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Challenge of Assessing Human Exposome

2005: Wild proposed a non-genetic complement to the genome - the exposome - to encompass all
environmental exposures shaping phenotype. https://doi.org/10.1158/1055-9965.EPI-05-0456

Bottom-up Exposomics Top-down Exposomics
Identify important exogenous exposures Er em:'c:an's in I:rd

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



https://doi.org/10.1158/1055-9965.EPI-05-0456

Human exposome redefined (2022) Exposotype GxE Genotype

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.

Pher-notype

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

Operational definition for studies to consider the environmental
exposures (contact with external factors) that influence phenotype
and health

Genome

Transcriptome

Phenome



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

RECETOX Research

- RECETOX RI —in the Czech Roadmap since 2011

amad

1 o the et of i menal impacs anhumanheah,
oo for the development: of imoa e mEhods, knowhow and
gy i, tmaching andconabing, Thesucafion and aning

otz

s d i s and
I

o the ACTRE (e, lucs and oG eserchinfstre),

ELLEE Fompe
a e o (St ot Smakakr fesares i)

Ewirmaenid Expozure Az sment Metword) e for te uptated
andte

L) and 1

L% (g eon Metmork for Qkserving ur o ging Hlac ). 2o o
—
Socio-economic benefits
humn expe o e st and te dadge o cronic i
driz, and mprmves oF indestandng of e mectns o sch Sampling program
inberactions. It dentifies i médures in the enymnmental samples, :| AMAP
i

........ [ ]
factrstha -, pr I rioner
better targe g of ot [ Fracor
i, and fe waste procesing [ enhances: the ot etion of - (| rway transect
man health,
o hedthare. & mlanites Wih L (Unbed Natfons Envimamen
Programen) e

and 41 (o Mo Srgenimtio, and supports the
acrubr ecomny

Malaspina 063
code: GMP-W-0001955

X, =
iy o Country:
f.\ [6] UN Region:
z :. o~ Site type:

o | Latitude: -29.582
Longitude: 96.335
Monitoring programme: Malaspina
b ¥ (Gonzalez-Gaya et al. 2014)
4 o o Description:

ur | Malaspina (Gonzélez-Gaya et
J ' al. Environ Sci Technol 2014;
48(22): 13076-84. DOI
10.1021/es503490z)

Indian Deean
{90@0 \Umﬁ —

v
A\ S0uUrce. Wwiy. pops-gmp.on
ODOO‘@J pops-gmp.org

b ae 0T

RECETOX accredited laboratories
MONET monitoring networks
GENASIS information platforms
CELSPAC population studies




Trace analysis of exposure markers — services of accredited laboratories

» Development of sampling devices and sensors
» Environmental sampling and monitoring
» Developent of analytical (GC/HR-MS, LC/HR-MS, ICP-MS) methods
» Analysis of anthropogenic compounds in environmental matrices
- organochlorines including dioxins
- perfluorinated surfactant
- brominated and organophosphate flame retardants
- pesticides
- plasticizers, UV filters
- polyaromatic hydrocarbons
- musks
- mycotoxins, cyanotoxins
- toxic metals, micronutrients
» Analysis of target compounds and their metabolites in human tissues
» Target analysis of other exogenous and endogenous chemicals.




Analysis of endogenous chemicals / biological markers

Target protein and metabolite analysis

» Quantification of inflammatory proteins (i.e. SAA1, SAA2, SAA4, CRP, A1AT, A1AG) including corresponding
proteoforms (i.e. SAA2alpha, SAA2beta, A1AT1, A1AG1, A1AG2) and adaptive immunity effector IGHA1 in dried
blood spots

» Quantification of adaptive immunity effectors (i.e. IGHA1, IGHA2) and immune protein markers (i.e. A1AT, ECP,
EDN, MPO, CAL1, CAL2) in neonatal meconium and fecal swabs

