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Cancer in European countries
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Du to the low efficiency of treatments  Cure failure 

 High rates of recurrences 

Total > 1.30M > 1.35M

 The cancer 

One tumor 

 Different tumors

Different organs

 Different genotypes 

Different people

 Different environments

Different cells 

Reconsidering  

Tumor   

heterogeneities ? 

Beliefs and dogmas evolution … 



Intratumoral heterogeneity and Cancer Stem Cells (CSCs) 

The histological heterogeneity observed is associated to heterogeneous expression of different markers 

among cancer cells, termed intratumoral heterogeneity. (Nassar D and Blanpain C Annu. Rev. Pathol. Mech. Dis. 2016)

Arising tumors in different patients  Gives a supplementary variability known as intertumoral heterogeneity 
(Almendro V et al. Annu. Rev. Pathol. Mech. Dis. 2013)

CSCs emerging as a nongenetic determinants of heterogeneity

 Related to development pathways and epigenetic modifications
(Kreso A and Dick JE. Cell Stem Cell. 2014)

Heterogeneities in cancer  constitute many biological properties, 

shared by all tumors. (Almendro V et al. Annu. Rev. Pathol. Mech. Dis. 2013)

Tumor heterogeneity (mostly genetic determinants) 

 Leads to tumor classification



The Cancer Stem Cells or CSCs

CSC concept  States that tumor growth, analogous to the renewal of healthy tissues, is fueled by small numbers of 
dedicated stem cells. 

Firsts demonstrations related to CSCs

- Acute Myeloid Leukemia (AML)  John Dick et al. Determined a cell subpopulation of primary tumor able to 

propagate disease in immuno-deficient mice (Lapidot T, et al. Nature 1994)

- Exhibit cell-surface marker phenotype similar to the hematopoietic stem cells (Bonnet D and Dick JE. Nat. Med. 1997)

CSC in Solid Tumors

Breast Cancer - Identification of CSC as tumorigenic breast cancer cells
- ALDH1 as a CSC marker in human mammary cancer

Al-Hajj Met al. PNAS. 2003
Ginestier C, et al. Cell Stem Cell. 2007

Brain cancer Identification of stem cell in human brain tumors, based on CD133 marker Singh SK, et al. Canc. Res. 2003

Ovarian Cancer CSCs in ovarian cancer aggressiveness Bapat Saet al. Can. Res. 2005

Prostate Cancer Identification of tumorigenic prostate CSCs Collins AT, et al. Canc Res. 2005 

Colon cancer -Phenotypic characterization of human colorectal CSC
- Identification and expansion of human colon CSCs

Dalerba P, et al. PNAS. 2007
Ricci-Vitiani L, et al. Nature. 2007

Lung Cancer Identification and expansion of the tumorigenic lung CSC populations Eramo A, et al. Cell Death Differ. 2008

Pancreatic Cancer CSCs function in tumor growth and metastatic activity pancreatic cancer Hermann PC, et al. Cell Stem Cell. 2007

Liver Cancer Characterization of CSCs in hepatocellular carcinoma Yang ZF, et al. Canc Cell. 2008



CSCs characterization: An older story !!!

 Existence of a stem lines of tumor cells as a primary contributors of tumor growth

 These cells are persistent by regular mitotic divisions

 They are unaltered by chemical treatments ……. chemo-resistance!

 Their genetic constitution determines the genetic behavior of the tumor 

…. These cells provide genetic background of the tumor 
Makino Sajiro. Ann N Y Acad Sci.1956

 Sajiro Makito postulated the evidence of Cancer Stem Cells, in ascites tumor…. in 1956



Cancer Stem Cells
(CSC)

Normal Cells have normal Differentiation and functions.
Cell growth, proliferation, maturation and differentiation are physiological and controlled process  Followed by
Natural/programmed Cell death: apoptosis.

Cancer Cells have No differentiation et no functionality. 
Cell growth, proliferation and maturation are not controlled process. Apoptosis deficiency  Raising up of proliferative cell clones

Stem Cells/ progenitor

Treatment resistance

Normal Cells/Cancer Cell … Not the same cells!!

