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Abstract: The dysregulation of Notch signaling is found in many cancers and is closely 
related to cancer progression. As an important Notch receptor, abnormal Notch4 expression 
affects several tumor-cell behaviors, including stemness, the epithelial–mesenchymal transi-
tion, radio/chemoresistance and angiogenesis. In order to inhibit the oncogenic effects of 
Notch4 activation, several methods for targeting Notch4 signaling have been proposed. In 
this review, we summarize the known molecular mechanisms through which Notch4 affects 
cancer progression. Finally, we discuss potential Notch4-targeting therapeutic strategies as 
a reference for future research. 
Keywords: Notch4 signaling, cancer, cancer stem cell, epithelial–mesenchymal transition, 
drug resistance, molecular mechanism, therapeutic perspective

Introduction
The evolutionarily conserved Notch signaling pathway is a conduit for critical cell- 
cell communication during cell-fate determination, regulating cell proliferation, 
differentiation and apoptosis.1 Four mammalian Notch receptors (Notch1-4) and 
five Notch ligands (Delta-like ligand (DLL) 1, 3, 4 and Jagged (JAG1) 1, 2) have 
been identified to date. Before being activated, Notch receptors are proteolytically 
cleaved three times (Figure 1). The immature transmembrane heterodimeric Notch 
protein (Pre-Notch) undergoes S1 cleavage in the Golgi apparatus and is subse-
quently trafficked to the cell surface as a mature heterodimeric transmembrane 
protein. On the surface of a signal-receiving cell, the epidermal growth factor 
(EGF) repeats of a Notch receptor interact with the EGF repeats of a Notch ligand 
on the surface of a neighboring signal-receiving cell, leading to S2 cleavage 
(mediated by A Disintegrin And Metalloprotease domain 10 (ADAM10)) and S3 
cleavage (mediated by the γ-secretase complex, mainly Presenilin and Nicastrin) of 
the Notch receptor, which leads to the release of the Notch intracellular domain 
(NICD).1–3 Subsequently, NICD undergoes nuclear translocation and interacts with 
the effector transcription factor CSL. Transcription co-activators such as MAML 
are then recruited to the NICD-CSL complex, resulting in transcriptional activation 
of downstream target genes. Finally, NICD undergoes proteasomal degradation 
induced by E3 ubiquitin-ligases such as FBXW7 and DTX3.1–5

Aberrant Notch signaling has been discovered in many cancer types, and it is 
known to play unique roles during cancer occurrence and progression.6–10 The gene 
encoding Notch4 protein is located on chromosome 6p21.32 (6: 32194843– 
32224067), and contains 31 exons. Mutations and amplifications of the Notch4 
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gene, which partly lead to gain-of-function of Notch4 
protein, have been frequently reported in human 
cancers.11–19 To date, numerous studies have explored 
the roles of Notch4 in cancer, and especially its related 
molecular mechanisms. Most studies suggested that 
Notch4 is abnormally overexpressed during cancer devel-
opment and is involved in the regulation of several tumor- 
cell behaviors, mainly in stem cell-like self-renewal, 
epithelial–mesenchymal transition (EMT), radio-/chemo 
resistance and angiogenesis (See details in the following 
parts). Here, we systematically reviewed the expression 
and clinical significance of Notch4 in different cancers, 
as well as the underlying molecular mechanisms that med-
iate the related tumor-cell behaviors. Additionally, we 
propose potential therapeutic strategies to inhibit Notch4 

expression and/or block Notch4 signal transduction. 
Overall, this review provides a comprehensive overview 
of the functions of Notch4 in cancer and discusses poten-
tial future directions in the research on Notch4-targeting 
therapeutic approaches.

Expression of Notch4 and Its 
Clinicopathologic and Prognostic 
Significance in Cancer
As shown in Table 1, the expression of Notch4 and its 
clinicopathologic and prognostic significance in cancer 
have been widely reported. Notch4 overexpression was 
found in hepatocellular carcinoma (HCC), intrahepatic 
cholangiocarcinoma, melanoma, colorectal carcinoma 
(CRC), oral squamous cell carcinoma (OSCC), breast 

