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Some background

 About three fourths of all people die from chronic
diseases, mainly CVD and cancer

e These diseases result from a combination of genetic (G)
and environmental (E) factors

o Known risk factors account for less than half of chronic-
disease risks

« Elaboration of the G matrix with modern GWAS has
been stunningly comprehensive

o but has explained relatively little CVD and cancer risks

» Elaboration of the E matrix relies on questionnaires,
geographic information and targeted measurements
o much as it did a century ago
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The exposome - promoting discovery
of environmental causes of disease

Christopher Wild defined the ‘exposome’,

representing all environmental exposures
(Including diet, lifestyle, and infections) from
conception onwards, as a complement to the
genome In studies of disease etiology

Wild, C.P., Cancer Epidemiol Biomarkers Prev 14 (8), 1847-1850 (2005).
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Editorial

EPIDEMIOLOGY
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Environment and Disease Risks

Stephen M. Rappaport and Martyn T. Smith

Ithough the risks of developing
chronic diseases are attributed to
oth genetic and environmental fac-

tors, 70 to 90% of disease risks are probably
due to differences in environments (/-3). Yet,
epidemiologists increasingly use genome-
wide association studies (GWAS) to investi-
gate diseases, while relying on questionnaires
to characterize “environmental exposures”
This is because GWAS represent the only
approach for exploring the totality of any risk
factor (genes, in this case) associated with dis-
ease prevalence. Moreover, the value of costly
genetic information is diminished when inac-
curate and imprecise environmental data lead
to biased inferences regarding gene-environ-

sure is needed if epidemiologists are to dis-
cover the major causes of chronic diseases.

An obstacle to identifying the most
important environmental exposures is the
fragmentation of epidemiological research
along lines defined by different factors.
When epidemiologists investigate environ-
mental risks, they tend to concentrate on a
particular category of exposures involving
air and water pollution, occupation, diet
and obesity, stress and behavior, or types
of infection. This slicing of the disease pie
along parochial lines leads to scientific
separation and confuses the definition of
“environmental expnenres™ In fact all of
these exposure categ [N

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

A new paradigm is needed to assess how a
lifetime of exposure to environmental factors
affects the risk of developing chronic diseases.

chemicals that alter critical molecules, cells,
and physiological processes inside the body.
Thus, it would be reasonable to consider
the “environment”™ as the body’s internal
chemical environment and “exposures”™ as
the amounts of biologically active chemi-
cals in this internal environment. Under this
view, exposures are not restricted to chemi-
cals (toxicants) entering the body from air,
water, or food, for example, but also include
chemicals produced by inflammation, oxida-
tive stress, lipid peroxidation, infections, gut
flora, and other natural processes (5, 6) (see
the figure). This internal chemical environ-
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Scientific citations to ‘exposome’
(Google Scholar)
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Functionalizing the exposome

| The exposome

| Includes all
chemicals in the
internal chemical

\ environment

Internal | | |
chemical R

S.M. Rappaport and M.T. Smith, Science, 2010: 330, 460-461
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Measurements of
biomarkers can provide
Information about both
exogenous and
endogenous exposures



EXposome-wide association

studies (EWAS)

By applying EWAS to
biospecimens from healthy
and diseased subjects, we can
discover causal environmental
exposures.

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

But which ‘omes’ offer the most promise
for EWAS and follow-up studies?
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The molecular basis of life
(and disease)
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Disease pathways

Causal pathway (c) Reactive pathway (r)
@ ,// - N
~~ Disease Secondary
@ — phenotype ™ |phenotype
G = genome

E = environment
R = transcriptome (gene expression)

S. Rappaport, Biomarkers, 2012, 17(6), 48: 3-9
Based on: E. Shadt et al., Nat Gen, 2005, 37: 710-717



Adding omes

Causal pathway (c) Reactive pathway (r)

)

Disease Secondary
traits ~| traits

©
@ o

E = environment

R = transcriptome (gene expression)

P = proteome (protein expression)

M = metabolome (all small molecules and

metals) S. Rappaport, Biomarkers, 2012, 17(6), 48: 3-9



More omic connections
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S. Rappaport, Biomarkers, 2012, 17(6), 48: 3-9



Which omes for EWAS?

______
- 3

@’ @ Disease
P o traits

If causal exposures operate primarily through small
molecules (M,) and proteins (P.), then EWAS require
metabolomics and/or proteomics.
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Blospecimens for EWAS?

Causal biomarkers Reactive biomarkers
(exposure) (disease)
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Reactive biomarkers obscure causal pathways.
For validation of exposure biomarkers,
biospecimens should be obtained prior to
disease (prospective cohorts)



Bioactive molecules

Reactive electrophiles:
Reactive O, N & Cl species
Aldehydes
Epoxides
Quinones

Micronutrients

Microbiome
products

.

Metal_aqlome. Inflammation markers:
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Serum exposome

i ?iseased vs. healthy
' (case-control studies)

v Untargeted designs
Discriminating features

': Chemical

DATA-DRIVEN v identification
DISCOVERY (EWAS)

Candidate biomarkers

' Diseased vs. health)*
(prospective cohorts) \x

K/ Targeted designs
Biomarkers of exposure Biomarkers of disease

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



Serum exposome
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An EWAS of cardiovascular disease

Learning Cohort Validation Cohort
50 cases (3 yr MI, CVA, death) 25 cases (3 yr MI, CVA, death)
versus Versus
50 age/gender-matched controls 25 age/gender-matched controls

- HPLC-MS

(3) Structural identification of analytes
(4) Confirm clinical prognostic utility in independent prospective cohort (N = 1,876)

® Analytes
presumably
related via
commaon

high-perform
, my ds ratio (OR) ¢
(CI) of incident (3 ) risk for MI, CVA or death of the 18
that met all
ratio and 9
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From untargeted serum metabolomics (2,000
features), 18 unknown features were
associated with cardiovascular disease. Of
these, 3 were highly correlated, suggesting a
common pathway.

Trimethylamine oxide (TMAO)

Choline

Wang et al. Nature (2011) 472: 57-63.
17



Choline metabolism: a major cause of CVD?

SM Rappaport

Targeted LC-MS/MS
analyses of 1870 subjects
from an independent cohort
of CVD patients and

Odds ratio

controls
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Dietary choline:
eggs, milk, red

meat, poultry, - exee

seafood and
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Phosphatidylcholine Choline Trimethyl amine  Trimethylamine N-oxide
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Figure 6 | Gut-flora-dependent metabolism of dietary PC and atherosclerosis. Schematic summary illustrating newly discovered pathway for gut-flora
mediated generation of pro atherosclerotic metabolite from dig‘t;-\r:r PC.

Z. Wang et al. Nature (2011) 472: 57-63.
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Two biomarker-research agendas
EWAS

o For disease etiology

o Data-driven, untargeted designs

o Focus on small molecules and proteins
o To identify biomarkers

o Proof of concept has been established

Follow-up studies
o For etiology, diagnosis and prognosis
o Knowledge-driven, targeted designs
o For causative or suspicious factors
o Use biomarkers to confirm causality, etc.
o Provide feedback for public health and treatment

19
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Best wishes
from Berkeley
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