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So, what is a stem cell? 

Distinguishing and Defining  

Features of Stem Cells: 

 

1. Self-renewal 

 

2. Developmental Potential  

 



What is so special about stem cells ?  

Differentiate Self-renew and 

differentiate 

Expansion 

(Dysregulated -Cancer) 



Adult Stem Cells 

Undifferentiated cells found in the 

differentiated tissue that can renew and  

mostly produce specialized cell types of tissue  

from which they originated 



Where are stem cells? 

Neural Stem Cells 

Muscle Stem Cells 

Skin Stem Cells  

Intestinal Stem Cells 

Germ Stem Cells 

Hematopoietic Stem Cells 

Mesenchymal Stem Cells 

 

 

These stem cells have limited 

differentiation potential 

 

 



Primitive undifferentiated cells that have the  

potential to become all types of  

specialized cells that make up the body 

Where do they come from ? How do we get them ?  

Pluripotent Stem Cells 



Human pluripotent stem cells: 

hPSCs 

Human embryonic Stem Cells 

(hESCs) 

 

Induced pluripotent stem cells (iPS 

cells): skin to stem cell 



Where do hESCs come from? 

Blastocoel 

Trophectoderm 

Inner cell mass 

Day 5: Blastocyst Development 

Placenta and 

other tissues 

Cells of the body 

Day 1 
Fertilization 

Day 2 
Zygote divides 

Day 3-4 
Morula forms 



How do we get them? 

Remove  

ICM 

Irradiated Mouse  

Embryonic Feeders 

hES Cell Line 

- Matrigel 

- Fibronectin 

- Laminin 



The Controversy, the ethics, and 

the laws 
Governing Bodies 

Departmental 

Stem Cell 

Oversight 

Committee 

(SCOC)       

(Federal-CIHR) 

Research  

Ethics Board 

(University) 

The Agency - 

Health Canada 

Enforce and 

oversee Bill C-6 

which is now a 

law 



Sequential Consent 

• Extra embyros become an issue - 

where do they go from here? 

Day 3 or Day 5 pre-implantation 

embryo/blastocyst Implant 

Freeze those of 

secondary quality 



Consent: level 1 -  

Where do the embryos go? 

    Discard                Donate             Subsequent Births 

A B 

A 



Consent: level 2 - If choose to 

discard, which way? 

• If choose to discard, then destroy or 

research purposes 



Issues with hESCs 

• Ethical issue involving the use of 

embryos 

• Use of animal products during 

derivation 

• Cell rejection 



From Skin to Stem Cells: iPS cells 

Skin cell 

Patient 

Reprogramming 

Unknown processes 

Pluripotent stem cell 

Disease Models  
(chemical + genetic 

screening) 

“Personalized” Regenerative 
Medicine  

(no rejection) 

Nanog 

Sox 2 

Oct 3/4 



Issues with iPSCs 

• Generation methods  
• genetically modified cells with viruses 

• genes that promote tumor progression 

• THESE ISSUES HAVE BEEN FIXED 

• Efficiency 

• Genetic integrity, epigenetic “memory” 

• Controlling cells in a dish 

• Similarities between pluripotent stem 

cells and cancer cells 

 



Why study hPSCs? 

1. Robust cell proliferation in tissue culture 

 (contrast to adult stem cells) 

3.   Immune privilege properties 

 (vs. xenotransplantation and immunosuppression) 

2.  Differentiation potential into many cell types 



Hematopoietic reconstitution  

(chemotherapy, irradiation, infection (HIV) 

 

Myocardium: Smooth muscle, myocardiocytes, endothelial cells 

(Myocardial infarction=Heart attack) 

 

Skeletal Muscle 

(Muscular dystrophy) 

 

Neural Cells: 

Motor Neurons in ALS, Dopaminergic Neurons in Parkinson’s, 

Spinal Cord Injury    

 

Islet Cell Regeneration 

(Type I Diabetes) 

 

Cancer  

Leukemia and solid tumor cancer stem cells (ie. brain, lung, breast, 

colon, prostate) 

Why do we need hPSCs? 



Principle of Cell Replacement Therapy and Regenerative                

 Medicine: “Deceptively Simple” 

Fundamentally an issue of applying our limited  

understanding of human developmental biology 

hPSCs 

? ? 



