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Human Embryonic Stem Cells
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Characteristics of Human Embryonic Stem Cells
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- Distinct morphology

- Specific transcription factors

and cell surface epitopes

- Usually maintain normal

karyotypes 

- Three embryonic germ

lineage differentiation 

So what’s the problem?

• Ethical objections

• Face immune 

rejection after 

transplantation
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Discovery of Induced Pluripotent Stem Cells

Oct4, Sox2, Klf4, c-Myc

The Shared Nobel Prize in Physiology 

or Medicine 2012 "for the discovery 

that mature cells can be 

reprogrammed to become pluripotent"

adult cells

repaired iPS cells

differentiated donor cells

Patient Specific Induced Pluripotent 

Stem Cells

iPS cells
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Signals to Stem Cells
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hPSCs

Early Neural Tissue Development
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Neural Differentiation of hESCs
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Neural Differentiation of hESCs

2 weeks 3-4 weeks 5-6 weeks

hESC- derived neural progenitor cells express markers 

for early embryonic neural stem cells – radial glial cells
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Neural Differentiation of hESCs
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Differentiation Potential of 
hESC-Derived Neural Progenitors

GABAergic neurons, Glutaminergic neurons, Glial cells
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Neural Crest Development

pan-placodal region

Litsiou A., et al., Development , 2005 

Pax3/7+ Cells Stuhlmiller, et al., CMLS, 2012

hPSCs

Neural Crest lineage

Neural lineage

Neural Crest Differentiation from hPSCs
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Specificity of Neural Crest Differentiation Protocol

hESCs Neural Dif (ND) Neural Crest Dif (NC) 
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Efficient Protocol to Derive Neural Crest Progenitors
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Neural Crest Progenitors are Multipotent Activation of FGF8 and Inhibition of Notch 

Induce Migratory NC Phenotypes
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Inhibition of Notch Induces NC-Derived Neurons

Peripheral sensory neurons

Autonomic neurons

Peripheral neurons
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Neural crest-derived neurons

Notch and Neural Crest Differentiation 

To sum up…

• Neuraland neural crest stem cells could be efficiently derived 

from hESCs.

• Both neural and neural crest stem cells could be precursors for 

various types of neurons

• Robust and efficient protocol for the derivation of premigratory 

neural crest-like cells (pNCCs)

• pNCCs  are multipotent and able to generate neural crest 

derivative cells, including peripheral sensory neurons.

• Modulation specific signaling pathways could induce migratory 

neural crest cells and possible other neural crest derivatives.
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Challenging of Neural Crest Differentiation 

Crane, et al., Annu Rev Cell Dev Biol, 2006
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Modeling neurological disorders by using iPSCs 
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