Figure 1 The transduction process of Notch4 signaling.  
Note: Generated using ScienceSlides graphics from Visiscience. 
Abbreviations: EGFs, Epidermal Growth Factor repeats; LNRs, Lin-Notch repeats; RAM, RBPJ-association module; ANK, Ankyrin; TAD, Trans-activation domain; PEST, 
proline (P), glutamic acid (E), serine (S), threonine (T)-rich; DSL, Delta/Serrate/LAG-2; ADAM10, A Disintegrin And Metalloprotease domain 10; MAML, Mastermind-like 
protein; CSL, CBF-1 (RBPJ)/suppressor of hairless/Lag1; Fbxw7, F-box and WD repeat domain containing 7; DTX3, Deltex E3 ubiquitin ligase 3; Ub, Ubiquitin.
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carcinoma (BC), gastric carcinoma, non-small cell lung 
carcinoma (NSCLC) and acute myeloid leukemia (AML). 
In all these cancers, it is associated with a series of 
clinicopathologic features such as high pathological 

grade, advanced tumor stage and metastasis, as well as 
poor prognosis in terms of OS and DFS.20–31 However, 
low expression of Notch4 was found in endometrial carci-
noma and CRC tissues.32–34 In two studies encompassing 

Table 1 The Clinicopathologic and Prognostic Significance of Notch4 in Cancer

Cancer Type Sample 
Count

Clinicopathologic and Prognostic Significance Reference

Hepatocellular 

carcinoma

288 High Notch4 expression correlates with low edmondson grade, low [20]

AJCC T-stage, no microvascular invasion, no intrahepatic metastasis, and low serum AFP 
level.

Intrahepatic 
cholangiocarcinoma

41 High Notch4 expression predicts poor OS. [21]

High Notch4 expression correlates with high serum CA125 level.

Melanoma 120 High Notch4 expression predicts poor OS. [22]

High Notch4 expression correlates with high AJCC T-stage, and lymphatic and/or distant 

metastasis.

Glioblastoma 70 Correlate with low microvessel density. [64]

Colorectal carcinoma 248 High Notch4 expression predicts poor OS and DFS. [28]

High Notch4 expression correlates with advanced N stage, M stage, lymphovascular invasion, 

and CEA status.

290 High Notch4 expression predicts poor OS. [29]

256 Low Notch4 expression predicts poor OS and DFS. [34]

Low Notch4 expression correlates with poor differentiation, advanced

TNM stage, deep invasion, and lymph node metastasis.

Oral squamous cell 

carcinoma

60 High Notch4 expression correlates with poor differentiation, advanced clinical stage, 

perineural invasion, and lymph node metastasis.

[23]

Ovarian carcinoma 1648 Low Notch4 expression predicts poor OS. [35]

Breast carcinoma 98 High Notch4 expression predicts poor OS. [24]

High Notch4 expression correlates with low ER and PR status, large tumor size, advanced 

TNM stage, and lymph node metastasis.

180 High Notch4 expression correlates with high ER and PR status. [25]

594 High Notch4 expression predicts poor OS. [26]

TNBC 68 High Notch4 expression predicts poor OS. [26]

Gastric carcinoma 876 High Notch4 expression predicts poor OS. [27]

Non-small cell lung 

carcinoma

335 High Notch4 expression predicts poor OS. [86]

189 High Notch4 expression predicts poor OS. 

High Notch4 expression correlates with large tumor size, advanced TNM stage, and distant/ 
lymph node metastasis.

[30]

Acute myeloid 
leukemia

79 High Notch4 expression predicts poor OS. [31]
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256 cases of CRC and 1648 cases of ovarian carcinoma 
(OC), low Notch4 expression was significantly correlated 
with poor OS of cancer patients.34,35 These findings indi-
cate that the expression levels and prognostic value of 
Notch4 in different types of cancer may be different and 
need further exploration.

Notch4 Signaling and Cancer Stem 
Cell Properties
Notch4 is considered a novel biomarker of cancer stem 
cells (CSCs) - undifferentiated cancer cells with high 
tumorigenic potency. In BC, Notch4 activity is substan-
tially enriched in ESA+/CD44+/CD24− CSCs, and Notch4+ 

tumor cells show CSC-like behavior, including self- 
renewal and lineage differentiation.26,36,37 Notch4 activa-
tion in breast CSCs is also critical for the expression of 
another CSC biomarker, ALDH1, whose activity can be 
inhibited by Notch4 knockdown.38 The high expression of 
Notch4 in CSCs was also discovered in microarray and 
bioinformatic analyses of melanoma. Subsequent in vivo 
experiments confirmed that Notch4+ CSCs facilitate the 
EMT, invasion and metastasis of melanoma.22 In addition, 
Notch4 plays an important role in colorectal CSCs by 
regulating transcription factors related to stemness. 
Notch4 inhibition in colorectal CSCs led to an increase 
of Oct4 expression but also significantly decreased the 
expression of Sox2, cMET, CD26, CD44 and SETMAR.39

