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Introduction

Small cell lung cancer (SCLC), accounting for up to 15% of 
all cancers, is characterised by high grade neuroendocrine 
tumours with short doubling time, a high growth fraction and 
rapid metastatic spread (1). The dramatic lethal outcomes 
result from the inevitable development of a resistance to 
front line chemotherapy, possibly due to the expansion of 
the cancer cell subpopulation with stem cell like (2) and 
neuroendocrine properties (3). In the study by Dr. Julien 
Sage et al. entitled “Intratumoural heterogeneity generated 
by Notch signalling promotes small-cell lung cancer”, the 
authors demonstrate a direct action of the Notch pathway 
in the promotion of this resistant subpopulation (4). The 
Notch pathway is an evolutionarily conserved signalling 
system whose role in malignancy was first attributed to the 
presence of truncated protein, later named NOTCH-1, as 
a result of a t(7;9)(q34;q34.3) chromosomal translocation in 
over 65% of human T lymphoblastic leukemia (T-ALL) (5). 
The deregulation of the pathway has been associated with 
both oncogenic and tumour suppressive properties (6), and 
implicated in the regulation of angiogenesis and the release 
from tumour dormancy (7).

Dr. Sage et al. identify the transcriptional repressor Rest 
(also known as Nrsf) as a member of a molecular switch that 
blocks neuroendocrine gene expression in Notch-active 
small-cell lung cancer cells. Activation of this switch was 
associated with a reduction in cell growth and the emergence 
of chemoresistance, indicative of both a tumour suppressive 
and a pro-tumorigenic role of Notch in these cells. This work 
highlights a unique opportunity to develop novel biomarkers 

indicative of those patients with SCLC likely to benefit from 
Notch-inhibition combination strategies. 

The Notch signalling pathway: activation and 
purpose 

The Notch pathway is composed of ligands (Jagged 1 & 2, 
and Delta-like homologues 1–4) and receptors (Notch-1 to 4).  
Consisting of both extra- and intra-cellular domains, each 
receptor is cleaved by the intramembrane protease gamma-
secretase following ligand binding. This enables the release 
of the Notch intracellular domain (NICD) and its nuclear 
translocation. Interaction with the transcriptional repressor 
RBPJ (recombining binding protein suppressor of hairless) 
triggers the induction of downstream target genes, such as 
HES and HEY (Figure 1) (8). 

Structural differences between the four Notch receptors 
exist, with the Notch-3 receptor emerging as most distinct (9).  
For instance, the presence of both the transactivation 
domain (TAD) and cytokine response regions (NCR) post 
cleavage of the Notch-3 receptor (10), may explain the 
unique ability of Notch-3 to repress HES-1 signalling (11).  
But mutations in Notch receptor genes are also common 
in tumours , ranging from 7.3% of the 905 tumour tested 
displaying a mutation in Notch-1, down to 2.9% for 
Delta-like ligand 4 (12). The clinical significance of theses 
structural differences and mutational patterns remains poorly 
understood, but supports the presence of an heterogeneous 
cancer cell population, and may explain the observed 
variations in the expression of the pathway in cancer cells (13). 
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Figure 1 Schematic representation of the role of Notch activation in small cell lung cancer. [1] The interaction of Notch ligand with the 
notch extra cellular domain (NECD) of the receptor leads to the release of the notch intra-cellular domain (NICD) following cleavage 
of the receptor by the gamma-secretase enzyme. The nuclear translocation of the NICD and its interaction with the transcription factor 
RBPJ (recombining binding protein suppressor of hairless) enables the induction of the expression of the target gene HES-1. [2] High 
HES-1 expression in non-neuroendocrine cells represses the expression of neuroendocrine genes, otherwise high in low HES-1 expressing 
neuroendocrine cells. Notch activation, aided by the Rest transcription factor may facilitate transition from non-neuroendocrine to 
endocrine phenotypes. [3] Notch activation leads to the induction of a variety of biological processes driving tumorigenesis, participating to 
chemoresistance and poor prognosis. [4] The high expression levels of Notch ligand in neuroendocrine cells likely interact with the highly 
expressed Notch receptors in non-neuroendocrine cells. This interaction may be blocked by Gamma secretase inhibitors and antibodies 
targeted Notch receptors. 
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While the expression of Notch ligand, receptors and 
targets was detected in SCLC patient specimens by Dr. 
Sage (4) and others (14), in this cohort of 110 SCLC 
patients, 25% of tumours displayed an inactivating 
mutation in one of the NOTCH genes. In a murine model, 
the artificial activation of the Notch-1 and Notch-2 
receptor, through the use of conditional expression of their 
NICD significantly reduced tumour growth (14). Loss of 
Notch activity is thus emerging as potentially key to the 
development of SCLC.

