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Progression of Colorectal Cancer

Vogelstein, Bodmer, and others

Mutations in Colorectal Cancer

� Mutations in APC, p53and Kras genes could 
be caused by dietary mutagens….

� …. But, out of the thousands of possible 
chemicals in diet what might be responsible?

� The exquisite sensitivity of colorectal cancer 
to induced (‘somatic’) mutations is known 
through studies of genetic predisposition – in 
cases where all cells already have one 
mutation (such as HNPCC).
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A digression into N-nitrosation

� N-Nitrosation is a simple chemical reaction that can have 
profound biological consequences
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Dose response in faecal ATNC levels  in 9 volunteer s with changeDose response in faecal ATNC levels  in 9 volunteer s with change
in red meat levels (Bingham, Hughes, Cross 2002)in red meat levels (Bingham, Hughes, Cross 2002)
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N-Nitrosation appears to be important…..

….. But, what is being nitrosated?

Nitrosation of bile acids

� Reflux of bile acid conjugates into gastric juice is 
associated with increased risk of cancer
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The conversion of 
glycine to DNA-
damaging agents 
through nitrosation

An antibody was developed 
which recognised this 

chemically modified DNA base 
with great sensitivity and 

specificity

HematoxylinHematoxylin stained stained 
exfoliated exfoliated colonocytescolonocytes.  .  
Single cells (A) as well as Single cells (A) as well as 
clusters (C) can be clusters (C) can be 
clearly identified.clearly identified.

BandaletovaBandaletova , Bailey, Bingham, , Bailey, Bingham, LoktionovLoktionov 2002  APMIS 110 2392002  APMIS 110 239--4646
Davies, Freeman, Morris, Bingham, Dilworth, Scott, Davies, Freeman, Morris, Bingham, Dilworth, Scott, LaskeyLaskey , Miller, Coleman 2002 , Miller, Coleman 2002 

Lancet 359 1917Lancet 359 1917 --9 9 

Isolation of exfoliated colon cells
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Immunochemical localisation of O6CMdG in 
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Quantitation of O6CMdG

Adducted double
stranded DNA
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Quantitation of O6CMdG

O6CMeG standard curve 0mM 1mM 10mM

Concentration  of glycine
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O6CMdG in human blood DNA

Day of study
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Mutagenicity of O6CMdG
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25-O6-CMdG DNA

1000

100

100

1000

RG RA RT RC FG FA FC FT

Srikanth Ponnada and Phil Burns, unpublished results
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Summary

� Nitrosation of glycine (or glycine-containing 
substrates) is probably the source of 
O6CMdG, as well as (some) O6MedG, in 
human DNA

� Lack of repair of O6CMdG makes it a 
potentially very useful biomarker, but it is 
also contributing to mutagenicity

� On-going prospective studies will tell us how 
good O6CMdG is as a marker of colorectal 
cancer risk

European Prospective Investigation on Diet and 
Cancer

Dr. Sheila Bingham

Dunn Nutrition Unit

University of 
Cambridge
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Future prospects

� We currently have very good simple 
biomarkers for very effective interventions to 
reduce cardiovascular disease (BP, serum 
cholesterol, etc)

� We need similar biomarkers for common 
preventable cancers

� Markers of DNA damage such as O6CMdG 
are promising leads

The source of the problem!


