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“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 environmental agents, socioeconomic
conditions, lifestyle, diet and endogenous process.”

gmm | m

6th edition of the dictionary of epidemiology, 2014
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Noncommunicable diseases

8.2m
All other
NCDs

4 NCDs

Diabetes caused

of all NCD

deaths
Respiratory

diseases

9.0m

Cancer

CVD alone
accounts
for

of NCD
deaths

Zou KH et al. Health Services and Outcomes Research Methodology volume 21, 8-20 (2021)




Number of deaths in 2016 from non-communicable diseases

Women

Il Cancers

B Cardiovascular diseases and diabetes

[ Respiratory diseases

I All other NCDs

B Svicide

3 oOther injuries

1 Communicable, maternal, perinatal,
and nutritional conditions
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NCD Countdown 2030 collaborators. Lancet. 2018 Sep 22;392(10152):1072-1088.



ld population from 1950 to 2100

30 Million

10 Milion 20 Millior )Milion 40 Milion 50 Milion 6




Life expectancy, England, 2017 to 2019

If we focus instead on years of
good health, disability free
years then for the period 2018-
9.4 years 2020 for women the difference
between the least and most
deprived areas was 19.3 years,
and for males 18.6 years

Most deprived (deprivation decile = 1)

B Least deprived (deprivation decile = 10)

Life Expectancy - Male Life Expectancy - Female

Source: Office for National Statistics (ONS)



Mortality rates from leading causes in most- and least- deprived
areas, England, 2015 to 2019

Age-standardised
mortality rate per
100,000 W Least deprived (deprivation decile = 10)

Most deprived (deprivation decile = 1)

400

Cancer Circulatory disease Dementia & Alzheimer's Respiratory disease
disease







Chemical Complexities

only pre-registered

registered before the past decade
(including those with unknown
registration dates as a
conservative measure)

201 million chemicals reported in the

literature since early 1800s (CAS registry, registered in the past decade

(i.e.in commerce)

as of today’s date)

* Global inventory of chemicals licenced for
manufacture and sale: 359,206
https://doi.org/10.1021/acs.est.9b06379,
About 100,000 used in the EU
https://echa.europa.eu/information-on-
chemicals/ec-inventory

e REACH has 26,642 substances
https://echa.europa.eu/information-on-
chemicals/registered-substances

179366

with CAS No. without CAS No., confidential
but other identifiers business
information




Editorial

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

The sequencing and mapping of the human genome
provides a foundation for the elucidation of gene expression
and protein function, and the identification of the biochemical
pathways implicated in the natural history of chronic diseases,
including cancer, diabetes, and vascular and neurodegenera-
tive diseases. This knowledge may consequently offer oppor-
tunities for a more effective treatment and improved patient
management. Genetic research of this kind captures the public
imagination in a positive manner and attracts political
attention. For example, the 2003 UK Government White Paper
on genetics (1), entitled “Our inheritance, our future: realising
the potential of genetics in the National Health Service,”
highlighted the opportunities for tailored drug treatments and
gene therapy flowing from the sequencing and mapping of the

UK Biobank will recruit half a million people at a cost of
around £60 million ($110 million) in the initial phase. The
proposal to establish a “’Last Cohort” of 1 million people in the
United States (7) or a similar-sized Asian cohort (8) would
presumably exceed this sum. In each case, the high cost is
heavily influenced by the collection and banking of biological
material. This expense is predicated on the assumption that
biochemical and molecular measures on this material will
resolve the etiologic questions alluded to above. It is self-
evident that unraveling of complex environmental and genetic
aetiologies demands that both environmental exposures and
genetic variation are reliably measured. Advances in statistical
methods and in bioinformatics in relation to large data sets are
also of critical importance.

Cancer Epidemiol Biomarkers Prev 2005;14(8).




EPIDEMIOLOGY

- - - A new paradigm is needed to assess how a
En VI ro nm e nt a n d D I se ase R I s ks lifetime of ‘ Xxposure t; eiw'uir';nmental factors

Stephen M. Rappaport and Martyn T. Smith affects the risk of developing chronic diseases

Exposome

Reactive electrophiles
Metals
Endocrine disrupters
Immune modulators
Receptor-binding proteins

f developing  sure is needed if LP]dLITl]I ists are to dis-
chronic diseases are attributed to g
both genetic and environmental fac- bs ) identifying the most  Thus, it would be reas

important environmental exposures is the the “environment™ as the
fragmentation of epidemiological r chemical environment )
the amounts of biolo

Internal
chemical

environment
Xenobiotics ‘
o Inflammation =
Preexisting diseas
Lipid peroxidation
Oxidative stress \
Gut flora

Science. 2010;330(6003):460-1.

X 1g on qucx:tiu:mne s mental risks, they tend to concentrate
erize “environmental exposures.”  particular y of ures involving o
is hccau-ac G\\-' y sent thc rvnl\-' air and water pollution, occupation, diet  water, or fo or example, but
5 I S dI'Ld behavior, or types  chemicals produced by lI'lﬂdITII'IMUOI] oxidz
i , lipid pero
uter natur Jl pm
" In fact, all of

-an contribute to
1ld be investigated

-
s
v
£
S
(=]

=
=
s
v

.
°
c
P
v

-
>

l

ity nfcm-‘imnmcntal exposures h'nm concep-
nize that toxic effects are mediated l|‘lIULl gh  tion onwards, and has been proposed to be a

“Bottom-up” & “top down”
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Functional exposomics

Top-down / host

Bottom-up / external

Disease Health phenotypes

t Pharmacokinetics Pharmacodynamics

Epigenome

Transcriptome

Proteome

Metabolome

nternal dose Biological response

Niedzwiecki MM et al
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Gao P et al. Genome Res. 2022 Jun;32(6):1199-1214.




