
Winter Meeting, 2 December 2010, Functional genomic biomarkers, nutrition and disease susceptibility

Impact of age, nutrition and metabolic factors on methylation status
of CpG islands in Wnt-related genes of the human colon
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Aberrant DNA methylation occurs during the development of tumours in the human colon, and probably contributes to the dysregulation
of signalling pathways associated with cell proliferation, differentiation and apoptosis. CpG island (CGI) methylation also occurs pro-
gressively with age in some genes in epithelial cells within the apparently normal crypt; this may eventually increase the vulnerability of
the mucosal field to neoplastic transformation. Although the effects of age are well established, it is not yet clear as to whether the onset of
CGI methylation is also influenced by diet, metabolic status or environmental factors over the lifetime of an individual. In this cross-
sectional study, we used a highly sensitive, quantitative DNA assay to investigate the methylation status of genes associated with the Wnt-
signalling pathway in colonic biopsies from patients undergoing diagnostic colonoscopy, but shown to be free of disease.

Biopsies were obtained from 212 volunteers (95 males, 117 females; median age 50 years, range 17–78 years), together with blood
samples and anthropometric data. Each volunteer also completed questionnaires for the assessment of dietary intake and physical activity.
Ethical approval was received from the Northumberland Local Research Ethics Committee. DNA was extracted and subjected to bisul-
phite conversion, followed by quantification of CGI methylation, as previously described(1). A total of eight Wnt-related genes (HPP1,
APC, SFRP1, SFRP2, DKK1, SOX17, AXIN2 and WIF-1) were assayed, together with LINE-1, as an index of global DNA methylation.
The dependency of CGI methylation on selected co-factors (age, sex, height, weight, BMI, fatness index, waist :hip ratio, red cell folate,
plasma folate, plasma homocysteine, plasma selenium, white cells and monocytes) was assessed for 190 study participants by stepwise
linear regression. For each gene, candidate models were generated by re-sampling of 10 000 datasets, using a P-value of 0.05 as the
criterion for the inclusion of each variate in the model. To minimise over-fitting, the performance of candidate models was compared by
500 rounds of cross-validation, using a 65:35 split for the training: test segments, and the models with the lowest standard error in
prediction (SEP) were selected.

Average CGI methylation for Wnt-related genes varied markedly, from 0.11% for DKK1 to 6.86% for WIF1. For three genes (DKK1,
AXIN2 and APC) CGI methylation showed no statistically significant dependency on any co-factor. For WIF1, HPP1, SOX17 and SFRP2,
CGI methylation increased significantly with age (P<0.1 · 10 - 5); SFRP1 showed a less significant positive correlation (P<0.1 · 10 - 2),
whereas LINE1 methylation declined with age (P<0.05). For WIF1, SFRP1 and HPP1, CGI methylation was positively, though weakly,
correlated with serum folate (P<0.05), and for WIF1 there was a weak negative correlation with serum selenium concentration (P<0.05).
There was some evidence for a positive correlation between CGI methylation and BMI for WIF1 only (P<0.05). We conclude that the
Wnt-related genes of colorectal epithelial cells differ markedly in their susceptibility to age-related CGI methylation, but for highly
methylated genes, other factors, including folate and selenium status, may influence the changes in CGI methylation across the lifespan.
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