
 
 
 
 
 
 
 
 
 
 
 
 
 
                Paolo Vineis  
         Imperial College London 
 
 

  The exposome in practice  
  
 The New World of Omics in Environmental  
   Epidemiology  
 
     EFSA, Parma 19 October 2018 



Exposome - the definition 

 

•A potential measure of the effects of life course 

exposures on health. It comprises the totality of 

exposures to which an individual is subjected from 

conception to death, including those resulting from 

environmental agents, socioeconomic conditions, 

lifestyle, diet, and endogenous processes.  

 

•Characterization of the exposome could permit 

addressing possible associations with health 

outcomes and their significance, if any, alone or in 

combination with genomic factors. 
 

Cited from the Dictionary of Epidemiology 

MS Porta, 6thedition, OUP 2014 



 
 
 
 

The exposome  
 
 
 
 
 
 
 
 
 
 
 
 

(from Wild 2012) 

 
 
 
 
 
 
 
 
 
 
 
(C Wild, 2016) 



Exposome  



                          



 «Pathway perturbation» - US National Academy of Sciences «Risk 

Assessment in the 21st century», 2017 

 
 exposome research shows that the investigation of omics and molecular pathways (e.g. 

metabolomics, methylome, proteomics) can identify early signs of damage from 
environmental agents 

 

 

27-28 October 2016: Utrecht  
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EXPOsOMICS is a European Union funded project that aims to 
develop a novel approach to the assessment of exposure to high 
priority environmental pollutants, by characterizing the external 

and the internal components of the exposome. 
 

 It focuses on air and water contaminants during critical periods 
of life. The project centres on 1) advanced exposure assessment 
at the personal and population levels within existing European 
short and long-term population studies; and 2) multiple “omic” 

technologies for the analysis of biological samples. 
 
 



Oxford Street: ‘active’ exposure / Hyde Park: ‘control’ exposure 



Study Transcriptomics Epigenetics Proteomics Metabolomics Adductomics 

PEM Basel 89 Raw 128 Raw/ Proc. 90 Raw/ Proc. 127 Raw/ Proc. 

798 Raw 
PEM Norwich 56 Raw 60 Raw/ Proc. 42 Raw/ Proc. 61 Raw/ Proc. 

PEM Turin 76 Raw 127 Raw/ Proc. 85 Raw/ Proc. 127 Raw/ Proc. 

PEM Utrecht 63 Raw 90 Raw/ Proc. 87 Raw/ Proc. 89 Raw/ Proc. 

ENVIRONAGE 193 Raw 200 Raw/ Proc. 198 Raw/ Proc. 204 Raw/ Proc. 

N 
Piccoli+ N/A 99 Raw/ Proc. 97 Raw/ Proc. 100 Raw/ Proc. 

Rhea N/A 100 Raw/ Proc. 100 Raw/ Proc. 100 Raw/ Proc. 

INMA N/A 600 Raw/ Proc. 97 Raw/ Proc. 100 Raw/ Proc. 

EPIC Turin N/A 172 Raw/ Proc. 187 Raw/ Proc. 
382 Raw/ Proc. N 

EPIC Varese N/A 143 Raw/ Proc. 192 Raw/ Proc. 

MCC N/A 406 Raw/ Proc. 405 Raw/ Proc. 591 Raw/ Proc. N 

Asthma SAPALDIA N/A 604 Raw/ Proc. 402 Raw/ Proc. 405 Raw/ Proc. 
566 Raw 

Asthma ECHRS 298 Raw 80 Raw/ Proc. 80 Raw/ Proc. 80 Raw/ Proc. 

TAPAS 117 Raw N/A N/A 120 Raw/ Proc. 146 Raw 

Oxford Street 316 Raw/ Proc. N/A N/A 360 Raw/ Proc. 404 Raw 

PISCINA 86 Raw/ Proc. N/A 120 Raw/ Proc. 120 Raw/ Proc. 134 Raw 

TOTAL 1,294 (Raw)  
402 Proc. (mRNA) 
208 (Raw miRNA) 

2,809 
(Raw & Proc. 

samples) 

2,182 
(Raw & Proc. 

samples) 

2,966 
(Raw & Proc. 

samples) 

1,914 
(Raw files) 



Metabolomics in asthma and CVD: meet-in-the –middle (Jeong et al, submitted) 



 
 

Effects of components in a mixture 
 

Metabolomic signatures of different components of air pollution 
(Oxford Street study, left, and TAPAS, right) (Bonferroni 

significance)(van Veldhoven, submitted) 



Pollutant-specific cmiRNAs associated with TRAP exposure. The figure shows 
the overlap as well as the specificity of the pollutant-specific cmiRNAs 
associated with exposure to NO2, UFP, PM2.5, BC and PM10 of the included 
subjects in Hyde Park and Oxford Street. Julian Krauskopf  et al, 2018 

miRNA work in relation to air pollution shows that air pollutants 
impact several pathways via miRNA activation that in turn are 
relevant to the multi-organ toxicity of air pollution 
 



Water quality in a swimming pool: metabolites from metabolomics show 
overlap, unlike for air pollutants (Van Veldhoven et al, 2017) 



Tobacco smoke as a mixture that leaves different signatures depending on the 

cancer site and possibly on the chemicals involved – e.g. PAH for lung cancer: 

signature 4 

 

Science, 4 November 2016 

Fingerprints of exposures: certain exposures may 

leave characteristic fingerprints in DNA 



 
 
 
 
 
 
 
 
   
 
 
 
 
 
   
 
 Integrating socio-economic status and omics 
   Goals of H2020 Lifepath   
To improve the understanding of the mechanisms through which healthy 
ageing pathways diverge by SES, by investigating life-course biological 
pathways using omic technologies. 
 
  Numbers involved in Lifepath 
 
Subjects included in mortality analysis (adults)(Stringhini et al Lancet 
2017)=1.7 million 
 
Functional outcomes (paper in preparation)=108,261 
 
Already available methylome (EPIC, MCCS, TILDA)>5,000 
New measurements (Airwave, G21, TILDA, Whitehall II) >3,000 
 
Already available inflammatory markers>5,000, new measurements 1,000 
 
Metabolomics in 35,000 subjects (UCLEB consortium) 

 
 
 



   
Epigenetics: biological clocks in 

Lifepath 

• Horvath developed the DNA methylation clock to predict age 
with high accuracy using 353 CpG sites 
 

• From this Age Acceleration may be derived as a discrepancy 
between methylation age and chronological age 
 

• Further clock developed, e.g. by Levine: see below analysis on 
2,000 subjects in Lifepath 
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