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Yamanaka factors OSKM 

iPSCs are pluripotent stem cells artificially derived from a non-pluripotent 
cell, typically an adult somatic cell, by inducing a ‘forced’ expression of 
specific genes  



4-5 days 

Embryonic Stem Cells 

Human ESCs in culture 



4-5 days 

Embryonic Stem Cells 



Reprogramming approaches 



Neural differentiation 

Mertens et al, Nat Rev Neurosci 2016 

Stages of neural differentiation in vitro and in vivo 
• hPSCs transit through defined stages during which they resemble distinct neural progenitor 

cell (NPC) populations present during in vivo neurogenesis 
• hPSCs differentiate into neuroepithelial stem cells in vitro, corresponding to the 

neuroepithelial NPCs that form the neural plate in vivo 
• Rosette-type NPCs  derived from hPSCs resemble NPCs that populate the early neural tube 
• Radial glia-like NPCs generated from the rosette-type NPCs  give rise to postmitotic neurons  



Neural differentiation 

Russo et al, World J Transplant. 2015 



You can study only what you can make 

Ichida & Kiskinis, EMBO J 2015 

A number of different 
human neural subtypes 
can be efficiently 
generated by directed 
differentiation from 
pluripotent stem cells 



Neuronal subtype specification 

dorsal dorsal 

ventral ventral anterior-posterior  

The developing brain is patterned by morphogens like FGFs and RA along the anterior-
posterior axis into forebrain (FB), middle brain (MB), hindbrain (HB), and spinal cord (SC). In 
each part of the brain and spinal cord, it is further subdivided into multiple domains along the 
dorsal-ventral axis by morphogens like WNTs, BMPs, and SHH.  



Temporal course of glial differentiation 

more than 100 days in vitro… 
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Modeling Human Brain Development 



Anderson & Vanderhaeghen, Curr Opin Neurobiol 2014 

Modeling temporal and spatial patterning of  
cortical neurogenesis 



• the cortex of humans and other primates appears to follow different scaling rules than 
that of other mammals, including mouse, in terms of the relationship between cortical 
volume and cell number and overall body size  

• In this study, they extended the use of stem cell systems to compare human, macaque, 
and chimpanzee cortical neurogenesis to understand the developmental mechanisms 
regulating increased cortical size in different primates 

Pan Troglodytes  

Macaca fascicularis 

Macaca nemestrina  

macaque ESCs 

chimpanzee iPSCs 

human ESCs & iPSCs 

Modeling cortical development 



ESCs/iPSCs 

(Dispase) 

Neural induction 

(Noggin/SB)  

for 12 days 

NE sheet  

(Dispase) 

N2/B27-medium 

+ FGF2  

for 4 days 

N2/B27-medium up to 80 days 

Laminin 

Day 20-35 

early-born deep-layer neurons Tbr1+ and/or CTIP2+ 

After day 70 

Late-born upper-layer neurons  

Satb2+, Cux1+ and Brn2+ 

3-months 

~ equal proportions of  

deep- and upper-layer neurons  

Shi et al, Nature Protocols 2012 

Modeling cortical development 



Species-appropriate timing of 
major developmental events in 
cortical development is 
maintained in vitro 

Cell Stem Cell 2016 18, 467-480DOI: (10.1016/j.stem.2016.03.003)  
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Ichida & Kiskinis, EMBO J 2015 

Modeling neurological diseases 



Modeling neurological diseases 

Alzheimer's Disease 
Amyotrophic Lateral Sclerosis (ALS) 
Angelman & Prader–Willi Syndrome 
Ataxia Telangiectasia 
Best Disease 
Dravet Syndrome 
Familial Dysautonomia 
Fragile X Syndrome 
Friedreich's Ataxia 
Frontotemporal Dementia 
Gaucher's Disease 
Gyrate Atrophy 
Hereditary Spastic Paraplegia 
Huntington's Disease 
Lesch–Nyhan Syndrome 

