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Background: What IS a gene? 
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Effects of genetic mutation 
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can lead to changes in a protein 
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Gene Therapy 

1964: Tatum, Lederberg, Kornberg suggested that the future 

of genetic disease therapy would be in curing disorders by 

replacing defective genes with functional ones 

      → singled out cystic fibrosis, muscular 

          dystrophy, multiple sclerosis 

“required tools do not currently exist” 



The SCID Story 

• Severe Combined Immunodeficiency Disorder - 

patients cannot form an ‘acquired’ immune system 

• Large number of genetic defects can give rise to 

disorder 

• Usually fatal 



Treatment Options 

1) Bone marrow transplant 

• Requires high level match - even siblings may differ  



Treatment Options 

2) Raise child in sterile environment 

→ famous example: David, 

“the bubble boy” 1971-1984 



Treatment Options 

3) Gene Therapy 

• Ideal candidate for first human gene therapy trial (1990)  

→ monogenic, genetic basis well characterised, gene cloned 

→ lethal, for many forms there is no alternative treatment 

→ variable gene expression levels well tolerated 



First human gene therapy trial initiated 1990 

Ashanti de Silva, 4 year old SCID patient 

Cynthia Cutshall, 9 years old, 1991 



Not an unqualified success – but pretty good! 



What risks are acceptable for a total cure? 

France, 11 boys with X-linked SCID diagnosed 

in utero and treated at stem cell level 

→ Great success! Initially… 

→ 3 of the 11 boys subsequently developed leukaemia 
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What risks are acceptable for a total cure? 



Finally making the clinic! 



Emergence of cancer as a target 



• Synergise with chemo and radiotherapies 

• Can be engineered for heightened tumour selectivity 

• Can be engineered for enhanced potency 

Biological agents for cancer therapy 

Bacteria 

(various) 

Clostridia 

Salmonella 

Bifidobacter 

Tumour-targeting microbes: 



Adenovirus 
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Clostridium 



Biological agents for cancer therapy 



Can enhance the potency of tumour-targeting biological 

agents by ‘arming’ them with therapeutic genes 

Armed virus 

Therapy 

gene 

Tumour cell 

Prodrug 

Enzyme 

Anti-cancer gene therapy 



Historically, gene therapies suffer from the inability to reach 

more than a small minority of target cells 

→ for anti-cancer gene therapy can counter this by using 

prodrugs that have a good “bystander effect”  

Bacterial vector Viral vector 

Anti-cancer gene therapy 
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Next move: Clinical trials 

Key Step: Raise money! 

→ How much needed? 



Next move: Clinical trials 

From www.brightfocus.org 

By comparison: New Zealand’s entire Pharmac budget p.a. 

~NZ$800 million 



Alternatives to rigorous testing 

Market highly experimental therapies without testing? 

→ numerous examples throughout history of people selling 

“snake oil” - treatments that don’t work, aren’t safe, or both! 

Sulfanilamide - one of first antibacterials 

→ large pills difficult for children, Harold Watkins 

dissolved in diethylene glycol + raspberry flavour 

→ 1937 - 107 deaths reported 



Next move: Clinical trials 

Key Step: Raise money! 

→ How much needed? 

→ Approximately $5 million to cover Phase I, possible 

from government grants (maybe) 

→ Thereafter, private venture capital funding will be required 

→ Only possible if we can offer a potential return on 

investment 

→ Need to patent our therapeutic genes 



What is a patent? 

A contract with the state (government) 

→ Provides the owner of the invention with a monopoly on 

the idea for 20 years 

→ In return, details of the invention must be fully disclosed 

to the public, so that after 20 years others can implement 

→ For new drugs / gene therapies, this typically leaves 

about 5 years post-trials to recoup investment – after 

which anyone can copy the idea (generics) 



Why not just go “open source”? 

A patent is fundamentally a blocking strategy 

→ Having the right to deny someone else access to 

medical treatment seems extremely morally questionable 

However, once you disclose your idea publically, no one 

(including you) can patent it 

→ it is often argued that any scientist who thinks their work 

has therapeutic applications has a moral obligation to file a 

patent! 



Why not just go “open source”? 

From www.brightfocus.org 

By comparison: New Zealand’s entire Pharmac budget p.a. 

~NZ$800 million 



Diagnostics: the Dark(er) Side of gene patents 

From Dr Debra Leonard, University of Pennsylvania Medical Center 



Diagnostics: the Dark(er) Side of gene patents 

US$3,500 to test for mutant 

BRCA1/BRCA2 alleles 
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Supreme Court 2013: ACLU vs. Myriad Genetics 

“A naturally occurring DNA segment is a 

product of nature and not patent eligible 

merely because it has been isolated” 
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