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Introduction

Cancer stem cells (CSCs) are the undifferentiated cell 
of tumor cell with infinite proliferation, self-renew, 
differentiation and growth. These stem cells play a vital role 
in growth and development of the cancerous tumors. Many 
studies have shown that the CSCs are the progenitor of the 
tumor and are the reason for recurrence of cancer. CSCs 
being chemo and radio resistance have shown metastases 
several years after curative treatment of the tumor which 

leads to recurrence (1). Current cancer treatment has 
minimum survival rate as these conventional cancer 
therapies target neoplastic cells that are largely fast-growing 
in abnormally, suggesting that CSCs may survive due to 
their high resistance to drugs and slower proliferation 
rate which leads to treatment failure (2,3). There are 
various molecular mechanisms i.e. signaling pathways that 
control and regulate the development of stem cells, the 
abnormal activity of these pathways regulates the growth, 
differentiation and development of these CSCs that include 
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Notch which is vital to tumorigenicity of the CSCs (4,5). 
The blockage of development cellular pathway may be 
important as targeted therapy so as to obstruct the growth 
of the tumor cells. Herein, Notch signaling pathway is 
targeted which is juxtacrine signaling pathway by inhibitors 
that have undergone the clinical trials.

Role of CSCs in metastasis

CSCs are the cancer cells that possess characteristics 
associated with normal stem cells, specifically the ability to 
give rise to all cell types found in a particular cancer sample. 
CSCs also called as cancer initiating cells and tumor stem 
cells, they are the driving force of tumor development, 
initiation of invasion and metastasis as well as recurrence. 
CSCs differentiate and generate various tumor cells under 
the regulation of various signaling pathway that play a vital 
role in the development process (6,7).

CSCs might derive from a normal tissue stem cell 
that undergoes transformation as a result of oncogenic 
somatic mutations, under the influence of extrinsic micro 
environmental factors. Tumor cell progression towards 
metastasis is complex, multistage process, which classically 
acquire epithelial-mesenchymal transition (EMT) 
allowing them to disseminate from primary tumor and 

intravasate into the circulation as local invasion, then they 
have to survive in the circulation later they extravasate 
and colonize into foreign tissues, these cells adapt to the 
microenvironment and they form macro metastasis, i.e., 
CSC may arise from transformed epithelial cells through 
an EMT process to acquire migratory and metastatic 
properties (7).

In various experiments conducted, CSCs seem to be 
more resistant to chemotherapy and radiotherapy than 
‘differentiated’ tumor cells. Indeed, CSCs residing in 
micro environmental niches can escape from the effects 
of conventional cytotoxic treatments. Expansion of the 
remaining highly tumorigenic CSCs can resume after 
treatment, which is clinically relapsed or reoccurred. The 
tumorigenic capacity was studied by injecting the CSC in 
limiting dilutions into immunodeficient mice. On the basis 
of these theories and observations, numerous researchers 
hypothesize that treatments targeting the CSC population 
could be more effective than existing therapies, and could 
dramatically transform treatment outcomes in oncology (5).

Figure 1 explains the evolving concept of MCSCs 
(metastatic CSCs), ICSCs (invasive CSCs) invading into 
the ECMs (extracellular matrix) and penetrating into 
blood vessels, DCSCs (disseminating CSC) surviving 
and disseminating in the circulation, MCSCs undergoing 

Figure 1 Metastatic cancer stem cells: from the concept to therapeutics.
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extravasations and forming colonization at the distant 
organs (7).

Various reports demonstrate that there are various CSC 
markers that play a crucial role in metastases and enhance 
their capabilities like CD44 and chemokine receptor 
CXCR4 expression by breast cancer tumor cells and CD44 
expression in pancreatic tumor cells (8-11).

Signaling pathway such as Wnt, Notch and Hedgehog 
(Hh) are crucial for the regulation of EMT or metastasis 
and self-renew of CSCs in several cancers. This strategy 
of signaling pathway for the growth of tumor cells can 
be inhibited by inhibitors that block the signals for the 
growth and proliferation of the CSCs, which may act as a 
blockade for the metastasis, and recurrence that is effective 
therapy (7).

