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Abstract. Lung cancer is the leading cause of cancer-associated
mortality worldwide. Elucidation of the pathogenesis and
biology of lung cancer is critical for the design of an effective
treatment for patients. Non-small cell lung cancer (NSCLC)
accounts for 80-85% of lung cancer cases. The abnormal
expression of Notch signaling pathway members is a relatively
frequent event in NSCLC. The Notch signaling pathway
serves important roles in cell fate determination, proliferation,
differentiation and apoptosis. Increasing evidence supports the
association of Notch signaling dysregulation with various types
of malignant tumor, including NSCLC. Several studies have
demonstrated that members of the Notch signaling pathway
may be potential biomarkers for predicting the progression
and prognosis of patients with NSCLC. Furthermore, Notch
signaling serves critical roles in the tumorigenesis and treat-
ment resistance of NSCLC cells by promoting the proliferation
or inhibiting the apoptosis of NSCLC cells. The present review
provides a detailed summary of the roles of Notch signaling
in NSCLC.
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1. Introduction

Lung cancer is one of the most common types of cancer
worldwide; high morbidity and mortality rates are observed
for all types of malignant lung tumor (1). Despite the exten-
sive understanding of tumor biology, and advances in cancer
diagnosis and treatment, the five-year survival rate of lung
cancer improved by just 5% during the past two decades (2).
Non-small cell lung cancer (NSCLC) accounts for 80-85% of
lung cancer cases (3). More than half of the patients (55%) with
NSCLC are diagnosed at an advanced stage of the disease (4),
and the response rate to combination chemotherapy is only
20% (5). The lack of a system for early diagnosis or an effec-
tive treatment, tumor relapse and resistance to chemotherapy
are the main problems in the diagnosis and treatment of
NSCLC. Therefore, further understanding lung cancer biology,
establishing an early detection system, searching for novel
therapeutic targets and overcoming chemotherapy resistance
are key to improving the prognosis of patients with NSCLC.

Notch signaling is a highly conserved evolutionary pathway.
In mammals, the Notch signaling pathway consists of four
Notch receptor isoforms (Notchl-4) and five ligands [Jaggedl
and 2, delta-like ligand (DLL) 1, 3 and 4 (DLL4)] (6). Upon
binding, the Notch receptor undergoes a series of proteolytic
cleavages, resulting in the release of the Notch intracellular
domain (NICD), which translocates to the nucleus and drives
the expression of target genes, including Hes family BHLH
transcription factor 1 (Hes 1) (7). Notch target genes serve
important functions in cell fate determination, cell prolif-
eration, differentiation, and apoptosis (8). Overwhelming
data indicate that the abnormal expression of Notch has
been identified in many types of malignant tumor, including
NSCLC (9-12). The function of Notch as an oncogene or tumor
suppressor depends on the cellular context (13). In this review,
the expression and clinical value of Notch signaling in patients
with NSCLC will be examined and the biological roles of
Notch signaling in NSCLC cells will be detailed.

2. Expression and activation of Notch signaling in patients
with NSCLC and its influence on disease progression and
prognosis

The abnormal expression of Notch signaling pathway
members, including Notch receptors, ligands and downstream
genes, is a relatively frequently identified in NSCLC studies.
Dang et al (10) indicated that the overexpression of Notch3
was identified in 40% of patients with NSCLC, and that this
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overexpression was associated with a translocation involving
19p. Another previous study revealed that Notch3 was highly
expressed in 51.1% of patients with NSCLC, which was signifi-
cantly higher than its expression in adjacent noncancerous lung
tissue (14). Gain-of-function mutations of Notchl were present
in 10% of patients with NSCLC, whereas the downregula-
tion of Numb, a negative regulator of Notch, was observed in
30% of patients with NSCLC, resulting in increased Notch
activity (15). One study indicated that the percentage of
expression of Notchl and Delta-like ligand 4 (DLL4) in lung
squamous cell carcinoma (SCC) cells was significantly lower
when compared with the other subtypes (16). In contrast,
Li et al (17) identified that the percentage of expression of
Notchl protein in SCC was significantly higher than in adeno-
carcinomas (AC). These studies indicate that the expression
of Notch signaling pathway members diverges in different
histopathological types. However, the clinicopathological
and prognostic roles of Notch signaling in NSCLC remain
controversial. A number of studies have indicated that the
overexpression of Notchl is associated with tumor progres-
sion and poor prognosis in NSCLC (14,16,18,19). However,
other studies suggest that Notchl and 3 may function as tumor
suppressors (17,20). In summary of these different studies,
Yuan et al (21) performed a meta-analysis to evaluate the
association of Notch signaling pathway members with the
clinicopathological parameters and prognosis of patients with
NSCLC (Table I). The study indicated that the overexpression
of Notchl and 3 was associated with a greater possibility of
lymph node metastasis and reduced overall survival time in
patients with NSCLC. Furthermore, the expression of Notch
signaling ligand DLL4 and its target gene, Hes family bHLH
transcription factor 1 (Hesl), were inversely associated
with the overall survival rate in patients with NSCLC. The
meta-analysis suggested that Notch signaling is a potential
biomarker to predict the progression and prognosis of patients
with NSCLC (20).

