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Introduction
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Introduction

Environmental chemical exposure and human healt

Temporal increase of human exposure
to environmental chemicals

Temporal increase of some human
health outcomes
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Introduction

Environmental chemical exposure and human health
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But... how, where, and
when measuring what ?
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What measuring? External (food) exposure data

Number of chemicals (% samples detected)

AR ermledsags "5 : 16 Métaux lourds (70%)

dimertation, emvircnnement, travai \ y

\
S

Etude AIiment?tion Totalle 2 11 Phytoestrogénes (20%)
445 composés analysés \ J

(dont 361 composés reglementés) r )

25 Mycotoxines (6%)

283 Pesticides (1%)

A\ O\

12 Additifs (42%)
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~
—
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What measuring? Historical POPs

. . . Stockholm Convention .. ,
Les dioxines et polychlorobiphenyls @Dn.&;b ; Les pesticides organochlorés (OCPs)
pollutants | 5| !
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What measuring? Emerging POPs

Les retardateurs de flamme bromés (RFBs) ; Les substances perfluoroalkylés (PFAS)
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What measuring?

Bisphenols
(BPA and substitutes BPF / BPS) .
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Personal care related
contaminants

Preservatives
(Parabenes, triclosan)

UV-filters
(Benzophenone-3)

Non persistent chemicals
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What measuring?

Endocrine disrupting chemicals (EL

« Un perturbateur endocrinien est une substance ou un mélange de substances, qui altére les fonctions du systéme endocrinien et de ce fait induit des effets néfastes dans un
organisme intact, chez sa progéniture ou au sein de (sous)- populations. OMS2002 »

800-1200 substances suspectées

Présents et actifs a trés Faible dose
163 milliards d’euros par an pour

Relation dose-réponse non monotones

le systéme de santé européen Brain Fenétres d’exposition spécifiques
H orhnlumusq;ﬂ”“' « Effets cocktail » complexes
vE Pituitary P
Sante de I'enfant | Santé de |'adulte
Pumrh}rmld 4—u Thyroid

Neuro-développement
(Berghuis et al 2015, doi: 10.1007/s00204-015-1463-3)

Bone

Perturbation métabolique

. Mammar Cordiovascular . . .
Troubles de la reproduction c—-"anvﬁ—é& System Maladies Cardiovasculaires
(Bonde 2016, 10.1093/humupd/dmw036.) [femate] (Mendes et al 2021; Cano-Sancho et al 2017)
Allergies e Cancer
(Luo et al 2020, Pancres =N o rene (Ennour-Idrissi et al 2019;
10.1016/j.envres.2020.110145) s e . Han et al 2019 )
. . {femals] 'pose gy 7
Troubles respiratoires Ovicue Tisve Infertilite
(Gascon et al 2013, doi: 10.1016/j.envint.2012.11.005.) gj;”“fﬁ' Fljmsrrc;re (Khan et al 2021; Lefebvre 2021)
ry male
(femae] ‘ Testis E A 1
: , : Teds ndometriose
Pertu rbatloglnjte,ta bolique, (Cano-Sancho et al 2015)
opesite

(Stratakis et al 2022, doi:10.1111/0br.13383)
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What measuring?

The Exposome conce

Complementing the Genome with an “Exposome":
The Outstanding Challenge of Environmental
Exposure Measurement in Molecular Epidemiology

(hristopher Paud Wikd

REVIEW

The exposome: from concept to utility

Christapher Past Wike

Christopher Wild

Environnement | | o o N
. . J Implications of the exposome for exposure science
Ch |m|q ue : ) o ' | ﬁ \ . STEPHEN M. RAPPAPORT Im}’lgrlg‘cmlg}y
" € Q Environment and Disease Risks
' o Stephen Rappaport
The Exposome

COLUMEIA
UNIVERSITY

Garry Miller

« Le concept d’exposome prend en compte notre exposition aux agents
chimiques, présents dans notre environnement et notre alimentation,
physiques avec par exemple le bruit, biologiques via les microorganismes avec
lesquels nous sommes en contact mais aussi les carences alimentaires au
cours du développement et des facteurs pyscho-socio-économiques (stress,

inégalités sociales). » Wild 2005 ool Vermou
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REVIEW

The exposome and health: Where chemistry
meets biology

Rowd Vermeben' ", Emma L. Schymanshl’, Albort Liseh Bacabial* ", Cary W. Miller™

&

Universiteit Utrecht
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How measuring The challenges

mg

HE

ng

Pg

fg

Extremely low concentration levels Very complex biological matrices
Specificity
103
10
Need for unambiguous identification and
10°° precise/accurate quantification
10—12
S
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How measuring

The mass spectrometry technology
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‘exposome
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How measuring Conventional targeted methods

