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Generation of patient derived/specific cells for transplantation/regenerative medicine 

Graf, 2011 
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2 Making neurons in live animals- In vivo transdifferentiation 





A simplified and conceptual paradigm of induced pluripotent stem cell (iPSC) transcription 
factor (TF)–based transdifferentiation.  

Ma T et al. Circulation Research. 2013;112:562-574 



Induced Pluripotent Stem Cell-Derived Neural Cells Survive and Mature in the Nonhuman Primate Brain 

Emborg et al., 2013 





Aviv et al., 2009 

Vierbuchen et al., 2010 

Berninger et al., 2007 

Caiazzo et al., 2011 

Pfisterer et al., 2011 

Ieda et al., 2010 

Different types of cellular transdifferentiation factors used for directing cell fate switch 



Yang et al., 2011 



Ascl1, Brn2, and Myt1l 

En1, Foxa2, Gli1, Lmx1a, Lmx1b, Msx1, Nurr1, Otx2, Pax2, and Pax5 En1, Foxa2, Gli1, Lmx1a, Lmx1b, Msx1, Nurr1, Otx2, Pax2, and Pax5 



Long-term survival and stability of iN cells generated from transplanted fibroblasts via  
 

conversion in vivo 

Torper  et al. 2013 



Different types of  reactive astrocytes in mouse cerebral cortex  

Verkhratsky et al., 2012 Sharma et al., 2012 

Stroke,  
 
Spinal cord injury,  
 
Glioma,  
 
Neurodegenerative disorders such as Alzheimer’s disease (AD)  

Reactive astrogliosis 



Dopaminergic fate determinants, innervation, and in vivo conversion of human astrocytes.  

Torper  et al. 2013 



Neural conversion of striatal astrocytes in situ  

Torper  et al. 2013 



Verkhratsky et al., 2010 

Astroglial hypothesis of Alzheimer’s disease (AD) 



 In Vivo Direct Reprogramming of Reactive Glial Cells into Functional Neurons after Brain Injury  
 

and in an Alzheimer’s Disease Model 

Guo et al., 2014 

The pathological modification of astrocytes in the demented brains were initially observed by Alois  
 
Alzheimer in 1910 who had found glial cells abundantly populating neuritic plaques. 



NeuroD1 
 
Member of the NeuroD family of basic helix-loop-helix (bHLH) transcription factors 
 
Promote the formation of early retinal ganglion cells, granule cells forming either the cerebellum or 
the DG cell layer of the hippocampus, endocrine islet cells of the pancreas 
 
Dendrite morphogenesis and maintenance in the cerebellar cortex 
 
Associates with chromatin to enhancer regulatory elements in genes encoding key transcriptional 
regulators of neurogenesis 

Pang et al., 2011 

NeuroD1 increases reprogramming efficiency in primary human fetal fibroblasts 



Direct Conversion of Reactive Glial Cells to Active Neurons via NeuroD1 Expression 



Guo et al., 2014 

Only non-neuronal cells are infected by control retrovirus expressing GFP 



Guo et al., 2014 

In Vivo Conversion of Reactive Glial Cells into Functional Neurons after Brain Injury  



Guo et al., 2014 

NeuroD1 Converts Astrocytes into Glutamatergic Neurons 



Guo et al., 2014 

NeuroD1 Converts NG2 Cells into Glutamatergic and GABAergic Neurons 



Direct Conversion of Reactive Glial Cells to Active Neurons via NeuroD1 Expression 



Guo et al., 2014 

NeuroD1 Converts Reactive Glial Cells into Functional Neurons in AD Mouse Brain In Vivo 



Guo et al., 2014 

Conversion of Cultured Human Astrocytes into Functional Neurons 
 



Guo et al., 2014 

Functional Characterization of Human Astrocyte-Converted Neurons 
 
 



Direct convertion reactive glia into neurons in injured or diseased brain tissue 

Possibility of melting the inhibitory gliotic tissues for therapeutic gains 

Using a single factor  (NeuroD1) for transdifferentiation of astrocytes and NG2 cells into neurons in vivo  

Efficiency is higher in older animals even in AD models 

Astrocytes – glutamatergic  
 
NG2 cells - glutamatergic & GABAergic neurons 
 
Functional neurons with deep cortical neuronal subtype 

Conclusion 

Use of retrovirus restricts the conversion to reactive proliferating astrocytes without affecting quiescent glia 



Issues that must be addressed before moving forward with potential clinical applications 

A more efficient and safer method for introducing genetic material into patients’ cells 

Demonstrate integration of converted neurons into appropriate neural circuits and whether this contributes to 
functional improvement. 

Elucidating the mechanisms of cell-type-specific conversion into neurons with distinct phenotypes is required 

Astrocyte activation limits plaque growth and attenuates plaque-related dystrophic neurites. These activities may 
require intimate contact between astrocyte and plaque. 

Gfap and Vim gene deletion resulted in a marked increase in dystrophic neurites 

 
The transdifferentiated cells still carry gene or predisposition to whatever disease being treated 
 
 
 
 



Thank  you  for  your  attention 



Guo et al., 2014 



Guo et al., 2014 



Guo et al., 2014 



Guo et al., 2014 



Guo et al., 2014 



Direct neural conversion from human fibroblasts takes place in vivo  

Torper  et al. 2013 



Direct conversion of human fibroblasts to dopaminergic neurons 

Pfisterer  et al. 2011 
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