It is established that stromal cells within tumors serve
important roles in the biology of cancer cells, including
proliferation, apoptosis, migration and drug resistance (22,23).
The influence of the members of the Notch signaling pathway
in stroma on tumor progression and prognosis has also been
investigated (16) (Table I). The prognostic impact of measuring
Notch signaling in stroma was evident in the study: The high
expression of the members of the Notch signaling pathway
predicted a better outcome for patients with NSCLC. It was
therefore concluded to be likely that stromal Notch signaling
inhibits cancer progression.

Although the results of the meta-analysis are relatively
persuasive, certain questions remain to be answered. Firstly,
only a limited number of patients were enrolled in the included
studies, and the majority of the studies were retrospective.
Multicenter prospective studies based on large, homogeneous
patient populations are required to confirm the observations.
Secondly, either immunohistochemistry or reverse transcrip-
tion polymerase chain reaction were used to measure the
expression of Notch signaling pathway members in the studies.
Furthermore, the scoring system and cut-off values varied
between studies, which may have subjectively influenced the
final results. Also, tumor heterogeneity may have contributed
to the inconsistent results of clinical studies.
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The expression of Notch signaling and its clinical value
differ in different histopathological types of NSCLC. A study
has investigated the expression of Notchl and its clinical
significance in patients with different histological subtypes
of lung AC (24). The study demonstrated that the overexpres-
sion of Notchl was often observed in papillary predominant
AC and micropapillary predominant AC tissues, whereas the
negative expression of Notchl was often presented in solid
predominant AC tissues. This suggests that the expression and
function of Notchl are distinct in different phases of tumor
development.

It is possible that the expression of Notch receptors and
ligands fails to precisely reflect the activity of Notch signaling.
Expression of the NICD and Notch target genes may more
representatively reflect the activity of Notch signaling. The
studies with this focus are limited in number. However,
Westhoff er al (15) demonstrated that intermediate/high levels
of activated Notchl were observed in 26% of patients with
NSCLC. There was a significant association between Notch
activation and a relatively poor prognosis in patients with p53
mutations (Table I). A recent clinical study demonstrated that
Notchl serves distinct roles depending on its activation status
in patients with NSCLC (25). Detectable tumor Notchl was
observed in 50% of cases, and was negatively associated with
an advanced stage and nodal status. In contrast, activated
Notchl was identified in 12% of NSCLC patients, and was
not significantly associated with stage or nodal status. These
results suggest that future studies should also focus on the
activation status of Notch signaling and its function in patients
with NSCLC.

3. Biological roles of Notch signaling in NSCLC

Notch signaling in the tumorigenesis of NSCLC cells.
Several studies have reported that Notch signaling is
involved in the tumorigenesis of NSCLC cells. Using an
inducible LSL-KRAS®'?P in vivo model of lung cancer,
Osanyingbemi-Obidi er al (26) observed a transient upregula-
tion of Notch pathway activity (Hesl) in early tumor precursor
lesions. Further study revealed that the inhibition of Notch
signaling by dominant-negative Mastermind-like (DNMAML)
expression in vivo did not suppress cellular transformation
or tumor growth in this model. It is possible that individual
Notch isoforms have opposing effects on lung oncogenesis,
whereas DNMAML expression inhibits Notch signaling (26).
Therefore, more rigorous experiments are necessary.

