominant pathway influencing cell destiny, is characterized by a promoting or 
inhibitory relationship with an assortment of tumors including BC. Treg acts as a double-edged sword in tumor cell 
resistance. Notch signaling can encourage fortification of tumor immune evasion mechanisms by advancing the activity 
and expression of Treg cells. Thus, Notch pathway inhibitors have become a hot spot for research in recent years and 
may not only become a treatment target but also is expected to bring a new powerful weapon to overcome tumor immune 
escape.

Based on Notch receptors and their activation mechanisms, several classes of Score pathway inhibitors have been 
developed [Table 2]. As mentioned above, after binding to the Notch ligand and receptor, these inhibitors will undergo 
proteolytic hydrolase cleavage before entering the cytoplasm, which is achieved by γ-secretase activity. Thus, γ-secretase 
inhibitors (GISs) block Notch intracellular region (NICD) production, thus inhibiting the occurrence of Notch down-
stream events.141 From DAPT with low activity in the early stage, LY411575, RO4929097, LY3039478, MK-0752, 
BMS906024, PF-03084014, and NMK-T-057 were synthesized successively with an almost 100-fold increase inactivity. 
Of these, LY411575 can bind to presenilin 1 (PS1) and induce apoptosis of HER2+ BC cells, inhibit the formation of 
N1ICD and N3ICD, and thus inhibit Notch signaling. In addition, LY411575 combined with death receptor-5 (DR-5) and 
the DLL4 monoclonal antibody can effectively target the treatment of TNBC.142,143

RO4929097 blocks Notch signaling by inhibiting Notch receptor catabolism, and its combination with exemestane 
can help ER+ metastatic BC overcome resistance to endocrine therapy.144 LY3039478 is a verbal Notch signaling 
inhibitor for progressed or metastatic BC that represses BC cell metastases by blocking the cleavage of the basic 
transmembrane space of Indent protein to diminish Notch signaling and its downstream activity.145 MK-0752-induced 
downregulation of Notch signaling inhibits breast tumor growth while increasing the levels of BC stem cell (BCSC) 
population in BC cells expressing Notch3, while IL6 induction is produced during MK-0752 inhibition of Notch3-Hey2 
signaling. BC stem cells and breast tumor growth are significantly reduced on combined exposure to MK-0752 and IL6R 
antagonists.146 TNBC is sensitive to PF-03084014, and the Notch inhibitor PF-03084014 combined with the AKT 

Table 2 γ-Secretase Inhibitor and Monoclonal Antibody

Drug Name Target Suppression Molecular Formula References

LY411575 Notch C26H23F2N3O4 [142,143]

RO4929097 Notch C22H20F5N3O3 [144]

LY3039478 Notch C22H23F3N4O4 [145]

MK-0752 Notch C21H21ClF2O4S [146]

PF-03084014 Notch C27H41F2N5O [147,148]

NMK-T-057 Notch - [149]

OMP-21M18 DLL4 - [150]

Dl1.72 DLL1 - [151]

OMP-59R5 Notch2/Notch3 - [152]
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inhibitor MK-2206 or NF-κB inhibitor can have a significant inhibitory impact on TNBC.147,148 NMK-T-057 triggers 
autophagic apoptosis in BC cells by restraining γ-secretase-mediated activation of Notch signaling.149

Nevertheless, GISs cannot target specific receptors; thus, they also bring about adverse effects such as nausea and 
vomiting, which appear to be very limiting as monotherapy drugs.140 The development of antibodies that specifically 
inhibit members of the Notch family indicates a step toward a solution to this problem. There are currently two main 
classes of such antibodies. The first blocks the binding of the Notch receptor ligand, such as OMP-21M18 and Dl1.72. 
OMP-21M18 is a humanized anti-DLL4 monoclonal counter-acting agent that restricts Notch signaling by blocking the 
interaction of DLL4 with Notch1 or Notch4 and is currently being used in patients with advanced tumors such as BC 
evaluated in clinical trials.150 Dl1.72 could be a novel anti-DLL1 counteracting agent that strikingly interferes with 
DLL1-Notch signaling in estrogen-positive BC, subsequently preventing BC cell development, multiplication, and 
metastasis.151 Another type of monoclonal antibody that blocks ADAM10-mediated hydrolytic cleavage of proteins, 
such as OMP-59R5, which inhibits ADAM-mediated cleavage in Notch 2 and Notch 3, is effective in suppressing 
mammary carcinoma cell growth and has also entered clinical trials.152