Notch signalling pathway

CSCs could self-renew and generate more differentiated 
cancer progenitor on replication, cancer progenitor cells 
have the capacity to dedifferentiate and acquire a stem-
like phenotype by a series of mechanisms, such as the 
microenvironment, signaling pathways, molecular circuitries 
and epigenetic modifications.

Notch signaling pathway is highly conserved molecular 
cell signaling pathway that regulates a vital role in 
proliferation, stem cell maintenance, cell fate specification, 
differentiation, and homeostasis of multicellular organism 
and implicates angiogenesis. They play a key role in 
embryonic vasculature development (12). Notch signaling 
is one of the most activated pathways in cancer cells, 
which have been experimentally demonstrated that they 
contribute to the cancer metastasis. Notch pathway plays a 
critical role in the linkages between angiogenesis and CSCs 
self-renewal and is thus receiving increased attention as a 
target to eliminate CSCs. The inhibition of this pathway 
may contribute to the therapeutic strategy to cure cancer by 
completely eradicating the CSCs (8) (Figure 2).

Targeting Notch signaling pathway

Features of Notch signaling pathway has few unique 
relevance that has to be taken into consideration for 
targeting the pathway, Notch-ligand interaction not being 
enzymatic the ‘signal intensity’ can be modulated precisely 
by cellular regulatory mechanisms. Complete shutdown of 
the pathway is not necessary for the therapeutic purpose 
(13,14) (Table 1).

There are various data that suggests that the Notch 
pathway plays a fundamental role in the development 
and maintenance of the hematopoietic system by playing 
central role in cell fate in which they support the growth, 
proliferation and differentiation of the stem cells. There 
is also evidence that the Notch pathway affects cell fate 
choices at various stages of hematopoietic cell development, 
including the decisions of Hematopoietic stem cells of the 
cancer tumor to self-renew or differentiate and of common 
lymphoid precursors to undergo T- or B-cell differentiation 
(17,24) (Figure 3).

Notch signaling could be targeted by inhibiting the 
signaling pathway by two major classes of notch inhibitors 
that primarily focuses on the clinical development of 
promising agents that either obstruct Notch receptor 
cleavages such as γ-secretase inhibitors (GSIs) or interfere 
with the Notch ligand-receptor interaction by monoclonal 
antibodies (mAbs). Combining notch inhibitors with 
current cancer therapies can be effective method for 
treatment strategies that can give most promising results.

Targeting Notch signaling has the potential to affect 
multiple cell types within a tumor like CSCs to immune 
cells, the successful development of agents targeting the 
Notch pathway will require an understanding of the role 
of Notch signaling in specific cancers and ideally, the 
development and use of mechanism-based combination 
regimens. The main issues in the development of agents 
targeting Notch signaling in oncology include: choice of the 
most appropriate inhibitor for each patient, identification 
of pharmacodynamic biomarkers, selection of mechanism-
based combination regimen and patient stratification 
according to recognized efficacy biomarkers. Antitumor 
activity has seen when both GSI and mAb are administered 
as a single agent in early stage of development of cancers 
like thyroid cancer, lung cancer, intracranial tumors, 
sarcoma, colorectal cancer, etc. (14).

In a study they confirmed that Notch1 inhibition delays 
tumorigenesis and effectively reduces CSC self-renewal 
of nude mice Head and Neck squamous cell carcinoma 
xenograft. The synergistic effect of Notch inhibitor and 
chemotherapy drug attenuated chemotherapy-enriched 
CSC population in vitro and in vivo, which provides the 
possibility to effectively eliminate head and neck CSCs.

