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Environmental
@ i B HEALS — what’s new!
* Integrated use of existing environmental and biomonitoring data
* Improved assessment of the external exposome
— Environmental data fusion and Agent-Based Models
— Mobile phone apps
— Environmental sensor-webs
— Micro-sensors
— Satellite remote sensing
« Linking external and internal exposome
— Integrated use of —omics and chemical biomarker data
— Take into account the temporal dimension
« Advanced tools for environmental and biological data analysis
— PBBK modeling for internal dose estimation and exposure reconstruction
— Coupling PBBK models with gene regulation models
* Novel bioinformatics strategies for biomarker prediction
— Systems biology meta-modeling for biomarker fusion
« Environment-wide association studies
— Linkage disequilibrium
— Use of advanced statistical tools: DAG, Bayesian inference
Enviromics
— study of a wide array of environmental factors in relation to health and biology
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@ ENVELab | S External exposure
y advances

An individual’'s space-time activity model

—

Time

l = Timeline f’ Hazard prism Hazard vector ‘

Sensors for exposure assessment

WOCKETS SYSTEM VISION

Sensors miniature,
thin, and ergonomic;
worn under clothing
2417

Phone carried in typical
fashion (e.g. in pocket)

Multiple, low-cost
3-axis
accelerometers
stream data in
real-time to mobile
phone

Pattern recognition
algorithms running

continuously on Innovative phone apps
Wearable sensors phone detect possible
(test version 1) physical activities in

real-time
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AQ Monitor

Grimm 1.108
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2 Homes per Week

€0,, TVOC, CO, NO,, NO, H,S, HCHO
T,RH, P

PM 0.23-20pm

Aerocet PM 0.5, 1.0,5.0, 10um
Aeroqual 1 NO:

Aeroqual 2 O3

Radiello Passive Samplers BTX, Aldehydes

Dylos

Swiffer

PM >0.5 and >2.5 um

T, RH ,CO2, Noise

Dust
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Aerocet

Living Room e
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Netatmo

Aeroqual
1,2

AQ
Monitor
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Child Bedroom

Netatmo

Swiffer
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Activity tracker and Applications

Fitbit

Moves App

WideNoise Plus App

Redlaser App

Fatsecret App

Steps, Km, very active minutes,
calories burned, sleep

Location, steps, Km,
minutes of walking/running/cycling,
Noise and Location of the sample

Barcodes of consumer products

Meals
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Activity tracker and Applications

Fitbit Flex

—  Fasecret
= Food Diary Q
o Wednesday, Aug 28

Fot Cabs  Prot  Cals
1% aeka P 740 1656 3028 255
Secscssnee - & Breakfast (1) e
9% Remaming 7134 kead 0tkca T s88 1532 284 120

Fatsecret App R

Recipe and Meal ideas

v Lunch (2)

Daily Summary
11% of RDI*
PRI

Find more recipes (%)

WIDENOISEz0

TAKE NOISE SAMPLE
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Laboratory
ug/m3 1/7/2015
140
Smoking
120
100 Swiping, mopping, dusting Cooking
(frying)
8o
Smoking —PM1
60 Smoking | —=——PM2.5
(ventilator hood) .
Smoking PMio
(Ventilator Hood)
40
night
20
(0]
— - —
SN RIRE RS R TAITIRELR SR PARTRERIRREREIERERIGTESTETES
28383330 TITLLELELBLQeRARAIIANITINELCELELE I YARNGAR

*At night the number of particles is significantly reduced (since no activities are carried out).

*In the morning, when activities such as walking-particles resuspension and preparation of breakfast
are carried out, the number of particles increases.

*Smoking is a major source of PM, even when it is carried out under the ventilator hood.

*Cleaning activities (sweeping, vacuuming, mopping) and cooking activities (especially frying) are
important contributors of PM in a house.

Emory Exposome Summer Course Atlanta, Georgia, US June 13-17, 2015



frtomens Tracking
mobility behaviour

Department of Chemical Engineering
School of Engineering
Aristotle University of Thessaloniki

6 ENVELab

Laboratory

Sensors Campaign Data Analysis

time
/ temperature logger  — activity
accelerometer "“
)/BPS tracker ANN model ‘
L fitness monitor location