Natural compounds such as cimigenoside, paeoniflorin, shogaol, 3-O-(E)-p-coumaroyl betulinic, oridonin, resveratrol, 
and celastrol have also been described [Table 3]. Cimigenoside, a natural compound isolated and extracted from 
Cimicifuga dahurica, exerts a critical inhibitory impact on the expansion or metastasis of BC cells by restricting 
mitochondrial apoptosis mediated by the Notch signaling pathway and EMT as a γ-secretase inhibitor.153 Paeoniflorin 
can influence BC cell proliferation and invasion by inhibiting the Notch1 signaling pathway.154 Shogaol is an active 
ingredient belonging to the ginger family of spices. 6-shogaol inhibits the proliferative activity of BC cells by down-
regulating Notch signaling and inhibiting the expression of the Hes1 gene.155 3-O-(E)-p-Coumaroyl betulinic is 
a powerful inhibitor of the Notch pathway, and interferes with BC proliferation by blocking the G0/G1 stage cell 
cycle of BC cells.156 Oridonin, a compound derived from red terpene, has a viable anticancer activity and represses the 
migration and metastasis of BC by essentially inhibiting Indent receptor expression and in this manner hindering Notch 
signaling, thus accelerating the initiation of apoptosis in BC cells.157 Resveratrol has antitumor effects, and the 
expression of Notch1, Dll4 mRNA and protein in BC cells was found to be down-regulated in the cells treated with 
resveratrol, while the growth of breast cells was inhibited, which could suggest that resveratrol regulates the proliferation 
of BC by suppressing the Notch pathway.158 In TNBC stem cells, celastrol and triptolide avoid stemness by lessening 
Notch1 activation and expression of downstream targets Hes1 and Hey1.159

Notch pathway inhibitors in combination with other pathway inhibitors or in combination with chemotherapy have 
also played a key role in BC treatment. The combination of the Notch pathway inhibitor (IMR-1) and the Wnt pathway 
inhibitor (PRI-724) improves the IMR-1 and PRI-724-mediated effects on MDA-MB-231 cells by initiating apoptotic 
cell death, achieving dual targeting for BC treatment.160 The Notch signaling pathway often leads to antiestrogen 
resistance, and in clinical trials, Notch pathway inhibitors in combination with doxorubicin have been effective in 
reversing chemoresistance in BC and have shown promise in improving the health of patients with advanced BC.161 

Table 3 Natural Compounds That Inhibit Notch Pathway

Compound Name Target Suppression Molecular Formula References

Cimigenoside PSEN-1 C35H56O9 [153]

Paeoniflorin Notch1 C23H28O11 [154]

6-shogaol Notch-Hes1 C17H24O3 [155]

3-O-(E)-p-Coumaroyl betulinic Notch1-4 C39H56O4 [156]

Oridonin Notch1-4 C20H28O6 [157]

Resveratrol Notch1, DLL4 C14H12O3 [158]

Celastrol Notch1 C29H38O4 [159]
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Currently, most Notch pathway inhibitors are not approved for clinical use, but evidence is growing rapidly supporting 
the treatment of BC by targeting the Notch signaling pathway.

Recent Promising Targets Related to Notch in Breast Cancer Treatment
In addition to Notch signaling pathway inhibitors, the emergence of many new potential targets for BC treatment have 
emerged favoring BC therapy [Table 4]. The oncogenic effect of the transcription factor CBFB on BC was recently 
reported to be achieved by downregulating the expression of the Notch3 receptor and inhibiting Notch signaling.162 

Asparagine β-hydroxylase (ASPH), which is not expressed in normal tissues and only appears during tumorigenesis, is 
capable of producing and maintaining the malignant phenotype of tumor tissue. Recent studies have reported that ASPH 
can initiate BC progression by activating the Notch signaling cascade, which may represent a potential target to reverse 
the aggressive phenotype of BC.163 Histone methyltransferase (NSD3) can induce methylation of H3K36 to activate 
Notch signaling to drive BC progression, and NSD3 may also be a potential target for BC therapy.164 DTX1 is a single 
transmembrane protein with ubiquitin E3 ligase activity, and low levels of DTX1 can regulate BC growth and survival 
through the Notch signaling pathway and promote BC proliferation and metastasis, thus DTX1 is expected to be a marker 
for BC treatment.165 Knockdown of USP9x in a mouse TNBC model inhibited activation of Notch signaling and revealed 
an enhanced antitumor immune response and attenuation of tumor growth in TNBC, further suggesting that the USP9x/ 
Notch pathway could become a new therapeutic goal for BC.166 Overexpression of NF-E2-related factor (Nrf2) can 
upregulate Notch1 expression through the G6PD/HIF-1α pathway, which in turn affects the Notch signaling pathway and 
the downstream gene HES1 to influence BC proliferation and can also regulate BC cell migration by affecting the 
expression of the EMT pathway.167

GIT1 knockdown in estrogen receptor-negative breast tumor cells increases signaling and aldehyde dehydrogenase 
activity downstream of Notch, while overexpressed GIT1 interacts with the intracellular structural domain (ICD) of 
Notch and inhibits Notch signaling by inhibiting NICD transport from the cytoplasm to the nucleus, and thus, GIT1 
regulates BC growth.158

Mitochondrial calcium single-exclusion regulator 1 (MCUR1) is highly expressed in TNBC, and silencing MCUR1 
can inhibit the epithelial–mesenchymal transition in TNBC by suppressing Notch signaling, suggesting that MCUR1, 
which is involved in Notch signaling, may become a new target for TNBC therapy.168 As technology advances, 
additional new strategies for BC treatment will merge.