» Quantification of adipophilin and perilipin-3 in breast milk

» Quantification of tryptophan-derived microbiome co-metabolites (5-hydroxyindolacetate, 5-hydroxy-L-tryptophan,
5-methoxy-3-indolacetic acid, anthranilate, indole-3-acetamide, indole-3-acetate, indole-3-aldehyde, indole-3-
butyric acid, indole-3-lactic acid, indole-3-propionic acid, L-kynurenine, L-tryptophan, melatonin, methyl indole-3-
acetate, methyl indole-3-propionic acid, N-acetyl tryptophan, serotonin, tryptamine) in dried blood spots, urine,
meconium & nasopharyngeal swabs

Metabolomics & Exposomics
»  Chemical and biological profiling via high resolution/accurate mass (HRAM) mass spectrometry

»  QExactive GC Orbitrap GC-MS/MS
»  UHPLC-Orbitrap Fusion Tribrid MS



Microbiome analysis

YV V VY

isolation of NA from microbial cultures, environmental, animal, and human samples

preparation of the library for 16S/ITS rRNA amplicon sequencing* for the bacteriome/mycobiome analysis
in microbial DNA high/low-abundant matrices

preparation of the library for the sequencing analysis of bacterial/fungal cultures (whole genome
sequencing, WGS)*

preparation of the library for Shotgun metagenomic sequencing (whole metagenome sequencing, WMGS)*
detection of DNA from selected oral and gut bacteria and their DNA quantification by gPCR method
(single/multiplex gPCR analysis)

methodology development of a specific plex according to customer’s deman Analyses of human/animal
genome/transcriptome/proteins

SNP genotyping by methods based on PCR

gene expression analysis by methods based on PCR

single/multiplex ELISA



MONET: temporal trends in atmospheric and water levels of organic pollutants
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» Setting monitoring studies
» Data provision (also ACTRIS)
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GENASIS information systems

Stockholm Convention SPATIAL DATA SUMMARY TIME  DATA
on persisten organic DISTRIBUTION AVAILABILITY STATISTICS SERIES EXPORTS
pollutants [POPs]

Data Selection » Data collection and
- harmonisation

o—— » Data hosting and

T Ooee e visualisation

B » Data integration and
B analysis

m > Transport, fate,

. pharmacokinetic
modelling

- » Sevices to UNEP, WHO,

Monitoring programme

government and
authorities
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CELSPAC Population cohorts

—)

e 1960s: > 500 mother-child pairs

e 2020s: ELSPAC follow up

) @ CELSPAC TNG

e 2020s: CELSPAC_TNG, >1000 mother-child pairs

Kardiovize Brno 2030 °® 20105: KARD'OVIZE, >2000 |nd|V|dua|S

e 2000s: HAPIEE




Samples and data available

> CELSPAC: TNG o CELSPAC

» CELSPAC: Teenagers
» CELSPAC: School Children

> CELSPAC: Young Adults

» VULDE a Health Brain Age

» CELSPAC: PsyCap

» WHO Breast Milk

> PROSECO STUDY (COVID-19 Seroprevalence)

> HAPIEE 3 FireExpo

> lcarus

» Specimen

> 5,500 of active participants plus 30,000 of PROSECO study’s participants IVI U N I | R E c E T 0 x




CELSPAC platform services

» Study design, protocol, SOP, ethical clearance
» Sample collection, preparation, analysis and long-term biobanking according to validated SOPs and QA/QC

» Analysis of basic biomarkers (creatinine, albumin, thyroid hormones, blood lipids - cholesterol,

triglycerides, HDL, LDL), and immunomarkers (1gG; IgM; IgE; interleukins)

» Biobanking of in-house and external samples and harmonisation of data

» Longitudinal follow up

» Access to samples and data (also via BBMRI)

