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During the tumorigenesis processes, cancer cells exhibit 
genetic and epigenetic changes, hierarchal tumor cell 
organization, and subclonal cell-cell interaction, which may 
cause more heterogeneous cancers (1,2). The heterogeneity 
can also be modified by therapies and microenvironments 
including hypoxia, acidity, inflammation, immunological 
responses, and extracellular matrix components (1,3). 
Analysis of tumor heterogeneity may help to resolve the 
subclonal origins of therapeutic resistance, relapsed diseases, 
and distant metastases, and mechanistic study and accurate 
assessment of tumor heterogeneity is crucial for effective 
therapies (1,2). Small cell lung cancer (SCLC) is a highly 
malignant neoplasm characterized by neuroendocrine 
differentiation, rapid tumor growth, high vascularity, early 
metastatic potential, high chemosensitivity at the first 
therapeutic trial, acquisition of chemoresistance, mutation 
of both TP53 and Rb1, and genome instability (4-6). The 
importance of various pathways, such as cell cycle regulation 
associated with TP53 and RB1, receptor-kinase signaling, 
transcriptional networks including SOX2, Notch signaling, 
and guidance molecule signaling, has been reported 
by comprehensive analyses of SCLC samples and cell  
lines (7-9). Histologically, SCLC has long been recognized 
as a classical type homogenous neoplasm, although 
morphological heterogeneity is evident in the combined 
type SCLC, in which non-SCLC components including 
adenocarcinoma, squamous cell carcinoma, or large cell 
carcinoma are present to various extents (10). Regarding the 

clinical course, SCLC is considered to be a homogenous 
cancer because most patients of SCLC show initially high 
sensitivity to cytotoxic chemotherapy, but almost all tumors 
recur and acquire resistance to further therapy (4-6). Even 
though no discrete morphological heterogeneity is present 
in classical type SCLC tissue stained with hematoxylin and 
eosin, heterogeneity in biological, molecular, and clinical 
differences may occur in cancer cells through various 
molecular mechanisms, and the tumor heterogeneity of 
SCLC has recently begun to gain attention. Heterogeneity 
in growth characteristics, epithelial-mesenchymal transition 
(EMT), master transcription factors for neuroendocrine 
differentiation, MYC family members, Notch, hedgehog 
and Wnt signaling pathways, and Sox2 related cancer cell 
pluripotency between SCLCs has been reported in different 
patients and cell lines (6,8,9,11-13).

In lung cancers, Notch exhibits both tumor-promoting 
and -suppressive functions depending on the histological 
type (14). Notch signaling is an essential cell signaling 
system for regulating differentiation, metabolism, cell cycle 
progression, angiogenesis, and stemness of cancer cells (15).  
Notch receptors 1–4 interact with ligands, such as the Delta 
and/or Jagged families, and induce several genes such as 
hairy/enhancer of split 1 (Hes1), cyclinD1, c-Myc, and  
Akt (16). A whole genome sequencing study of SCLC cases 
revealed mutations of Notch family genes in about 25% 
of the cases examined, suggesting the tumor-suppressive 
nature of Notch signaling in SCLC cells (9). Additionally, 
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some classical SCLC cell lines with neuroendocrine 
differentiation express neuroendocrine transcription factors, 
such as Achaete-scute complex homologue 1 (Ascl1) and 
insulinoma-associated protein 1 (INSM1), and show an 
absence of Notch1 (13,14,17). Decreased expression of 
Notch1 may be regulated by histone modifications (18). 
In SCLC cell lines, gene transfection and knockdown 
experiments reveal that Notch1 plays an important role 
in the suppression of cell proliferation, enhancement 
of  apoptosis ,  induction of  epithel ial  morphology 
(mesenchymal-to-epithelial transition), suppression of 
motility, acquisition of drug resistance, and suppression of 
neuroendocrine differentiation (13,14,18). Regarding cell 
fate determination, the Notch1-Hes1 pathway represses 
neuroendocrine differentiation through decreased 
expression of neuroendocrine-promoting transcription 
factors such as Ascl1 and INSM1 (13,14,17,19-21). Mouse 
pulmonary neuroendocrine cells are positive for Ascl1, 
but negative for both Notch receptors and Hes1, while 
pulmonary non-neuroendocrine cells are negative for Ascl1 
and INSM1, but positive for Notch receptors and Hes1 (19).  
This mutually exclusive expression pattern is true in 
almost all lung cancers, and most SCLC cases are positive 
for Ascl1 and/or INSM1, but negative for Notch1, while 
non-SCLC cases are negative for Ascl1 and/or INSM1, 
but positive for Notch1 (13,17). In addition to the major 
SCLC population with expression of Ascl1/INSM1, a 
NeuroD1-positive subpopulation has also been reported for  
SCLC (6,11). In the mouse pulmonary epithelium, NeuroD 
may be regulated by Notch signaling (19).

