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Historia y definicion del concepto Exposoma



Phenome

Exposome




Evolucion

« 2005 - Christopher Wild - Director de IARC, (International Agency on
Cancer Research), acuna el termino “exposome” — Una llamada a
realizar aproximaciones sistematicas de alto rendimiento al estudio
del impacto del ambiente en la salud.

» Hasta 2010 (paper Rappaport) no tiene eco.

« El Exposoma incluye la totalidad de las exposiciones de una persona a
lo largo de su vida.

» Los avances tecnoldgicos hacen posible medir el Exposoma a mayor
escala y con mejor resolucion que nunca.

« Complemento del genoma
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Schematic diagram of some of the ‘omics layers and pathways of influence of the exposome on
health.
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Marco unificador?

* Salud ambiental — Exposicion, toxicologia

* Servicios de salud — SDOH - Socioexposoma

* Urbanismo — “Built environment”

 Salud laboral — exposoma ocupacional
Ecologia - EcoExposoma

* Epidemiologia Ramicas’

* Sociologia

* Nanomedicina -

* Infecciones

* Medicamentos

* Tecnologia —exposoma digital So—

° ambientales

Radiacién

Actividad Comportamiento

bioldgico
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Exposoma y Epidemiologia



Exposome + Epidemiology

Kim KN, Hong YC. The exposome and the future of epidemiology: a vision and prospect. Environ
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Stingone JA, et al. Toward Greater Implementation of the Exposome Research Paradigm within
Environmental Epidemiology. Annu Rev Public Health. 2017 Mar 20;38:315-327.

DeBord DG, et al. Use of the "Exposome" in the Practice of Epidemiology: A Primer on -Omic
Technologies. Am J Epidemiol. 2016 Aug 15;184(4):302-14.

Siroux V, Agier L, Slama R. The exposome concept: a challenge and a potential driver for
environmental health research. Eur Respir Rev. 2016 Jun;25(140):124-9.

Khoury MJ, et al. Transforming epidemiology for 21st century medicine and public health. Cancer
Epidemiol Biomarkers Prev. 2013 Apr;22(4):508-16

Future of environmental research in the age of epigenomics and exposomics. Rev Environ Health.
2017 Mar 1;32(1-2):45-54

Buck Louis GM, et al. The exposome--exciting opportunities for discoveries in reproductive and perinatal
epidemiology. Paediatr Perinat Epidemiol. 2013 May;27(3):229-36.

Vineis P, et al. Advancing the application of omics-based biomarkers in environmental epidemiology.
Environ Mol Mutagen. 2013 Aug;54(7):461-7.
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Patel CJ, loannidis JP. Studying the elusive environment in large scale. JAMA. 2014 Jun
4;311(21):2173-4.
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Desafios para la Investigacion en salud
publica en el siglo XXI

« Contaminacion del aire y calentamiento global,

» Uso generalizado de productos gquimicos nocivos, incluidos
plaguicidas, plastificantes, y otros disruptores endocrinos,

« Cambios radicales en nutricion y estilo de vida

CONSECUENCIAS

Defectos congénitos

Déficits en el neurodesarrollo

Mayor riesgo de cancer

Otras enfermedades multifactoriales: cardiovasculares, asma,
diabetes y obesidad



Low zinc
0.2%
Radon

0.2%
Low iron
0.2%

Low vitamin A
0.2%

Lead
1.3%

Occupational chemicals

Ozone 0.7%

0.3% —Drugs
0.3%

28 de enero de 2018:

Risks factors
for exposures
that
contribute to
chronic-
disease
mortality
Rappaport et
al, EHP, 2014

* 661.563 citas de PubMed para “disease causes AND

genetics’

« 83.201 citas para “disease causes AND exposure”,

una relacion de aproximadamente ocho a uno.