GSI

γ-secretase is a large protease complex and is composed of 
catalytic and accessory subunits. The activation of Notch 
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Figure 2 Notch signaling: an emerging therapeutic target for cancer treatment. Diagram—Notch receptor activation and therapeutic target 
in clinical development. Notch signaling is initiated by ligand binding to Notch receptor, which undergoes a two-step proteolytic cleavage 
by ADAM family proteases and γ-secretase, releasing the Notch intracellular domain (NICD). The NICD translocates to the nucleus where 
it binds to CSL and converts the complex from a repressor to an activator of Notch target genes. Notch signaling could be inhibited by two 
major classes of Notch inhibitors: γ-secretase inhibitors and monoclonal antibodies directing against Notch receptors or ligands. Fragment—
NEXT, Notch extracellular truncated; CSL, C protein binding factor 1/Suppressor of Hairless/Lag-1; NEC, Notch extracellular subunit; 
NTM, Notch transmembrane.

Table 1 Significance of Notch signalling pathway genes in cancer

Ligands Function Reference

DLL 1 Governing cell fate decisions and cell-to-cell communication (15)

DLL 3 Suppressing cell growth by apoptosis induction (13)

DLL 4 Activating NF-κΒ signalling to enhance VEGF; secretion and promote metastasis (14,16)

JAG 1 Interaction with Notch2 to promote cell survival (15)

JAG 2 Interaction with Notch2 to promote cell survival and proliferation (12)

Receptors Transmembrane receptor involved in cell (17-19)

Notch1 proliferation, invasion and chemo resistance (20)

Notch2 Constitutive Notch2 signalling induces hepatic tumours (13)

Notch3 Promoting proliferation and migration, and modifying chemotherapy response (21)

Notch4 Involved in endocrine therapy resistance and EMT in breast cancer (13,22)

Hes1 Sequence-specific DNA binding transcriptional factor involved in cellular proliferation and differentiation (23)

Hey1 Hes-related transcriptional factor involved in neoplastic vasculature development (23)

VEGF, vascular endothelial growth factor; EMT, epithelial-mesenchymal transition.
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signaling pathway mainly depends on the γ-secretase 
enzyme activity that helps in the proteolytic cleavage of 
the receptors that release the active intracellular fragment 
which is one of the most crucial steps. Thus, GSIs is a 
promising target for Notch inhibition. GSI were the first 
class of inhibitors that reached clinical development in 
oncology. There are more than 100 GSIs synthesized and 
they can be divided into three classes: peptide isosteres, 
azepines and sulfonamides. Azepines and sulfonamides are 
most popular and widely used (14).

In various preclinical studies these agents have shown 
strong anti-neoplastic activities, anti-angiogenesis, anti-
CSC effects, anti-tumor growth and apoptosis especially in 
combination with chemotherapeutic or targeted drugs (25).

Studies conducted showed that using multiple myeloma 
cell lines and primary multiple myeloma cells isolated from 
the bone marrow of patient found a strong synergistic effect 
of bortezomib in combination with one of the GSIs, which 
can be successfully used as anti-multiple myeloma drug 
which may enhance the mechanism inhibition of proteasome 
activity (18). This proves that GSIs can effectively repress the 
CSC that inhibit the recurrence of cancer by deregulating 
the angiogenesis and this triggers apoptosis of tumor cells by 
inhibiting proteasome activity and enhancing endoplasmic 
reticulum stress. This can be used as a promising therapy for 
the cure of multiple myeloma.

The well know toxicities or side effects of GSIs is 
associated with gastrointestinal tract, that cause the increase 
in goblet containing mucin in large and small intestine that 
leads to severe adverse diarrhea. So, they are dose limiting 
and require moderate, intermittent administration.

Studies demonstrated that Notch signaling inhibition 
using a GSI (GSI-IX, DAPT) decreased tumor burden in 
the mouse model after prophylactic treatment. In addition, 
flow cytometry analysis indicated that Notch signaling 
inhibition reduced the sub-population of myeloid-derived 
suppressor cells (MDSCs), tumor-associated macrophages 
(TAMs), and regulatory T cells (Tregs) in the circulation 
and in the tumor (20).

Oral GSI inhibits Notch pathway activity and expression 
of stem cell markers; this was proved by measuring the 
expression of established pathway targets in tumor-derived 
mRNA in three xenograft cohorts (21). 