-

Sleep

2 =~

@ Moves app E i:&p‘

Paper log % ‘Ilm
<

A N N

— _ _
SPORTING GOODS
J 11 RS —

‘l BRRRIRRINENE
b)Y |

Emory Exposome Summer Course Atlanta, Georgia, US June 13-17, 2015



Environmental 13 I t I I H t” Department of Chemical Engineering
m[lab Engineering n e I g e n School of Engineering
Laboratory Avristotle University of Thessaloniki

location tracking

Statistical Method: Predicting 7 input nodes (6 numerical and 1 categorical)
location based on temp and 12 hidden nodes (found to yield the best results among several combinations)

g - 3 output nodes (corresponding to the 3 different classes)
UV Iogs through an Artificial Data from 5 days were used for training the ANN model

Neural Network Data from 2 days were used as an independent dataset to validate the ANN model

Outdoor
Temperature

Personal
temperature

UV Outdoor location

dT/dt Indoor location

duv/dt .
In transit

Speed

Day or night

(categorical input)

Input Hidden Output
layer layer layer
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Indoors Outdoors In Transit

Paper Log

ANN Predicted Values

Indoor-to-outdoor transition captured satisfactorily
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« A system is modeled as a collection of agents and the
relationships between them.

* The agents, programmed as autonomous decision-makers,
react and act in their environment.

« Take into account the heterogeneity of the entities
composing the system.

GIS data

« Behaviours emerge through the agents
Interactions.

Emory Exposome Summer Course

Atlanta, Georgia, US
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age

gender

Means of
transportation

socio-economic status (SES)

income

occupational status
Consumer

. roducts
level of education P

Other
choices

marital status

ethnicity
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y Assessment
—— OUTPUT —

Air Quality
Data

Population

Data

ACTIVITIES

LAND USE

o ksl Sleepin i
Buildings, ping ] Commercial

. [] Office
Land Use O intransit [] Other
‘ Working [ Park
QO Indoor activities L] Residential
Il :chool
Road Network O Relaxing I University
‘ Sports

Thessaloniki, Greece
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Results
Personal Intake Dose of agent

agent: child59 - Exposure to PM,, (ug/m3)
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Exposure biology workflow
Rendering high dimension biology operational

Whole genome mRNA Targeted
expression proteomics
MRNA Microarrays
. Targeted DNA
Molecular Methylation analysis\
pathways .
PoT __, Functional Phenotypic/endotypic
hypothesis {‘ anchoring
Metabolic pathways argeted metabolomics
Untargeted metabolite profiling Targeted (bio)chemical
LC-MS/MS, MS/MS-ToF, NMR analysis

Emory Exposome Summer Course Atlanta, Georgia, US June 13-17, 2015
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Exposure biology workflow

LC-MS/MS MassHunter Qual/Quant
GC-MS/MS ChemStation AMDIS

Feature Extraction GeneSpring Platform Biological
/ Pathways
— —

NGS Alignment to Reference Genome
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| Before !l Fetal | Childhood |
conception life & adult life
Preconceptional In-utero Early life Later life
exposures exposures exposures exposures
Exposure of Epigenome Epigenome Adult/aging
gametes at birth in childhood epigenome

\ 4
Epigenome
(Parental)

Genome
(parental)

Programming of
disease risks

Figure adapted from Fleisch, Wright & Baccarelli, J Mol Endocrinol, 2012
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Internal exposure
Development of generic lifecourse PBBK model

—_— —
Gl tract ¥portal vein - Gl tract *portal vein
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1
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space — use of QSARSs

According to Abraham'’s solvation equation, a biological
property SP is described by the following equation

logSP=c+r R, +s'm, +a-Za, +b-ZB; +v-logV,

Where: R,

R, is an excess molar refraction that can be determined
. . . LLP
simply from a knowledge of the compound refractive index

172"’ Is the compound dipolarity/polarizability Za,H

ICIZH is the solute effective or summation hydrogen-bond H
2 ZB;

acidity

I,BZH is the solute effective or summation hydrogen-bond VX

basicity

V, is the McGowan characteristic volume

Input Hidden Output
layer layer layer

Emory Exposome Summer Course Atlanta, Georgia, US
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Results
Domain of Applicability

Kidney/blood Partition Coefficient Adipose/blood Partition Coefficient
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i Heart/blood Partition Coefficient Brain/blood Partition Coefficient
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Extracellular perturbations
on metabolic states

dynamic flux
balance
analysis

Multiscale Bi K
PK/PD/ . 'OtT‘;‘.ar t‘?r Toxication
PBBK identification
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assimilation

Optimal methodological scheme for exposure

reconstruction Distribution of exposure
______________ values consistent with
Potential exposure P Tiemarker data
Improved L b

estimation . .
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©
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©
E
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simulations

