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Stem Cells and Regenerative Medicine 

• A new and rapidly growing field of biomedical 
research with widespread ramifications 

• A potentially disruptive set of technologies whose 
future implications are difficult to predict 

• A highly interdisciplinary field 

• Scientific, clinical and economic basis for product 
development and health care delivery in this 
sector is evolving and remains largely undefined 



Properties of pluripotent stem cells 

• Grow indefinitely in vitro 

• Maintain normal genetic makeup 

• Cloned lines capable of differentiation into a wide range 
of somatic and extraembryonic tissues in vivo and in 
vitro-at high frequency and under a range of conditions 

• Capable of colonising all tissues including germ line after 
blastocyst injection to give chimeric offspring   

 

 



Zhu et al. 
Nat. Rev. Gen 2011 
Doi:  10.1038/nrg2951 

Two types of human pluripotent stem cell 



Embryonic stem cells 

• Derived from spare embryos before 
specialised tissue of the body begin to form 

• Can multiply indefinitely in laboratory cultures 

• Retain the ability of embryonic cells to turn 
into any type of tissue 



Blindness 

Macular degeneration is a major 
cause of blindness in the aging 

population 



Retinal pigment epithelium and macular 
degeneration, a major cause of blindness 



Nov 98- human embryonic stem cells discovered 
2012-First human trials of human embryonic stem cell therapeutics 



The road to the clinic: 

ES cells for eye disease 



2000- hESC can form neural tissue in vitro.  The eye forms 
as an outgrowth of the embryonic brain 



Groppe et al. Nature 

420: 636, 2002 

Treatment with the embryonic head 
inducer noggin 
induces differentiation of human ES cells 
into primitive neural tissue 
Nestin and Sox-2, markers of early 
neurogenesis 

2004-directed neural  
differentiation  

Conservation of developmental mechanisms 



Retinal pigment epithelium from human neural progenitors 
Doheny Eye Institute and Center Collaboration 



ES-derived RPE forms 
 a polarized epithelium 



ES-derived RPE is functional: 
Phagocytosis of rod segments 



Macular Degeneration is a  
Promising Early Target 

• Small amount of tissue to be replaced-not 
many cells required 

• Pigment epithelium from ES cells is fully 
functional 

• Eye is highly accessible for monitoring and 
intervention, imaging outstanding 

• Localized immunosuppression is possible 



CIRM Macular Degeneration Disease Team:  
The California Project to Cure Blindness- 

$16 million to bring the study to Phase 1 trial in four years 

• USC Doheny Eye Institute (Mark Humayun, PI; David 
Hinton Co-PI; Vas Sadda, Biju Thomas, Martin Pera) 
 

• UCSB Macular Degeneration and Stem Cell Centers 
(Dennis Clegg, Co-PI; Lincoln Johnson) 
 

• UCL London Project to Cure Blindness (Pete Coffey, 
Partner PI funded by MRC) 
 

• Caltech Biology and Chemistry (Scott Fraser, Bob 
Grubbs, Yu-Chong Tai) 
 

• City of Hope Center for Biomedicine and Genetics GMP 
Facility (Larry Couture) 
 



Schwartz et al.   
Lancet 379:, 713, 2012 

Phase 1 trials of hESC derived retinal pigment epithelium grafts 
in macular degeneration (ACT Trial) 

 



Induced Pluripotent Stem Cells 

Induced pluripotent stem cells 
provide a new approach to tissue 
matching for transplantation and  

powerful research tools 



Reprogramming to Pluripotency 



Induced Pluripotent Stem Cells (iPSC) 
• Somatic cells “reprogrammed” by viral transfection 

• ES-specific transgenes introduced into host cells Oct-4, 
Sox2, Klf-4, c-Myc 

• Subset of cells: ES-like colonies = iPS cells 

• Avoids use of embryos 

 

Yamanaka S et al Cell 2006 (mouse) and 2007 (human) 

http://upload.wikimedia.org/wikipedia/commons/0/09/Induction_of_iPS_cells.svg
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iPSC: applications 