Tumor regeneration
(Recurrence)



(Guo W et al. Pediatr. Res. 2006)

How to tackle the CSCs ?How to identify CSCs ?

- Definition based on cell surface markers expression
CD133, CD44….CD34 (Hematopoietic Stem Cell marker)

- Determination complexes !!!

Eg: CD133 marker 

(Bidlingmaier et al., 2008)

- CD133+ cells with glycosylated motifMarker of CSC (GBM model)
(Kemper K, et al. P. Can. Res. 2010)

- CD133- cells Also able to regenerate tumors, less proliferation properties
(Beier D, et al. Can. Res. 2007

- Small subpopulation fractions 



Cancer Stem Cells
(CSCs)

Differentiation-based 
Therapy

Normal Cells have normal Differentiation and functions.
Cell growth, proliferation, maturation and differentiation are physiological and controlled process  Followed by
Natural/programmed Cell death: apoptosis.

Cancer Cells have No differentiation et no functionality. 
Cell growth, proliferation and maturation are not controlled process. Apoptosis deficiency  Raising up of proliferative cell clones

Stem Cells/ progenitor

Induction of apoptosis based on 
new therapies development (CSCs-

targeted)
(New drugs, new resistance 

process…)

Which Strategy to tackle the CSCs ??



CSCs biological markers : glioblastoma case

• Brain CD133+ CD49f+ CD90+ 

• Breast ALDH+ ESA+ CD44+ CD24-/low

• Colon  CD133+ CD44+ CD166+ EpCAM+ CD24+ 

• Lung  CD133+ ABCG2++ 

• Melanoma CD20+ 

• Pancreatic CD133+ CD44+ EpCAM+ CD24+ 

• Prostate  CD133+ CD44+ CD24-

• CD133, CD44  Cell surface markers

• NANOG, SALL4, SOX2, c-Myc, Olig2, Bmi1, KLF4  Transcription Factors 

• STAT3  Cell signaling protein/Transcription Factor 

• Nestin  Intermediate Filament

In Glioblastoma (GBM) Bradshaw A et al, Front in Surg. 2016 

Cell surface markers used for CSC 

isolation 

 Different depending on the type 

of cancer considered

Both are controversial !!! 

Transcription Factors mean 
 Nucleus localization ? 

Well known as a neural 
progenitor marker

CSC characterization  Needs to analyze the whole panel of markers

 needs to use a combination of techniques (Flow Cytometry, Immuno-cyto and histochemestry, 

molecular biology (PCRs) …) 



Additional methods/assays to validate CSC characterization 

- Evaluation of the survival and proliferative ability of a single cell to grow  Clonogenicity assay

CSC enriched cellsControl population 

From Cheray M…and Lalloue F, J Cell Mol Med. 2017

 The number of colonies and their sizes were evaluated  

- Evaluation of the CSCs self-renewal capacity 

 Sphere formation assay

Ability to maintain a panel/percentage of cells 

with stemness-like properties in the new developed tumor

(O'Brien CA et al. Clin. Can. Res. 2010)

 Heavy protocols

 Long time consuming

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5264145/


CSC studies : new challenges 

- Explore other CSCs properties : biophysical characteristics  

 Sedimentation Field Flow Fractionation : cell sorting  based on cell size, density, rigidity

 SdFFF technique (UNILM) :
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Summary

Study the CSCs 
 Great challenges

Identification
/Characterization

Isolation

Elimination 

As a diagnosis and prognosis value
to evaluate tumor development 
and risks of therapy resistance   

Objectives

Adapt potential treatments

Prevent recurrences 

Build new tools eg: Utilize the Dielectrophoresis (DEP) properties



Thank you • Pr Fabrice Lalloué

• Dr Barbara Bessette

• Pr Marie-Odile Jauberteau

• Pr Battu Serge

• Dr Gaëlle Bégaud

• Dr Verdier Mireille