Several mechanisms are associated with Notch4 signal-
ing in CSCs (Figure 2). In ecotropic virus integration site 
1 (EVI1)-positive AML, a particularly aggressive subtype, 
Notch4 is directly targeted and activated by EVI1 and its 
downstream factor all-trans retinoic acid (atRA), which 

maintains cancer cell stemness.40 In breast CSCs, Notch4 
can escape from proteasomal degradation induced by ubi-
quitin-ligase Fbxw7a due to its interaction with the pepti-
dyl-prolyl isomerase Pin1.41 Y-box binding protein-1 (YB- 
1), an oncogenic transcription factor activated by the p90 
ribosomal S6 kinases (RSK), can upregulate Notch4 sig-
naling in breast CSCs.42 Blocking RSK/YB-1 signaling 
can effectively prevent Notch4 activation, which reverses 
the undifferentiated state of breast CSCs.42 In addition, 
Notch4 activity in breast CSCs in response to endocrine 
therapy was found to be closely related to estrogen recep-
tor alpha (ERα), which is discussed in part 5.1.

Notch4 Signaling in Cancer EMT 
and Metastasis
High expression of Notch4 was found to be associated with 
tumor metastasis in clinical studies of several types of 
cancer, including salivary adenoid cystic carcinoma,43 

OSCC,23 melanoma,44 BC,24 and NSCLC.30 As shown in 
Figure 3, Notch4 signaling is involved in several molecular 
mechanisms of cancer EMT and metastasis. In prostate 
carcinoma (PC), Notch4 signaling promotes the growth, 
metastasis and EMT of tumor cells, which is dependent on 
the activation of NF-κB signaling.45 In melanoma and head 
and neck squamous cell carcinoma, Notch4 signaling trig-
gers the EMT by increasing the expression of EMT markers 
such as Vimentin and Twist1, as well as decreasing 
E-cadherin expression.22,46 In addition, EMT-promoting 
Nodal is a downstream target of Notch4 signaling in aggres-
sive types of melanoma. The inhibition of Notch4/Nodal 
axis diminishes clonogenicity and impairs the vasculogenic 
mimicry of melanoma.47,48 However, Menon et al found 

Figure 2 Molecular mechanisms of Notch4 signaling in cancer stem cells. 
Abbreviations: Pin1, Peptidylprolyl cis/trans isomerase, NIMA-interacting 1; Oct4, Organic cation/carnitine transporter4; Fbxw7a, F-box and WD repeat domain 
containing 7a; ALDH1, Aldehyde dehydrogenase7; Sox2, SRY-box transcription factor 2; ERα, Estrogen receptor alpha; EVI1, Ecotropic virus integration site 1; atRA, all- 
trans retinoic acid; YB-1, Y-box binding protein-1; RSK, Ribosomal S6 kinase.
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that Notch4 signaling also has an anti-EMT role in mela-
noma, which relies on non-canonical Notch signaling.49 

The activation of Hey1 and Hey2, which are the down-
stream targets of Notch4 signaling, can suppress Snail2 
and Twist1 promoter activity by direct binding, thereby 
inhibiting the EMT of melanoma.49 These findings illustrate 
the multifaceted roles of Notch4 in regulating the metastasis 
of melanoma.

Notch4 also plays a critical role in promoting BC 
metastasis. A recent study reported that Notch4 overex-
pression promotes BC cell invasion, which is induced by 
the RNA-binding protein (RBP) DCAF13, which inhibits 
the activation of the E3 ubiquitin-protein ligase DTX3 and 
prevents Notch4 degradation.5 An in vitro experiment 
indicates that there is a positive crosstalk between 
Notch4 and EMT-promoting Stat3-MMP signaling in BC 
metastasis: N4ICD can physically interact with the EMT- 
promoting Stat3 protein to activate it in BC cells, which 
leads to the upregulation of MMP2 expression. Stat3 sig-
naling, in turn, maintains the activation of Notch4 and 
N4ICD.50 In a mouse model of BC metastasis into the 
liver, inhibition of Notch4 signaling by a γ-secretase inhi-
bitor, DAPT, reduced the micrometastatic tumor burden, 
suggesting that Notch4 is a potential therapeutic target for 
delaying BC metastasis.50