Using the same mouse model, Maraver et al (27) demon-
strated that the Notch pathway was hyperactive in murine
KRASS?V_driven NSCLC, and that loss-of-function in the
Notch pathway completely prevented the formation of NSCLC.
These results provide indirect evidence that Notch signaling
serves an important role in the tumorigenesis of NSCLC
cells. However, the exact members of the Notch signaling
pathway that function in tumorigenesis are unknown. One
study explored the oncogenic potential of activated Notchl
using a DOX-inducible system, in which activated Notchl was
overexpressed in the alveolar epithelium (28). After 7 days
of Notchl induction, the transgenic mice developed alveolar
hyperplasia, followed by apoptosis. After 8 months of induc-
tion, however, the mice developed pulmonary adenomas. The
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Table I. Clinicopathological and prognostic impacts of Notch signaling pathway members in patients with NSCLC.

Clinicopathological parameters Prognosis

Notch pathway Lymph node Squamous cell

member Tumor size metastasis NSCLC Adenocarcinoma carcinoma (Refs.)
Notchl N* os® NS NS (21)
Notch3 NS N* os® os® NS (21)
DLLA4 os® os® os® 21
DLLI NS 2n
DLL3 NS 21
Hesl os® os® os® 2n
Notch4 NS 5-year SR® NS NS (16)
Stromal Notch4 NS NP 5-year SR* NS 5-year SR* (16)
Jaggedl NS NS NS NS (16)
Stromal Jagged1 NS 5-year SR* NS 5-year SR* (16)
Stromal DLL4 NS 5-year SR* NS 5-year SR* (16)
Activated Notchl 5-year SR (15)

(p53-negative group)®

*Positively associated; *negatively associated. N, lymph node; NSCLC, non-small cell lung carcinoma; NS, not significant; OS, overall survival
rate; DLL, delta-like ligand; Hes1, Hes family BHLH transcription factor 1; SR, survival rate.

mice engineered to co-express activated Notchl and MYC
developed lung ACs. Through Notchl ablation in vivo, one
study observed a marked decrease in tumor initiation and
burden in an autochthonous mouse model of lung AC, demon-
strating that Notchl function is imperative for Kras-induced
lung AC (29). Importantly, this study also revealed that Notchl
function is required for tumor initiation via the suppression of
p53-mediated apoptosis. More recently, one study investigated
the effects of conditional Notchl and 2 receptor deletion on
the tumorigenesis of NSCLC (30). Notchl deficiency led to
decreased early tumor formation compared with the controls,
whereas Notch2 deletion resulted in markedly increased tumor
formation. Thus, the study suggests that Notchl promotes
tumor initiation as an oncogene, whereas Notch2 has tumor
suppressor functions during lung tumorigenesis.

In conclusion, these studies provide strong evidence
that Notch signaling serves a critical role in tumorigenesis
of NSCLC. However, individual Notch isoforms may have
distinct or even opposite effects on NSCLC tumorigenesis
(Fig. 1). This suggests that the specific inhibition of different
Notch molecules should be considered when devising a
therapeutic approach, at least in the context of NSCLC. The
tumorigenic role of other components of Notch signaling and
their mechanisms also require elucidation.

Notch signaling in the proliferation and apoptosis of NSCLC
cells. A number of studies have explored the function of Notch
signaling in the proliferation and apoptosis of NSCLC cells.
Chen et al (31) demonstrated that the overexpression of Notchl
Intracellular Domain (N1ICD) in AC cells inhibited cell
growth and induced apoptosis. A recent study evaluated these
effects of Notch signaling in different lung cancer cell lines; it
was observed that the influence of Notchl on proliferation and
apoptosis depended on the cell type (32). The knockdown of

Notchl resulted in increased cell proliferation and enhanced
apoptosis, whereas its induction inhibited the growth of small
cell lung cancer cells. Although Notchl knockdown increased
cell proliferation and inhibited apoptosis in A549 lung AC
cells, it had no effect in SCC cells (31).

