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Exposome: the integrated compilation of the physical, chemical,
biological, and psychosocial influences on biology and health*

The exposome is the environmental complement to the genome
genes x environment = phenotype

The exposome provides the platform to integrate the full spectrum of environmental exposures into
health. This can provide actionable information to prevent and diagnose disease, develop therapeutic
approaches, and drive policy. Its importance to human health demands infrastructure investment.

The exposome and health: Where chemistry
meets biology

Roel Vermeulen?*, Emma L. Schymanski®, Albert-Laszl6 Barabasi*>, Gary W. Miller”* Exposome Moonshot
Project at Johns Hopkins
2025
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A brief history of the exposome and exposomics
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1. Administrative/Stakeholder
Engagement Hub (Miller, Singh,
Wu, Thualt-Restituito).

NEXUS Hubs

§@

NEXUS

2. Analytical Sciences Hub
(Metz, Pollitt). Yale, PNNL/DOE

af\ferwork of Exposomics in the US
0
Wy

3. Geospatial Sciences Hub
(Habre, Rajasekar). USC, UNC

4. Data Sciences Hub (Patel,

Funded by NIH (NIEHS, NIA, _
Sirota). Harvard, UCSF

NCI, NIAMS, NINDS, ORWH,;
funding started Sept, 2024)

https://www.nexus-exposomics.org/




EIRENE RI

SETTING UP AN INFRASTRUCTURAL LANDSCAPE
FOR HUMAN EXPOSOME RESEARCH

Jana Klanova on behalf of the EIRENE Consortium



Gap in the 2018 ESFRI Roadmap

,There is a need to enable a research infrastructure that will facilitate
research on the human health and wellbeing at all stages in
development, including ageing, nutrition and behavioural studies,
and their connections to the social sciences and humanities. There
are geographic, economic and environmental drivers affecting
human health and wellbeing. Climate change, extreme weather,
dramatic changes in ecosystem services, environmental
pollution and exposure to harmful chemicals represent a new
combination of issues that require an integrated approach at pan-
European level.

At the heart of this approach is the EXPOSOME, taking a holistic
view throughout the human lifetime on the effect of exposures
to diet, lifestyle, and the environment on human health and
disease. The EXPOSOME coupled with advanced genetic and
medical approaches represents an opportunity to tackle this
complex issue by connecting to the landscape of Health & Food RIs
and other domains. Ongoing EU projects and networks on human
biomonitoring (HBM4EU and EMEP) are important steps to bring
together relevant parties.”
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EIRENE RI: Prioritised in the 2021 ESFRI Roadmap
EIRENE RI

Website Headguarters
pending Masaryk University
Brmo, Czech Republic

The Research Infrastructure for EmdRonmentzl Soposure
zzsazsrmeblt in Eurcpe (EIREME RI) pioneers the first European
Research Infrastructure on environmental determinanis of humzn
health. the Hurran Exposome. EIREME Rl intends to support
lange-zcale research for the intendisciplingry assessment of
enviranmenial determinants of health, noluding indoor and
outdeor emvirenment factors, lifestyle, sociosconomics, and the
indnviduz. s 2kility to cope with vanous stressors such as infection
ordi=sass. EREME Rl will provide harmonized workdlows and
integrated services for data and samole collection, aswellas
lnowisdge and tools that wil be made acoessible to 2cademic
ressanchers, privete companies. public suthontiss and ctizens
through the EIREMNE open-access system and the EIRZME
nowiadge hub.

earch Infrastructure for EnviRonment:

DESCRIPTION

smeMt in Europe

Lagal status Type
pending distributed

The concept of 2 pan-European Infrastrocture supporting ressarch
on the effects of long-term sxposunes to verious types of stressors
on popu.ation healtn and the roles these eposurss play in the
developrrent of chronic dissases is based on ten-yeer experience
of Czech national RECETOX Al Entered in the ESFRI Rozdmap
2021, EIREME R! already connects 50 ressarch institufions fram 7
countries. |t builds on the legacy of the European environmental
muonitoring nebworks and their databases (EMER GMBE GMCSE)
GED Initizthves (3054P0R and GOS4M) and relzted H2020
projects (ERA PLAMET, e-SHAPE), EU biomonitoring nitiatives
(DEMCCOPHES, HEMAELD, UMERWHD global beomanitoring
eforts, EU expoasome (HELIX, EXPOSOMICS, HEALS and EHEM
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HBM4E\

science and policy

Building infrastructural and human capacities in PARC

M ) for a healthy future
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EIRENE services
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Sustainable model of EIRENE services
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Open access system development and
/ operation \

Catalogue development

EIRENE Rl management and coordination

<)

User’s and stakeholder’s
engagement and outreach

)

Bottom-up Exposomics Top-down Exposomics
Identify important exogenous exposures

S =
Measure chemicals in air, water & food Identify all important exposures

six pillars providing an access to

experimenta
data and too

experimenta

capacities, samples,
S

/data/metadata

standards, harmonization and QA/QC
procedures established centrally

promoting open science

EIRENE RI



Method standardization, multi-site (EU-US) replication,
application in the EU cohorts/ EHEN projects
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Computational resources and data infrastructure

8  Global network for mass spectrometry data processing with Galaxy
£ Coordinating shared re-sources (software, data, tutorials)