In breast CSCs, Notch4 signaling can transcriptionally 
upregulate the expression of Slug, which induces the 
EMT.26 In addition, the Notch4-induced EMT process of 
breast CSCs is also promoted by the downregulation of the 
tumor-suppressive miRNA miR-34c. Tumorspheres 
derived from cancer cells have been proven to display 

characteristics of CSCs. Ectopic expression of miR-34c 
in breast CSCs reduced Notch4 expression, reducing the 
formation of tumorspheres, as well as the self-renewal, 
migration, and EMT propensity of CSCs.51

Notch4 Signaling and Radio-/ 
Chemo-Therapy Resistance in 
Cancer
There is emerging evidence that Notch4 signaling regu-
lates cancer radio- and chemoresistance through several 
different mechanisms, especially in BC (Figure 4). In this 
part, we mainly discuss the relationship between Notch4 
signaling and radio/chemoresistance in BC and other types 
of cancer.

Breast Carcinoma
In ERα+ BC, ERα activation was found to suppress the 
activity of Notch4+ CSCs by stabilizing the expression of 
Death-associated factor 6 (DAXX).52 However, this inhibi-
tory effect is reversed in response to the inhibition of ERα by 
endocrine therapies, which leads to the activation of 
Notch4+ CSCs.52 In addition, mutations in the hormone 
binding domain (HBD) of ERα can also activate Notch4 
signaling in breast CSCs, which is dependent on ERα phos-
phorylation at serine 118.53 JAG1/Notch4 signaling in 
ALDH1+/ER− breast CSCs expands their population and 
stimulates their activity following tamoxifen (TAM) or ful-
vestrant treatment, which contributes to tumor recurrence.54 

Nicastrin (NCT), a core component of the γ-secretase (GS) 
complex, drives Notch4 signaling to support CSC properties 
and induce TAM resistance, which is linked to the 

Figure 3 Molecular mechanisms of Notch4 signaling in cancer EMT and metastasis. 
Abbreviations: DCAF13, DDB1 and CUL4 associated factor 13; DTX3, Deltex E3 ubiquitin ligase 3; Stat3, Signal transducer and activator of transcription 3; MMP2, Matrix 
metallopeptidase 2; NF-κB, Nuclear factor kappa B; EMT, Epithelial–mesenchymal transition.
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acquisition of a mesenchymal phenotype in BC.38,55,56 In 
TAM-resistant BC cells, PKCα signaling was found to 
selectively increase Notch4 expression by increasing the 
binding of activator protein-1 (AP-1) to the Notch4 promo-
ter, thus contributing to endocrine resistance and 
chemoresistance.57 In addition, Notch4/Stat3 signaling was 
also found to contribute to the EMT of TAM-resistant BC 
cells (See part 3).50

Another key mechanism through which Notch4 promotes 
radio/chemoresistance in BC is the mitigation of genomic 
damage. BC cells pretreated with short interfering RNAs (si- 
RNAs) against Notch4 showed increased sensitivity to apop-
tosis following treatment with the DNA-damaging agents 
etoposide or 5-fluorouracil (5-FU).58 Immunostaining and co- 
localization analysis indicated that N4ICD forms a complex 
with the nucleolar proteins NCL and NPM, thereby 
protecting BC cells from apoptosis triggered by genomic 
stressors. This process also involves another nucleolar protein, 
FBL, and depends on the nucleolar localization of N4ICD, but 
not N4ICD canonical signaling in the nucleoplasm.58

In a previous study, Shambhavi et al demonstrated that 
Notch4 signaling can inhibit BC cell death induced by thap-
sigargin, a calcium pump inhibitor that induces ER stress, as 
well as the genotoxic agent etoposide.59 In addition, they 
revealed that Notch4 signaling can also intrinsically enhance 
the sensitivity of BC cells to TRAIL-induced apoptosis, 
which proceeds via the caspase-8-Bid-Bak mitochondrial 
cytochrome c-caspase apoptotic pathway.59

Other Types of Cancer
In pancreatic carcinoma (PC), Notch4 overexpression contri-
butes to docetaxel resistance by upregulating fascin and Akt 

expression. Inhibiting Notch4 signaling re-sensitizes PC cells 
to the action of docetaxel.60 In B-cell acute lymphoblastic 
leukemia (B-ALL), Notch4 signaling inhibits the production 
of ROS induced by the chemotherapeutic agents cytarabine 
(Ara-C) and doxorubicin. Additionally, the mTOR, NF-κB 
and ERK1/2 signaling pathways are activated by Notch4 in 
the process of ROS-dependent Notch4-mediated tumor cell 
survival.61 In chronic lymphocytic leukemia (CLL), activated 
Notch4 signaling between bone marrow (BM)-mesenchymal 
stromal cells and CLL cells can rescue CLL cells from apop-
tosis following treatment with various chemotherapy drugs, 
including cyclophosphamide, hydrocortisone, fludarabine, 
prednisone and bendamustine.62 These findings illustrate the 
multifaceted mechanisms by which Notch4 signaling pro-
motes drug resistance in different types of cancer.

