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Learning Objectives/Outline 

• Define stem cells and different cell 
types 

• Review mechanisms of action in  
cell-based therapy 

• Review current clinical trials 

• Review potential adverse events 
 

 

 

 



History of Stem Cell Transplantation 



Defining Stem Cells  
• Stem cell: unspecialized cell that is capable of 

replicating itself but also differentiate into 
specialized cells. 





Myeloid Derived Stem Cells 
• Hematopoietic stem cells - CD34+ cells 

can give rise to all blood cell types, few 
controversial reports that under certain 
conditions in-vitro these cells can 
become neurons. 

 

• Mesenchymal stem cells can be 
differentiated to a variety of different 
tissue cells in-vitro including neurons.  

 

• 50,000 adult and pediatric patients/year 
worldwide have received bone marrow 
stem cells.   

 



Umbilical Cord Blood Derived Stem Cells 

Umbilical cord 

Verina T et al.   
Pediatr Neurol 2013  



Neural Stem Cells 

• Neural stem cells can be 
derived from adult and 
fetal human cadavers. 

• Mouse embryonic stem 
cells can be 
differentiated to neural 
stem cells in-vitro. 

• Neural stem cells have 
the ability to become 
neurons, astrocytes, 
oligodendrocytes and 
endothelial cells.  
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Glial Precursor Cells 



iPS Cells Make Viable Mice 

From Zhao XY et al. Nature Protocols 5,-963 - 971 (2010) 

Tetraploid Complementation Assay 



Using iPSCs to Study Disease 
(example Rett syndrome) 

Dajani R, Journal of Cellular Biochemistry 2013 



Using iPSCs to Study Disease 
(example Rett syndrome) 



Issues with Reprogrammed Cells 

Dajani R, Journal of Cellular Biochemistry 2013 
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How Exogenous Cells May Help 

1. Integration into existing networks  

2. Immunomodulation 

3. Neuroprotection by trophic support 

4. Cell-Based enzyme and gene delivery  

 

 



Nature Reviews Neuroscience 2002, 3; 401 



Integration Example 
 

Human Glial Precursors remyeliante the shiverer 

Windrem MS et al. Nat Med 2004 



Martino et al. Nature Reviews 
Neuroscience 7, 395–406 (May 2006) 

Immunomodulatory Effects 



Neural Spheres Migrate and 
Stimulate Endogenous Stem Cells 



Mesenchymal Stem Cell Injection Improves Outcome 
in Mice with Neonatal Hypoxia-Ischemia  

Cells injected into 
the brain 3 days 
after HI 

Van Velthoven et al. Brain, Behavior, and Immunity 
Volume 24, Issue 3, March 2010, Pages 387-393 



Stem Cell-Based Enzyme Delivery 



Stem Cell-Based Gene Delivery 





Glial Precursors Migrate Along  
the White Matter  
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Bone Marrow Stem Cell Transplantation 

• Has improved outcome in some neurometabolic 
disease.  

• High risk of mortality (5-30%) pending on 
patient’s age, baseline disease and other factors. 

• High morbidity due to chemotherapy and 
immunosuppressive treatment leading to 
infections and organ damage.  





Br J Haematol.  2010 Feb; 148 (3):356-72.  Epub 2009 Nov 16. 



Cord Blood Nucleated Cell 
Transplantation in  

Neurologic Diseases 

• Recently used in neurometabolic diseases 

• Associated with lower morbidity and 
mortality, easier to find a matched donor 

• Role of autologous transplantation 

 



Autologous Cord Blood 
Transplantation in Cerebral Palsy 

• More than 170 children with diagnosis of cerebral palsy 
have received autologous CB units as compassionate 
care at Duke University  

• Ongoing trial in USA, NCT01072370, Inclusion Criteria: 

– 1-12 years of age, placebo-controlled, FU after one year 

– Clinical evidence of a non-progressive motor disability due to 
brain dysfunction. The subjects will not have the ability to sit 
independently by one year of age or the ability to walk by 18 
months of age. 

• 2 other studies: Korea (allogeneic + Epo) and Iran 
(CD133+ autolog) 



Autologous Cord Blood 
Transplantation in HIE 

• Two ongoing trials listed at clinicaltrials.gov:  
NCT00593242 (Duke Univ. USA) 

– Term infants with moderate to severe encephalopathy that 
missed cooling receive autologous cord blood within first 14 
days 

– Compared to historical controls 

– Outcome will be assessed at 9-12 months 

 NCT01506258 (Mexico)  

– Term infants with HIE within the first 48h of life 

– Compared to controls who refuse therapy 

– Outcome at one year 

  



Phase I (Safety) Trial of  
Neural Stem Cells in USA  



HuNSC Tx in Batten Disease 

• In six patients with advanced stages of infantile and late 
infantile Neuronal Ceroid Lipofuscinosis due to PPT1 
deficiency.  

• Cells directly transplanted into two different sites in each 
hemisphere via stereotaxic surgery,  three patients got 500mil 
cells, three got 1bil cells 

• Patients immunosuppressed for 12 months 

• Monitored for  four years,  three patients all due to NCL 
disease progression 

• Autopsy no evidence of malignancy 

 



Evidence of Cell Migration in Autopsy Case 
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Complications of Hematopoeitic 
Cell Transplantation 

• Acute and chronic graft versus host disease 

• Engraftment syndrome 

• Veno-occlusive disease 

• Idiopathic pulmonary syndrome 

• Immunosuppression associated infection 

• Side effect of chemotherapeutics (preparative 
regimen)  

 

 



Lessons Learned from 
Krabbe Disease 

the ‘big thing in 2005’ 



Long Term Follow Up Study of 
Same Cohort Published in 2009 

• 16 presymptomatic children transplanted at Duke 
and elsewhere for early infantile Krabbe disease 

• Two died  

• All others spastic – three mild 

• Five required gastostomies 

• All were below 3% with height and weight 

• All have abnormal expressive language  

• 50% walk with assistive devices  

• 25% don’t walk 
           Duffner P et al. Genetics in Medicine (2009) 11, 450 



Summary 
• Currently ongoing cell based therapy for a number of 

neurometabolic  conditions. 

• Advanced cell engineering methods open the door to new 
therapeutic approaches. 

• Expect to have many more trials to come within the next  
5-10 years. 

• Not all patients will be ideal candidates.  

• Stem cell therapy can be harmful, very dangerous 
complications including death.  

• Need for careful investigations to determine who will benefit 
and in whom it may be harmful.  
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