
Signatures of mutational processes 
in human cancer 



• Mutated cancer genes 
• Biological processes implicated in cancer development 
• Identification of drug targets 
• Evolution of subclones 
• Evolution of metastases 
• Infectious pathogens involved in oncogenesis 
• Prediction of outcome and response to therapy 
• Circulating DNA for monitoring and early detection 
• Mutational processes operative in carcinogenesis 

Insights from cancer genome sequencing  
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Somatic mutations occur in all cells of the 
body throughout life 
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Tobacco carcinogens 
cause C>A mutations 
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Classification of base substitution mutations  



Extracting mutational signatures from human cancers  

7,042 cancer cases of 30 cancer types 
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mutational catalogue of each of the 7,042 cancer genomes 
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The landscape of mutational 
signatures across human cancer 
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Mutational processes underlying 
mutational signatures 



Etiologies of mutational signatures 



Contributions of mutation signatures to individual 
cancer cases 

Mutations/Mb 



Signature 2 is characterised by C>T and C>G 
substitutions 
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What is the mutational process underlying 
Signature 2? 

• Deamination of cytosine by one of the family of 
AID/APOBEC enzymes? 
 

• The family includes  
AID 
APOBEC1 
APOBEC2 
APOBEC3A-H 
APOBEC4 
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The AID / APOBEC family of cytidine deaminases 
have normal functions that require DNA editing 

• AID plays a central role in somatic hypermutation and 
class switch recombination at the immunoglobulin loci 
 

• APOBEC3A-H mutate HIV, Hepatitis B virus and 
retrotransposons to restrict their activity and replication 
 
 



Which member(s) of the family is responsible 
for Signature 2? 

AID 
APOBEC1 
APOBEC2 
APOBEC3A 
APOBEC3B  
APOBEC3C 
APOBEC3DE 
APOBEC3F 
APOBEC3G 
APOBEC3G 
APOBEC3H 
APOBEC4 

 
 



What switches on intense APOBEC activity?  

• Mutation or amplification of the APOBEC genes? 
 

• Overexpression of APOBECs? 
 

• Response to viral entry, retrotransposon movement 
or inflammation? 



Is Signature 2 collateral damage on the cellular 
genome of APOBEC activation due to foreign DNA? 



Known or speculative causes of mutational signatures 

Deamination 
of 5-methyl 
cytosine, age 
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Known or speculative causes of mutational signatures 

Unknown 



Elucidating the mutational processes underlying 
mutational signatures 

Association of a signature with other features of the cancer:  
• epidemiology 
• gene expression  
• mutated genes 
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Acquiring a compendium of signatures from known exposures 
in experimental systems:  

• mutagens  
• defective DNA maintenance 



Localised hypermutation: kataegis 
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Mutations in regions of kataegis are almost all C>T 
or C>G 
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Mutations in regions of kataegis are almost all at 
TpCpN trinucleotides  
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Are APOBECs responsible for kataegis? 
• Overexpression of APOBECs in yeast generates kataegis 

 
What directs an APOBEC to a particular part of 
the genome to generate kataegis?  
• Introduction of a double strand break in yeast markedly 

increases the frequency of kataegis in the vicinity 
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Kataegis is present in many cancer types  
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Summary 

• There are more than 20 genome-wide mutational signatures across human 
cancer 

 
• A signature likely representing cytosine deamination due to APOBEC activity is 

common 
 

• Kataegis, localised hypermutation, is found in many cancers 
 

• Some signatures are due to known mutagenic exposures or known defects in 
DNA maintenance but the cause of many is unknown 

 
• Understanding of the mutational processes underlying these signatures will 

inform on cancer causation, prevention and treatment 
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