RO4929097 (RG-4733) is a novel gamma secretase 
inhibitor being studied as an anti-cancer drug, which is a 
key component of the enzymatic complex that cleaves and 
activates Notch (22). The drug was initially developed by 
Roche for the treatment of Alzheimer’s disease, but current 
research focuses on cancer. Over 35 phases I and II clinical 
trials have been performed but no phase III trials have yet 
commenced (23). Phase II studies have investigated the 
use of RO4929097 in ovarian cancer which when used as 
immunotherapy inhibits Notch pathway (26), renal cell 
carcinoma patients with solid tumor (27,28) metastatic 
pancreatic cancer (29), advanced brain tumors (30), 
and relapsed non-small cell lung cancer. The effects of 
RO4929097 on the oncogenic and stem cell properties of a 
panel of melanoma cell lines were tested both in vitro and  
in vivo, using xenograft models. Increased gene expression 
of Notch signaling components correlated with shorter post 
recurrence survival in metastatic melanoma cases (9). The 
most common severe adverse events were nausea, fatigue 
and anemia in patients with advanced cancer (31). Various 
research studies show that RO4929097 in phase 1 study 
can be safely used in combination with other agents like 
temsirolimus in patients with advanced solid tumors (32),  
cediranib which is a vascular endothelial growth factor 
(VEGF) receptor tyrosine kinase inhibitor, showed 
antitumor activity with solid tumors (28), gemcitabine 
showed clinical antitumor activity and >4 months stable 
disease in pancreas, tracheal and primary breast cancer (29).  
Phase I study of RO4929097 in combination with 
bevacizumab in patients with recurrent malignant glioma 
showed anti-angiogenic effect with well tolerated synergic 
activity (30) (Table 2).

PF-03084014 is a small molecule reversible, non-
competitive and selective GSI that inhibits growth of several 
T-acute lymphoblastic leukemia (T-ALL) cell lines by 
inducing cell cycle arrest at the G0–G1 phase and induction 

Figure 3 Three major characteristics by which Notch promotes 
tumor survival: CSC character, resistance to chemotherapy and 
EMT. CSC, cancer stem cell; EMT, epithelial-mesenchymal 
transition.
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of apoptosis in preclinical model (33).
An in vivo study shows that PF-03084014 when orally 

administrated in a single dose of 200 mg/kg causes maximal 
Notch intracellular domain (NICD) inhibition for ~80% in 
xenograft HPB-ALL tumors. PF-03084014 shows robust 
antitumor activity in this mode with a maximal tumor 
growth inhibition, cell growth inhibition with cell cycle 
arrest, apoptosis and they also caused significant reduction 
of NICD levels and dose dependent tumor growth 
inhibition in HPB-ALL tumors. The intermittent dosing 
reduced gastrointestinal toxicity (33).

Phase I study of the GSI PF-03084014 in combination 
with docetaxel in patients with advanced triple negative 
breast cancer, the maximum tolerated dose (MTD) was 
estimated to be 100 mg twice daily/docetaxel 75 mg/m2. 
At this dose level, combination treatment was generally 
well tolerated. The most common, treatment-related 
adverse events in patients reported were neutropenia, 
fatigue, nausea, leukopenia, diarrhea, alopecia, anaemia and 
vomiting. No effect was observed on the pharmacokinetics 
of docetaxel when administered in combination with PF-
03084014. They exhibited anti-tumor activity of this 
combination in xenograft models (34).

PF-03084014 (120 mg/kg) induces apoptosis, anti-

angiogenesis, anti-proliferation, reduces tumor cell self-
renewal ability, impairs tumor vasculature, and decreases 
metastasis activity in breast cancer HCC1599 tumor-
bearing mice. PF-03084014 treatment displays significant 
antitumor activity in various types of the breast xenograft 
models with TGI (tumor growth inhibition) value of at least 
50% in phase I clinical trials (35).

When PF-03084014 was combined with gemcitabine 
it resulted in tumor regression in 3 of 4 pancreatic cancer 
xenograft models via targeting malignant CSCs. The 
combined therapy showed enhanced efficacy in the inhibition 
of tumor cell proliferation and angiogenesis, attenuating (19)  
growth of primary tumor and controlling metastatic 
dissemination in a highly aggressive orthotopic model (36).  
The toxicities of PF-03084014 were generally mild or 
moderate diarrhea, nausea, fatigue, hypophosphatemia, and 
vomiting, rash, decreased appetite and mainly related to 
gastrointestinal problems (19,33-35,37).

