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Notch was first identified in 1917 by geneticist Thomas Hunt 
Morgan of Columbia University in New York, when it was first 
noticed a strain of Drosophila with notches apparent in their 
wings. 
T. H. Morgan (Sep 1917). "The theory of the gene". The 
American Naturalist (609): 513-544. 

Notch phenotype in Drosophila

Wild type                                              Notch phenotype



Drosophila Notch receptors and DSL ligands
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CBF1-dependent Notch signaling pathway



Deltas (ligands)
Jaggeds (ligands)

Notch receptors

NICD1 (Activated form of Notch1)

CBF1 (Transcription factor)

Mastermind (Co-activator)

Hes (Target)
Hey (Target)

Numb (Negative regulator of the pathway)
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Role of Notch/Numb signaling in cell-fate 
determination of mammalian stem/progenitor cells 
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Notch receptors and DSL ligands expression in the 
luminal epithelium of human breast
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Notch receptors and DSL ligands are expressed in the
normal mammary tissue and cell limes 



Notch receptors and DSL ligands are expressed in the
luminal epithelium of lobules in normal human breas t tissue
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CBF1-dependent Notch signaling transforms the norma l breast 
epithelial cell line MCF-10A, MTSV1-7, HB4A



Activation of CBF1-dependent Notch signaling leads to a change in 
morphology and inactivation of self contact inhibit ion in MCF-10A cells



CBF1-dependent Notch signaling transforms normal 
human mammary epithelial cells MCF-10A
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Generation of the inducible CBF1 transgenic 
mouse in the mammary gland



Acceptor mouse lineActivator mouse line
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Activation of CBF1 dependent Notch signaling 
induces mammary tumors in vivo

Wild type                                              CBF1 transgenic

Mammary
tumor



CBF1-dependent Notch signalling protects human mamm ary 
epithelial cells (MCF-10A, MTSV 1-7, HB4A) cells 

from drug-induced apoptosis



Single cell viability in soft agar
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Notch signaling inhibits apoptosis without alternati on 
in total levels of Bcl-2 family of proteins



DMSO

Melphalan

Parental            Vector              CBF1                 NICD

0
10
20
30
40
50
60
70
80
90

100

Parental Vector CBF1 NICD

%
 A

p
op

to
si

s

Untreated Staurosporine Melphalan Mitoxantrone Thapsigargin

MCF-10A cells expressing CBF1 and NICD were protect ed from 
staurosporine, mitoxantrome, melphalan but not from thapsigargin
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Diagram of p53 structural domains



Western analysis of ERK, AKT and JNK pathway



Diagram of p53 structural domains



CBF1-dependent Notch signaling suppresses p53-media ted 
apoptosis in response to melphalan (MEL).



CBF1-dependent Notch signaling suppresses p53-media ted 
apoptosis in response to mitoxantrone (MIT).



Puma and Noxa induce apoptosis in all four MCF-10A c ell lines.



Induction of apoptosis in response to thapsigargin ( TPS)



Diagram of p53 structural domains
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AKT inhibits JNK activation via Apoptosis Signaling -regulating 
Kinase1 Phosphorylation

AKT ASK1 JNK
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Diagram of p53 structural domains
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Proposed model for the action of CBF1-dependent 
Notch signaling in apoptosis
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Activated JNK Indices apoptosis in all cell lines 
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AKT inhibitor SH-6 inhibits Ser473 phosphorylation

Total AKT

Ser473 AKT
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Model for the action of CBF1 -dependent 
Notch signaling in apoptosis
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Notch signaling in human 
breast cancer



Two normal and twenty human breast cancer samples 
were obtained for Notch expression analysis



Western analysis of proteins extracted from ER+/ER+ /erbB2-
(C1-C7) breast cancer samples.

Normal                           Tumors 



Western analysis of proteins extracted from ER+/PR- /erbB2-
(D1-D7) breast cancer samples. 

Normal                           Tumors 



Western analysis of proteins extracted from ER+/erb B2+ (E1-E3), 
ER-/erbB2+ (F1), ER-/EGFR+ (G1&G2) breast cancer sa mples

Normal                           Tumors 



Immunohistological staining of human breast cancer s amples



Notch signaling is activated in early human 
breast carcinogenesis
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Western analysis of normal and tumourigenic
mammary epithelial cell lines

Normal                    Tumourigenic



If breast cancer is caused by increased Notch signa ling due to 
downregulation of Numb, then can breast cancer cells  be reverted by 

Numb towards a normal phenotype?
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Attenuation of Notch signalling reverts the transfo rmed 
phenotype of human cancer cell line MCF7



Attenuation of Notch signalling reverts the transfo rmed 
phenotype of human cancer cell line MDA-MB231



Attenuation of Notch signalling inhibits tumour for mation in 
vivo
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MAML is a glutamine-rich nuclear 
protein essential for Notch signaling 
activation. MAML is a co-activator for 
all four Notch receptors. Mastermind 

complexes with the intracellular 
portion of activated Notch (NICD), the 
transcription factor CBF1 and DNA. 
This results in the activation of the 

Notch target genes Hes and Hey
which comprise a family of 
transcriptional repressors. 

However , a truncated version of MAML 
that can maintain an association with the 
complex, behaves in a dominant-negative 
(DN) fashion and inhibits Notch activation. 

DN-MAML consists of a 62-amino-acid 
kinked � -helix that forms a stable ternary 
complex through contacts on both CBF1 

and the ankyrin repeats of Notch1 but 
which lacks the C-terminal portions of 
MAML1 that are responsible for Notch 

activation. 

Mastermind-like (MAML)
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Control group animals
six animals

(200 microliters of PBS 
via tail vein every two days 

for 36 days, 
18 injections)  

ANTP/DN-MAML treated animals
six animals

(4mg/kg ANTP/DN-MAML in 
200 microloters PBS via tail vein 

every two days for 36 days, 
18 injections)   
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Therapeutic Approaches and Drug Development 
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Direction of growth
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