Stratification of the human Methodological Objectives Research and support
chemical exposome approaches to policy outputs
Known » Targeted Unambiguous identification  Short term: regular
well established measurement and quantification guantitative exposure data

focused and

quantitative method
Medium term: prioritizing

further targeted analytical

Known unknown » SUSpe.Ct Qualitative detection rates  yeye|opments, rationalizing
Known structure but screening or semi-quantitative data content of HBM
still no established programmes, documenting
quantitative method exposure patterns / trends

Non-targeted Sustainable: developing an
_ » screening Detection of new exposure openep! and early warning
still unknown (NTS) markers of concern capability, new marker

discovery, generating new

marker of exposure
f exp research hypotheses
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How measuring Targeted approaches

D|0X|nS/PCB/PBDE Polychlorinated dibenzo-p-dioxin (FCDDs)  Palychlorinated dibenzofurans (PCDFs)
S C |,r_| HQDB C';,-.l /' 1"|, © JIl,l -
erum XN NF Cli T Cl,
‘ Polychlorinated biphenyls (PCBs) Polybrominated diphenylethers
. . (PBDE)
Extraction 2 o 2
SPE C18 S TR Y
- o o— | e
3 7 7 Real serum
Purification 1 - sample
Florisil column ol 2,3,7,8-TCDD
‘ " 0.1 pg injected
e i e us e e e i e~ DU -
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Carbon/Celite || Carbon/Celite Liquid/liquid ] E 2C PCB#153 17C PBDE#AT
] : c cl . Br Br
E -
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How measuring

Targeted approaches

Organochlorine pesticides

N Adipose tissue

-

Extraction
ASE/PLE

-

Purification
GPC

- -

Other OCs
n=28

GC-HRMS
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Chlordecone
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10 pg injected

#pp-DDE

T T T T T T T T T T T
18.0 18.2 18.4 18.6 18.8 19.0 19.2 19.4 19.6 19.8 20.0
Retention Time (min)
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Hexachlorocyclohexane

Cl Cl

Cl Cl

Cl

Hexachlorobenzene

cI” Cl
Dichlorodiphenyl-
dichloroethylene

Real adipose |
tissue sample

%

Compaund View JEOL Dick \8.02 20180411 14:510% Page 1
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HOH/ Average
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100 7 Cl
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0l cl cl
701
. cl cl
g 504
H
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How measuring

Inovative suspect and non-targeted approaches

Stratification of the human Methodological Objectives
chemical exposome approaches
Known » Targeted Unambiguous identification
Well established measurement and quantification
focused and
quantitative method
e » Suspect Qualitative detection rates
screening or semi-quantitative data

Known structure but
still no established
quantitative method

Non-targeted

[UBKAOWATRKAGWE] W screening

Still unknown (NTS)
marker of exposure

Detection of new exposure
markers of concern

‘LABERCA INRAZ
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Research and support
to policy outputs

-

Short term: regular
guantitative exposure data

Medium term: prioritizing
further targeted analytical
developments, rationalizing
content of HBM
programmes, documenting
exposure patterns / trends

Sustainable: developing an
opened and early warning
capability, new marker
discovery, generating new
research hypotheses
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From targeted to non-targeted

Suspect Screening

Environmental matrices

Food matrices
Human matrices

*155‘ @? Q rl»

Non-selective
sample preparation

y
HBM4EU

‘L.\BERCA INRAZ

science and policy

M;m } for a healthy future

Chromatography-high resolution

» mass spectrometry profiling »
(LC-HRMS, GC-HRMS)
predefined list of
suspect -> target
markers

008 - |5 \

o [ J | 1
0 ;uJ_LA.J_JJ_JJ.,-.A,\lwJ\ k“J lJy'L“.l‘.l..J\M_J,|J

5004
<

=
=

Accurate mass
Retention time
M5 spectrum
M5/MS spectrum

Jf al

e e e e e
000 500 1000 1500 2000 2500 3000 3500 AD.hD 4500 5000

Minutes

win

Annotation MS
reference library
(suspect list)

Non-selective generation
of chemical descriptors

Human Biomonitoring for Europe - . *
EU H2020, 2017-2022, 50 M€ |:> . D l\ |
WP16 « emergng chemicals » Vi N

17 partners, 5 M€
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Annotation of the generated
descriptors through comparison
with reference MS data

PFOS *" hBcp

Atrazin ? p,p-DDE
b AL
~ i ? | ? P | ?
2 ‘ | ¢ |*
19 H 2 ! 22 ??
a0 Y| | |
y ; ' I, 'J AL, 4
] ,". "JI l52'£ .’C) ::b} Ei'x '.‘520 Qe l.fJI SCE)J b.