MUNI|RECETOX




Linking AOP framework and Epidemiology

» Epi studies: Identifying links between chemicals exposures and adverse outcomes at the

population level

» Experimental studies: Identifying specific mechanisms leading to the adverse outcomes =

strengthening the evidence

Macro- Cellular Organ Organism Population
Chemical [+ Molecular Tissue Effect [ =
. Response Response Response Response
Interaction
external (food, air, water,
oonsunizr Er:tlirl.l::} - Key Key Key
e Initigtin —> Ad Out:
internal (blood, urine, milk Fvont Event 1 Event 2 Event 3 HEiE SEEEeE

saliva, semen) exposure

I

AOP: MIEs —#» KEs ——»  Adverse outcomes

Prenatal

cxposure to

TDCs

Thyroid Child
hormones neuropsychological
development




EIRENE RI: Prioritised in the 2021 ESFRI Roadmap

EIRENE RI

Research Infrastructure for EnviRonmental Exposure assessmeMt in Europe

Wabslte Headguarters Legal status Type
pending Masaryk University pending distributed
Brmo, Czech Republic
DESCRIPTION

The Research Infrastructure for EmdRonmentzl Sxposure
zzsezzmehlt in Surcpe [EIREME RI) pionsers the first Europezan
Rezearch Infrastructurs on environmental determinants of human
health. the Human Exposome. EIREME Rl ntends to support
lang=-zcale research for the intendisciplinary assessment of
erviranmentzl determinznts of health, nduding indoor and
outdoor emvircnment factors. Lifestyls, socioeconomics, and the
indrviduz.s kility bo cope with vanous stressors such as infection
or dizezss. £ REME Rl will provide harmonized wordflows and
integrated s2rvices for data 2nd samols colection, aswellas
lnowledge and tools that will be made accessible to academic
ressarcners, privale companies public suthonties and ciizens
through the EIREMNE cpen-zocess system and the EIRENE
hnowledge hub

The concept of 3 pan-Eurcpean Infrastrecture supporting research
on the effects of long-temmn exposures tovarious tyoes of stressors
on popuiation health and the roles thess exposurss play in the
development of chronic dissases is based on ten-year experience
of Czech national RECETCX Rl Entered in the ESFRI Rozdmap
2021 EIREME R already connects 50 ressanch institutions from 17
countries. it builds on the legacy of the Eunopean emvironmental
moritoning networks 2nd their databases (EMER GME GMOE),
GED Inftizthves (G0S4PCR and GOS4M) and relzted Haoeo
projects (ERA PLAMET, e-SHARPE), EL biomonitzring initizthes
(DEMCCOPHES, HEMAEL, UNER WHD global bicrmonitoring
efforts, EL exposome (HELX, EXPOSOMICE, HEALS and EHEM
clustert and other relzied projects (HERA, ELRION clustern
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Italy
Netherlands
Norway
Slovakia
Slovenia
Spain
Sweden

UK

US

Austria
Belgium
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Finland
France
Germany
Greece
Island
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ECRINERIC,

DiSSCo. EIRENE RI

EMBRC ERIC

EMPHASIS, LifeWatch ERIC,

METROFOOD-RI ICOS ERIC, eLTER RI, ACTRIS

EU-IBISBA

AnaEE.
EIRENE RI
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European

CEITEC MUNI core facilities

EDUC-SHARE

Cryo-electron Microscopy and Tomography Eiedbdions « WHO?:

Biological Data
Management
and Analysis

+ technological (service) units

Cellular Imaging » state-of-the-art instrumentation

Multimodal and Functional

Imaging Laboratory - W H AT ?

* access to instrumentation

Genomics » training

+ complete service

+ expertise & consultations

« HOW?

*  Open-access

Josef Dadok National
NMR Centre

+ domestic & foreign users

Biomolecular Interactions

d Crystall . ia&i
and Crystallography e R <G academia & industry

Plant Sciences

P CEITEC Summer meetup




Basic rules of access Q e

EDUC-SHARE

 CEITEC Core Facilities are accessible for domestic and foreign users at the OPEN ACCESS
principle.

« CONTACT CF HEAD prior the first measurement.