Microcephaly 
Neuronal ceroid lipofuscinosis 
Niemann–Pick type C1 disease 
Parkinson's Disease 
Phelan–McDermid Syndrome 
Retinitis Pigmentosa 
Rett Syndrome 
Schizophrenia 
Spinal Muscular Atrophy 
Tauopathy 
Timothy Syndrome 
 

List of human neurological diseases with published iPSC studies 

26 Diseases 
>200 Publications 

Ichida & Kiskinis, EMBO J 2015 
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ALS  
patient-derived neurons 
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Modeling Parkinson’s Disease 
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Human iPSCs can be directed into OPC fate 
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SCZ-derived hGPCs exhibit aberrant dispersal  
and relative hypomyelination 
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Astrocytic differentiation 
is impaired  
in SCZ hGPC chimeric brain 
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SCZ-derived hGPCs 
suppress  
glial differentiation-
associated gene 
expression 
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From cell autonomy  
to  

more sophisticated systems 



3D stem cell-based models 

Organoids 

Ichida & Kiskinis, EMBO J 2015 



Brain organoids 



Lancaster & Knoblich, Science 2014 

Therapeutic potential of organoids 



iPSC-based models: study disease mechanisms in the context of human neurons and in 
the context of each patient’s own unique genetic background 

• What is the right cell type to make and study?  

• What are the right controls to use when assessing a disease-related phenotype?  

• How do phenotypes identified in vitro relate to the clinical presentation of patients? 

The answers to these questions will help us conclude what are the capabilities and limitations 
of this promising technological tool.  

The technology of cellular reprogramming has brought this reality of clinical 
heterogeneity seen in patients from the bedside to the lab bench. 

Perhaps the seemingly biggest advantage of this approach - the ability to study disease in the 
genetic background of the patient - has created the biggest challenge, as genetic background 
contributes to high variability in the properties of the patient-derived cells. This variability is a 
reality that neurologists have been facing for years, as often, two patients diagnosed with the same 
condition might present with very different clinical profiles. 

Take home points 

• Can we match an in vivo clinical trial with an in vitro iPSC-based clinical trial to monitor the 
correlation of outcome measures?  

• Can we predict how patients will respond to a potential therapeutic treatment by studying their 
stem cell-derived neurons? 



Telephone interview with Shinya Yamanaka following the announcement of the 
2012 Nobel Prize in Physiology or Medicine, 8 October 2012  

[AS] But I just wanted ask you one final question, which was what your greatest hopes for stem 
cells technologies are at the moment? What do you hope will be the first benefit? 
 
[SY] Well, I will bring this technology to clinics. I really want to help as many patients as possible. 
As you may know, I started my career as a surgeon 25 years ago. But it turned out that I am not 
talented as a surgeon. So I decided to change my career, from clinics to laboratories. But I still 
feel that I am a doctor, I am a physician, so I really want to help patients. So my goal, all my life, 
is to bring this technology, stem cell technology to the bedside, to patients, to clinics.  



Thank you 



Pilot clinical study into iPS cell therapy for eye disease in Japan 

Masayo Takahashi M.D., Ph. D. 
Laboratory for Retinal Regeneration 
RIKEN Center for Developmental Biology  

Human iPSC-derived  
Retinal Pigment Epithelium (RPE) 

Human iPSCs RPE cell sheet 

First patient  
to receive iPSC-derived implant: 
70 year old Japanese woman  
age-related macular degeneration 



Applications of iPSC technologies in spinal cord injury 

• Lessons From the Geron Clinical Trial 
• http://www.ikdrc-its.org/Cell-Therapy-and-

Regenerative-Medicine/Services/5124 
• https://neurogen.in/ 

Nagoshi & Okano, J Neurochemistry 2017 
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Applications of iPSC technologies 

Okano & Yamanaka, Mol Brain 2014 


