
The Potential of Gene Therapy



“The saddest aspect of life today is that science 
gathers knowledge faster than society gathers 
wisdom.”

-Isaac Asimov, master of hard science 
fiction writing

filmonic.com
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Genes are fundamental to biology

• Genes are carriers of information

• The information is transformed into function

FunctionInformation

ProteinDNA

Conversion of information into 
function makes us what we are

RNA



The total explanation of all organisms resides 
within them (genes)…. Ultimately, the organism 
must be explicable in terms of its genes….

 - Sydney Brenner, 1984

ukbiobank.ac.uk
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Arrangement of DNA within a cell
100 m



Discovery of double helical structure 
of DNA was crucial

bibliotecapleyades.net



Nature.com



The sequence of nitrogen bases 
encodes information in genes

www.biotechnologyonline.gov.au

The human genome comprises:
• 46 chromosomes
• Just over 3 billion base pairs 

(haploid)
• A adenine
• G guanine
• C cytosine
• T thymine

• Approximately 23,000 protein 
coding genes

34 nm



What is a gene?
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What is gene Therapy?

• A therapy that alters gene function?
– Not really

• Using genes to treat diseases?
– Now generally accepted that gene therapy may also include use of 

RNA (not only DNA)

Gene Therapy is a procedure that employs nucleic acids to achieve a 
therapeutic effect

A rational approach to drug design

univesitynetwork.edu.kg



Gene Therapy Applications

• Used to correct gene expression (e.g. inherited 

diseases such as haemophilia)

• Induce killing of cells (e.g. cancer treatment)

• Suppress gene expression (e.g. treatment of 

virus infection)

So far not very useful for bacterial and 

parasitic infections



DNA is negatively charged

Highly negatively 
charged

DNA – Deoxyribonucleic ACID



Delivery of nucleic acids remains the 
greatest challenge

Cell membranes provide a barrier to charged DNA/RNA – 
they do not mix
 … just like olive oil and balsamic vinegar

summertomato.com



Types of carriers (vectors) for gene 
therapy

• Engineered viruses

• Chemically synthesised carriers

• Something in between

– virus-like particles that may be modified 
chemically

Viruses are considerably more efficient than 
manmade vectors



Nobel prize for Medicine or Physiology in 
2006 awarded to Andrew Fire and Craig 
Mello for discovering the RNA interference 
pathway

Discovery of RNA interference has been 
important to the field of gene therapy



Nobel Prize committee cited the following

RNAi provides

1. Regulation of protein synthesis

2. Protection from viral replication

3. Silencing of mobile genetic elements

4. Transcription modulation

5. Potential for therapy



Inhibiting gene expression using RNA 
interference

• A small fraction of disease-associated genes are 
suitable targets for small drugs

• RNAi enables rationale drug design

• Powerful & specific gene silencing (antagonism 
only) 

• Rapid and fairly easy to develop lead gene 
silencers

• Quickly reached a stage of advanced clinical trial



The RNAi pathway and how to design a 
gene silencer
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HBV infection

• 387 million chronic carriers in the world

• Childhood infection commonly associated with 

long term disease

• 25% of HBV carriers will develop liver cancer

• HCC has a very poor prognosis (annual 

incidence=annual mortality)

• Vaccine prevents HBV infection effectively

• RNAi-based approaches have shown promise: both expressed and synthetic 
RNAi-inducers



Anti HBV gene silencing strategy
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Engineering Adenoviruses to silence HBV
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Using engineered adenoviruses to silence HBV

60-80% marker gene 
delivery to hepatocytes

Days post adenovirus administration

Serum HBsAg concentrations
HBV transgenic mice treated with recombinant adenoviruses



Gene Therapy for HBV Infection

• Proof of principle has been established

• Challenge is to convert a complex biological 
formulations into feasible therapies

• Convenient and safe large scale preparation of 
efficient vectors remains paramount



Defining the HBV delivery difficulties

• Delivery to enough liver cells 

• Targeting the liver

• Sustained and complete ‘knocking out’ of the virus

• Complex drugs 

– side effects

– immune responses

– predictable distribution

– good dose control

• Expense



Current Focus on Delivery of antiHBV 
sequences

• A key will be development of technology to enable 
large scale preparation

• Valuable lessons may be learned from viruses
• Semi synthetic viruses

• Need to be selective in virus harnessing properties



…. Science is knowing nature. This implies that there is a fixed set 
of facts that everyone wants to know. ….. I suspect that artists 
are not striving for commonality, but rather, that the content as 
well as the form of their work is unique.

Thomas Cech, Nobel laureate in Chemistry in 1989

The Appeal of Gene Therapy



Discovery of the double helical nature 
of DNA



Picasso’s Guernica

Pablo 
Picasso



Gene Therapy: Prospects and 
Relevance

• Progress is rapid and the field has 
considerable momentum

• New technologies continuously being 
developed

• Successive waves of innovation will come and 
they will advance gene therapy

• Impressive developments in DNA sequencing 
technology will have an impact on the future 
applications of gene therapy



Large scale sequencing

Nature, April 2010



Gene Therapy: Prospects and 
Conclusions 2

• Blockbuster drugs that will lose their patent 
exclusivity will be greater than the number of 
drugs that will be approved

• Gene therapy will enable rapid rationale drug 
design for many diseases

• Important that scientists in South Africa 
participate fully in development of these new 
technologies



Research partners and influential people
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