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Sources of normal tissue stem 
cells 

 



Historical Background 



Germ Layer Formation 



Embryonic stem cells 

 



48 Genes overexpressed 

 



Interdependent Cross Regulation 
of NOX genes and Their Targets 



NOS-KM Single Target Genes 

 



Pathways regulated by Oct4 

 



CO-OCCUPIED NOS TARGETS THAT ARE 
ACTIVATED OR REPRESSED 

 

 



Signaling Pathways 

 



Induction of Pluripotential Stem Cells (iPSCs) 

from Differentiated Adult Somatic Cells 

 

 



Cancer Heterogeneity 

 



Factors regulating CSCs in a Tumor 



Cancer stem cell 



Niche environment 

 



Mammary tumors 

Pathways Involved in Self-Renewal that are Deregulated in Cancer 
Stem Cells  Wnt, Shh, and Notch pathways have been shown to contribute 

to the self-renewal of stem cells and/or progenitors in a variety of organs, 
including the haematopoietic and nervous systems. When dysregulated, 

these pathways can contribute to oncogenesis. Mutations of these 
pathways have been associated with a number of human tumours, including 
colon carcinoma and epidermal tumours (Wnt), medulloblastoma and basal 

cell carcinoma (Shh), and T-cell leukaemias (Notch).  

 
 



Tumor grade 



Activation of ESC Module in Human Cancers 
 

 



Breast Cancer: A 

Heterogeneous Disease 
     (Molecular and Clinical 

Subtypes) 230,000 women/year 

with 39,000 deaths 

 

 Lifetime risk of 1 out of 8 women 

 

 Early menarche (E2 exposure) 

 

 Nulliparity or late parity 

 

 Obesity (premenopausal with a 70%  

  increase in risk) 

 

 Family history/5-10% (BRCA1 and 
BRCA2) 

 



Breast anatomy 



Histological classification of breast cancer 



Molecular Classification and Subtypes of Breast Cancer 

 



Postnatal Mouse Mammary Gland Development 

 



Virgin Mouse Mammary Terminal End Bud (TEB) 

 



Mammary Fat Pad Transplantation for 

Mammary Gland Reconstitution 

 



Autocrine and Paracrine Effectors of MaSC Development 

 



Assays  for Assessing Cancer Stem Cell Activity 

 



Mammary epithelial cells 



Mammary surface markers 



NOS Target Gene Expression and Breast 

Tumor HR, Molecular Subtype and Grade 

 

 



NOS signature in Breast Cancer 

 



NOS genes versus survival 

 



Cancer stem marker and their 

distribution 

 



Therapeutic implications 



Cancer Progression 
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EMT facilitates metastatic spread of cancer cells  



EMT Induces a Cancer Stem Cell Phenotype on Differentiated Tumor Cells 

 



Nanog and Oct4 Induction of EMT Target Genes in Breast CSCs 

 



Breast Cancer Development 

 



Breast Cancer Niche Factors 

 



Breast Cancer Development 

 



TARGETING CANCER STEM CELL SIGNALING PATHWAYS 

 



Tumor niche components and 
signaling pathways 

 



Therapeutic Targeting of CSCs, the 
Tumor Niche or Epigenetic Pathways 

 