* ltis possible to reserve INSTRUMENT TIME or to ordera COMPLETE SERVICE, including
consultations and training from CF EXPERTS.

* |t is necessary to book the instrument/service via the BOOKING SYSTEM, which is
accessible via the CF website https://www.ceitec.eu/core-facilities/. Registration is required.

» Services are NOT FOR FREE = send request to core.facility@ceitec.muni.cz to get the
prices.

* Academic users have the possibility to fill out the OPEN ACCESS PROJECT to get
discounted access to the RESEARCH INFRASTRUCTURE.

EICEITEC CEITEC at Masaryk University



Acknowledgment matters!

* |f any data obtained in the CF resulted in the publication, you have to

ACKNOWLEDGE CF in the publication.

* Acknowledgment text is available on the website of each CF

* You can contact us at
core.facility@ceitec.muni.cz

EPCEITEC

Home

People

Josef Dadok National
MNMR Centre
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Acknowledgment

All users are required to acknowledge the Core Facility if any data obtained in the Core Facility has been used
publication. Please, use the wording as follows:

~Josef Dadok Mational MAR Centre of CEITEC Masarnyk University (s gratefully acknowledged for the obralning
Scientific data presenied in this paper.”

Acknowledgment for CIISB project

The Core Facility is part of the Czech Infrastructure for Integrative Structural Biology (CISE) funded by the Min
of Education, Youth and Sports of the Crech Republic. Users whose measurement recelved finandal support f
CISE project are ebliged to use the acknowledgment below,

Preferred version: . CNUSE Instruct-CF Centre of Instruct-ERIC EU cansartium, fundsa by MEYS CR infrastruct
profect LAM2018127, (s gratefufly acknowledged for the financlal support of the measuremaents ar the fosefl Dag
Mational MAME Centre.”

Short version: . We acknowledge fosef Dadak National! NME Centre of CNSE, fnstruct-CF Cantre, supported by
CRLMZOT8T27\"

Acknowledgment for iNEXT-Discovery project

Forelgn users whose access to the facility received financial support through project INEXT-DHscovery are abl
use acknowledgment and disclaimer below,

- TS pvoiect Nas received indime fronr he Euragedn Lrions Horizon 2020 research and nnovalion progranr
under grant agreement No 871037, This reportsstudwarticle/publication reflects onfy the authors wiew and
Aesedrof Executive Agencyy the Eurapean Carmrmissian is nal responsible for any use [ial may e made of oh
Sfarmation Ir containeg =



Visit our web and learn more...
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CEITEC Core Facilities

* 11 core facilities:
* Biophotonics Core Facility
« CEITEC Nano
* Cryo-Electron Microscopy and Tomography Core Facility (CEMCOF)
 Josef Dadok National NMR Centre
* Proteomics Core Facility
* Core Facility Biomolecular Interactions and Crystalography
 Nanobiotechnology Core Facility
 Multimodal and Functional Imaging Laboratory
 Core Facility Genomics
 Core Facility Cellular Imaging (CELLIM)
 Plant Sciences Core Facility
* Bioinformatics Core Facility
» Biological Data Management and Analysis Core Facility

European
Digital
UniverCity

X

EDUC-SHARE



https://www.ceitec.eu/biophotonics-core-facility/cf391
https://nano.ceitec.cz/
https://cryo.ceitec.cz/
https://nmr.ceitec.cz/
https://www.ceitec.eu/proteomics-core-facility/cf95
https://bic.ceitec.cz/
https://www.ceitec.eu/nanobiotechnology-core-facility/cf104
https://mafil.ceitec.cz/en/
https://cfg.ceitec.cz/
https://cellim.ceitec.cz/
https://plants.ceitec.cz/en/
https://www.ceitec.eu/bioinformatics-core-facility/cf284
https://www.ceitec.eu/biological-data-management-and-analysis-core-facility/cf385

Thank you for your attention! ©
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http://www.recetox.muni.cz/
http://www.eirene-ri.eu/
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