Biological characteristics of SCLC possibly 
regulated by Notch

The Notch pathway is likely involved in the regulation 
of the clinical behaviour of SCLC, through its action on 
a number of biological processes such as neuroendocrine 
differentiation (15), proliferation, cell adhesion and 
epithelial to mesenchymal transition (EMT) (16). This 
regulation may be largely mediated through the Notch-1 
receptor, as demonstrated by a series of gene transfection 
and knockdown experiments (14,17,18). In mouse 
pulmonary cells, the loss of Notch expression was associated 
with an increase in the neuroendocrine markers achaete-
scute complex homologue 1 (ASCL1) and insulinoma-
associated protein 1 (INSM1) (15,19). The Notch-1 
mediated regulation of EMT is proposed to promote cancer 
stem cells renewal (20) and could represent a mechanisms 
to the induction of chemoresistance (21) . 

The role of ASCL1 in the development of SCLC is 
increasingly reported. Genetic profiling for ASCL-1  
expression distinguishes “classic” from “variant”, 

 neurogenic differentiation factor 1 (NEUROD1) expressing 
subtypes (22). ASCL-1 regulates the expression of a series 
of pro-oncogenes linked with SCLC progression and 
survival, such as BCL2 and SOX2 (23,24). Transfection 
of adenocarcinoma cell lines with ASCL1 leads to the 
induction of neuroendocrine phenotypes and loss of 
epithelial cell features (15). In Notch-expressing cells, an 
elevation in the expression levels of the inhibitory Notch 
ligand Delta-like protein 3 (DLL3) in most SCLCs has 
been linked to expression of ASCL-1 (24). As a result, the 
clinical potential of DLL3 inhibition was proposed and 
the antibody-drug conjugate rovalpituzumab tesirine was 
developed. Following encouraging results in vivo (25), the 
results of the first phase I clinical trial demonstrated the 
safety of this approach and report confirmed objective 
response in 18% of the 60 assessable patients (26).

Sage et  a l .  e legantly describe a mechanism for 
the regulation of SCLC neuroendocrine and non-
neuroendocrine subpopulations by Notch signalling. 
The authors used the triple negative p53flox/flox;Rbflox/
f lox ;p130f lox/ f lox  TKO mouse  mode l  and  f i r s t 
demonstrated, using a green fluorescent reporter gene 
under the control of the HES gene promoter (4), the 
presence of both GFP-positive and GFP-negative cells 
subpopulations. GFP-positive cells expressed higher 
levels of HES-1, the notch target Nrarp (Notch-regulated 
ankyrin-repeat protein), and the Notch1/2/3 receptors and 
reduced neuroendocrine genes expression compared to 
GPF negative, hence Notch inactive cells, who tended to 
overexpress most Notch ligands, including DLL3. These 
two subpopulations, displaying non-neuroendocrine (GFP-
positive) and neuroendocrine (GFP-negative) features 
appeared to interact through the provision of Notch ligand 
by GFP-negative cells to the Notch receptor overexpressing 
GFP-positive cells, and as a result enabled a transition 
from a neuroendocrine to a non-neuroendocrine state 
in a process involving the transcription factor Rest. In 
this model, ASCL1 knockdown by itself failed to affect 
the expression of NE genes and cellular morphology and 
activate the transition switch (4).

