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Abstract:
Much effort has been made to identify the role of the genome in the development of cancer. However cancer aetiology appears to be largely governed by lifestyle and environmental factors. Various risk factors have already been identified but the causes of many cancers still remain largely unknown. Epidemiological studies conducted so far have been largely hypothesis-driven and focused on limited numbers of risk factors. These approaches were unable to take into account the considerable number of chemicals and metabolites to which individuals are commonly exposed along lifetime and that constitute altogether the exposome. The systematic comparison of metabolic profiles of individuals at varying risk of cancer using highly sensitive mass spectrometry techniques and fully agnostic metabolomic approaches opens exciting avenues to better understand the aetiology of these diseases (Wild et al., 2013). Not only endogenous metabolites can be measured in biospecimens like urine or plasma but also a considerable number of metabolites of exogenous origin, derived from dietary compounds, contaminants, pollutants or drugs. Dietary polyphenols, a class of over 500 compounds with diverse chemical structures and biological properties, scattered in a large diversity of foods, will be taken as an example to illustrate the possibilities of metabolomics for measuring complex environmental exposures in large-scale epidemiological studies. Limitations and challenges in the application of metabolomics to nutritional and cancer epidemiology will be emphasized.



The blood exposome

Rappaport et al., 2014, Environ. Health Perspect.
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• Exposome = the totality of environmental exposures 
received by an individual during life
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1561 small molecules and metals
AA, leucotrienes; AB, perfluorinated compounds; AC, alkylamines; AD, pteridines; AE, pyrimidine nucleotides; AF, aliphatic amino acids and derivatives; AG, sphingolipids; AH, organo-chlorine pesticides; AI, prenol lipids; AJ, sulfur compounds; AK, flavonoids; AL, pyrroles and indoles; AM, pyridines; AN, alkaloids; AO, benzoic acids and phenols; AP, eicosanoids; AQ, fatty acids and fatty amines; AR, steroids; AS, organic acids; AT, monosaccharides; AU, phosphates; AV, alcohols; AW, fatty acid esters and conjugates; AX, polychlorinated biphenyls; AY, simple aromatics; AZ, chlorinated dioxins and furans; BA, sulfates and nitrites/nitrates; BB, purine nucleotides; BC, aromatic amino acids and derivatives; BD, benzoic acids and phenols.



Patel et al., 2010, Plos One
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Rappaport, 2012, Biomarkers

Exposome-Wide
Association Studies (EWAS)
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case-control studies

• New risk factors for diseases
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Hence the concept of the exposome and EWAS.
Similar to GWAS.

Can perform EWAS studies with metabolomics methods.
Avantage with biomarkers compared to other methods: direct, doesnt depend on reporting with questionnaires etc.

Manhattan plot
Significant associations
The plot represents the significance of the association between a SNP or haplotype and the trait being measured.  The Y-axis shows -log10 transformed P values, which represent the strength of association

Exposome, measurable in blood or urine, reflects the exposure to the different environmental chemicals

Strong association, low p-valuE, high negative logp of p-value
Environmemtal loci




AML and metabolomics

Chen W.L. et al., 2015, Blood

229 de novo AML patients
260 matched controls
Serum
GC-TOF-MS
100 metabolites identified

• A prognosis risk score to predict patients with poor survival
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Trade-off between metabolite coverage
and quality

Number of metabolites analysed
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Metabolomics at IARC

Sample extraction

High/low resolution
mass spectrometry

• Several analytical methods 
needed to analyze the 
metabolome

• LC-MS  ∼ 15,000 signals
• ∼ 8,000 known metabolites in 

blood but 200 to 800 commonly 
annotated in LC-MS profiles



UHPLC-QTof - Methods
• Plasma samples

• 50 uL aliquots
• Protein precipitation (ACN)

• UHPLC
• Reverse-phase
• HILIC
• 13.5 min runs

• Agilent Qtof 6550
• Robust QC procedure

• Agilent MPP, Profinder
• Up to 500 samples/batch

• Data-dependant MS/MS
• Targeted MS/MS analysis
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A prospective study on hepatocellular
carcinoma in the EPIC cohort

• 16 metabolites associated to cancer risk
Stepien et al., 2015, Int J Cancer

Associations with risk of liver cancer
Tyrosine

Glutamate
Glutamine

147 HCC cases, 147 controls
Serum samples
Avg. follow-up time: 9.6 yrs
28 Amino acids, biogenic amines, hexoses

measured by LC-ESI-MS-MS
Adjusted for multiple variables
Corrected for multiple-hypothesis testing

Presenter
Presentation Notes
Tyrosine increases risk
Glu iincreases risk
Gln dicreases risk
PheAla increases risk (#18, borderline signif)
Fisher ratio=BCAA/AromaticAA (Phe + Tyr) inversely associated to the risk
Adjusted for BMI, waist circumference, physical activity, alcohol intake, smoking, education, diabetes, CVD, hepatitis B/C, hypertension, hsCRP, energy intake




Xenometabolome

• 83 food-derived metabolites 
identifed in urine

Edmands et al., 2015, Am J Clin Nutr

1H-NMR

MS

Sensitivity

Rappaport et al., 2014, Environ. Health Perspect.

• Limits of concentrations to 
measure the xenometabolome not 
yet evaluated
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