MK-0752, is a potent non-competitive oral inhibitor of 
γ-secretase which prevents cleavage of gamma-secretase 
substrates with a 50% inhibitory concentration (IC50) (35) 
(Table 3).

MK-0752 is well-tolerated and exhibits target inhibition 
in children with recurrent central nervous system (CNS) 

Table 2 Clinical trials employing γ-secretase inhibitors in the treatment of breast cancer [2013]

Name Target Type of study Trial ID

Individual therapy

MK-0752 (Merck and Co, Whitehouse 
Station, NJ, USA)

Metastatic or locally advanced breast cancer Phase I NCT00106145

PF03084014 (Pfizer, Groton, CT, USA) Advanced solid tumors Phase I NCT00878189

RO-4929097 (Roche, Nutley, NJ, USA) Advanced or metastatic breast cancer or 
recurrent triple negative breast cancer

Phase II NCT01151449

Combination therapy

MK-0752 + docetaxel Locally advanced or metastatic breast cancer Phase I/II NCT00645333

MK-0752 + tamoxifen or letrozole Early stage breast cancer Pilot study NCT00756717

Ridaforolimus (MK-8669) with either MK-
0752 or MK-2206 (Akt inhibitor)

Advanced solid tumor Phase I NCT01295632

RO-4929097 + capecitabine Refractory solid tumors Phase I NCT01158274

RO-4929097 + cediranib maleate Advanced solid tumors Phase I clinical trial NCT01131234

RO-4929097 + letrozole Post-menopausal ER+/PR+ stage I or II 
breast cancer

Phase Ib clinical trial NCT01208441

RO-4929097 + vismodegib Metastatic breast cancer Phase I clinical trial NCT01071564

RO-4929097 + paclitaxel + carboplatin Stage II or III triple negative breast cancer Phase I clinical trial NCT01238133
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malignancies supporting a rational application (44). 
MRK003 is structurally similar to MK0572 and is used in 
preclinical in vivo studies of both solid tumors and leukemia 
as it has superior pharmacokinetic properties in rodents (21).

Pre-treatment of pancreatic ductal adenocarcinoma 
(PDAC) cells with MRK-003 in cell culture significantly 
inhibits the subsequent engraftment in immunocompromised 
mice. MRK-003 monotherapy significantly blocked tumor 
growth in 5 of 9 (56%) PDAC xenografts. A combination 
of MRK-003 and gemcitabine showed enhanced antitumor 
effects compared to gemcitabine in 4 of 9 (44%) PDAC 
xenografts reduced tumor cell proliferation and induced 
both apoptosis and intra-tumoral necrosis (45). The patients 
with advanced solid tumors MK0572 GSI were administered 
weekly and this dosing was well tolerated and resulted in 
clinical benefit (38).

Weekly oral delivery of MRK003 which is GSI 
results in significant in vivo inhibition of Notch pathway 
activity, tumor growth, stem cell marker expression, and 
clonogenicity, providing preclinical support for the use of 

such compounds in patients with malignant brain tumors. 
MRK003 slows growth of glioblastoma xenografts and 
prolongs survival (21).

Clinical trial treatment with GSI MK-0752 enhanced 
the efficacy of docetaxel in preclinical studies. The patients 
with advanced breast cancer were treated with escalating 
doses of MK-0752 plus docetaxel. Clinically, meaningful 
doses of both drugs were possible with manageable toxicity 
and preliminary evidence of efficacy which showed reduced 
CSC subpopulation in vitro and in human tissue. The most 
common side effects include diarrhea, nausea, vomiting, and 
fatigue. MK-0752 toxicity was schedule dependent. Weekly 
dosing was generally well tolerated and resulted in strong 
modulation of a Notch gene signature (37). Clinical benefit 
was observed, and rational combination trials are currently 
ongoing to maximize clinical benefit with this novel agent. 