Una nueva aproximacion

* En lugar de caracterizar exposiciones "una por
una", o por exposicion combinada a dos o tres
sustancias quimicas a la vez, el objetivo es dar
cuenta simultaneamente de numerosos factores
gue van desde quimicos a nutricionales,
conductuales y ambientales

* Mejorar la comprension de las interrelaciones entre
un amplio abanico de factores de riesgo y
condiciones de salud para disenar nuevos sistemas
de control y prevencion de enfermedades



Khoury et al. Cancer Epidemiol Biomarkers
Prev. April 2013
* Vision del NCI para la epidemiologia del cancer

e 7 recomendaciones:
* 4) Develop, evaluate and use novel technologies
* 5) Integrate "big data” into the practice of

Epidemiology
Stingone JA, et al. Annu Rev Public Health.
2017 Mar 20;38:315-327.

The Exposome represents a complement
to, not a replacement for, the hypothesis-
driven research that has succesfully advanced
the field of epidemiology.



Retos en el procesamiento de datos
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Adapted from Valérie Siroux, Lydiane Agier, Rémy Slama - European Respiratory Review 2016 25: 124-129




Recogida de datos

Surveys, GIS, biomarkers, smartphones, sensors, wearables, Electronic Health Records, ...

Exposome / Expotype Genome / Genotype

Environmental risk factors wl LNJMLM Biomarkers (DNA sequence,
(pollution, radiation, toxic agents, ...) i Epigenetics)

wehage

,g éé"\"‘“{\—x‘l—\/‘"‘“"ﬁ“}\——\f‘*‘

Anatomy, Physiologicél, biochemical parameters
(cholesterol, temperature, glucose, heart rate...)

SRR —
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Bases de datos

e LiSEASES

e The Comparative Toxicogenomics P

Exposures

Database ’;y

 Toxicant and Disease Database m

. '
* Exposome Explorer - biomarkers of exposome

exposure explorer

 Toxin and Toxic-target database &9\ T3DB



http://ctdbase.org/
https://www.healthandenvironment.org/what-we-do/toxicant-and-disease-database/
http://exposome-explorer.iarc.fr/
http://www.t3db.ca/

Ontologias

* ExO — Exposure Ontology

https://www.ebi.ac.uk/ols/ontologies/exo

* CHEAR - Children's Health Exposure
Analysis Resource —
http://purl.bioontology.org/ontology/CHEAR
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https://www.ebi.ac.uk/ols/ontologies/exo
http://purl.bioontology.org/ontology/CHEAR

Individuals
Geﬁome (staiic) '

a Exposome
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exposures

b

EWAS,
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Integrative

GWAS, RVAS,
pathway

analysis, etc.

€ Phenome

Mixtures of
phenotypes
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Annu Rev Public Health. 2017 Mar 20: 38: 279-294.
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https://www.ncbi.nlm.nih.gov/entrez/eutils/elink.fcgi?dbfrom=pubmed&retmode=ref&cmd=prlinks&id=28068484

EWAS-derived phenotype-exposure association map:
A 2-D view of 86 phenotype by 252 exposure associations

M
exposures

http://bit.ly.com/pemap
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Phenotype-Exposome
Correlation Globe Browser

Waist Circumference

The exposome correlation globes display the correlation between pairs of
environmental exposures where at least one of the exposures is
associated with a clinical phenotype. (Patel C. JAMA, 2014)



http://en.wikipedia.org/wiki/Exposome
http://bit.ly/exposomeglobes

Comparacion con Bioinformatica

Mientras que los datos genomicos consisten en
secuencias lineales estables, los datos del exposoma
son variables heterogéneas no lineales que cambian en
el tiempo y el espacio.