Notch4 in Tumor Vasculature
Notch4 is overexpressed in the vasculature of mouse and 
human mammary tumors,63,64 and it is required for tumor 
angiogenesis, vascular perfusion and vasculogenic mimi-
cry (Figure 5). Notch4 expression in the endothelium has 
a similar effect to the expression of DLL4, one of the most 
important ligands that activate Notch4 in tumor vascula-
ture, inhibiting angiogenesis by restricting endothelial 
sprouting and neo-angiogenesis induced by VEGF 
signaling.9,65–67 In an immunohistochemical study of 70 
patients with primary glioblastoma, a positive correlation 
between vascular Notch4 and DLL4 expression was 
detected.64 In addition, elevated vascular expression levels 
of Notch4 and DLL4 were found to be associated with 
decreased tumor microvessel density (MVD), while VEGF 
expression showed an opposite trend, which indicates the 

Figure 4 Molecular mechanisms of Notch4 signaling in cancer radio/chemoresistance. (A) Breast carcinoma. (B) Other types of cancer. 
Abbreviations: ERα, Estrogen receptor alpha; DAXX, Death-associated factor 6; PKCα, Protein kinase C alpha; Stat3, Signal transducer and activator of transcription 3; 
JAG1, Jagged 1; TRAIL, TNF-related apoptosis-inducing ligand; CytC, cytochrome c; ER, Endoplasmic Reticulum; NCL, Nucleolin; NPM, Nucleophosmin; FBL, Fibrillarin; Akt, 
Serine/threonine kinase 1; mTOR, mechanistic target of rapamycin kinase; NF-κB, Nuclear factor kappa B; ERK1/2, Extracellular regulated MAP kinase1/2; ROS, Reactive 
oxygen species.
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negative regulatory effect of DLL4/Notch4 signaling in 
tumor angiogenesis.64

In addition to being inhibited by DLL4/Notch4 signal-
ing, VEGF secreted by tumor cells can promote DLL4/ 
Notch4 signaling between tumor endothelial cells (ECs) 
by upregulating ADAM10 and Presenilin expression.68 

The activation of N4ICD then activates reverse Ephrin- 
B2 signaling, which subsequently induces tumor vessel 
remodeling, a critical step in the formation of structurally 
and functionally abnormal tumor vessels.68

Costa et al revealed the indispensable role of Notch4 
for initial vascular perfusion in tumors.63 In blood vessels 
of C57BL/6 MMTV-PyMT (mouse mammary tumor 
virus-polyoma middle tumor-antigen) transgenic breast 
tumor mice, the number of perfused vessel segments was 
significantly decreased in tumors of Notch4−/− hosts com-
pared to wild-type hosts.63

Vasculogenic mimicry (VM) is an epithelium-independent 
tumor microcirculation system that mimics the embryonic 
vascular network pattern to supply oxygen and nutrients for 
tumor cells.69 In two clinical studies of 189 NSCLC and 85 
HCC patients, the expression of Notch4 and VM showed 
a significant positive correlation.30,70 Recently, the oncogenic 
circular RNA 7 was found to inhibit miR-7-5p expression in 
HCC, activating Notch4 expression and thus promoting VM 
formation.71 Suppressing the expression of circRNA 7 or 
Notch4, as well as recovering miR-7-5p expression, could 
effectively block VM in HCC.71 In aggressive melanoma, 
VM formation induced by Notch4 activity is dependent on 
the expression of Nodal and VE-cadherin. Accordingly, block-
ing Nodal/VE-cadherin signaling may be a potential strategy 
for inhibiting Notch4-induced VM formation in melanoma.48

Therapeutic Strategies for 
Targeting Notch4 in Cancer
Since Notch4 is widely considered to be a key player in 
oncogenesis, it may be useful to block Notch4 signaling in 

cancer. Here, we summarize known methods/strategies for 
inhibiting Notch4 expression and blocking Notch4 signal 
transduction.