A number of studies have reported that the indirect inhi-
bition of Notchl in NSCLC cells resulted in decreased cell
proliferation and the induction of apoptosis. For instance,
d-tocotrienol inhibits cancer cell proliferation, induces apop-
tosis and reduces cancer cell invasion at least in part through
the downregulation of Notchl (33,34). In hypoxic conditions,
Notchl was markedly elevated in lung AC cell lines, and the
inhibition of Notch signaling via y-secretase inhibitor induced
apoptosis, which could be rescued by the reintroduction of
active Notchl (31). These data indicate that Notchl may be
essential for cell survival in hypoxia. Further studies have
demonstrated that Notch1 stimulated NSCLC tumor growth and
survival through the direct upregulation of insulin-like growth
factor 1 receptor (IGF-1R) (35) and survivin (36) in hypoxia.
One study revealed that the proliferation of NSCLC cells was
significantly suppressed in vitro and in vivo when co-cultured
with DLL4-expressing endothelial cells (37). Furthermore,
silencing endothelial DLL4 or Notchl significantly attenuated
the effects of DLL4 on NSCLC cells. Phosphate and tensin
homolog (PTEN) expression was increased by the introduc-
tion of endothelial cell-DLL4 or recombinant human-DLL4
protein, and was attenuated by Notchl interference. These
results suggest that the inhibitory effect of endothelial cells
on NSCLC cells was via the DLL4/Notchl/PTEN signaling
pathway (36). Taken together, these studies indicate that
the biological outcome of Notch signaling in NSCLC cells
was highly dependent on the cell type and context (Fig. 1).
Therefore, the tumor microenvironment should also be consid-
ered when developing a therapeutic strategy. Organoid culture
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Figure 1. Roles of Notch signaling in tumorigenesis, proliferation, and apoptosis
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of NSCLC cells. Notchl promotes tumor initiation as an oncogene, whereas

Notch?2 exhibits tumor suppressor functions during lung carcinogenesis. Roles of Notchl in cell proliferation and apoptosis are highly dependent on the cellular
context. Overexpression of Notchl in adenocarcinoma cells inhibited cell growth and induced apoptosis. Indirect inhibition of Notchl resulted in decreased

cell proliferation and induction of apoptosis. Notchl stimulated NSCLC tumor
hypoxia. Notch3 promoted cell proliferation and inhibited apoptosis of NSCLC
for the targeted therapy of NSCLC. Arrows present differing functions of Notch
insulin-like growth factor 1 receptor; Bcl-2, B-cell lymphoma 2; MAPK, mitogen

growth and survival through direct upregulation of IGF-IR and survivin in
cells. Inhibition of Notch3 activation represents a potential novel approach
depending on cellular context. NSCLC, non-small cell lung cancer; IGF-1R,
-activated protein kinase; PTEN, phosphatase and tensin homolog; Hes1, Hes

family BHLH transcription factor 1; GSI, y-secretase inhibitor; EGFR, epithelial growth factor receptor; MRK-003, GSI; Bim, Bcl-2 interacting mediator of
cell death; DLL4, delta-like ligand 4; MCL-1, induced myeloid leukemia cell differentiation protein; p53, tumor protein 53.

in vitro and xenografts in vivo may be helpful in understanding
the definite roles of Notch signaling in the proliferation and
apoptosis of NSCLC cells.

The inhibition of Notch3 using dominant negative Notch3,
v-secretase inhibitor MRK-003 or specific Notch3 peptides
results in growth suppression and the induction of apoptosis
of lung cancer cells in vitro and in vivo (38-40). These results
provide indirect evidence that Notch3 is involved in the
proliferation and apoptosis of lung cancer cells. Further study
demonstrated that Notch3 co-operated with the epidermal
growth factor receptor (EGFR)-mitogen-activated protein
kinase pathway to inhibit apoptosis through the inhibition of
the pro-apoptotic protein, Bcl-2 interacting mediator of cell
death (Bim), suggesting there is significant cross-talk between
the two pathways (41). A recent study revealed the cross-talk
between Wnt and Notch3 signaling pathways in the regula-
tion of proliferation and apoptosis in NSCLC cell lines (42).
The inhibition of Wnt signaling by CHIR99021 resulted in
the upregulation of Notch3 protein and its downstream genes,
Hesl and Hes related family BHLH transcription factor with
YRPW motif 1. CHIR99021 and Notch3 synergistically
promoted the proliferation of NSCLC cells, and Notch3-short
hairpin RNA (shRNA) significantly attenuated the positive
effects of CHIR99021 on cell proliferation. Furthermore,
Notch3-shRNA induced apoptosis and significantly weakened
the inhibitory effect of CHIR99021 on apoptosis in H460
cells. These results support the hypothesis that the inhibition

of Notcth3 activation represents a potential new approach for
the targeted therapy of NSCLC (Fig. 1).

