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Original definition

Wild (2005) proposed a non-genetic complement to the genome - the exposome - to
encompass all environmental exposures shaping phenotype.

Bottom-up Exposomics Top-down Exposomics
Identify important exogenous exposures Msyr hmicals in Iood

Monitoring programmes

_ = - & Exposure markers
Earth observations : \ P

Effect markers

Measure chemicals in air, water & food Identify ail important exposures

Personal samplers, wearables
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Exposome redefined

Exposome: the totality of environmental exposures, i.e. the
totality of contact between external factors (agents) and a

biological entity.

Functional exposomics: the systematic and comprehensive
study of environmental exposure-phenotype interaction over a

defined time-period.

Operational definition for studies considers the
environmental exposures (contacts with external factors)

that influence phenotype and health.

Exposotype

Phenofype

https://doi.org/10.1016/|.isci.2022.103976

Phenome
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A brief history of the exposome and exposomics
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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.

IMPLEMEI‘iTlg 10N
i ongrecton

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 RlIs

and other domains. Ongoing EU projects and networks on human

biomonitoring (HBM4EU and EMEP) are important steps to bring

together relevant parties.” El REN E Rl




EIRENE RI: Prioritised in the 2021 ESFRI Roadmap
EIRENE RI

Website Headquarters
pending Masaryk University
Bmao, Czech Republic

The Research Infrastructure for EmdRonmentzl Soposure
azsezsmehlt in Eurcpe (EIREME BRI pioneers the first European
Research Infrastructure on environmental determinanis of human
health. the Hurran Exposome. EIREME R intends to support
lange-zcale research for the intendisciplinery assessment of
emviranmenial determinants of health, ncduding indoor and
outdoor emircnment factors. lifestyle, socioeconomics, and the
individua!s zhility to cope with vanous stressors such as infection
ordi=sase. ERENE Rl will provide harmonized workdlows and
integrated services for data and samole collection, aswell 2z
lnowisdge and tools that wil be made acoessible to 2cademic
resssrcners, privete companies. public suthontiss and otizens
through the EIREME open-access system and the EIREMNE
nowiadge hub.

earch Infrastructure for EnviRonment:

DESCRIPTION

smeMt in Europe

Legal status Type
pending distributed

The concept of 2 pan-European Infrastructure supporting ressanch
on the effects of long-term sxposunes to various tyoes of stressors
«on popu.ation health and the roles these expozures play in the
developrrent of chronic dissases is based on ten-ysar experience
of Czech national RECETXX Al Entered in the ESFRI Rozdmap
2021, EIREME R! already connects 50 ressarch institufions fram 7
«countries. It builds on the legacy of the Eurcpean environmental
muonitaning neboorks 2nd their databases (EMER GME GMOS),
GED Initiztves (3054P0R and GOS4M) and relzted H2o20
projects (ERA PLAMET, e-SHAPE] EU biomaonitoring initiatives
{DEMCCOPHES, HEMAELD, UMEPWHD global beormanitoring
=forts, EU exposome (HELIX, EXPOSOMICS, HEALS and EHEM
clusteri and other relzted projects (HERA, EURION cluster)
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Steps forward

During a series of meetings ‘Accelerating Precision
Environmental Health: Demonstrating the Value of the

Exposome’, organised by the US NIEHS in 2022, several

obstacles to progress in this field were identified:

The need to establish standardized and robust
approaches for biomonitoring of the human
exposome;

Data sharing in exposome research: databases,
metadata, encouraging data sharing, and reporting
responsibility;

Creating and sustaining interoperable data
repositories for environmental health data;
Harmonizing exposome data across studies;
Merging data from existing longitudinal studies;
Making the exposome relevant to public health
interventions and policy & addressing disparities by
intervening on the social and physical environments;
Establishing a community-of-practice.

Research-
phase

The black ¢

Research-
knowledge
chosen

T

Development-
phase

OO

cles show:

Development-
idea

| chosen

Formation-
phase

Formation-
principle
chosen

Implementation- Operation-
phase phase

Implementation- Product
mode chosen
chosen

The grey circles show possibly but not chosen ideas, principles, modes and products

Hostgaard et al. 2011
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Exposomics challenge

To support integration into the biomedical sciences, exposomics should provide a readily deployable
toolbox including methods of high-resolution mass spectrometry for detection of environmental
chemicals and metabolic perturbations, epigenomics to measure environmentally mediated

alterations to DNA, or geospatial techniques for mapping proximity to exposure sources.

