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 Purpose of review 
 

 To review recent developments in the application of stem 
cells for transplantation therapies in neurodegenerative 
diseases. 

 

 Summary 
 

 prospects of stem cell technology  - clinical management of 
neurodegenerative conditions 

 differentiation of stem cells towards the appropriate neural 
phenotype remains a challenge  

 relatively new and rapidly evolving area, and caution should 
be applied when advising patients 



 Introduction 
 

 The central nervous system (CNS) is relatively resistant to 
regeneration 

 

 repair by introducing new cells into damaged areas : 
potential treatment strategy for neurodegeneration 

 

 Primary fetal brain cells : proof of principle in small clinical 
studies in Parkinson's disease and Huntington's disease 
• limited availability of primary fetal cells -> need to identify a renewable 

source of cells suitable for wide-scale application of transplantation 



 Stem cells: definitions and sources 

 
 definition : proliferative cells that have the capacity to 

self-renew (generating identical daughter cells)  
 

 best-known stem cells : embryonic stem cells (ESCs) 
derived from the inner cell mass of embryos 

 

 pluripotent cells - capable of giving rise to all cells of the 
mature organism 

 multipotent cells - restricted range of differentiated progeny 

 



 

 The stem cell is complicated  
 

 the loose use of terminology to include cells that do not 
have true stem cell characteristics 

 
 the inclusion of cells that would be more accurately classed 

as 'progenitors', which have a more limited capacity for self-
renewal and often a more restricted differentiation potential 

 

 Human neural stem cells(NSCs) are a case in point :              
large numbers of lineage-restricted progenitors, but contain 
true self-renewing stem cells is less clear 



 The major stem cell sources   
 

 pluripotent sources such as ESCs and embryonic germ cells  
derived from the gonadal ridge of the fetus 

 

 more lineage-restricted sources such as NSCs derived from 
the fetal or adult CNS  

 

 Nonneuronal sources such as mesenchymal stem cells 
(MSCs) derived from bone marrow or blood, umbilical cord , 
and amniotic fluid 



 Stem cells for transplantation in 
neurodegenerative diseases 

 
 stem cells considered as a donor cell source to achieve 

cell replacement and effect circuit repair in the CNS 
 

 An additional potential use is peripheral transplantation 
to achieve modification of the host immune environment , 
which may have a beneficial effect by modulating the 
immune system in some diseases 



 Many neurodegenerative conditions have been 
considered for therapeutic repair of neuronal circuity. 
This research has advanced furthest in diseases of 
the basal ganglia, namely Parkinson's disease, and 
Huntington's disease 

 
 Amyotrophic lateral sclerosis (ALS), Alzheimer's disease, and 

demyelinating diseases such as multiple sclerosis are 
potential targets for circuit repair 



 To repair neural circuits, donor cells integrate into the 
damaged host tissue and make synapses with host 
neurons.  

 

 A major requirement in achieving circuit repair is to 
persuade potential donor cells to adopt the precise 
neural phenotype of the cells lost to the disease 
process and demonstrates that this is an absolute 
requirement for recovery of function  
 



 Dopamine cell replacement using stem cell-
derived neural progenitors 

 
 Transplantation of human fetal ventral 

mesencephalon tissue can improve function in 
Parkinson's disease patients  
 the scarcity of human fetal tissue of sufficient quality 

has prompted the search for alternative donor cell 
sources.  

 

 An obvious option is to use stem cells  
 stem cells produce few dopamine neurons 

spontaneously following proliferation in culture, even 
when derived from the developing ventral 
mesencephalon 



 Research to identify ways of 'directing' stem cells 
towards a specific phenotype has focused on 
providing signals to the cells to recapitulate elements 
of normal development 

 

 Recently, protocols have been developed for encouraging 
dopaminergic neuron differentiation from short-term 
expanded mouse NSCs , although following grafting these 
cells appear to be particularly vulnerable and have poor 
survival 



 Andersson et al. used strategy of over-expressing 
genes 
 important for the development of mouse ventral mesencephalon 

dopamine cells in NSCs 

 

 Over-expression of both Ngn2 and Nurr1 produced 
tyrosine hydroxylase-positive cells with additional 
markers of dopamine differentiation 

 

 A further problem with NSCs is that they appear to 
have limited proliferative and neurogenic potential, 
which may restrict their therapeutic application 

 



 ESCs appear to be more amenable to patterning with 
exogenous factors 
 more success in directing ESCs towards a dopaminergic fate 

than there has for NSCs  

 

 Rodriguez-Gomez et al built on work to produce a 
five-step protocol for directing mouse ESCs towards 
a dopaminergic neuron fate based on known biology 
of developing dopaminergic neurons 
 the resulting neurons appear to have long-term functional 

effects in a rodent model of Parkinson's disease following 
transplantation 



 
 Although there is convincing demonstration in this 

study of the conversion of substantial numbers of 
human ESCs into dopaminergic neurons in vitro, the 
behavioural effects are less easy to evaluate and 
have been subject to criticism  

 

 Further studies are required to establish whether the human 
ESC-derived dopamine neurons produced to date can really 
provide long-term alleviation of symptoms in animal models 
of Parkinson's disease 



 Establishing behavioural efficacy is crucial, as 
it cannot be assumed that neurons 
expressing the relevant neurotransmitters in 
vitro will necessarily be fully functional in vivo 

 

 Nicely demonstrated by a study in which 
convincing in-vitro evidence of dopaminergic 
neuron generation was nevertheless 
associated with poor graft survival and 
absence of functional improvement following 
transplantation 



 Trophic support of host tissue may also 
contribute to functional recovery 
 

 MSCs have been investigated for cell replacement in a rat 
model of Parkinson's disease and several mechanisms of 
action may be important in achieving any functional 
improvement 
 Intrastriatal injections of MSCs survive to a limited extent and 

may show some behavioural improvement in a rat 
Parkinson's disease model 

 
 Recently , attempts to convert MSCs derived 

dopaminergic phenotype in vitro, although there was very 
poor survival after transplantation 

 Reports of expression of transcription factors associated 
with dopamine neuron development in MSCs derived from 
umbilical cord blood 
 



 Application of a stepwise protocol similar to that used 
for the ESCs was applied to umbilical cord cells and 
achieved dopamine release in vitro with reduction of 
rotational behaviour in transplanted Parkinson's 
disease animals compared to controls 
 not with the degree of recovery seen with primary cells 

 

 The extent to which MSCs can transdifferentiate and 
take part in circuit repair is not clear 
 although there is evidence for both formation of electrically 

active circuits and potentially functional cells following MSC 
fusion of host cells in a Niemann-Pick model of 
degeneration 



 Another important mechanism for MSCs is supply of 
factors for trophic support , and indeed MSCs or 
other stem cells may be induced to produce trophic 
factors 

 

 For example, infusion of glial cell derived neuro-trophic 
factor has shown improvement in some clinical trials of 
Parkinson's disease patients  

 Similar cells were also transplanted into a quinolinic acid-
induced model of Huntington's disease and rescued intrinsic 
striatal neurons, but only if given before the insult 



 Conclusion 
 
 The field of stem cell transplantation for 

neurodegenerative disease has witnessed rapid recent 
progress.  

 
 Important to balance the hope invested in these 

promising new potential therapies with appropriate 
caution to ensure that cells are not taken into clinical 
studies prematurely.  

 
 Even for cells that have proven to be safe and 

functional in animal models, there are issues 
associated with human application, such as 
tumourigenicity and GMP production that require urgent 
attention , and there are the scientific advances making 
available new sources of cells for therapeutic 
application 