Recently, Lim et al. (22) reported the role of Notch 
signaling in heterogeneity in human and mouse SCLC. In a 
p53(flox/flox), Rb1(flox/flox), and p130(flox/flox) conditional 
triple knockout (TKO) mouse, mouse SCLC resembles 
that in humans, and the TKO mouse is a valuable pre-
clinical model to identify novel therapeutic targets against  
SCLC (23). Crossing the above-mentioned genetically 
engineered mouse model (GEMM) of SCLC with a 
promoter Hes1-green fluorescent protein (GFP) reporter 
mouse is an effective method of monitoring Notch 
signaling activity, as Hes1 is a major transcriptional target 
molecule of Notch signaling. In this reporter GEMM 
mouse, GFP(−) indicated a low level of Hes1 expression and 
suggests inactive Notch signaling, while GFP(+) indicates 
a high level of Hes1 expression and suggests active Notch 
signaling (22). GFP(+) and Notch-active SCLC cells are 
non-neuroendocrine and slow-growing, consistent with 
a tumor-suppressive role for Notch. However, these cells 

are chemoresistant and can support growth of GFP(−) 
and Notch-inactive SCLC cells with neuroendocrine 
differentiation, consistent with a tumorigenic role for Notch 
as GFP(+) and GFP(−) cells interact with each other as in 
stromal-tumor interaction (22). These observations suggest 
the necessity for combined chemotherapies targeted both 
for GFP(−), Notch-inactive, and neuroendocrine SCLC 
cells, and for GFP(+), Notch-active, non-neuroendocrine 
SCLC cells to overcome intratumor heterogeneity (22). 
The article by Lim et al. (22) is very important and reports 
that Notch signaling can drive intratumor heterogeneity 
in SCLC and may be a target to overcome SCLC. 
Immunohistochemical studies of Notch1 in surgically 
resected SCLC tissue samples showed that most cases 
of SCLC were negative for Notch1, but that Hes1 was 
sometimes positively stained (unpublished observation). 
Additionally, Hes1 was detected in the classical SCLC cell 
lines with neuroendocrine features and negative Notch 
receptors (17). This suggests that Hes1 is not always 
regulated by Notch signaling and not all Hes1-positive cells 
exhibit active Notch signaling status.

Intratumor heterogeneity of SCLC in some reports 
may be explained by Notch signaling. For example, tumor 
cell heterogeneity is also observed in other mouse models 
of SCLC, in which the tumor cells are often composed of 
phenotypically different cells with either neuroendocrine or 
a mesenchymal marker profiles (24). It is hypothesized that 
the neuroendocrine tumor cells may be in an inactive Notch 
condition and the tumor cells positive for mesenchymal 
marker in an active Notch condition. In human SCLC, an 
INSM1-positive and YAP1-negative subpopulation and 
an INSM1-negative and YAP1-positive subpopulation 
have recently been reported (25). INSM1 expression in 
SCLC is negatively regulated by Notch signaling (17) and 
the INSM1-negative and YAP1-positive subpopulation of 
SCLC suggests the presence of an active Notch signaling 
condition in the population. The molecular mechanisms 
of the combined type SCLC have long been unknown; 
however, Notch signaling may drive this variant type 
SCLC. Transfection of the Notch1 gene or induction of 
Notch1 by histone modification in classical SCLC cell 
lines induced non-small cell carcinoma components when 
inoculated in immune-deficiency mice (13,14,17,18). One 
of the molecular mechanisms responsible for the combined 
type SCLC may be related to Notch signaling, which may 
be inactivated by mutations of Notch signaling-related 
genes (9) and suppression of Notch expression by histone 
deacetylation (18). Thus, Notch signaling is a driving force 
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for the heterogeneity in SCLC and should be regulated by 
various techniques. 

In conclusion, the significance of Notch signaling in 
producing intratumor heterogeneity has been reported 
in SCLC, and as the heterogeneity may be related to 
cancer progression, resistance to therapy, and disease 
relapse (1,6), SCLC cells with active Notch signaling 
may be a targeted therapeutically with Notch inhibitors 
in combination with cytotoxic chemotherapy (22). 
Considering the natural history of human SCLC, 
class ical  SCLC cel ls ,  Notch-negative and Ascl1/
INSM1-positive, with neuroendocrine differentiation 
are very vulnerable to cytotoxic chemotherapy at the 
initial treatment, and then, in some cases, epigenetics 
mechanisms induce Notch1 induction in residual 
SCLC cells, which may lead to recurrence (Figure 1A).  
This idea is supported by Figure 1B, in which Notch1-
positive SCLC cells recurred in cancer tissue of a patient 
after repeated chemotherapy.
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