Notch signaling and chemotherapy/radiation resistance.
Chemotherapy and radiation therapy are typically used to
treat NSCLC tumors via the inhibition of cancer cell prolif-
eration or the induction of apoptosis. Notch signaling may
influence the response of tumor cells to chemotherapy and
radiation therapy. The acquired resistance to conventional
chemotherapy or targeted therapy is common in patients with
NSCLC who initially respond to treatment. Low-dose cisplatin
treatment can induce doxorubicin and paclitaxel tolerance, and
the enrichment of CD133(+) cells, in lung AC cell lines (43).
Another study demonstrated an evident weakening of this
effect by treatment with a y-secretase inhibitor (GSI) or Notchl
shRNAs (44). These results suggest that Notch signaling was
implicated in the cisplatin-induced enrichment of CD133(+)
cells and multidrug resistance.

One study explored the mechanism of acquired resis-
tance to EGFR tyrosine kinase inhibitors in NSCLC tumors
harboring an EGFR exonl9 deletion (45). It was observed
that the expression of Notchl was highly upregulated in
gefitinib-resistant PC9 lung cancer cells and that the activation
of Notchl resulted in an epithelial-mesenchymal transition
(EMT) phenotype. Additionally, Notchl knockdown reversed
the EMT phenotype and restored sensitivity to gefitinib in
gefitinib-resistant PC9 lung cancer cells. Further in vivo



%ﬁ SPANDIDOS
'3,‘ PUBLICATIONS

experimentation demonstrated that the inhibition of Notch
signaling resulted in tumor growth retardation in Balb/cathymic
(nu+/nu+) mice with acquired resistant lung cancer xenografts.
These results provide evidence that gefitinib-acquired resis-
tance in lung cancer cells undergoing EMT depends on the
activation of Notchl signaling. The molecular mechanism
of Notch-induced EMT in NSCLC was comprehensively
analyzed by Yuan et al (46). In addition to its association with
the acquired resistance to chemotherapy or targeted therapy,
Notch signaling may be involved in primary resistance.
A clinical study has indicated that Notch3 expression was
negatively associated with the sensitivity to platinum-based
chemotherapy in patients with NSCLC. The clinical evidence
suggests that Notch3 was involved in chemotherapy resistance
and could act as a biomarker to predict the chemotherapy
response and prognosis of patients with NSCLC (47).

Previous research provides evidence that Notch signaling
may also be involved in radiation resistance (48). In this study,
Notchl or 3 was activated subsequent to radiation treatment,
depending on the cell type. Radiation followed by GSI treat-
ment conferred a greater suppressive effect on lung cancer
cells in vitro and in vivo compared with other treatments.
The activation of Notch signaling by radiation contributed
to radiation resistance and the inhibition of Notch signaling
restored the sensitivity of cancer cells to radiation. Radiation
treatment induced Notchl expression and promoted EMT
in NSCLC cells. This could be inhibited by rhamnetin and
cirsiliol, resulting in the recovery of radiosensitization (49).
Theys et al (50) demonstrated that Notch activity had no effect
on the radiation sensitivity of H460 cells in vitro, although
high Notchl activity promoted tumor growth and induced
radiation resistance in vivo. It is possible that the role of Notch
signaling in vitro does not represent the behaviors of cancer
cells in vivo. Taken together, these results suggest that Notch
signaling serves important roles in radiation resistance and
that the inhibition of Notch signaling may be a promising
approach to improve the outcome of patients with NSCLC
undergoing radiotherapy. These findings further support the
hypothesis that the biological outcome of Notch signaling in
NSCLC cells is highly dependent on the cell type and context.

Notch signaling appears to be essential for cancer cell
survival, particularly as a response to specific microenvi-
ronment conditions or stress. Therefore, Notch inhibition in
combination with chemotherapy or radiation may achieve an
improved therapeutic outcome compared with that with a single
treatment. Notch inhibitors are typically GSIs, short interfering
RNA or monoclonal antibodies against Notch receptors or
ligands (51). GSIs are the most extensively explored in clinical
trials and were reviewed by Yuan et al (52). It was concluded
that the combination of chemotherapy or radiotherapy with
GSIs had a synergistic effect, and holds promise for cancer
control.