Bottom-up Exposomics Top-down Exposomics
Identify important exogenous exposures Measure chemicals in blood

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

Such a toolkit should be accessible to researchers from multiple fields demanding the analyses of tens
of thousands (and potentially millions) of samples through the open-access services of the harmonized

network of (laboratory and data) research infrastructures.
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EIRENE RI services
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EIRENE Rl management & coordination

<)

User’s & stakeholder’s
engagement & outreach

Open-access services

A — chemical (exposure) profiling
B — biological (response) profiling
C — hazard (risk) assessment

D — environmental data

E — human data and samples

F — data processing tools & platforms

Central services
Quality and capacity enhancement in labs
Quality and capacity enhancement in data

HR development and training
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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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Chemical exposures

Molecular characterisation of exposures
focuses on chemicals (and their biochemical
responses)

Many environmental exposures do not elicit

observable biochemical responses

Cumulative nature of burden means association

of exposure — effect is challenging

What distinguishes a response and an effect
https://doi.org/10.1136/jech-2011-200643
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Biochemical response

Molecular characterisation of biochemical responses

focuses of endogenous metabolites

Molecular-level (biochemical) responses are not the same
as higher-order phenotypic effect i.e. not necessarily

biomarkers of clinical effect

Molecular hallmarks of health are generalised and non-

specific
https://doi.org/10.1016/].cell.2020.11.034
https://doi.org/10.1016/].cell.2021.01.043
https://doi.org/10.1016/j.isci.2022.103976

Inflammation

Redox

Immunity

{/’/

)

Signalling
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https://doi.org/10.1016/j.cell.2020.11.034
https://doi.org/10.1016/j.cell.2021.01.043
https://doi.org/10.1016/j.isci.2022.103976

HRMS profiling

Exploratory analysis of sample composition S
C
T
Detection and discovery of novel chemicals r a
e
r
Broader chemical coverage but reduced accuracy: € g
gualitative i.e. analyte identity n e
L : I
guantitative i.e. analyte concentration t
n
g

QA/QC standards in the metabolomics field

have largely not progressed since ~2000

EIRENE RI



EIRENE chemical exposomics

Instrumental blank 1 Scores Plot
Alkane mix 1 (retention-index lock) 8 o case
i PCB mix 1 (system sensitivity check) o
Instrumental blanks 2 & 3 .

4

Procedural blank 1
e ) External pooled long-term QC 1 o

Inflammation =
LC-00Q Inflammation (P) @
GC-Q 5CFAS (M)

] ‘
m )
- B LC-PDA vitamins (M)

Samples 1-10

I Procedural blank 2
| nteg rate target & screen ng Rede ‘@ @ Externa{if)il:;alon;-:erm QC2
tggggm\j:-:v[n'j]xmn(p) Lg‘t]l:xl:::lur:;mm\ns:m; Samples 11-20 4

GC-Q Palyamines (M)

L) Procedural blank X o

PC2(137%)

Harmonized QA/QC approaches

Non-target
Screening

Alkane mix 2 (retention-index lock)
PCB mix 2 (system sensitivity check)
Instrumental blanks x, x+1, x+2

Data
exploration

Knowledge
base

T T T T T
-40 -20 0 20 40

Public SOPs & setup

PC1(30.3%)

Public spectral libraries

Access

User-friendly web interface

Public processing pipelines Hypothesis

generation

Hypothesis
testing

Reproducibility
/" Tracking of actions and tool
metadata in a history that can be

transformed into a workflow,
published, shared or persisted on
disk.

Workflows

FAIR data & reporting

= Galaxy

Targeted

quantification Modular tools to build multi-step

processing pipelines

Visualizations

First step = full transparency for reproducible, standardised In-browser and interacive tools —___

for data inspection

single-site analysis Storage

Secure data storage with

Distributed Computing
Implicit parallelization via

Second steps = multi-site harmonisations federated identity & access job distribution for shorter
management for individual users runtimes
or groups
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SpecDatRI (EIRENE-CZ) Data Infrastructure (upcoming)

= ,‘ O
$3 Object Store Data Server ‘9; D e O S < Metadata
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Reproducibility
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~ pen and share: s Tor
rem ote fil ~ manag torage reproducible and transparent
data acquisition.

Compute e } I N F R A m Efficient local storage and rich
Cluster _— IRODS CZ metadata annotation to facilitate
sends jobs  Galaxy O

' holistic analysis.
da

T T X : _ Infrastructure Providers
j . : e Tooling
authenticates res data - ; Cooperate with compute
| MUNI ¢ e SI V4 providers to leverage shared and O

(SS0) THEWRD (WSS Scientific Communities

role based > (: C < i Client (Browser) Ga Iax y : Deposition Form interdisciplinary teams to
(-access control & authenticate s > SODAR o develop high-quality cutting edge
o

data processing tools.

export history
;&
sto

T Public Repositories
login uploads data ool Adapt and evolve existing Retrieval

4 208 o0 community endorsed repositories (,

| I EM BL—EB' 2es 1o, o for data deposition.