Inhibiting Notch4 Expression and 
Activation
In pre-clinical experiments, one effective method to 
directly inhibit Notch4 expression is silencing Notch4 
gene. As shown in Table 2, Notch4 knockdown using 
short interfering RNAs (siRNAs) or short hairpin RNAs 
(shRNAs) suppresses the tumorigenicity of cancer cells 
and delays tumor development in several types of 
cancer.22,23,36,38,39,43,45,46,51,60,70,72 However, no effective 
delivery vehicles for Notch4-specific siRNAs/shRNAs 
have been reported, which limits their value for clinical 
application.

MicroRNAs (miRNAs) are a class of short non-coding 
RNAs that control tumor development and progression by 
regulating gene expression at the post-transcriptional 
level.73 A total of eight miRNAs, including miR-7, miR- 
34a, miR-34c, miR-96, miR-183, miR-181c, miR-302 and 
miR-1179, were found to target Notch4 and inhibit its 
expression in cancer cells (Table 3).47,51,71,74–77 

However, their expression levels are aberrantly downregu-
lated in tumor tissues, which is partly caused by hyper-
methylation of their gene promoters, or overexpression of 
the upstream circRNA.51,71,76 MiRNA mimics, DNA 
demethylation inducers or circRNA inhibitors can recover 
the expression of Notch4-targeted miRNAs in cancer cells, 
thereby reducing Notch4 expression and inhibiting tumor 
progression.

mAbs against Notch receptors or ligands, such as anti- 
Notch1 antibodies, anti-DLL3 antibodies and anti-DLL4 
antibodies, have shown promising effects in both pre- and 
clinical studies.6,9 In aggressive melanoma, the treatment 
of tumor cells with a goat antibody against human Notch4 
was found to block Notch4 signaling, which inhibited 

Figure 5 Molecular mechanisms of Notch4 signaling in tumor vasculature. 
Abbreviations: VEGF, Vascular Endothelial Growth Factor; ADAM10, A Disintegrin And Metalloprotease domain 10; DLL4, Delta-like ligand 4.
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Table 2 Knockdown of Notch4 Suppresses Notch4 Oncogenic Signaling in Cancer

Cancer type Observations Reference

Salivary adenoid cystic 
carcinoma

Silencing of Notch4 by si-RNA inhibited tumor cell invasion in vitro. [43]

Breast carcinoma Silencing of Notch4 by si-RNA inhibited the stemness, mammosphere formation, migration, and EMT 
of CSCs in vitro.

[22]

Silencing of Notch4 by si-RNA inhibited the proliferation, colony formation and invasiveness of tumor 
cells in vitro and inhibited the tumorigenicity and tumor volume in vivo.

[23]

Silencing of Notch4 by sh-RNA reduced mammosphere colonies and tumor formation both in vivo 

and in intro
[36]

Silencing of Notch4 by si-RNA inhibited CSC activity in vitro. [38]

Colon carcinoma Silencing of Notch4 by si-RNA inhibited the gene expression of stemness’s markers of tumor cells 
in vitro.

[39]

Melanoma Silencing of Notch4 by sh-RNA inhibited the invasion, migration, and VM formation of tumor cells 
in vitro.

[45]

Oral squamous cell 
carcinoma

Silencing of Notch4 by si-RNA inhibited the proliferation and migration of tumor cells in vitro. [51]

Pancreatic carcinoma Silencing of Notch4 by si-RNA inhibited the viability, migration, invasion and drug resistance of tumor 
cells in vitro.

[60]

Hepatocellular carcinoma Silencing of Notch4 by si-RNA inhibited the invasion and vasculogenic mimicry formation of tumor 
cells in vitro.

[70]

Prostate carcinoma Silencing of Notch4 by si-RNA inhibited the growth, migration, invasion and EMT of tumor cells 
in vitro.

[72]

Head and neck squamous 
cell carcinoma

Silencing of Notch4 by si-RNA inhibited the proliferation, EMT and drug resistance of tumor cells 
in vitro.

[46]

Table 3 Multiple miRNAs Inhibit Cancer Progression by Negatively Regulating Notch4

miRNA Cancer Type Observations Reference

miR-7 Hepatocellular 

carcinoma

MiR-7 suppresses the vasculogenic mimicry formation of HCC by targeting Notch4. [71]

miR-34a Pancreatic Ductal 

Carcinoma

MiR-34a suppresses the survival, invasion and migration of tumor cells and tumor growth 

by targeting Notch1, 2 and 4.

