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Substantia nigra “dopaminergic” neurons 

release dopamine in the striatum 



In Parkinson’s substantia nigra nerve 
cells are slowly being lost
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Cell replacement therapy for 
Parkinson’s
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Therapy: Transplant new dopaminergic neurons into putamen

striatum
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9-week human fetus

ventral 
midbrain

(Brundin et al, 1986, Exp Brain Res)



Human clinical trials with fetal

ventral midbrain tissue

(18F-DOPA PET)
Fetal transplant (Lindvall et al, 1994)

unilateral fetal graft



24 years after fetal transplant

(Li et al, 2016, PNAS)

TH = tyrosine hydroxylase, put = putamen
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Fetal tissue replaced by 

hESC/iPSC-derived cells

dopaminergic 

cells

(Grealish et al., 2014)



Two types of pluripotent stem cells

Embryonic Stem cells (ESCs)

induced Pluripotent Stem cells (iPSCs)

(from embryos – IVF clinics)

(from adults – blood or skin cells)

NANOG

Different 

hESC lines
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Making dopaminergic neurons in a dish
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Making dopaminergic neurons for 

‘personalized’ medicine
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George Lopez

https://youtu.be/PjUtACvuqT8

Kwang-Soo Kim



George Lopez



Personalised Parkinson’s cell replacement therapy

https://www.statnews.com/2020/05/12/medical-first-parkinsons-brain-cell-transplant-stem-cells/



Personalised Parkinson’s cell 
replacement therapy

In January 2017, the FDA signed off on the 2,500-page “compassionate 

use” protocol they had submitted, green-lighting a one-patient experiment.

Transplantation surgeries – 6 months apart

Left side: 5th September, 2017

Right side: 6th March, 2018 

After 2 years, patient had no infections, no tumours, and no complications.



PET imaging up to 2 years after surgery



Clinical measures up to 2 years after surgery



Clinical measures up to 2 years after surgery



Future outlook



Future outlook



Beyond cell transplantation…

Astrocytes rewired to replace 

neurons lost in Parkinson’s disease

25th June 2020



In situ cell conversion

Use a virus to knock-down 

one gene, PTB, in astrocytes

AAV = adeno-associated virus

sh = short-hairpin



In situ cell conversion



In situ cell conversion

Astrocytes turn into 

dopaminergic neurons

Astrocytes turn into 

cortical neurons

shPTB virus

shPTB virus
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