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About 2/3 of people die from chronic

diseases ...
mostly from heart

disease and cancer

Urogenital,
blood &
endocrine
4.0%

Neurologig

Worldwide deaths , 2010 (50M)
(Data from Lozano et al., Lancet,
2012)
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Are chronic diseases caused by
the genes (G) or exposures (E)?



Explained variance of cancer incidence
(Swedish Family-Cancer Database of 10M individuals)

' . Shared Childhood Non-shared
Site Genetic
exposures exposures exposures
Stomach 0.01 0.15 0.13 0.71
Colon 0.13 0.12 0.06 0.69
Rectum 0.12 0.09 0.03 0.75
Lung 0.08 0.09 0.04 0.79
Breast 0.25 0.09 0.06 0.60
Lo 0.22 0.00 0.03 0.75
(invasive)
Candx 0.13 0.00 0.13 0.74
(in situ)
Testis 0.25 0.00 0.17 0.58
Kidney 0.08 0.08 0.06 0.78
Bladder 0.07 0.12 0.04 0.77
Melanoma 0.21 0.02 0.08 0.69
Nervous system 0.13 0.05 0.02 0R3]0)
Thyroid 0.53 0.01 0.10 0.36
Endocrine 0.28 0.03 0.11 0.58
Ll 0.10 0.06 0.02 0.83
lymphoma
Leukemia 0.01 0.08 0.04 0.88
Median 0.13 0.07 0.06 0.75
K Czene, P Lichtenstein and K Hemminki, Int J Cancer 2002, 99: 260-6 4
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Discovering causes of cancer
o Cancer risks attributable to genetic factors
(G) are typically small (<10%)

* Primary causes must be environmental (E) or
GXE

o However, most of the E risks have not been
Identified

o \What tools are available for identifying G and
E causes of cancer?
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Studying genetic factors

SNPs per assay
) 1997 1
8 1‘_'.! " .
FUE e "I. ';i X 2001 10
T 2002 1,000
i LT 2004 50000

2006 500,000
2007 1,000,000
2010  >>1,000,000

Genome-Wide Association Studies (GWAS) performed
with 2,000-20,000 samples (2 billion - 20 billion genotypes)
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Studying exposures

Methods of exposure measurement 31

Table 2.2 Distribution of the main methods of exposure measurement
(one selected from each study) in 564 studies of the aetiology of
non-infectious disease published in the American Journal of

ILUCORGTIEO ROl BYIV[OI[CIQ pidomiohozy between January 1980 and Docember 1989
relied upon subjects to /L LD
assess their own e To ace

Telephone

exposu re S! Unclassifiable type

Self-administered questionnaire

Under supervision

Reference to records
Medical records
B.K. Armstrong et al. Principles of Exposure Other records
Measurement in Epidemiology, Oxford Med.
Pubs., 1992

Physical or chemical measurements
(On subject
On environment

Unclassifiable :

SM Rappaport



Editorial

Cancer Epidemiol Biomarkers Prev 2005;14(8). August 2005

Complementing the Genome with an “Exposome”’
The Outstanding Challenge of Environmental
Exposure Measurement in Molecular Epidemiology

Christopher Paul Wild

Molecular Epidemiology Unit, Centre for Epidemiology and Biostatistics, Leeds Institute of Genetics, Health
and Therapeutics, Faculty of Medicine and Health, University of Leeds, Leeds, United Kingdom
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Environment and Disease Risks

Stephan M. Rapgagon asd Martys T. Smith
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EMERGING SCIENCE
FOR ENVIRONMENTAL
HEALTH DECISIONS

WORKSHOP

The Exposome: A Powerful Approach for Evaluating Environmental
Exposures and Their Influences on Human Disease

FesruarYy 25-26, 2010 . WasHiNcToN, DC
THURSDAY, 8:30-5:00, FRIDAY, 8:30-NOON . NAS BUILDING, 2100 C STREET, NW, AUDITORIUM

| EMERGING SCIENCE
FOR ENVIRONMENTAL
HEALTH DECISIONS

AGENDA

Emerging Technologies for Measuring
Individual Exposomes

DECEMBER 8-9, 2011 = THURSDAY, 8:30-5:00, FRIDAY, 8:30-NOON*
HOLUSE OF SWEDEN EVENT CENTER, 2900 K STREET, NW, WASHINGTON, DC
THIS WORKSHOP WILL BE WEBCAST.
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Scientific citations to ‘exposome’
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Capturing all exposures