" Coordinating shared projects and collaborations across Galaxies

prem Promoting collaboration and engagement with community

stakeholders

20 open-code
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2 workflows
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WorkflowHub
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Training Network

matchms
r-ramclustr
r-recetox-aplcms

r-recetox-
Xxmsannotator

riassigner
r-recetox-waveica
msmetaenhancer
gc-meox-tms
spec2vec

ms2deepscore

73433
9808
11926
2503

8028
3428
15479
1830
5626
8677

“LINFRA
cz

$3 Object Store
|

20
<, oot P B sumenteates—>-
a_

Authentication T
User Groups

HEe0SC

Compute &

Tools

Galaxy

EMBL-EBI &

Repositories

SODAR

 Robust open-source

research data management
software (i.e. iRODS)
Integrating ELIXIR
authentication mechanisms
(LifeScienceRI)
Interoperable framework of
distributed data storage and
processing solutions
(Galaxy)

Ontology based metadata
annotations, standardized
data formats and
procedures

o

Metadata

Open and shared SOPs for
reproducible and transparent
data acquisition.
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Data integration and visualization

Development, customization and operation of information

and database systems

To support: Data integrations across systems and scientific

domains
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Using Rlis to investigate and document
the impacts of the environment on
human health.

Charlotte Roehm, PhD, PMP

Division of Biological Infrastructure

Directorate of Biological Sciences
National Science Foundation




U.S. Federal Research and Development
Infrastructure

A Foundation of the Nation’s Global Scientific Leadership and
Economic and National Security

May 2024

Strategic Planning

Sharing RDI strategies
|[dentification of Gaps
Benchmarking International RDI




NSF Research Facilities and Infrastructure

Enabling Addressing Enhancing Training &
Discovery and Innovation Societal Challenges Workforce Development




The Exposome

; bﬁ” Environmental
“4

Neuroscience

AR

@’ Advancing the Understanding
‘f : & of How Chemical Exposures
Impact Brain Health and Disease

The National Academies of [Source: Vermuelen et al., 2020: Neurotoxicology 29(5)]
SCIENCES - ENGINEERING - MEDICINE




National Ecological Observatory Network -

neC'Dn About Us Data & Samples Field Sites Impact Resources Get Involved

Operated by Battelle

Explore 180+ data Get access to over Learn how data Start your journey
products from 500,000 samples and samples are with data and
across the and specimens collected resources
continent

DATA COLLECTION GET STARTED >

METHODS

BIOREPOSITORY
SAMPLE PORTAL

) |

> |

DATA PORTAL >
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l—‘ THE UNIVERSITY
% OF QUEENSLAND
¢ ALUSTRALILA

",

‘Australia’ has not had much interest in ‘human

biomonitoring (HBMY)’

Lots of reason for that (incl)
‘We think’chemical €XPOSUre IS less than in other industriaiised cOUNtries

Studies very expensive

Exposure forgotten in the National Health Measure Study?



This ‘void’ formed my career in Human Biomonitoring @ UQ

-the development of long-term sampling...
-and archiving programs...

Timeline 1 1 I I T I | I l I l I — I I
1999 2001 2003 2005 2007 2009 2011 2013 2015 2017 2019 2023

= &
WESIEE  Pooled  Firefighter
water Urine Cohort




l—‘ THE UNIVERSITY
% OF QUEENSLAND
¢ ALUSTRALILA

",

‘Australia’ covers amazing T
diverSity that affeCt our Nicotir;;e(ir?lofjerinneesls,adults)
exposome -
- remoteness (see example)
- climatic including
extremes/changes
etc.

And we have an amazing
Census/ABS




Australian CDC and EPA ;us;ﬁan Centre for Disease

Control

We are establishing an Australian Centre for Disease Control (CDC) to
improve our response to public health emergencies.

=» Basis for Exposome in Aus.

Network of Exposomics in the US

/s




MAKING SCIENCE HAPPEN

A new ambition for Research Infrastructures in the European Research Area

ESFRIWHITE PAPER

Ris as strategic 2020

investments in
competitiveness &
societal well being i

World class RIs ecosystem is capable
to deliver science based solutions to

all important Societal challenges

Long-Term
Sustainability
of Research
Infrastructures

Robust, long-term, emergency —
response across borders, Im"'
sectors and domains, economic

= /_

Data & digitalization
integrating environmental
& medical research with
social sciences

and social recovery
Rl ecosystem backbone
Readinness & Resilience

Added value of global interdisciplinary research - Ris building
on that and use what have been already created
Interoperability across domains = more effective science
(speed up sharing knowledge, transparency and
reproducibility, harmonizing community standards,
comparable and reusable data, science quality and relevance)
Multidisciplinarity as a driver of excellence and an
opportunity for broadening the service base and maximizing
impact.

Contribution to economies of scale & sustainable resources
use (finances + people + RlIs + data management)

Maintain scientific excellence & societal relevance

Ensure right people are at the right place at the right time
Harmonize and integrate operation of Rls and e-INFRA
Fully exploit the potential of Rls as innovation hubs
Demonstrate the economic and wider benefit to society
Effective Rl governance, long-term funding and effective
management

Coordination at national, European levels and globally

Global challenges require global solutions
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