
ix

   1     Introduction to Breast Cancer .................................................................  1   
    1.1  Breast Cancer Statistics ......................................................................  1   
    1.2  Breast Cancer Treatment ....................................................................  3   

  References ...................................................................................................  3   

    2     Stem Cells and Cancer Stem Cells...........................................................  5   
    2.1  Stem Cells ..........................................................................................  5   
    2.2  Cancer Stem Cells ..............................................................................  6   

  2.2.1 History of Cancer Stem Cells .................................................  6   
  2.2.2 Origins of CSCs .....................................................................  8   
  2.2.3 Markers of CSCs ....................................................................  11   
  2.2.4 CSCs and Tumor-Initiating Cells ...........................................  13   
  2.2.5 Properties of CSCs .................................................................  13   

    2.3  Breast CSCS .......................................................................................  14   
  2.3.1 From the Beginning ................................................................  14   
  2.3.2 Origin of Breast CSCs ............................................................  15   

  References ...................................................................................................  17   

    3     Breast Cancer Stem Cell Identification and Isolation ...........................  25   
    3.1  Breast Cancer Stem Cell Identifi cation ..............................................  25   

  3.1.1 Specifi c Markers .....................................................................  25   
  3.1.2 ALDH .....................................................................................  28   
  3.1.3 Side Population ......................................................................  29   

    3.2  Breast Cancer Stem Cells: Isolation ...................................................  30   
  3.2.1 Enrichment of Breast Cancer Stem Cells ...............................  30   
  3.2.2 Sorting Breast Cancer Stem Cells ..........................................  32   

  References ...................................................................................................  35   

    4     Breast Cancer Stem Cell Culture and Proliferation ..............................  41   
    4.1  Breast Cancer Stem Cells, Spontaneous Differentiation,

and Inter-conversion ...........................................................................  41   

  Contents 



x

    4.2  Culture Conditions .............................................................................  42   
  4.2.1 Media ......................................................................................  42   
  4.2.2 Oxygen Concentration ...........................................................  43   
  4.2.3 Growth Factors .......................................................................  43   
  4.2.4 Serum .....................................................................................  43   

    4.3  Culture Method ..................................................................................  44   
  4.3.1 Adherent Cell Culture ............................................................  44   
  4.3.2 Mammosphere Culture ...........................................................  44   
  4.3.3 3D Cell Culture ......................................................................  45   

    4.4  Co-culture of BCSCs and Other Cells ...............................................  53   
  References ...................................................................................................  53   

    5     Properties of Stem Cells of Breast Cancer ..............................................  57   
    5.1  The Niche of Breast Cancer Stem Cells .............................................  57   

  5.1.1 Cell Composition ...................................................................  57   
  5.1.2 Hypoxia and Angiogenesis ....................................................  59   
  5.1.3 ECM-Cell Interactions and Cell-to-Cell Contact ...................  59   

    5.2  Triple-Negative Cancer Cells, Hormone Status, 
and Breast Cancer Stem Cells ............................................................  60   

    5.3  Transition of Breast Cancer Stem Cells Between 
Epithelial and Mesenchymal States ...................................................  61   

    5.4  Chemoresistance ................................................................................  62   
  5.4.1 Drug Transport/Sequestration ................................................  62   
  5.4.2 Drug Inactivation/Detoxifi cation ............................................  64   
  5.4.3 Members of the Prosurvival BCL-2 Protein 

Family in CSCs ......................................................................  65   
  5.4.4 An Altered DNA Damage Response in CSCs........................  66   

    5.5  Radiation Resistance ..........................................................................  67   
    5.6  Metastasis ...........................................................................................  67   

  References ...................................................................................................  68   

    6     Targeting Breast Cancer Stem Cells........................................................  75   
    6.1  What Are Targets? ..............................................................................  75   
    6.2  Targeting Breast CSCs .......................................................................  75   

  6.2.1 Targeting Breast CSCs by Chemotherapy ..............................  75   
  6.2.2 Immune Cell-Based Immunotherapy .....................................  83   
  6.2.3 Oncolytic Viruses ...................................................................  83   

    6.3  Differentiation Therapy ......................................................................  84   
    6.4  Targeting CSC-Supporting Factors ....................................................  86   
    6.5  Targeting CSC Niches ........................................................................  88   

  6.5.1 Anti-angiogenic Therapy........................................................  88   
  6.5.2 Integrins and Chemokine Receptors ......................................  89   

  References ...................................................................................................  89   

Contents



xi

    7     Breast Circulating Tumour Cells and Breast Cancer Stem Cells .........  97   
    7.1  What Are Circulating Tumour Cells? ................................................  97   
    7.2  The Epithelial–Mesenchymal Transition (EMT) 

and CTC Formation ............................................................................  98   
  7.2.1 EMT Versus Mesenchymal–Epithelial Transition (MET) .....  98   
  7.2.2 EMT Process and Regulation .................................................  99   
  7.2.3 CTC Formation ......................................................................  100   
  7.2.4 Disseminated Tumour Cells (DTCs) ......................................  100   

    7.3  Breast Circulating Tumour Cells ........................................................  100   
    7.4  Breast Circulating Tumour Cells and Breast Cancer Stem Cells .......  103   

  References ...................................................................................................  104   

    8     Conclusion .................................................................................................  109   
  References ...................................................................................................  109   

    About the Author ............................................................................................  111   

Index ................................................................................................................. 113 

Contents



http://www.springer.com/978-3-319-22019-2