Environment and Disease Risks

Stephan M. Rappaport and Martys T Smith
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S.M. Rappaport and M.T. Smith, Science, 2010: 330:460-461
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| The exposome
| Includes all
chemicals in the
internal chemical
\ environment

Internal
chemical
environment

Xenaobiotics
Inflammation |

Oxidative stress
Gut flora
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EXposures are chemicals
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Toward ‘Omic Scale Metabolite Profiling: A Dual Separation—Mass
Spectrometry Approach for Coverage of Lipid and Central Carbon
Metabolism

Julijana Ivanisevic, Zheng-Jiang Zh u,"" Lars Plate,” Ralf Tautenhahn,” Stephen Chen,” Peter J. O'Brien,”
Caroline H. Johnson,” Michael A. Marletta,” Gary J. Patti,*! and Gary Siuzdak®"’

f."{-.'rlppx Center for Metabolomics and Mass Spectrometry, The Scripps Research Institute, 10550 North Torrey Pines Road, La Jolla,
California 92037, United States

*Department of Chemistry, The Scripps Research Institute, 10550 North Torrey Pines Road, La Jolla, California 92037, United States

"Departments of Chemistry, Genetics, and Medicine, Washington University, One Brookings Drive, St. Louis, Missouri 63130,
United States

*Plizer Worldwide Research and Development, La Jolla Laboratories, San Diego, California 92121, United States

© Supporting Information

ABSTRACT: Although the objective of any ‘omic science is
broad measurement of its constituents, such coverage has been
challenging in metabolomics because the metabolome is
comprised of a chemically diverse set of small molecules with
variable physical properties. While extensive studies have been

Wi/

performed to identify metabolite isolation and separation
methods, these strategies introduce bias toward lipophilic or
water-soluble metabolites depending on whether reversed-
phase (RP) or hydrophilic interaction liquid chromatography

!h.n-_"'ll_.f,'.-'-

(HILIC) is used, respectively, Here we extend our consid-

Al T

eration of metabolome isclation and separation procedures to
integrate RPLC/MS and HILIC/MS profiling. An amino-
propyl-based HILIC/MS method was optimized on the basis of
mobile-phase additives and pH, followed by evaluation of reproducibility. When applied to the untargeted study of perturbed

bacterial metabolomes, the HILIC method enabled the accurate assessment of key, dysregulated metabolites in central carbon
pathways (eg, amino acids, organic acids, phosphorylated sugars, energy currency metabolites ), which could not be retained by
RPLC. To demonstrate the value of the integrative approach, bacterial cells, human plasma, and cancer cells were analyzed by
combined RPLC/HILIC separation coupled to ESI positive /negative MS detection. The combined approach resulted in the
observation of metabolites associated with lipid and central carbon metabolism from a single biological extract, using 809 organic
solvent (ACN:MeOH:H,0 2:2:1). It enabled the detection of more than 30,000 features from each sample type, with the highest
number of uniquely detected features by RPLC in ESI positive mode and by HILIC in ESI negative mode. Therefore, we
conclude that when time and sample are limited, the maximum amount of biclogical information related to lipid and central
carbon metabolism can be acquired by combining RPLC ESI positive and HILIC ES] negative mode analysis.

Anal. Chem. 2013, 85, 6876—6884
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More than 30,000
small molecules
detected in 0.1 ml
(2 drops) of serum




EXposome-wide association
studies (EWAS)

By applying untargeted
EWAS to biospecimens

from some healthy and
diseased subjects, we can
discover useful biomarkers

http://www.flickr.com/photos/paulieparker/246707763/

Then we can target useful biomarkers in
large populations

S. Rappaport, Biomarkers, 2012, 17(6), 48: 3-9 13
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Untargeted EWAS

Blood exposome

Diseased vs\healthy
subjects

Biomarkers of

: disease
Biomarkers
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Endogenous
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Based on: S. Rappaport, biomarkers Plomarkers

Biomarkers, 2012, 17(6), 48: 3-9
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