
Neural stem cells  

•  Neurons in CNS  
•  Macroglial cells 
– Astrocytes  
– Oligodentrocytes 



Neural Stem Cells 

•  Self‐renewing (may be limited) 
•  Mul=potent or unipotent 

•  Neuroepithelial cells can be considered as 
neural stem cells 



Radial glial cells 



Lineage trees of neurogenesis 

NE – neuronal 
epithelium 

N – Neuron  

RG‐ radial glial  

BP – basal 
progenitors 



Neuroepithelium 

•  Formed of single layer of cells that appear 
stra=fied (pseudostra=fied) because of the 
nuclear posi=oning 

•  Nuclear posi=oning is due to interkine=c 
nuclear migra=on  



Neural epithelium  



Polarize features of neuroepithelial 
and Radial glial cells 



Interkine=c nuclear migra=on  

Re=nal pigment 
epithelium 



Interkine=c nuclear migra=on  



Polarize features of neuroepithelial 
and Radial glial cells 



Polar nature of neuralepithelial cells 

Localiza=on of e‐cadherin in neuroectoderm  



Neuroepithelium/Radial Glial Cells 

Nes=n – intermediate filament – specific to neurons  



Radial glial cells in various regions 
rodent CNS 

Astrocyte‐specific 
glutamate 
transporter 
(GLAST) 

Brain‐lipid‐
binding protein 
(BLBP) 

Vimen=n – neuron 
specific intermediate 
filament  



www.ncbi.nlm.nih.gov/ 



Basal progenitors 



Basal progenitors 

NE – neuronal 
epithelium 

N – Neuron  

RG‐ radial glial  

BP – basal 
progenitors 



Cleavage plane orienta=on and cell 
polarity 



Interkine=c nuclear migra=on  



Neurogenesis  

•  The role of interkine=c migra=on is not well 
understood 

•  The plane of division and the dura=on of cell 
division during early stages of neurogenesis is 
controversial and not well understood 

•  A systema=c analysis of gene regula=on and 
gene products during early neurogenesis could 
resolve some of the issues  



www.ncbi.nlm.nih.gov/ 



iPS 

•  Takahashi, K. & Yamanaka ‐Induc&on of pluripotent stem cells 
from mouse embryonic and adult fibroblast cultures by defined factors. Cell 126, 
663–676 (2006) 

•  Marius Wernig et al. ‐ In vitro reprogramming of fibroblasts into 
a pluripotent ES‐cell‐like state Nature 448, 318‐324 (19 July 2007) 

•  Genes needed for complete reprogramming ‐ 
Oct4, Sox2, Klf4 and c‐Myc 



Drug inducible iPS  



Transforma=on of differen=ated cells 
to other cell fates  

•  Basic helix–loop–helix (bHLH) transcrip=on factor 
MyoD (also called Myod1) can induce muscle‐
specific proper=es in fibroblasts but not 
hepatocytes  

•  Ectopic expression of interleukin (IL)‐2 and 
granulocyte–macrophage colony‐s=mula=ng 
factor receptors can lead to myeloid conversion in 
commiced lymphoid progenitor cells 

•  FGF – induc=on of neural cells 



Direct conversion of fibroblasts to func=onal 
neurons by defined factors ‐Marius Wernig Lab 

•  Used TauEGFP knock‐in mice 
•  Prepared MEF cell‐lines without neuronal cell 
contamina=on (used immunofluorescence, 
PCR, FACS to verify)  

•  Rare Tuj1 posi=ve cells which were TauEGFP 
nega=ve  

•  Used a len=viral vector to introduce 19 TF 



Len=viral life cycle 



Neuronal specific TF tested  



T Vierbuchen et al. Nature 000, 1‐7 (2010) doi:10.1038/nature08797 

A screen for neuronal‐fate‐inducing factors and  
characteriza=on of MEF‐derived iN cells. 

•  vGLUT1‐posi=ve‐ 
indica=ng the presence of 
excitatory, glutamatergic 
neurons  

• GABA posi=ve, the major 
inhibitory 
neurotransmicer in brain 





T Vierbuchen et al. Nature 000, 1‐7 (2010) doi:10.1038/nature08797 

A screen for neuronal‐fate‐inducing factors and  
characteriza=on of MEF‐derived iN cells. 

•  vGLUT1‐posi=ve‐ 
indica=ng the presence of 
excitatory, glutamatergic 
neurons  

• GABA posi=ve, the major 
inhibitory 
neurotransmicer in brain 



T Vierbuchen et al. Nature 000, 1‐7 (2010) doi:10.1038/nature08797 

Efficient induc=on of neurons from perinatal tail‐=p fibroblasts. 

5F pool ‐ Brn2, Myt1l, Zic1, Olig2 and Ascl1 

•  vGLUT1‐posi=ve‐ 
indica=ng the 
presence of excitatory, 
glutamatergic neurons  

• GABA posi=ve, the 
major inhibitory 
neurotransmicer in 
brain 

Tails of 3 day old mice 



T Vierbuchen et al. Nature 000, 1‐7 (2010) doi:10.1038/nature08797 

The 5F‐pool‐induced conversion is rapid and efficient. 



T Vierbuchen et al. Nature 000, 1‐7 (2010) doi:10.1038/nature08797 

MEF‐derived iN cells show func=onal synap=c proper=es. 





T Vierbuchen et al. Nature 000, 1‐7 (2010) doi:10.1038/nature08797 

Defining a minimal pool for efficient induc=on of func=onal iN cells. 

BAM pool –Ascl1, 
Brn2 and Myt1  

BAZ pool ‐ Ascl1, 
Brn2 and Zic1 