* Infraestructura de informacion (Genome browsers)
« Métodos analiticos (GWAS)

* Repositorios centralizados (dbGaP, GEO)

« Estandares (Gene Ontology)

* Arrays — NHANES

« Secuenciacion — metaboldmica

« Haplotipo: Correlation globes



Areas de investigacidn



*Exposoma <> HCE

*Gestion datos salud digital
(sensores individuales de

exposoma)
*Exposoma en la literatura
*Ontologias y SDOH
*Componente digital del o
exposoma %
PHi

*Expotipo

Participatory Health Informatics
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Exposoma €< > HCE

* Datos en la HCE
Incorrectamente
considerados fenotipo
(infeccion, medicamentos,
procedimientos medicos,
vacunas)

e El US Institute of Medicine
recomendo una bateria
de 11 items que deberian
ser incluidos en |la HCE.
(tabaco, actividad fisica,
educacion, etnia,
domicilio y conexiones
sociales
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o O Devices
o o: hemical
o 0o

J Healthc Eng. 2017; 2017: 3818302.



https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5603127/

Gestion datos salud digital
(sensores individuales de exposoma)

* MISME (Minimum Information
about a Self-Monitoring
Experiment

Wearables

Mobile apps

DTC services

Social media

Minimum Information about a
Self Monitoring Experiment (MISME)




Flujos de datos

Research / Dx lab Clinical care
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Exposoma en la literatura

458 P Kiossoglon ef al. F Characlerising the Scope of Exposome Researcl: A Generalisable Approach
Literature Review
(261 documents)
Inductive analyses Deductive analyses
(Identifying new terms) (Existing Ontologies)
“in house™ NLP ‘ Termine NCBO (Recommender)
Word Counts Relevant terms Relevant Ontologies
(7061 words) (12947) (164)
Terms newly identified as relevant in the Knowledge Representation analyses [ Existing
exposome related literature cancepts

Figure 2 — Methodology for Characterising Exposome Research through Inductive and Deduetive Analysis of the Literanure.

How Well Do Existing Ontologies Represent Exposome Literature?



Ontolqgias vy SDOH
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Mapping disease exposomes

Workplace

= Ambient temperature

B Kidney stones

N

Antibiotics - Urban heat islands (urbanization)

~

Hepatocellular Carcinoma

e

Virus

Infections Enteric )
Antibiotic use — / don
Gut microbiome Poor sanitation
Tnteacion Leukemia  —

Body weight (excess) // /
/
/

Cancer chemotherapy Toniaing tadiation

Smoking

Inflammatory Bowel Disease ]

i S N\ T e Colaboracion with
- /\ o Dr Aguiar-Pulido

Smoking

(Weill Cornell)




Choosing the best ontology or vocabulary

— Lifestyle - T’:‘N'('li;f',

NCIT ', Working conditions
o Climate ¢ MESH
d NCIT — Psychological and behavioral factors —
— Built environment MESH + MEDDRA
MESH Vaccines
—_ Infectious agents -
CRISP + HPIO *5 Others Chemicals CHEBI
A Metals RCD
¢MESH y— Air pollution - Environmental toxicants
S :] Physical environment Pesticides CHEBI
.’_"CRISP _“- Others
N VOCs MESH

—— Microbiome — SNOMEDCT

NCIT Medication

PLOSTHES Medical procedures g
- Metabolome —+~° CHEBI+LOINC

NCIT + MESH '5— Socio-demographic and economical factors LN
— Biological processes —¢ MESH

Colaboracion with
Dr Aguiar-Pulido
(Weill Cornell)



Componente digital del Exposoma

Exposures

"Real” World
Environment

"Real” World

Exposome

Digital
Exposome

[ o |

=

Health Outcomes

"Digital” World
Environment

' Digital” World
Exposures

i

GENOME  EXPOSOME

DIGITAL
EXPOSOME
) B

PHENOME |

DIGITAL
PHENOME

5

Children are 27% more likely to suffer from depression

when he or she frequently uses social media

‘the whole set of tools
and platforms that an
individual use and the
activities and processes
that an individual
engage with as part of
his/her digital life’

Lopez-Campos G, Merolli
M, Martin-Sanchez F.
Biomedical Informatics
and the Digital Component
of the Exposome. Stud
Health Technol Inform.
2017;245:496-500.



