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Our lab is studying the role of stem cell during 
development, homeostasis and cancer 
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Mechanisms regulating tumor heterogeneity 

Visvader JE Nature 2011 



Development and homeostasis of the mammary 

gland 

Watson et al., Development, 2008 



Different cellular lineages compose the mammary 
epithelium 

Visvader JE Genes & Dev 2009 

Blanpain et al. Cell 2007 



Basal cells are multipotent in transplantation assays 

DeOme, 1959 



Defining the cellular hierarchy of mammary gland 

using genetic lineage tracing experiments 

Alexandra Van Keymeulen, PhD 
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 Genetic and irreversible labelling of the cells 

 Spatial and temporal control of Cre activation 
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Lineage tracing SC and their progeny 
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Tracing multipotent SC Tracing unipotent SC 



All mammary epithelial lineages derived  
from K14 expressing cells during morphogenesis 



K14+ unipotent stem cells ensure mammary  
myoepithelial lineage expansion during puberty 

Myoepithelial lineage Luminal lineage 



K14+ SCs ensure mammary  
myoepithelial lineage expansion during pregnancy 



K8+ unipotent SCs ensure mammary luminal 
lineage expansion during puberty 

Myoepithelial lineage Luminal lineage 



K8+ unipotent SCs ensure mammary luminal 
lineage expansion during pregnancy 



Unipotent basal stem cells become 

multipotent in transplantation assay 



Lineage hierarchy in the mammary gland 
under physiological conditions 

Van Keymeulen et al. Nature  2011 







Not clonal 
No staining 

Initial targeting of 
both basal and 
luminal cells 

Procr tracing 

50% of basal cells 
are multipotent?? 



Many CREER target initially and independently 

basal and luminal cells in adult mice 

Statistical analysis in collaboration with Steffen Rulands and Ben Simons, 
Cambridge University 

Statistical analysis demonstrates that doublets of BCs and LCs 

labelled with the same colour occur by chance  

Aline Wuidart  



Theoretical outcomes of lineage tracing basal 

cells at saturation 



Basal cells are a self-sustained unipotent 

lineage in adult mice 

Immunofluorescence quantification on 3D whole-mounts of mammary 

gland 



Basal cells are a self-sustained unipotent 

lineage in adult mice 

FACS quantification 



Theoretical outcomes of tracing luminal cells at 

saturation 



Luminal cells are a self-sustained lineage in 

adult mice 

Wuidart et al.  2015 unpublished  



Lineage hierarchy in the mammary gland 
under physiological conditions 

Van Keymeulen et al. Nature  2011 
Wuidart et al.unpublished 2015 
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Deciphering the cellular hierarchy of prostate epithelium 
during development and adult regeneration 

Marielle Ousset, PhD 



Model for prostate postnatal development  
and homeostasis 

Ousset et al. Nature Cell Biology 2012 





Tracing the cancer cell of origin 

Blanpain C.  Nature Cell Biology 2013 

Khalil Kass Youseff 

Gaelle Lapouge, PhD  



Sandhu et al, 2010 

Breast cancers are heterogeneous 
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Defining the cellular origin of PIK3CA 

Induced mammary tumours 
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Basal cells give rise to luminal-like mammary tumors  
upon expression of oncogenic PIK3CA 



Luminal cells give rise to heterogeneous mammary  
tumors upon expression of oncogenic PIK3CA 



Luminal cells give rise to more 

aggressive breast tumors following 

oncogenic PIK3CA and p53 deletion 



Cancer cell of origin controls tumor 
heterogeneity in breast tumors 

Van Keymeulen et al. under revision 2015 



Oncogenic PIK3CA induces multipotency  
in unipotent luminal progenitors 



Oncogenic PIK3CA induces multipotency  
in unipotent basal progenitors 



Defining the mechanisms mediating PIK3CA 
induced multipotency 



Multipotent signatures correlate with the types 
of breast cancers and patient outcome 

Van Keymeulen et al. under revision 2015 



Mechanisms regulating oncogene induced 
multipotency in the mammary gland 

Van Keymeulen et al. under revision 2015 



Do breast cancer contain cancer stem cells? 

Beck & Blanpain Nature Reviews Cancer 2013 



Assessing cancer stem cell potential by 
transplantation assays 

Beck & Blanpain Nature Reviews Cancer 2013 





K8 PIK3CAhet p53fl/fl  Primary tumor                                 
(n=4 tumors, 3 mice) 

CD24High 

Cell dose # Transplant Take rate Frequency 

10 6 2 1 in 45 
 

(Range from 
18 to 110) 

100 6 5 

CD24Low 

10 6 0 
1 in 277 

 
(Range from 
70 to 1,100) 

100 6 2 

(Representative plot: CD29/CD24 profile)  

CD24High population 

CD24 marks TPCs in PI3KCA induced basal like 
breast tumors 



Perspectives for personalized medicine  

Patients primary tumors Molecular characterization 
and biomarker expression 

Prognosis and 
patient 
stratification 

-Good Prognosis 
 standard 
therapy 

-Bad Prognosis  
revised therapy 
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Mammary stem cell group in the Blanpain Lab 

Alexandra Van Keymeulen 
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