=
———acquires data—)l = ﬁd"dl Repositories Provide seminatically searchable

Authentication
User Groups

Indexed Catalogues

catalogues for efficient data
retireval and integrative

User analyses.
Instrument

* Robust open-source research data management software (i.e. IRODS)

* Integrating ELIXIR authentication mechanisms (LifeScienceRlI)

* Interoperable framework of distributed data storage (SODAR) and processing solutions (Galaxy)
* Ontology based metadata annotations, standardized data formats and procedures

17 MUNI|RECETOX



Repositories for data on chemical exposures and their effects

communities

Masaryk University, Faculty of Science

GENASIS |
. Metabolomics
chemical |
data reporitory
exposure
repositorry
(soil, water,
sediment,
air, indoor,
consumer
roducts,
Euman Metadata
tissues) scheme
Metadata
scheme
Advanced
tools
UOCHB AV CR

Toxicology data

repository

Geo-coded
data repository

Metadata
scheme

Metadata
scheme

Data and Metadata Collections

!

Institutional data policy

Data curator

DiSSCo,

DisSCo.

DiSSCo.

ISBE

LifeWatch ERIC,
ICOS ERIC, eLTER RI. ACTRIS

EIRENE RI



Urban Exposome Tool

Very High Spatial CVD and respiratory
Data Resolution health conditions
Air Quality
AQ:
PM, 5
PMy,
NO, g Search for associations
Benzene
SO,
Bronchitis
Other Asthma ]
Exposome :
parameters: Respiratory —

Build-up Area |

Road Network

Urban Green Space |  ——

_ hospitalizations
- I’ & Cardiovascular-related hospitalizations

Long-term observation (2010-2024)

A new approach to urban health
risk management as a long-term
sustainable tool for Smart Cities

For policy decision making.

New tool, annual updated = on-

line live data linking and
automatic recalculation.

Brno Living Lab



INTERNATIONAL HUMAN EXPOSOME NETWORK PROJECT (IHEN)

Vision

To establish an international network that will improve global research
and cooperation on the exposome

The IHEN Project Consortium

-

M at u ra'“ on Of th e f| eI d req u | res —— International Human Exposome Network (WP2) —
. . . board - Build network Stakehold
coordination of worldwide efforts to board (6) & m— § Define options for long-term HEN. o 1 $— Community (8¢)
.- . Stakeholder
- facilitate rapid exchange, Community 3 3 Allintested
(ASC) FAIR exposome toolbox (WP3 & WP4) Roadmap (WP5) stakeholders
1 1 1 - Identify and make FAIR: tools, - Define exposome concept
* Increase h armoniz atl on ! Invited to metadata, resources - Interim agenda
. (2 Epfese”f global - Fit-for-purpose test through - Stakeholders needs
- align future research efforts, and regions, demonstrators - Gaps and white spaces
prof es;m;af - Integrated roadmap
. ‘- . . . organisations, Obj.2 &3
« translate scientific findings into exposome :
. .. research projects,
Effe Ctlve pOI ICIES . agenc.ies,potfj)er Communication, dissemination and training (WP6)

key stakeholders - Visual identity, communication, dissemination
- Training opportunities inventory

Obj. 5
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RI



NEXUS Hubs

\&
...

Network of Exposomics in the US

W@y

Funded by NIH (NIEHS, NIA,
NCI, NIAMS, NINDS, ORWH,;
funding started Sept, 2024)

1. Administrative/Stakeholder
Engagement Hub (Miller, Singh,
Wu, Thualt-Restituito).

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

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

4. Data Sciences Hub (Patel,
Sirota). Harvard, UCSF




Partnership for Assessment of Risks from Chemicals (PARC)

/’

bl science and policy
o ) for a healthy future

\\ Sikenaldels | (eessss—— (WP2

Policy ”
Sustainability -~ Priority setting

1. Indentification and ﬁW 5.6
prioritization of ' R— - =
needs and ga R &l needs

4. Next-generation RA

and sustainability

WPpP4 wps
beyond PARC

Monitoring Hazard
and exposure assessment

Task 9.2 Building
k8 [ Lahoiatony exposure monitoring

REwokine capacities

3. Filling the needs,

wee [l wes :
Innovation in Concepts & \ WP 3 \= WES closing the gaps
regulatory risk Toolboxes | | 2. Building infrastructural
assessment Synergies, collaboration, and human capacities
! cognmur)icat.ion, Task 9.3 Joint
dissemination activities Task 9.4 Training
(harmonization)

!

\ wp7 g Data FAIRification, harmonization, (re)use

Models

FAIR Data ~_ .~ Capacities

VISION: Building infrastructural and human capacities in PARC
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Thank you for your attention

jana.klanova@recetox.muni.cz

WWW.recetox.muni.cz

WWWw.eirene.eu
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