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The Notch pathway is a conserved ligand-receptor 
mediated signaling mechanism that plays an important role 
in deciding the fate of a living cell from womb to tomb; 
including a cell’s embryonic development, proliferation, 
survival, and death (1). The unique ability of the Notch 
pathway to generate divergent outcomes is dependent 
upon the interaction between the Notch receptors and 
ligands and the subsequent signaling events. There are four 
mammalian Notch receptors (Notch1-4), which interact 
with their cognate ligands belonging to two subclasses, the 
delta and the serrate families, designated Delta-like ligand 
(Dll1, Dll3, and Dll4) or serrate-like ligands (Jagged 1 
and Jagged 2). Both the Notch receptors and ligands are 
transmembrane proteins expressed on various cell types. 
The interaction between the ligand on one cell can activate 
the Notch receptor on an adjacent cell.

Notch receptors usually reside in a dormant state but 
are activated in response to ligand binding which initiates 
a series of successive proteolytic cleavages. The final 
intracellular cleavage leads to the release of Notch Intra-
Cellular Domain (NICD) which translocates to the nucleus 

and binds to the transcription factor CBF1 to regulate the 
transcription of Notch-regulated genes (2). Notch signaling 
differs from other signaling pathways in two ways: first, the 
proteolytic cleavage process is irreversible and, therefore, the 
intensity and duration of the signal cannot be regulated by 
removing the activated receptor from the plasma membrane. 
Second, the signal is direct and does not use a secondary 
messenger; hence, signal amplification is limited (3). 

Given the importance of Notch signaling in development 
and maintenance of normal tissues, it is not surprising that 
dysregulated Notch signaling contributes to tumorigenesis. 
The tumor-promoting effects of oncogenic Notch signaling 
are associated with (I) aberrant expression of the Notch 
ligands and receptors and (II) cross-talk of Notch signaling 
with other oncogenic signaling pathways. Several studies 
have shown that constitutive Notch signaling promotes 
tumor growth in a variety of cancer types (4). For example, 
enhanced expression of Notch ligands and receptors has 
been reported in brain, breast, prostate, and pancreatic 
cancers where they enhance cellular proliferation and 
inhibit apoptosis (5-9). Further, cross-talk between Notch 
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signaling with other tumor-promoting pathways such as 
EGFR and NF-κB has been noted in breast and pancreatic 
cancer, respectively (10,11). 

Conversely, evidence suggests that Notch signaling may 
also inhibit proliferation and/or induce apoptosis in cancer 
cells. For example, high expression levels of Notch 2 in well-
differentiated breast tumors were associated with increased 
patient survival and a tumor-suppressive effect (12). Further, 
activation of Notch signaling suppressed the growth of 
human hepatocarcinoma cells through induction of cell cycle 
arrest and apoptosis (13). Together, the literature suggests 
that the numerous cellular responses directed by Notch 
signaling depend upon the cell-specific expression patterns 
of its ligands and receptors and the potential cross-talk 
between Notch and alternative signaling pathways.

A recent study by Ding et al. (14) demonstrated the 
tumor-suppressive potential of Notch signaling in non-small 
cell lung cancer cells (NSCLC). The authors investigated 
the underlying mechanisms regulating the suppressive 
nature of endothelial cell Delta like-ligand 4 (EC-DII4), 
a vascular-specific ligand of Notch, in the proliferation of 
NSCLC lung cancer cells. The highlight of this study is 
the articulate cross-talk between DII4 on endothelial cells 
and Notch receptors on lung cancer cells. The DII4 ligand 
positively regulated Notch1, but not Notch2 and Notch3, 
signaling in NSCLC cell lines A549 and H460, and also in 
xenografts induced using a mixture of NSCLC cells and 
EC-DII4 cells. Increased Notch signaling was accompanied 
by increased expression of downstream transcriptional 
targets such as HES1 and HEY1. The authors concluded 
that increased activation of Notch signaling via EC-DII4 
negatively regulates the proliferation of NSCLC cells.

Dll4 is the vascular-specific ligand of Notch, uniquely 
expressed in endothelial cells. Dll4 expression is associated 
with enhanced tumor vasculature. However, the observed 
increase in blood vessels density may actually hinder the 
growth of tumors due to formation of nonfunctional vessels 
that are unable to efficiently deliver blood to the tumor 
(15,16). While many studies have focused on the effect of 
Dll4 on Notch signaling in autonomous endothelial cells, 
the study by Ding et al. is one that focused on the effect of 
endothelial cell Dll4 on Notch signaling in tumor epithelial 
cells (14). 

The diverse outcomes of Notch signaling in various cells 
likely result from its interaction with other intracellular 
signaling pathways. Activation of Notch signaling is known 
to up-regulate phosphatidylinositol 3-kinase (PI3K/AKT), 
c-Myc, EGFR, and NF-κB signaling in various cancers 

(11,17); and activation of these pathways contributes 
towards uncontrolled cell growth, tumor cell survival, as 
well as resistance to cytotoxic agents. In contrast, the study 
by Ding et al. (14) highlighted a growth-suppressive effect 
of Notch on PI3K that resulted in reduced proliferation 
of NSCLC cells. DII4 on the surface of endothelial cells 
activated Notch1 signaling in lung cancer cells which led 
to enhanced expression of phosphatase and tensin homolog 
(PTEN). PTEN negatively regulated the PI3K pathway 
and resulted in reduced lung tumor cell growth. The work 
by Ding et al. highlights the importance of studying Notch 
signaling in the context of the tumor microenvironment 
where Notch ligand-receptor interactions on non-
equivalent cells can activate alternative signaling pathways.