[74]

miR-34c Breast carcinoma MiR-34c suppresses the self-renewal, migration and EMT process of tumor-initiating cells 

by targeting Notch4.

[51]

miR-96 and 

miR-183

EBV-associated 

nasopharyngeal 

carcinoma

MiR-96 and miR-183 suppress the growth, colony formation and the stem cell-like of 

tumor cells by inhibiting the expression of NICD3 and NICD4.

[75]

miR-181c Gastric carcinogenesis MiR-181c suppressed tumor cell proliferation by targeting Notch4 and KRAS. [76]

miR-302 Melanoma MiR-302 suppresses the tumorigenic phenotype of aggressive tumor cells by targeting 

Notch4.

[47]

miR-1179 Breast carcinoma MiR-34a suppresses the proliferation, invasion and migration of tumor cells by targeting 

Notch1, 4 and Hes1.

[77]
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tumor cell proliferation, impaired VM and diminished 
clonogenicity in vitro.48 In B-ALL and CLL, treatment 
with a combination of an anti-Notch4 antibody and GSI 
XII was able to block Notch4 signaling between BM- 
mesenchymal stromal cells and tumor cells, thus reducing 
tumor cell survival.62,78 Although the effects of anti- 
Notch4 antibodies in cancer treatment have been investi-
gated in pre-clinical studies, we are not aware of any 
clinical studies trials investigating the potential effects of 
antibody drugs targeting Notch4.

Blocking Notch4 Signal Transduction
There are several potential strategies for interfering with 
Notch4 signal transduction. Targeting the γ-secretase com-
plex is the most commonly used approach for blocking Notch 
signal transduction, and Notch4 signaling is no exception 
(Table 4). Gamma-secretase complex inhibitors (GSIs) 
have shown potent inhibitory effects on oncogenic Notch4 
signaling in pre-clinical in vivo and in vitro experiments 
in BC and B-ALL.36,37,50,54,57,61,78 In addition, Nicastrin 
was recently identified as a target of the γ-secretase complex 

that can be used to block Notch4 signaling, and its inhibition 
can suppress the EMT and CSC properties of tumor cells.55,56

Shambhavi et al reported that knockdown of CSL or 
ectopic expression of dominant negative Mastermind-Like 
1 (DN-MAML) prevents the formation of the N4ICD-CSL 
-MAML complex in the nuclei of tumor cells, inhibiting 
the transcriptional outcomes of Notch4 signaling. These 
findings indicate that the N4ICD-CSL-MAML complex is 
a potential target for blocking Notch4 signal 
transduction.59 In addition, promoting the proteasomal 
degradation of N4ICD in CSCs by recovering the expres-
sion of E3 ubiquitin-ligase Fbxw7a or DTX3 was also 
confirmed effective in blocking Notch4 signal transduction 
and its oncogenic function.5,41

The main challenge of the discussed treatment strategies 
is their potential pan-Notch inhibitory effect. GSIs are well- 
known pan-Notch inhibitors that show serious adverse 
effects in clinical trials, such as gastrointestinal toxicity.79 

In addition, formation of the NICD-CSL-MAML complex 
and ubiquitination of Notch receptors are both key processes 
of Notch signaling,2,80–82 and blocking these aspects may 
not only affect Notch4, but also Notch1-3 signaling 

Table 4 Targeting the γ-Secretase Complex Blocks Notch4 Signal Transduction in Cancer

Cancer Type Drug Target Effects Reference

Breast carcinoma DAPT (GSI-IX), 

Dibenzazepine and 

MK-0752

γ-secretase 

complex

Inhibit CSC activity in vivo and reduce tumor growth in vivo by 

blocking Notch4 signaling.

[36]

MRK-003 γ-secretase 

complex

Inhibit the growth of endocrine therapy-resistant tumors both 

in vivo and in vitro by blocking Notch4 signaling. 
Reduce the tumor-initiating capacity of tumor cells in vivo by 

blocking Notch4 signaling.

[37, 57]

RO4929097 γ-secretase 

complex

Inhibit CSC activity in endocrine therapy-resistant tumors both 

in vivo and in vitro by blocking Notch4 signaling.

[54]

DAPT γ-secretase 

complex

Reduce micro-metastatic tumor burden in vivo by blocking Notch4 

signaling.

[50]

B-cell acute 

lymphoblastic 

leukemia

DAPT and GSI-XII γ-secretase 

complex

Inhibit the survival, proliferation and chemoresistance of tumor cells 

both in vivo and in vitro by blocking Notch4 signaling.