Companion
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data
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» lest
Task data
goal —
} — » Training
data
Data Data exploratlon Model Model Evaluation and New
and preprocessing learning patterns interpretation  knowledge
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Association Studies (EWAYS)

Directed Acyclic graphs Bayesian Inference Linkage disequilibrium
(DAGS)
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Patel et al. (2011). Canonical Correlation of Biomarkers of Environmental

Emory Exposome Summer Course Atlanta, Georgia, June 13-17, 2015




Environmental
Engineering
Laboratory

Population studies: Health outcomes

Department of Chemical Engineering
School of Engineering
Avristotle University of Thessaloniki

@ ENVELab

« Already existing cohort data
— Allergy and asthma - link with particulate matter (PM) and biologicals

— Neurodevelopmental and neurodegenerative disorders - link with
metals/metalloids and pesticides (incl. endocrine disruptors)

— Obesity and childhood diabetes - link with endocrine disruptors

» Pilot European Exposure and Health Examination Survey (EXHES)
— Mother-Father-Children longitudinal and nested case-control study
— Two phases foreseen:
* Phase 1:

o 200 twins, 200 matched singletons, 500 unselected singletons,
parents

o Recruitment within 18 months — follow up for 3 years
o 10 countries
* Phase 2:
o Nested case-control
o 140 twins, 70 singletons, 140 mothers and fathers
#* Ethnic minorities included and targeted to the extent possible

Emory Exposome Summer Course Atlanta, Georgia, US June 13-17, 2015
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ENVIRONMENTAL ASSESSMENT HEALTH & BIOLOGICAL DATA

* living room  ......ccoeecerieneenn, ;Z?;Zfr ................................ .

* child’s bedroom :

e children

Chemical R
Compounds
Wharton's jelly
Intervascular
region

Subamniotic

Transportation 2
1 region

Particulate Matter

Fireplace Amniotic epithelium

(PM) cord

blood

Perivascular
Smoking fegion

~

o\
o/

allergens .
& maternal milk
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From agnostic to targeted approaches /
environmental exposure to phthalates
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Research
guestion

@ ENVELab

= Several environmental compounds have been found to
Interact with child neurodevelopment

= [tis important to identify the compounds that have the highest
Influence on given population groups

= Which is the category of environmental compounds in
the Polish population that relates to these outcomes?

Combined untargeted and targeted metabolomics is a valuable
tool towards this direction.......

June 13-17, 2015
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= Sample preparation

= Analysis

» Pre-processing of the analyzed data
= Multivariate data analysis

* |dentification of the compounds

= Evaluation of the results
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* (+) Simple sample prep
Quick analysis
Reproducible technique
Nondestructive
Quantitative

* (-) Cost intensive

Agilent 600 MHz
PremiumCOMPACT

Atlanta, Georgia, US June 13-17, 2015
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o 1490 urine samples of pregnant women exposed to
environmental contaminants

o PRESAT pulse =
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o 128 scans -
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& sz Multivariate data
analysis
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meta-analysis - Correlations

PLS Ds1.7.0x0.MIMNP_creat
Colored according to values in Variable 7.ox0.MiNP_creat
(mothers third trimester of preg)

L J
g Need for targeted
N metabolomics
u analysis
®
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’ 05
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* (+) Reproducible technique
Quantitative

Low LD/LQ
High mass accuracy

* (-) Cost Iintensive
Time Iintensive

THERMO Orbitrap LTQ
LC/MS-MS

June 13-17, 2015
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o 1490 urine and 1070 cord blood samples of pregnant
women exposed to environmental contaminants

o Mass spectrometry conditions: positive and negative ion
electrospray (ESI) mode in two separate runs.
Acquisition off full scan data from 100 to 800 m/z over a

period of 18 min with a scan time of 0.3 s and interscan
delay of 0.1 s

 Ctealiburtdata\2007_12_10_buili13
Be Yew Conirol Scabode Dupby Seho Dsgpostes Devid Heéb

w v e[ e ] oo
ECINE *%ﬂi—m e
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Creatinine-corrected Maodel 1 Model 2
phthalate metabolites® B (95% Cl) B (95% CI)