mAb inhibitors

These are mAbs tested in clinical, which recognize 

Table 3 Completed clinical trials of GSI in cancer

Treatment Trial type and tumor Enrolment Primary endpoint Therapy effect
NCT trial 
number

Reference

MK0752 Phase I; advanced solid tumor 103 MTD 1 CR and 12 SD 106145 (38)

MK0752 Phase I; normal 30 Notch response signature NA 803894 NR

Phase I/II; 
breast cancer

Phase I/II; breast cancer 30 DLT 11 PR, 9 SD, and 3 PD 645333 (39)

MK0752 + 
gemcitabine

Phase I/II; pancreatic cancer 44 Safety/MTD NA 1098344 NR

RO4929097 Phase II; renal cell carcinoma 5 Efficacy NA 1141569 NR

RO4929097 Phase II; pancreatic cancer 18 Survival rate 3 SD 1232829 (40)

RO4929097 Phase II, colorectal cancer 37 Efficacy 6 SD 1116687 (41)

RO4929097 Phase II; NSCLC 6 Efficacy NR 1193868 NR

RO4929097 Phase I; advanced solid tumor 17 Pharmaco-kinetics study NR 1218620 NR

RO4929097 Phase I; advanced solid tumor 28 Safety NR 1096355 NR

RO4929097+ 
capecitabine

Phase I; refractory solid 30 MTD 3 PR, 1 PR, 3 
SD

1158274 (42)

RO4929097+ 
gemcitabine

Tumor phase I; advanced solid 
tumor

18 Safety 11 SD 1145456 (43)

RO4929097+ 
temsirolimus

Phase I; advanced solid tumor 17 Safety – 1198184 (27)

NR, not reported; MTD, maximum tolerated dose; DLT, dose limiting toxicity; NSCLC, non-small cell lung cancer; GSI, γ-secretase 
inhibitor; CR, complete response; SD, stable disease; PR, partial response; PD, pharmacodynamics.
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specific ligand (DLL-4) or receptors (Notch1–3) and 
they either prevent ligand/ receptor interaction or the 
conformational change within the extracellular domain 
which is required to expose the TACE cleavage site (46). 
Delta like ligand 4 (DLL-4) is an important component of 
NOTCH pathway that controls the proper growth, stem 
cell renewal and development. Any deletion in the gene 
that codes DLL-4 shows a lethal effect on the vasculature, 
i.e., abnormalities and over expression of DLL-4 is found 
in tumor vasculature and in tumor cells to activate Notch 
signaling for their further active growth (12,32,47). Various 
xenograft models showed that blockade of specific DLL-
4 in combination with ionizing radiation retards the 
tumor growth activity of cancer cell lines by promoting 
nonproductive tumor angiogenesis and extensive tumor 
necrosis thereby reducing tumor-initiating cell frequency 
and delayed tumor recurrence (32,48,49).Data indicated 
that that DLL-4-mediated Notch signaling is crucial 
during active vascularisation, but less important for normal 
vessel maintenance and the antibodies against DLL-4 and 
antibodies against VEGF had distinct effects on tumour 
vasculature (32).Thus, it can be concluded that inhibiting 
these components one can successfully provide a promising 
therapeutic strategy to cure the cancer, targeting these 
components in CSCs. They have developed various mAbs 
such as trastuzumab, pertuzumab, rituximab, bevacizumab 
and others which have gained clinical acceptances part of 
combination regimens that can be targeted to the DLL-4 of 
the CSCs. Some have been proved to be effective and even 
with these agents resistance is observed (15,16,50).

Experimental evidence shows that notch inhibition by 
mAb against Notch1 or 2 alleviates the toxicities while 
inhibition of Notch1 and 2 leads to severe gastrointestinal 
toxicities (10). Two classes of blocking anti-Notch 
antibodies have been developed. One is directed to the 
extracellular negative regulator region (NRR) of notch 
blocking, the conformational change that allows the ADAM 
protease cleavage and the other is the ligand-competitors 
directed against the EGF-repeat region of notch receptors, 
blocking the ligand binding domain (LBD). Both NRR and 
LBD notch antibodies induce a strong and specific down 
regulation of notch 1 signaling. Studies using murine tumor 
models showed anti-angiogenic effect, reduce the blood 
circulation to the tumor cells and finally lead to retardation 
of tumor growth (32,43,51).