Allowing pluripotent stem cell 

research to continue 

• Unpredictable effects of policy, legalities 

and minority groups on health care in 

country 

• Legislation well established for consent  

• Benefits are immense - not only to 

regenerative medicine but in 

understanding cancer 



Why do I study hPSCs? 



Using hESCs as disease models 

• Modeling disease in hESCs with p53 KO 

(Song et al., Cell Stem Cell, 2010) 

• hESCs as models of Fanconi anemia 

(Tulpule et al., Blood, 2010) 

• Recently been shown to model cancer 

and genetic disorders 

Nature, 1983 



 Interface between human embryonic stem cells and 

brain tumours 

 

 

 

 

 

 

hES cells  Malignant  
Brain Tumours 

What can we learn about malignant brain 

tumors from human embryonic stem cells? 



Characterization of transformed-human 

embryonic stem cells (t-hESCs) that display 

cancer features 

Self-
renewal/prolifera
tion 

Differentiation 

Tumor formation  

                hESCs             t-hESCs 

Single cell 
suspension 

TIC: 1:20000                               TIC: 1:800 

ES cell markers 

Werbowetski-Ogilvie et al., 
Nature Biotechnology, 2009 



Embryonal tumours of the CNS: medulloblastoma and other 

pediatric tumours 

• Presumably originate in utero – but not proven 

• Few comparative normal counterparts in 
humans 

• Recent studies have linked tumor signaling 
pathways to proteins associated with embryonic 
stem cells 

• Question: Can we use embryonic stem cells to 
understand how pediatric neural tumors form? 

 



Cancer-like hESCs in vivo: Infiltration of transformed cells along 

ventricles and cerebellum 

Note: neural rosettes, high nuclear/cytoplasmic ratio and disorganized 

appearance, staining for neuronal and proliferative markers 

Cerebellar infiltration Ventricular infiltration 

βIII Tubulin – for neurons Ki67- for proliferating cells Oct4 – for residual ES cells 



The results so far 

• Independently confirmed by neuropathologist as 

classic medulloblastoma/primitive neuroectodermal 

phenotype – embryonal CNS tumors 

• Confirms in vitro data demonstrating predominant 

neuronal marker expression 

• Comparative human model system from which to 

evaluate mechanisms of brain tumorigenesis from a 

new perspective 



Why can’t we use iPS cells from 

brain tumors? 
• Malignant cancer cells are exceedingly 

difficult to reprogram to iPS (too many 

genetic changes) 

• To date, iPS cells have not been made 

from malignant brain tumors 

• We cannot truly study early events using 

cancer cells with major genetic 

abnormalities 



What are the stem cell 

misconceptions? 















Very recent examples…all news outlets 



The Reality of Stem Cell Tourism 



The Reality of Stem Cell Tourism 



So, what are we doing about it? 

• There are a lot of legitimate stem cell clinical trials, under 

proper control and government regulations (ie. Geron –

hESCs for spinal cord injury) 

• In Canada, multiple levels of consent and oversight 

• ISSCR patient handbook, task force 

• Appropriate websites for clinical trials 

• http://www.isscr.org/PatientHandbook/3296.htm 

• http://www.cihr-irsc.gc.ca/e/42071.html  

• http://www.closerlookatstemcells.org/Top_10_Stem

_Cell_Treatment_Facts.htm 

 



Still have ways to go: major 

challenges 
• Control of differentiation 

• Yield has improved, but purity still an issue 

• Use of animal products in vitro 

• Generation methods 

• Cell delivery 

• How many cells? Number of sites? 

• Single suspension, aggregates? 

• Optimal site   

• Control of immune rejection 



• Preventing infection 

• Design of clinical trials 

• Ethical and legal considerations: Good 

manufacturing practice 

 

• hPSCs for replacement therapy not yet 

a reality 

• must not treat patients too soon 

 

 

Still have ways to go: major 

challenges 



Take home messages 

• 2 major sources of hPSCs: hESCs and iPS 

cells 

• Ongoing work with hPSCs for transplantation 

and drug discovery 

• Stem Cell Tourism has had a negative impact 

on public perception of research progress 

• Still need more optimization before clinical 

application 
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