Conclusions

Notch signaling plays a critical role in normal tissue 
development, including the lung (18). Additionally, 
alterations in the expression and activity of the Notch 
pathway proteins are frequently observed in cancers where 
Notch plays either an oncogenic or tumor suppressive 
role. The duplicitous nature of Notch signaling, which 
is activated in response to ligand-receptor interactions, 
largely depends upon the location of the expressed ligand 
and its corresponding receptor. Different interactions 
between Notch ligands and receptors on various cell 
types activate additional signal transduction pathways 
resulting in divergent cellular responses. Therefore, Notch 
signaling is highly context-dependent and a more thorough 
understanding of cell type-specific interactions is needed in 
order to understand the potential for therapeutic targeting 
of the Notch pathway in cancer treatment.

Acknowledgements

Disclosure: The authors declare no conflict of interest.

References

1. Kwon SM, Alev C, Lee SH, et al. The molecular basis 
of Notch signaling: a brief overview. Adv Exp Med Biol 
2012;727:1-14.

2. Borggrefe T, Oswald F. The Notch signaling pathway: 
transcriptional regulation at Notch target genes. Cell Mol 
Life Sci 2009;66:1631-46.

3. Schweisguth F. Regulation of notch signaling activity. Curr 
Biol 2004;14:R129-38.



451Translational lung cancer research, Vol 2, No 6 December 2013

© Translational lung cancer research. All rights reserved. Transl Lung Cancer Res 2013;2(6):449-451www.tlcr.org

4. Ranganathan P, Weaver KL, Capobianco AJ. Notch 
signalling in solid tumours: a little bit of everything but 
not all the time. Nat Rev Cancer 2011;11:338-51. 

5. Xu P, Yu S, Jiang R, et al. Differential expression of Notch 
family members in astrocytomas and medulloblastomas. 
Pathol Oncol Res 2009;15:703-10.

6. Stylianou S, Clarke RB, Brennan K. Aberrant activation 
of notch signaling in human breast cancer. Cancer Res 
2006;66:1517-25.

7. Santagata S, Demichelis F, Riva A, et al. JAGGED1 
expression is associated with prostate cancer metastasis and 
recurrence. Cancer Res 2004;64:6854-7.

8. Miyamoto Y, Maitra A, Ghosh B, et al. Notch mediates 
TGF alpha-induced changes in epithelial differentiation 
during pancreatic tumorigenesis. Cancer Cell 
2003;3:565-76.

9. Meurette O, Stylianou S, Rock R, et al. Notch 
activation induces Akt signaling via an autocrine loop to 
prevent apoptosis in breast epithelial cells. Cancer Res 
2009;69:5015-22. 

10. Dai J, Ma D, Zang S, et al. Cross-talk between Notch 
and EGFR signaling in human breast cancer cells. Cancer 
Invest 2009;27:533-40. 

11. Maniati E, Bossard M, Cook N, et al. Crosstalk between 
the canonical NF-κB and Notch signaling pathways 
inhibits Pparγ expression and promotes pancreatic cancer 
progression in mice. J Clin Invest 2011;121:4685-99.

12. Parr C, Watkins G, Jiang WG. The possible correlation of 
Notch-1 and Notch-2 with clinical outcome and tumour 
clinicopathological parameters in human breast cancer. Int 
J Mol Med 2004;14:779-86.

13. Qi R, An H, Yu Y, et al. Notch1 signaling inhibits 
growth of human hepatocellular carcinoma through 
induction of cell cycle arrest and apoptosis. Cancer Res 
2003;63:8323-9.

14. Ding XY, Ding J, Wu K, et al. Cross-talk between 
endothelial cells and tumor via delta-like ligand 4/Notch/
PTEN signaling inhibits lung cancer growth. Oncogene 
2012;31:2899-906.

15. Scehnet JS, Jiang W, Kumar SR, et al. Inhibition of Dll4-
mediated signaling induces proliferation of immature 
vessels and results in poor tissue perfusion. Blood 
2007;109:4753-60.

16. Noguera-Troise I, Daly C, Papadopoulos NJ, et al. 
Blockade of Dll4 inhibits tumour growth by promoting 
non-productive angiogenesis. Nature 2006;444:1032-7.

17. Liu ZJ, Xiao M, Balint K, et al. Notch1 signaling promotes 
primary melanoma progression by activating mitogen-
activated protein kinase/phosphatidylinositol 3-kinase-
Akt pathways and up-regulating N-cadherin expression. 
Cancer Res 2006;66:4182-90.

18. Collins BJ, Kleeberger W, Ball DW. Notch in lung 
development and lung cancer. Semin Cancer Biol 
2004;14:357-64.

Cite this article as: Chikara S, Reindl KM. Notch signaling: a 
hero or villain in the war against cancer? Transl Lung Cancer Res 
2013;2(6):449-451. doi: 10.3978/j.issn.2218-6751.2013.10.15