Table 4 Potential New Targets for Breast Cancer Treatment Linked to Notch

New Target Combination Type of Breast Cancer References

CBFB CBFB + Notch3 inhibitors BC [162]

ASPH ASPH inhibitors + Notch inhibitors BC [163]

NSD3 NSD3 inhibitors + Notch inhibitors BC [164]

DTX1 DTX1 inhibitors + Notch inhibitors BC [165]

USP9x USP9x inhibitors +Notch inhibitors TNBC [166]

Nrf2 Nrf2 inhibitors + Notch1 inhibitors BC [167]

GIT1 GIT1 + Notch inhibitors BC: ER (-) [158]

MCUR1 MCUR1 inhibitors + Notch inhibitors TNBC [168]

Abbreviations: ASPH, aspartate beta-hydroxylase; NSD3, histone H3 lysine 36 (H3K36) methyltransferase; DTX1, 
the E3 ubiquitin ligase; USP9x, ubiquitin-specific protease 9x; Nrf2, nuclear factor E2-related factor 2; GIT1, G-protein- 
coupled receptor interacting protein 1; MCUR1, mitochondrial calcium uniporter regulator 1.
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Conclusions and Perspectives
It is increasingly recognized that the Notch pathway plays a key role in the progression and metastasis of BC. In this 
review, the potential application value of the Notch pathway in BC is clarified by summarizing the role of Notch on BC 
angiogenesis as well as its impact on the immunological response. Overall, this review describes the significance of the 
Notch signaling pathway in the development of BC. We also provide a list of natural Notch inhibitors that may be used in 
the treatment of BC and further provide a rationale for the combination of Notch inhibitors in the treatment of BC.

The Notch pathway is of great significance to the angiogenesis of BC. FOXC2 is involved in the induction process of 
Notch signaling, and its overexpression can directly upregulate the expression levels of DLL4 and Notch1 mRNA in BC 
and together with the Notch pathway mediate the pro-vascular effect of BC.50 DLL4 is highly expressed in BC and may 
achieve inhibition of BC angiogenesis by inhibiting DLL4/Notch to promote non-functional tumor angiogenesis.65 

Jagged1 also has an important role in vascular outgrowth, proliferation, and metastasis. As a pro-angiogenic factor, 
Jagged1 contributes to the maintenance of VEGF pathway expression by antagonizing the action of DLL4.61–64 In 
particular, Notch and the VEGF signaling pathways have important cross-linkages, and their combined inhibition may 
provide new ideas for antiangiogenic therapy in BC.53,56,169 The linkage between the Notch pathway and angiogenesis 
could be a potential target for the treatment of BC and deserves to be explored in depth.

There is a large infiltration of immune cells in the BC microenvironment, all of which are inextricably linked to 
Notch. Notch signaling plays a role in recruiting TAMs in BC.74–77 Blocking Notch signaling can block the M2 
polarization process.89 Notch signaling can mediate IFN-γ secretion by NK cells to produce antitumor effects on BC, 
and its mediated T cell responses are likewise importantly linked to BC.97,98,102–104 DLL4 can upregulate the expansion 
of Th17 and exert an immunomodulatory effect on BC, the upregulated activation of Notch signaling can promote the 
differentiation of CD8+ T cells in BC.107,110,111 The Notch pathway can also be affected by CAFs to mediate BC 
metastasis, and it may have a synergistic effect with PD-1/PD-L1 in BC.115,126–128,131 Furthermore, Notch signaling can 
inhibit Treg cell differentiation and regulate Th17/Treg homeostasis in the BC microenvironment.137 The above results 
confirm that the Notch signaling pathway has important implications for BC immunity and deserves further investigation 
in this regard. Meanwhile, this paper summarizes the application of Notch inhibitors in BC, and most of these inhibitors 
have been confirmed in vitro experiments but need to be further explored in clinical trials, which also lays a good 
theoretical basis for clinical application.

In recent years, antitumor angiogenesis combined with immunotherapy has gradually become a promising strategy for 
antitumor therapy. This review reviews recent findings on Notch signaling pathways that are involved in tumor 
angiogenesis and immunity. Notch promises to be a prospective marker for the development of drugs related to antitumor 
angiogenesis and enhancement of tumor immunity or inhibition of immune escape. However, due to the diversity and 
complexity of the tumor microenvironment and the fact that the regulation of Notch signaling is not yet sufficiently 
understood, it is still necessary to investigate the role of the Notch pathway in other signaling levels with respect to BC 
angiogenesis and the immune response associated with carcinogenesis.
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