Exposome
ana Microblame

Expotype

= =
Rlcohol 5= yrpan heat islands S
Arsenic Y Appendectomy
Genotype*Expotype = Phenotype Stress vSmoking
= s

Exposome is the totality of all environmental (meaning all non-
genetic) exposures of an individual over his or her lifetime (Wild,
2005)

Expotype is the specific set of exposome elements of an
individual accumulated during a certain time/space and
responsible for a particular phenotype (Martin-Sanchez and
Lopez-Campos, 2016)



Expotype

Person ID M-123456

Category Behavior Exposome Ontology

Subcategory Physical activity Classification of data and activity in
self-quantification systems (CDA-
SQS)

Timeframe 01/01/2018 - 31/01/2018 Internet time range
Geolocation Madrid GPS coordinates
Method Mobile app XYZ

Measurement Steps

Value 342.000

Error 3%

Martin-Sanchez FJ, Lopez-Campos GH. The New Role of Biomedical Informatics in the Age of Digital
Medicine. Methods Inf Med. 2016 Oct 17;55(5):392-402.



New IMIA Working Group

https://exposomeinformatics.wordpress.com

EXPOSOME

INFORMATICS

al Medical Informatics As - Working Group on Exposome Informatic

WELCOME TO THE INTERNATIONAL TAGS
MEDICAL INFORMATICS ASSOCIATION
(IMIA) WORKING GROUP ON SEARCH
EXPOSOME INFORMATICS
e ”:; S fm:;”c;f 5°fiat;°"r:M'f_ TIMELINE DE TWITTER
e o e TWeetS o @erposone. i

organisations and their members. IMIA provides @

leadership and expertise to the multidisciplinary, health Personalizar Editar Estadisticas
frrus

nmmunity and to nolicy malkars 0 anahbla tha




Publicaciones

Lopez-Campos G, Merolli M, Martin-Sanchez F. Biomedical Informatics and the Digital Component of the Exposome. Stud Health Technol Inform.
2017;245:496-500. PubMed PMID: 29295144,

Kiossoglou P, Borda A, Gray K, Martin-Sanchez F, Verspoor K, Lopez-Campos G. Characterising the Scope of Exposome Research: A Generalisable Approach.
Stud Health Technol Inform. 2017;245:457-461. PubMed PMID: 29295136.

Martin-Sanchez FJ, Lopez-Campos GH. The New Role of Biomedical Informatics in the Age of Digital Medicine. Methods Inf Med. 2016 Oct 17;55(5):392-402.
Epub 2016 Aug 15. PubMed PMID: 27523651.

Martin Sanchez F, Gray K, Bellazzi R, Lopez-Campos G. Exposome informatics: considerations for the design of future biomedical research information
systems. J Am Med Inform Assoc. 2014 May-Jun;21(3):386-90. doi: 10.1136/amiajnl-2013-001772. Epub 2013 Nov 1. PubMed PMID: 24186958; PubMed
Central PMCID: PM(C3994854.

Lopez-Campos G, Bellazzi R, Martin-Sanchez F. INDIV-3D. A new model for INdividual Data Integration and Visualisation using spatial coordinates. Stud Health
Technol Inform. 2013;190:172-4. PubMed PMID: 23823413.

Comunicacién oral: “Beyond Bioinformatics: contributions from Medical Informatics to Exposome Research” HELIX — Exposome conference. Barcelona. Oct
2017.
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The implications for precision medicine:
By itself, the genome is a poor to modest diagnostic

The Predictive Capacity of Personal
Genome Sequencing

Nicholas J. Roberts,'* Joshua T. Vogelstein,”* Giovanni Parmigiani,’ Kenneth W. Kinzler,’
Bert Vogelstein,'' Victor E. Velculescu'*