Combining key characteristics and hallmarks of cancer into life

course Adverse Outcome Pathways.

Bottom Middle Top
Key characteristics Key o Hallmarks of

hallmarks of cancer characteristics A Cancer

framework of carcinogens | .. . i
Lifecourse AOP Mglgiglar Y . Adverse
framework nitiating ey event(s) outcome

event(s)
KER KER

Douglas Hanahan D and Weinberg RA. Cell. 2011;144(5):646-74.




Hallmarks of environmental insults

1. Oxidative stress and inflammation
2. Genomic alterations and mutations
3. Epigenetic alterations

4. Mitochondrial dysfunction

5. Endocrine disruption

6. Altered cell communication

7. Altered microbiome communities
8. Impaired nervous system function

X: Accelerated biological ageing

Peters A et al. Cell. 2021 Mar 18;184(6):1455-1468




Systemic responses

¢ Altered chemokine signaling,
inflammation

* Circulating extracellular
vesicles

e Circulating RNA species

¢ Altered metabolites

Circulating peripheral
white blood cells

* Altered composition and states
¢ Epigenetic changes

* Mitochondrial dysfunction

¢ [elomere attrition

Lung
¢ Inflammation, cell death
¢ Epigenetic changes

* Immune cell interactions
e Altered lung microbiome
* Virus activation

Reproductive organs

¢ Inflammation

¢ Epigenetic changes

* Mitochondrial dysfunction
* Telomere attrition

* Endocrine disruption

Brain
Neuroinflammation
Neurotoxicity
Stress hormone release
Endocrine disruption
Circadian rhythm disruption
Altered nervous system
function

Heart

¢ Inflammation, cell death

* Epigenetic changes

* Mitochondrial dysfunction

¢ Altered autonomous
nervous system function

Gut
¢ Altered gut microbiome
¢ Altered metabolites

Skin

¢ Inflammation

e Epigenetic changes

¢ Immune ceall interactions
e Alteraed skin microbiome




Adverse Outcome Pathway — relevance to the
exposome

Molecular initiating event

Acute
health
endpoint

e Asthma exacerbation
A D M E e COPD exacerbation

 |schaemia
* Arrhythmia
e Thrombosis




Adverse Outcome Pathway — relevance to the
exposome

Molecularinitiating event

Chronic
health
endpoint

* Airway remodelling
A D \Y E  Loss of lung function

e Atherosclerosis
* Immune modulation




NO, controlling for PM, ¢

Sulphates

Nitrates
Chlorides

Secondary organics




Adverse Outcome Pathway — relevance to the
exposome

Health
Impacts




Meet-in-the-Middle: The Example of Air Pollution and Coronary
Heart Disease

Case-control study on CVD nested in a cohort

of 18,982 individuals from the EPIC-Italy study OMIC signals
_ , _ Interleukin-17 (proteome)
We measured air pollution, inflammatory ROS/Glutathione/Cytotoxic granules (methylome)

biomarkers, and whole-genome DNA Cytokine signaling (methylome)
methylation in blood collected up to 17 years

before the diagnosis.

Our findings indicate that chronic exposure to
air pollution can lead to oxidative stress,
which in turn activates a cascade of Air
inflammatory responses mainly involving the Pollution
“Cytokine signalling” pathway, leading to
increased risk of CCVD — NO,, PM, ¢, PM,,

Fiorito G et al., Environ Mol Mutagen 2017, 59(3):234-246.



External exposome developments

OR (95% CI) per IQR increase in air pollution
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External exposome
Enhanced modelling capacity
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Environ Int. 2018;120:81-92.



External exposome developments
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Unpicking causal associations

Sulphates

Nitrates
Chlorides

Secondary organics




Human circulating miRNome and short-term
exposure to traffic-related air poIIution
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Challenges for exposomics for policy integration

1. Refinement of exposure assessment to air pollution and watg ninants using a
combination of personal exposure monitoring and ‘omig

2. Will such a validated refinement lead to more accy
witl 2ducing measuress

3. WIllE S o oo codnisian g the investigay
single components?

4. Will they improve the investigai

5. Isit possible to strengthes

i.e. investigate the tes

ot the association

_.s of mixtures in addition to

sponse relationst
11g by using the “meet-in-the-middle” concept,
_e Of exposurn hinlAacicral nAathiarAnvg qerturbation

6. Standar¢ s > and analysis - validation

BMC Public Healtiva™ e 18, Article number: 260 (2018)
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Brennan P et al. Eur J Epidemiol. 2017;32(9):741-749

Spain

Turkcy“' @

Cyprus

biobank

Enabling scientific discoveries that improve human health

Millions invited to take part in UK
scheme to diagnose diseases earlier

Our Future Health project to recruit 3m people to share health
records, give blood samples and have DNA analysed

A project to diagnose and treat diseases early - or even prevent them from
developing - has been launched in the UK, with 3 million people to be invited

to take part this autumn.

The project, called Our Future Health, will eventually recruit 5 million or
more people from all walks of life, with participants sharing their health
records and giving blood samples, as well as having their weight, blood
pressure and cholesterol measured, and their DNA analysed.
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