Cognitive Language Motar Cognitive Language Motor
MEP -03(-18t012) = -02(-16t013) -05(-221t01.3) _ 0.3 (-1.3to 1.8) 02(-1.2t0 1.7) 0.1(-1.5101.8)
MiBP -0.6 (-1.3t0—0.01) -0.5 (-1.1t0 0.1) -1.2(-1.9t0-0.5) -03(-10to04) -03(-10t00.3) -06(-1.3t00.2)
MnBP -1.1(-231t00.1) -10(-2.1t002) -2.2(-3.5t0-1.0)" -05(-18t007) -06(-18t006) -12(-25t00.1)
30H-MnBP -1.9 (-3.3t0 -0.5)" -16(-29t0-02)" -3.8(-53t0-23)" -05(-22t012) 04(-11t020) -23(-4.0t0-06)"
DnBP -1.7 (-3.1t0 -0.4) -14(-27t0-01)" -32(-47t0o-18)" -08(-231007) -04(-19t010) -19(-34to-04)
MBzP -1.5(-3.0t0-0.01)" -0.8 (-2.2 10 0.6) -1.3(-3.0t00.3) -10(-261t006) -06(-21t009) -04(-2.1t01.3)
MEHP -0.1(-141t01.3) -0.7 (-2.0t0 0.6) 04(-1.1t0 2.0) 01(-13t01.6) -07(-2.1t00.6) 02(-13t01.7)
50H-MEHP -1.0 (-1.8t0 -0.2)" -0.5(-1.3t00.2) -19(-2.8t0o-1.1)" -05(-14t004) -03(-1.1t006) -1.2(-2.21t0-0.3)"
50x0-MEHP -1.8 (-3.0to -0.6)" -0.9(-2.0t0 0.2) —28(-4.1t0-15)  -11(-261003) -01(-15t012) -18(-3310-02)
DEHP -1.8(-3.0to -0.6) -1.0(-22100.1) -32(-4.4to-20)"  08(-221006) -04(-1.71009) _22(-36t-08)"
OH-MiNP -0.5(-2.0t0 0.9) 0.4 (-1.8t0 0.9) —0.1 (=17 to 1.6) -06(-2.0t0 08 -06(-1.9t008) -1.0(-2.5t00.5)
oxo-MiNP 10(-02t022) 04(-08to 1.6) 21(0.7to 3_5)" 04(-09to1.7) -01(-13t0o1.1) 06(-08t019)
DINP -0.5(-2.0t0 0.9) -0.4 (-1.8t0 0.9) -0.1 (=17 to 1.6) -06(-20t008) -06(-19t008) -1.0(-25t00.5)
MnOP -0.8 (-2.21t0 0.5) 0.6 (-1.9t00.7) 22 (-36to _0_7)"* -07(-21t008) -06(-20t008) -1.1(-2.6t00.4)
3 Low-MWP -1.1(-251t00.4) -1.0(-2.41t004) -2.1 (3.7 to -0.5) 0.1(-1.5t01.7) 01(-15t01.6) -0.5(-2.2t01.3)
YHigh-MWP -2.1(-35t0-0.7)" -0.9 (-2.2t0 0.4) -33(-48t0-19)" -13(-28t003) -06(-20t009) -2.5(-4.1t0-0.09)

DnBP (IMnBP and 30H-MnBP), DEHP (MEHP, 50H-MEHP and 50xo-MEHP), DiNP (YOH-MINP and oxo-MiNP), TLow-MWP (MEP, MiBP, MnBP, 30H-MnBP and MBzP),
3 High-MWP (MEHP, 50H-MEHP, 50x0-MEHP, OH-MiNP, oxo-MiNP and MnOP).

Model 1 — adjusted for examiner.
Model 2 — adjusted for examiner, parental age, parental education, child gender, pre and postnatal ETS exposure and for cognitive development additionally marital status and child

nursery attendance.
# Prenatal maternal urinary concenfrations were natural log-transformed, urine samples with creatinine values N 0.2 g/l were used, scores of Bayley-Ill per natural log changes in pg/g
creatinine.
“ pb0.05.
“ p b 0.001.

b
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Prenatal exposure to phthalates in Poland is inversely associated with child
motor development within the first two years after birth.

Metabolic pathway analysis revealed that alterations in urine metabolites are
related to the TCA cycle, suggesting impaired mitochondrial respiration; the
latter is central to energy metabolism and cellular signaling and plays
fundamental roles in synthesis of nucleotides and active transport processes.

The most significantly perturbed metabolic pathways include carbohydrate,
amino acid, lipid, and purine metabolism.

Inhibition of mitochondrial oxidative phosphorylation could also cause a
defective mitochondrial energy production during the process of fetus formation
and development that are reflected in early life motor development.

l

Prenatal phthalate exposure in Poland may be detrimental to child
neurodevelopment and underscore the importance of policies and public health
interventions aiming at reduction of such exposures
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socioeconomic components
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Application of exposome
based studies

Discovering disease mechanisms
through multi-omics pathway analysis
coupling In vitro, in vivo and human data
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Thesis and study design

The complexity of biological responses following exposure to engineered
nanotubes underlines the need for the development of dedicated and

comprehensive methodologies to approach the potential health effects of
nanomaterials.

