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„Given that gene-environment interactions underlie 

almost all human diseases.“



Percentage of Variance
Cancer in Sweden, Denmark and Finland
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Conclusions from the twin study

• Random environment most important cause for 
all cancer

• Breast cancer heritability       24%
• Colorectal cancer heritability 35%
• Prostate cancer heritability    42%



  

Survival from age 35 for continuing cigarette smokers and lifelong non-
smokers among UK male doctors born 1900 – 1930, withpercentages alive at 
each decade of age

Richard Doll et al., BMJ 2004 (328)
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Fumonisin B1 Bioassay
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Strategies for identifying 
disease genes

Single genes
High risk Linkage/pedigrees
Intermediary risk Whole-genome association?
Low risk Association

Interactions
Gene-gene Association?
Gene-environment Association?



Paradigms of gene hunt

• Mendelian: rare, many disease alleles
Low LD!   Pedigrees/families

• Technocrat: common disease – common 
variant (CDCV)

High LD!    Use all patients

• Confirming: cadidate gene approach



Cancer families 
100k SNP chip

Const. genomic 
imbalances

(LD) Linkage
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Intragenic
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Causes of Hereditary Causes of Hereditary 
Susceptibility to colorectal cancerSusceptibility to colorectal cancer

Burt RW et al. Burt RW et al. Prevention and Early Detection of CRCPrevention and Early Detection of CRC, 1996, 1996

Sporadic 
(75%–85%)

Familial 
(10%)

Hereditary  
nonpolyposis  
colorectal cancer         
  (HNPCC, 3%)

Familial adenomatous 
polyposis (FAP) 
(0.3%) 

Rare CRC 
syndromes 
(<0.1%)





Genes responsible for known polyposis and CRC syndromes



Summary of polymorphisms tested for CRC
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Large-scale UK association study on 1500 
non-synonymous SNPs (Illumina platform) 
by Dr. R. Houlston and coworkers:

• ~ 2500 CRC consecutive cases
~ 2500 controls

• Most positive results to be repeated on 
650 samples by the German HNPCC 
Consortium (non-HNPCC) at DKFZ



Comparison of association studies
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Gene-environment interaction

no cancer cancer

Enzyme 
activity



Genetic study

1000 cases, 1000 controls
20 genes with SNPs

Result:
Genes A, B risk (p < 0.05)
Genes C,D protection

Number of comparisons:
20 x 3 genotypes = 60



Gene-environment study
Same populations and SNPs
Associations with 5 potential risk factors (dichotomized)

Result:
Gene E – genotype aa (p < 0.05)
Gene F – genotype Aa
Gene G – genotype AA
etc.

Number of comparisons:
20 x 3 (genotypes) x 5 (exposures) x 2 = 600



Gene-environment study

+ gene-environments important (perhaps)
– multiple comparisons
– heritable component small

If you are not sure what you do, do 
something that you are sure about.
No fishing expeditions!



Sample sizes required to detect an allele conferring a RR of 2.0 with 95% power (P=0.01) under a range of 
population prevalence, for affected individuals from different types of family and two controls per case 

Houlston and Peto, Hum Genet (2003)



  

Environment Gene

Cancer

Is  3)  possible without 1) and 2)?

Possibly, but almost impossible to demonstrate
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Gene-environment interaction

no cancer cancer

Enzyme 
activity

CURSE
OR

PROMISE



  

Past and future of gene hunt

 Linkage analyses
• BRCA1 and BRCA2, progress since 1994?

 Association studies
• Reproducibility? Credibility? 
• Familial cases, large sample size

• Relevant SNPs and/or haplotypes

• Array technologies 
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