Notch signaling and lung cancer stem cells. Tumors comprise
a heterogeneous population of cells (53). A rare subpopulation
of tumor cells possesses stem cell-like properties and behav-
iors of self-renewal, multi-potential differentiation, tumor
initiation and propagation. This population was, therefore,
termed cancer stem cells (CSCs) (54). CSCs have been iden-
tified in human acute myeloid leukemia and in solid tumors,
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including breast, brain, prostate, colon, pancreatic and lung
cancers (55-61). CSCs are dormant, and resistant to radiation
and chemotherapy (62,63). Lung CSCs contribute to tumor
growth, invasion and metastases (64,65). The concept of CSCs
may provide an explanation for tumor behaviors including
recurrence, metastases and therapeutic resistance. Therefore,
targeting CSCs may be a promising approach for the eradica-
tion of lung cancer cells.

The source, maintenance and molecular markers of CSCs
remain incompletely characterized. A previous study supports
the hypothesis that cancer stem cells are derived from normal
stem cells following oncogenic transformation (66). Another
hypothesis states that malignant progenitor cells or differ-
entiated cells can be induced to acquire stem cell properties
through additional gene activation or mutation (67,68). The
role of Notch signaling in lung CSCs has been explored by
a number of studies. Aldehyde dehydrogenase (ALDH)
is an established marker for lung CSCs (61). ALDH* lung
cancer cells are capable of self-renewal and possess a highly
tumorigenic and clonogenic ability compared with their
ALDH"™ counterparts. Higher activity of Notch signaling was
observed in ALDH* lung cancer cells than in the ALDH~
subpopulation, and the inhibition of the Notch pathway
resulted in a significant decrease in the proportion of ALDH*
lung cancer cells. These results suggest that Notch signaling
serves a role in the maintenance of lung CSCs (69). Using a
lentiviral Notch reporter vector and flow cytometry, lung AC
cells can be divided into subpopulations of green fluorescent
protein (GFP)-bright and GFP-dim cells (70). GFP-bright cells
exhibit the stem cell properties of self-renewal, multi-potency,
continuous tumorigenic ability and chemotherapy resistance
in vivo. Zheng et al (71) identified CD24*TTGB4*Notch" cells
as tumor-propagating cells, which have an increased ability
to self-renew and propagate in vitro and in vivo. GSI treat-
ment or Notch3 knockdown decreased self-renewal and tumor
propagation in NSCLC cell lines and patient primary tumors.
This suggests an important role of Notch3 in the self-renewal
and propagation of NSCLC cells. These studies provide strong
evidence that Notch signaling serves an important role in lung
CSCs and that the inhibition of Notch signaling may be a
promising way to target lung CSCs.

4. Conclusions

The abnormal expression of Notch signaling pathway members
is a relatively frequent event in patients with NSCLC (9,13-16).
Although the clinicopathological and prognostic value
of Notch signaling in NSCLC remains controversial, the
meta-analysis by Yuan et al (21) revealed that a number of
Notch molecules and their ligands were associated with lymph
node metastasis and could act as biomarkers to predict the
prognosis of patients. Further large-scale analyses are required
to clarify the clinical value of members of the Notch signaling
pathway in different populations.

Although the study by Osanyingbemi-Obidi et al (26)
with a transgenic mouse model provides strong evidence
that Notch signaling serves a critical role in the tumorigen-
esis of NSCLC cells, individual Notch isoforms may have
opposing effects. Based on the conclusions of the previously
described studies, Notchl promotes tumor growth as an
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oncogene, whereas Notch2 exhibits tumor suppressor func-
tions, suggesting that Notch-targeted therapies should be
used prudently until Notch signaling in NSCLC is completely
characterized. Further studies are required to understand the
tumorigenic roles of the other components of Notch signaling
and their molecular mechanisms. The influence of Notch
signaling on proliferation and apoptosis depends on the cell
type and microenvironment. Therefore, the cell type and
context should be taken into consideration when studying
the biological influence of Notch signaling in NSCLC. Notch
signaling is activated by chemotherapy and radiation treatment
in NSCLC cells, and may be essential for survival under stress,
as well as causing cells to become more resistant. Although the
mechanism underlying the development of lung CSCs is not
entirely clear, it is likely that Notch signaling serves an impor-
tant role in the maintenance of lung CSCs. Taken together,
Notch signaling is associated with the tumorigenesis, progres-
sion and therapeutic resistance of NSCLC; therefore, targeting
Notch signaling has the potential to improve the outcome for
patients with NSCLC.
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