) S—

I

In vitro

Transcriptomics

v
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HOOG l HNO4,H,S0,

SWCNTs MWCNTSs

Both the SWNTs and the MWNTs are oxidised by treating
them with HNO; + H,SO,
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COOH cloc

COOH CloC
(COCI),

The carboxylic groups obtained by oxidation are converted to acylic
chlorides by reacting with oxyalyl chloride, and then to ammides by
reacting with the the proper amine.
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Comparison between cell lines:
Ha-CaT and A549 (48h)

Inflammation mediated by chemokine and
cytokine signaling pathway

Total Genes
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In Vivo CD-1 Mice + Human volunteers

. Animal Model:
* CD-1 male mice exposed by intra-tracheal instillation
Lung samples at day 1 after exposure

« Test compounds:
» Single walled carbon nanotubes (SW): 0.1-100 pg/ml
 Multi walled carbon nanotubes (MW): 1-100 pg/ml
« Multi walled-COOH carbon nanotubes (MW-COOH): 1-100 pg/ml
 Multi walled-NH, carbon nanotubes (MW-NH,): 1-100 pg/mi

« Toxicogenomic Assays:
» Total gene expression by DNA-microarrays
* Quantitative Real Time PCR

. Human blood samples
« Lipid peroxidation products
 Immunological parameters
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Gene expression modulation in lung of mice 1d
after i. tr. exposure to nanotubes (1mg/Kg b.w.)

lchLLIU
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Oxidative stress response pathway
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MWCNT =MW MWCNT l =MW
[ = NH2 _COOH i = COOH

[ ] = common [] = common
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In vivo (mice)
Lung, 24h, Inflammation mediated by chemokine and cytokine
signaling pathway

W =MW
MWCNT B - COOH

-COOH [ ] = common

MWCNT B =Mw
“NH2 8-

[ ] = common
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In vivo (mice)

Modulation of chemokines gene expression in lung of mice 1d after i. tr.
exposure to nanotubes (Img/kg_bw)

mm Ccl19 mmmCcl2 mmmuCxcl10 Ccl22 - 3 fold change threshold
50

Genes expression
modulation
o1

SWCNT MWCNT MW-NH2 MW-COOH

Value of gene expression by Quantitative RT-PCR and microarrays.
RT-PCR: significantly modulated over 96 tested.
Fold Change (FC) > 3
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In vitro (A549) and in vivo (mice lungs)
Inflammation mediated by chemokine and cytokine signaling
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A549

B -MW
Il - COOH
[ ] = common

Mice
Lungs
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Human volunteers

Lipidomics in the blood of healthy volunteers after exposure to
SWCNTs and MWCNTSs of different functionalization
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Human volunteers

Immunological parameters in the blood of healthy volunteers after
exposure to SWCNTs and MWCNTs of different functionalization
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Up-regulation of anti-apoptotic pathway in the
presence of multi-walled carbon nanotubes
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cxee” Conclusions

* Exposome science can overhaul the current
environmental health risk assessment paradigm.
This requires combination of high dimensional
biology and system science aiming at integration
using big data analytics and bioinformatics

 Integrated multi-scale methodology focusing on
high dimensional biological connectivity permits
the identification of the biological processes
underlying the onset or exacerbation of disease
phenotypes associated to exposure to
environmental stressors over one’s lifecourse
(the exposome)
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cxee” Conclusions

p S

 PBBK and systems biology modeling is the
connecting layer for integrating high dimension
biology and environmental interactions dynamics

* The connectivity approach to the exposome
elucidates toxicity pathways and assigns causal
associations between environmental stressors
and health

* Precise prevention towards environmental risks
by identifying the susceptible or vulnerable
iIndividuals or age-groups
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i Conclusions

Exposome science will:

* make public health and environmental policies
more cost effective by overhauling the “nature
vS. nurture” paradigm

 stimulate innovation in environmental health
science and technology, in ubiquitous sensing,
In high throughput biological analysis
technologies and in big data analytics

* promote transdisciplinary education and training
to create a new breed of environmental health
scientists who would be science “integrators”
and “translators” into improved prevention of
disease.
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Bertold Brecht’s Life of Galileo:

“The main objective of science is not to open the door
to infinite wisdom but to roll back the boundaries of
Infinite error.

Thank you for your attention

@ I\VHab

www.enve-lab.eu

A connectivity perspective to environmental health
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