New DNA sequencing methods will soon make it possible to identify all germline variants in any individual at a
reasonable cost. However, the ability of whole-genome sequencing to predict predisposition to common diseases in
the general population is unknown. To estimate this predictive capacity, we use the concept of a “genometype.” A
specific genometype represents the genomes in the population conferring a specific level of genetic risk for a spec-
ified disease. Using this concept, we estimated the maximum capacity of whole-genome sequencing to identify
individuals at dinically significant risk for 24 different diseases. Our estimates were derived from the analysis of
large numbers of monozygotic twin pairs; twins of a pair share the same genometype and therefore identical ge-
netic risk factors. Our analyses indicate that {1} for 23 of the 24 diseases, most of the individuals will receive negative
test results; (i) these negative test results will, in general, not be very Informative, because the risk of developing 19
of the 24 diseases in those who test negative will still be, at minimum, 50 to 80% of that in the general population;
and (i) on the positive side, in the best-case scenario, more than 90% of tested individuals might be alerted to a
clinically significant predisposition to at least one disease, These results have important implications for the valu-
ation of genetic testing by Industry, health insurance companies, public policy-makers, and corsumers.

Science Translational Medicine, 2012



Google Maps: GIS layers Information Commons
Organized by Geographical Positioning Organized Around Individual Patients

T = 7= < Other Types of Patient Data
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Figure 1-2: The proposed, individual-centric Information Comumons (nght panel) is somewhat asalogous 10 2 layered Geographical
Information System (left panel). In both cases, the bottom Layer defines the orgamuzation of all the overlays. However, i 3 GIS, any
vertcal hoe Srough the Layers connects related snsppets of mformanion unce all the lavers are orgamuzed by peograpiucal posstica. In
contrast, data m cach of the hagher layers of the Information Commons will overlay on the patient layer m complex ways (¢ g, patients
with sumular macrobsomes and symploms may have very dfferent genome sequences) Source: FPA 2011 (left panel)

Toward Precision Medicine: Building a Knowledge Network for Biomedical Research
and a New Taxonomy of Disease, 2011, ©2012 National Academy of Science.




Definicion
La Medicina de Precision es un enfoque para
descubrir y desarrollar medicamentos, vacunas o
intervenciones (nutricion, etc.) que permiten la
prevencion de enfermedades y ofrecen resultados
terapéuticos superiores para los pacientes,
mediante la integracion de "Big Data", clinicos,
moleculares (multi-6micas incluida la epigenética 'y
microbidmica), informacion ambiental y de

comportamiento para comprender las bases
biologicas de la enfermedad.

Thomas Wilckens MDD, Coordinador y fundador

PRECISION MEDICINE INSIGHT Linkedin group (>8500 miembros)
https://www.linkedin.com/qgroups/5180384
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La Medicina de Precision requiere vistas longitudinales de datos individuales
(patient journey) para la estratificacion de los pacientes; no solo instantdneas
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Program Components

Through a set of funding awards, NIH has established the essential components of the All of
Us Research Program to build a research cohort of one million or more U.S. volunteers to

advance precision medicine. Click the images below to learn more about each of these

components.

Health Care Provider Biobank
Organizations

joinallofus.org



La medicina de precision permite una medicina mas
segura, mas eficiente, preventiva y preventiva, pero
necesita abordar la complejidad y diversidad de la
informacion de salud personal, mas alla de la
secuencia del genoma.

Topol E. Cell 2014
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Key role of Exposome research in Precision Medicine
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Salud de Precision

* The goal is to provide patients with more informed
choices that include such health determinants as
environmental exposures and socio-economic
status, based on real-world data.

* "How | think we go from precision medicine to
population health is to extend beyond our
historical data streams of clinical medicine and
genetics".

Dr. Sachin Kheterpal, associate dean for
research information technology at the
University of Michigan Medical School and
co-director of its Precision Health initiative.




&
ENaPH1

Environmental and
Participatory Health Informatics
RESEARCH GROUP

oe~00
t%‘Insﬁtuto de Salud Carlos Il

Participatory Technologies (Digital Health)

mHealth, Wearables
Social Media, Direct to Consumer Services

K S

Biomedical Healthcare &
Research Prevention

Environmental Participatory
Health Health
Informatics Informatics

EXPOSOME EVIDENCE
CHARACTERIZATION GENERATION

+ Ontologies * Therapeutic affordances

+« Resources of social media
» Essential characteristics

* Expotyping of Self Quantification
Systems

Precision Medicine Informatics
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