D e v e l o p m e n t  o f  H u m a n i z e d  m A b s  O M P -
59R5 (tarextumab) which alone or together with 
chemotherapeutic agents can inhibit Notch2 and Notch3 

function. The antitumor effect of OMP-59R5 was 
observed on xenograft tumors representing different types 
of epithelial cancers like breast, small-cell lung, ovarian, 
and pancreatic was associated with down-regulation of 
Notch target genes in tumor cells and with suppression 
of Notch3, HeyL, and Rgs5, expression in tumor stroma 
and vasculature (52-54). OMP-59R5 inhibits xenograft 
tumor growth through reducing tumor cell proliferation 
and promotes differentiation this was accessed using 
passaged patients derived xenografts (PDX) models. They 
alone showed 40% of reduced proliferation. OMP-59R5 
reduces CSC frequency and delays tumor recurrence 
after termination of chemotherapy. The antitumor effect 
of anti-Notch2/3 in combination with gemcitabine plus 
nab-paclitaxel was greater than the combination effect 
with gemcitabine alone. The MTDs of OMP-59R5 were 
observed to be 2.5 mg/kg weekly and 7.5 mg/kg every three 
weeks 10 (55).

The mAbs REGN421 and SAR153192 (also called 
enoticumab)  had a  reasonable  safety  prof i le  and 
demonstrated preliminary efficacy signals. REGN421 is a 
fully humanized IgG1mAb that binds to human DLL-4 and 
disrupts Notch-mediated signaling (56). The most-common 
adverse effects were fatigue, headache, hypertension and 
nausea reversible severe adverse events included increased 
levels of the cardiac proteins natriuretic peptides B and 
troponin I and right and left ventricular dysfunctions. 
Partial responses and stable response were observed among 
the patients with ovarian cancer and other solid tumors who 
were treated with enoticumab (43,56,57) (Tables 4,5).

Discussion

Notch signaling pathway is  a  conserved cel l  fate 
determining factor in embryo development. Notch pathway 
plays an important role in linkage between angiogenesis and 
CSCs self-renewal. CSCs are population of cells that have 
stem cell properties and invasion capabilities that contribute 
to cancer metastasis. CSC escape from immune surveillance 
and they survive from radiation and chemotherapy later 
they result in reconstruction of cancer tissue. This concept 
of targeting notch signaling pathway as a therapeutic 
strategy for treating cancer has attracted increasing interest. 
Cell signaling pathway such as notch, they critically 
regulate the self-renewal and survival of CSC. Notch 
pathway is deregulated in CSC using inhibitors that inhibit 
the signaling for development of further tumor cells. CSC 
eradication is an important goal in curing cancer as CSC 
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result in reconstruction of cancer tissue even after successful 
conventional treatment, thus Notch Pathway is attractive 
target for treatment as they kill differentiated cancer cells 
but could also kill CSCs. 

Since the activity of Notch is activated via gamma 
secretase, it is targeted and inhibited using GSI which 
effectively repress CSC and inhibit recurrence of cancer 
by retardation of angiogenesis and triggering apoptosis of 
tumor cells. 

Another way to target Notch signaling pathway is by 
blocking DLL-4 that plays an important role in growth, 
renewal and development. Blockade of this DLL-4 
using mAb in combination with either ionizing radiation 
or chemotherapy drugs retards tumor growth of CSC 
promoting tumor necrosis, reducing tumor initiating cell 
frequency, delayed tumor recurrence and nonfunctional 
tumor angiogenesis. 

GSI and mAb cause adverse severe side effects. So, 
they are dose limiting and require moderate, intermittent 
administration.

In conclusion, Notch signaling inhibition of CSCs 
in tumor have opened a broad view for designing novel 
diagnostic and therapeutic strategies in order to detect and 
specifically target the cancer cells pathway that might bring 
future direction for the recurrence and cure of cancer. 
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