The Notch-3 receptor may however also play an 
important role in SCLC tumorigenesis. Elevated in non-
small cell lung cancer (NSCLC), as indicated by a meta-
analysis involving 3,663 NSCLC patients (27), NOTCH-3 
expression in the cancer tissue was weaker than that of the 
corresponding non-tumor tissue in SCLC patients (28). 
Evaluation of the consequences of Notch-3 expression 
manipulation on cell adhesion, motility and EMT in vitro 
revealed that the receptor could act as a tumour suppressor 
in NSCLC but as a tumour promoter in SCLC (28). 
Furthermore, while Notch-3 inhibition using siRNAs 
prevented cell proliferation in NSCLC cell lines, cell 
proliferation was stimulated in SCLC (28,29). This may 
have implications for the administration of Notch inhibitors 
in SCLC patients. Treatment of EGFR-mutated lung cancer 
cell lines with the EGFR tyrosine kinase inhibitor erlotinib 
was associated with an enrichment of the ALDH(+) stem-
like cell population through EGFR-dependent activation of 
Notch-3, likely compromising treatment efficacy (30). 

Notch implication in pharmacological 
interventions 

In the Sage’s study, survival to cisplatin and etoposide was 
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higher in GFP-positive than GFP-negative high tumour 
cell lines and correlated with an expansion of HES-1 
expressing cells in longer-term protocols (4). In the patient 
specimens examined by the authors, high HES-1 expression 
was associated with poorer prognosis, supporting a key role 
for Notch activation in the clinical response of SCLC. 

A variety of approaches are under scrutiny to target the 
Notch pathway in oncology (31). The administration of 
gamma secretase inhibitors is well under way in NSCLC. 
For instance combination with radiation was shown to 
prevent radiation-induced increase in NOTCH-3 expression 
and increase cellular radio-sensitivity (32). Similarly, the 
dual targeting of EGFR and Notch2/3 receptors with the 
antibody CT16 prevented acquired resistance to EGFR 
inhibitors and radiation through the reduction of the cancer 
stem cells compartment in cell line models and patient-
derived xenograft tumours (33). 

In a SCLC allograft model expressing low levels of HES-1,  
Sage et al. report that the combination of an Notch2/3 
antagonist (tarextumab) with cisplatin yielder a stronger 
inhibition than with either treatment alone, with tarextumab 
inducing a delay in the development of chemoresistance. 
A result confirmed in a patient-derived xenograft model. 
This is consistent with reports that the Notch-3 receptor 
appears a poor activator of specific HES-1 target genes 
(34,35). In the human chorion carcinoma JEG cell line, 
transfection of the Notch-3 NICD failed to trigger HES-1 
promoter activity (36,37). This data suggests a possible role 
for Notch-3 inhibition in the prolongation of the initial 
therapeutic response of SCLC. 

Other emerging therapeutic approaches for SCLC 
include Aurora A kinase, PARP and Heat shock proteins 90 
inhibition (38,39). Aurora A kinase inhibition is particularly 
attractive in SCLC with high MYC expression (40). But 
the emergence of an interaction between MYC and Notch 
in T-cell acute lymphoblastic leukemia (41) and in prostate 
cancer cells (42), warrants evaluation of the potential 
implication of Notch in the response of SCLC to these 
therapies. Similarly PARP interaction with Notch in B-cell 
acute lymphoblastic leukemia was proposed to impair HES-1  
signalling and apoptosis induction (43). The evaluation of 
these interactions in SCLC is warranted. 

Conclusions

The complex and heterogeneous biological landscape of 
SCLC can be largely attributed to the activation status of 
Notch signalling. Further evaluation of the pathway will 

likely enable the development of novel tests and therapeutic 
approaches with the potential to improve outcomes for 
patients with this aggressive disease. 
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