 Research: 
Disease 
Modeling 
 
 

 Therapy: 
Tissue 
Matching 

Yamanaka S et al Cell 2007 
Chun YS et al Int J Biol Sci 2010 



Pluripotent stem cells have important 
applications in biomedical research 

• Basic studies of early human development and its 
disorders-birth defects, childhood cancers 

• Functional genomics in human cells 

• Discovery of novel factors controlling tissue 
regeneration and repair 

• In vitro models for drug discovery and toxicology 

 



Itzhaki et al. Nature 471:  225, 2011 

Modeling the long Q-T syndrome 
with human iPSC 
 
Congenital Type 2 LQTS: 
Model for LQT caused by  
heart failure, cardiac hypertrophy 
or drugs 



Zhu et al. 
Nat. Rev. Gen 2011 
Doi:  10.1038/nrg2951 

Approaches to human functional genomics 



Human Pluripotent cells: 
Functional Genomics Revolution 

• There are differences between mice and humans 

• We can make targeted genetic modifications in 
human ES cells to create disease models.  We can 
study the effects of the mutations on development 
and physiology of specific cell types 

• We can use the differentiated cells to develop and 
screen new medicines 



iPSC advantages 

• No ethical issues around provenance 

• Facile access to starting material 

• Technology for reprogramming widely 
accesible 



Stem Cell Ethics 

• The debate over the use of human embryos in research 
is not over, but it is of diminishing relevance to the field 

• The availability of over 1000 ES cell lines and iPSC 
technology means that arguments for the use of 
embryos to achieve a new advance (that cannot be 
achieved by other means) must be very convincing 

• Although iPSC provenance is ethically less challenging 
than embryo usage, there are many other issues 
around the use of human pluripotent cells in research 
and therapy  

 



Ethics of Research with 

ES or iPS cells 

• Experimentation in vitro-growth, differentiation, genetic 

manipulation, functional assessment, drug testing-raises 

issues of genetic privacy around iPS banks 

• Inoculation of cells into adult or foetal animals with a 

view towards assessment of developmental capacity (eg 

teratoma formation) or ability to incorporate into and 

function within normal tissue or disease model-chimeras 





Differentiation of human iPS cells into 

gametes  

• New possibilities for research on human germ 
line-infertility, early development 

• But significant ethical questions over fertilisation 
and embryo production using IPS-cell derived 
gametes 

• With IPS cells gametes could be created from 
individuals of any age, living or dead 

• We could potentially make germline 
modifications in human 



Induced Pluripotent Stem Cells 

Limitations to Technology 

• Complete reprogramming to pluripotent 

state?  

• Tissue of origin memory 

• Differentiation capacity 

• Genetic lesions induced during 

reprogramming 

• Tumor formation 

 



Somatic cell nuclear transfer and  
patient specific therapy 



Many species of mammal have now been cloned.  A  
cloned kitten costs $50K US. 



Human SCNT: 
Multiple Refinements to the 
procedure enabled ES 
generation from a small 
number of oocytes. 
 
Tachibana et al. 
 Cell 153: 1, 2013 
 



Transfer of Maternal DNA from a patient with  
mitochondrial disease (spindle transfer) 
 into a Healthy donor egg followed by  
fertilization by father’s sperm 

Prevention of Mitochondrial Disease 



Unproven and Unfounded  
Stem Cell Treatments 





Unproven, Unfounded and 

Unethical Stem Cell Therapies 

• Costly 

• Claim widespread benefits for many conditions 

• Based on anecdotal evidence, patient 
testimonials 

• Poorly defined product 

• No scientific rationale 

• Take advantage of misinformation concerning 
stem cells and patients looking for hope 







Clinical Trials of Stem Cells 

• Well characterized product and 

manufacturing process 

• Preclinical evidence for efficacy and safety 

• Mode of action defined 

• Approved by regulatory body eg FDA 

• Approved by local IRB 

• Appropriate risk/benefit ratio 


