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Aims 

• Become more insightful about cancer as 
a disease of cell biology 

• Understand the difference between an  

oncogene and a tumour suppressor gene (TSG) 

• Provide the basis to understand mechanisms 

underlying carcinogenesis 



Learning Outcomes 

By the end of this lecture you will be able to: 

• Define gene, oncogene and tumour suppressor gene 

• Understand how important it is for cells to  

‘communicate properly with each other’… 

• Give examples of different oncogenes and  

enumerate cancers in which they play key roles 



Today’s Menu 

• Proto-oncogenes and oncogenes 

 

• Tumour suppressor genes 

 

• Signal transduction pathways activated by 

oncogenes 

 

• Cell cycle regulation by TSGs 



Introduction 

• 1960s: viruses were shown to be “packets 

of the genetic material (DNA or RNA) 

  * RSV = RNA 

  * SV 40 = DNA 

 

• Small number of genes (3 to 5 in tumour viruses) 

 

• 3 to 5 genes are enough to induce cancer! 



How do viruses induce cancer? 

• How do so few genes ‘impose’ on our ~30,000 

genes? 

 

Option 1 

Virus enters the cell – viral genes irreversibly 

alter cell – virus (and its genes) leaves the cell 

Option 2 

Virus enter cell – viral genes alter cell – viral 

genome integrates in cell genome and stays 



Weinberg (2007). The Biology of Cancer, 1st ed. Garland Science, New York, USA 



A bit of history… 

• DNA structure was unveiled in 1953 – before  

that there was no way of knowing what a gene 

was… 

 

• Tumour cells had “weird” chromosomes that  

could be seen under the light microscope – but  

which “bits” (genes) were “affected” (mutated)? 



The early days… 

• Inspection of chromosomes 

(using a light microscope, not 

fluorescence as shown here!) 

  * each chr. 2,000-10,000 genes 

 

• Use of cancer-causing viruses from lab animals 
  • isolated from most vertebrates, induce ≠ types of tumours 

  and belong to ≠ virus families  

  * RNA: retroviruses; DNA: polyomaviruses, papillomaviruses,  

  adenoviruses, herpesviruses 



Weinberg (2007). The Biology of Cancer, 1st ed. Garland Science, New York, USA 



Proto-oncogenes and Oncogenes 

• What makes a gene become an oncogene? 

 

• What genes serve as targets for mutations that 

predispose towards cancer? 

 

• What are the normal functions of these targets? 

oncogene |ˈä ng kəˌjēn| 
noun Medicine 
a gene that dominates the behaviour of the cell in which it acts and that,  
in certain circumstances can transform a cell into a tumour cell. 



The src Gene of Rous Sarcoma Virus 

• Initial experiments helped by a mutant src 

sensitive to temperature shifts 

 

• RSV has 1 gene (v-src) whose protein (src) is 

required to maintain the transformed phenotype 

 

• In 1970 it was shown that mammalian cells 

have a v-src homologue: c-src. 

 

 



Weinberg (2007). The Biology of Cancer, 1st ed. Garland Science, New York, USA 



src 

• Highly conserved so must be beneficial to 

the cell… 

 

• Many other retroviruses carry oncogenes and 

each is also derived from a ≠, normal precursor 
  * MC29 virus – myeloid leukaemia in chickens – v-myc 

  * MS virus – murine sarcoma – Ha-ras and Ki-ras 



Weinberg (2007). The Biology of Cancer, 1st ed. Garland Science, New York, USA 
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Lodish et al. (2004). Molecular Cell Biology, 5th ed, W.H. Freeman & Co., NY, USA.   

Major Types of Cell Surface Receptors 
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Gene Transcription 

• Each cell has instructions  to 
make all proteins 
 
• Only a small subset is thought 
to be produced 
 
• Some genes are read; 
some are silenced 
 
• Different sets of genes are 
expressed in different cells 
 
• Quantities expressed can 
vary by many fold 
 

  Incredibly complex!!! 

Lodish et al. (2004). Molecular Cell Biology, 5th ed, W.H. Freeman & Co., NY, USA.   



Tumour Suppressor Genes 

• Cell growth must be tightly regulated 

  * limitation of mitogenic signals 

  * Inhibitors of proliferation 

 

• The inhibitors and controllers of proliferation 

are the tumour suppressor genes (sometimes 

called anti-oncogenes) 

 

• When inactivated can lead to cancer 



Lodish et al. (2004). Molecular Cell Biology, 5th ed, W.H. Freeman & Co., NY, USA.   
Chr. 13, q14 

Alfred Knudson 
1971 



TSGs Work During Cell Cycle 

Lodish et al. (2004). Molecular Cell Biology, 5th ed, W.H. Freeman & Co., NY, USA.   



TSGs Induce Apoptosis 

Prof. Thomas G Cotter, UCC, Cork, Ireland 



TSGs Are Involved in DNA Repair 

EMBO reports (2004) 5, 772–776. doi:10.1038/sj.embor.7400210 

Ataxia Telangiectasia 
(telos+angeion+ektasis) 

Degenerative disease 

• Cerebellar degeneration 
• Radiosensitivity 
• Predisposition to cancer 
• Immunodeficiency 



Weinberg (2007). The Biology of Cancer, 1st ed. Garland Science, New York, USA 
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Conclusions 

• Proto-oncogenes can lead a cell astray 

 

• Oncogenes dominate the WT gene 

 

• TSGs protect cells from uncontrolled growth 

 

• Only 1 copy of the TSG is required – 2 exist 

as a safeguard – thus need 2 hits on both TSGs 

for a cell to become cancerous  



Pedro Veliça ® 
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