[61,78]

Breast carcinoma Nicastrin mAbs 

PF03084014, and 
RO4929097

Nicastrin γ- 

secretase 
complex

Inhibit the EMT, stem cell content and properties of endocrine 

therapy-resistant tumor cells in vitro by blocking Notch4 signaling.

[56]

Nicastrin knockdown Nicastrin Inhibit the EMT and CSC activity in vitro and inhibit tumor 
formation in vivo by blocking Notch4 signaling.

[55]
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pathways. Thus, the efficiency and safety of these treatment 
methods should be further evaluated in future studies.

The Relationship Between Notch4 
and Other Notch Receptors: An 
Uncertain Factor for 
Notch4-Targeting Treatment 
Therapies
Notch4 was found to act in conjunction with other Notch 
receptors in the cell, especially Notch1.83–85 Notch signal 
transduction assays performed by James et al revealed that 
Notch4 can inhibit Notch1 signaling in cultured NIH3T3 
mouse embryonic fibroblasts and C2C12 mouse 
myoblasts.84 Mechanistically, the extracellular domain of 
Notch4 interacts with the unprocessed full-length Notch1 
protein, which interferes with the subsequent S1 cleavage 
and trafficking of Notch1, thereby inhibiting Notch1 
activation.84 In angiogenesis, activated Notch4 in ECs 
can positively regulate vascular maturation, while Notch1 
is inactivated during this process.85 Notch1 decoys, novel 
soluble constructs based on the extracellular domain of 
Notch1, can block Notch4-induced EC morphogenesis 
and inhibit neo-angiogenesis.83 However, further details 
of the relationship between Notch1 and other Notch recep-
tors are poorly investigated and still unknown.

In addition to Notch4, Notch1-3 receptors also play 
critical roles during cancer progression,6–8 and blocking 
Notch4 activation may cause potential effects on Notch1-3 
receptors. Thus, further studies are needed to clarify the 
relationship between Notch4 and other Notch receptors 
before we can truly appreciate the potential risks and 
efficacy of Notch4-targeting therapies.

Discussion and Conclusion
As an important member of the Notch family, Notch4 has 
a unique role in regulating cellular behaviors in both 
tumor cells and tumor vasculature. Several studies have 
confirmed that Notch4 is a potential biomarker for CSCs. 
Accordingly, Notch4-positive tumor cells exhibit power-
ful stem cell-like self-renewal, invasion, and drug- 
resistance, which are mediated by complex mechanisms 
(See parts 3–5). In addition, Notch4 signaling activated 
by DLL4 has special regulatory effects on tumor vascu-
lature, which includes inhibiting tumor neo-angiogenesis 
and promoting tumor vascular perfusion, as well as indu-
cing tumor vessel remodeling and VM formation (See 
part 6). However, although the results of most of Notch4- 

related studies have shown that the activation of Notch4 
signaling has oncogenic effects, tumor-suppressive 
mechanisms induced by Notch4 were also found.49,59 As 
suggested by Naik et al, the roles of Notch4 signaling in 
promoting or inhibiting tumor cell survival may depend 
on the cellular context,59 and the exact roles of Notch4 
signaling in different types of cancer need further 
exploration.

Several potential strategies for inhibiting Notch4 
expression or blocking Notch4 signal transduction in can-
cer have been applied in pre-clinical in vivo and in vitro 
experiments (See part 7). These include (a) knockdown of 
the Notch4 gene, (b) developing anti-Notch4 antibody 
drugs, (c) downregulation of Notch4 expression at the 
post-transcriptional level by ectopic expression of 
miRNAs, (d) targeting the γ-secretase complex by GSIs 
or Nicastrin inhibitors, (e) preventing the formation of the 
N4ICD-CSL-MAML complex in the nucleus, and (f) pro-
moting the proteasomal degradation of Notch4 receptor or 
N4ICD. In addition, it is critical to investigate the relation-
ship between Notch4 and other Notch receptors, as well as 
to estimate the potential effects of these Notch4-targeting 
strategies on other Notch receptors, both in vitro and 
in vivo.

In conclusion, aberrant Notch4 signaling contributes to 
cancer occurrence and progression by regulating diverse 
cellular behaviors, and several molecular mechanisms are 
involved in this process. Future studies are expected to 
further elucidate the various roles of Notch4 signaling in 
cancer, as well as the potential effects and clinical value of 
the application of different Notch4-targeting therapeutic 
strategies.
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