Naides

Annotation of the
suspect markers

Partnership for assessment of risk of
chemicals, Horizon EU, 2022-2029, 400 M€
Task 4.3 « innovative methods »

60 partners, 30 M€
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e Where measuring ?
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Where measuring Targeted approaches

‘ @ ENDOMET “Association between POP exposure and endometriosis”
LABERCA ;.j;r.l-.--.:"..“...-:-::... Coord. LABERCA, Collab. CHU Nantes (PhD Pr. Stéphane Ploteau)
PhD Are different adipose tissue depots equivalent in terms of POPs concentration levels?
‘ Pr. S. Ploteau
ik LABERCA / CHU Nantes
Lo Sum 7 i-PBDE - ng/fg lw.
# ONS-TOO PCDD/F {TCF 2005) - pg/E Lw, = OMS-TCG dl-PCE{TEF 2005) - pg/g lw. & 5um & ndl-PCE - nefe L. (x10-1) e a-HBCD - ngfe Lw.
= POPs levels in superficial o I
and deep AT appeared #¥E Dioxins & PCBs Y e 2 i
equivalent in steady-state | & |7 7 ;.
. e = 2
individuals. g o BFRs
L 8w |
g‘ o0 ] Fj’:{_ﬁ:-ﬂ" - :
=0 y=1.0551%- 0.2626 e Che
. — 22.0 -85 ‘.- i : . . : l'_n-|u-||'.r.:l.‘|n1 -:*.t'll'u'ppln-c:n at I
= No necessarily the case $ 200 A A . :
for all chemicals and % }fﬂ -’" e
depends on individual’s S o140 . **w B - opDOE-nglzim. (510 :
weight stability and diet. c e " By 0984k 04182 piticatdncen, 2
2 a5 . A? = 0.5198 VS. | E;
S &0 - i"
oo B —
0.0 . : — T -
Ploteau et al., Env. Int. 00 20 40 60 80 100 120 14.0 160 180 20.0 22 jeidedde-dmisi=d00 32.0 34.0 360 38.0 40.0 f‘.
2016:97;125-136. Concentration level inlepiploon fat BT cawtionievelnapgloontt
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Where measuring Targeted approac

R anNsm ADIPOTOX “Distribution of POPs after drastic weight loss” - // POLOB “polluants organiques lipophiles et obésité morbide”
FRRRL L Coord. : INSERM U747 (Robert Barouki), Collab.: INSERM U755 (Karine Clément) // Coord. CHU Nice (Patrick Fénichel)

What relationship between POPs levels in adipose tissue versus serum in case of drastic weight loss?

i Pr. R. Barouki

INSERM 1124, Paris . >
3 2 A & o o o
| : . L]
= Higher total body burden ih - PR ” g *
of POPs in obese subjects, 5 6 A ; ol !
increased serum levels of . B = PCDD/F s
POPs after surgery. . =
= 12E6| =
- =N
E-’-_. 1E6} =
. = w
= The internal POPs levels S sest =
vary Ealzord/mg.to :che g | E
weignht loss/gain o I
. .g. & Mo est - c
individuals. Q L)
= 2E5f eh
=
Kim et al., EHP 2011;119:377-383. bo o6 ] ©
La Merril et al., EHP 2013;121(2):162-169. ©s€ ean 12M
Fénichel et al., Env. Int. 2021;151:106400 Amounts (total charge) of POPs (mean + SEM) measured Evolution of the concentrations of POPs (mean + SEM) measured in
in adipose tissue of lean versus obese patients (before serum of obese patients before (TO) and after (1, 3, 6, or 12 months)
surgery) (i.e. reported to the total fat mass in pg or ng). surgery expressed on a lipid weight basis (i.e. in pg or ng / g fat).
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Where measuring Targeted approaches

Des sous-population particulierement Le lait : un milieu propice a la présence
sensibles vis-a-vis du risque chimique , de résidus et contaminants chimiques
Plus exposées Plus vulnérables Macroconstituants
(polysaccharides,
@ protéines...)
Micronutriments
(AGPI, vitamines...)
Alimentation Exposition , Période Période | -
C s . Puberté , . ' Résidus et
particuliere occupationnelle périnatale foetale contaminants

chimiques

\ 4

A. Fraction aqueuse
Certaines hormones,

: hytoestrogenes
Lait Maternel . : phy ’
Vecteur d’exposition directe métabolites
du nourrisson allaité B. Fraction protéique
! + Contaminants perfluorés
Nl E | Indicateur de I'imprégnation

C. Fraction lipidique
Certaines hormones,
contaminants lipophiles
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Where measuring Targeted approaches

DEER project - FP7-ENV-2007-1 (212844)
Collab. Righospitalet, Copenhagen
(K. Main, Niels E Skakkebaeck)

H ) FAVS DE LA LOIRE LACTACOL project - CPP N°2011-S4
Collab. INRA PHAN (CY Boquien), CHU Nantes
(JC Rozé, C Boscher), Lactarium Nantes (A Legrand)

FEDER
Urion [ ympsesne

Pr. N.E. Skakkebaeck What are the exposure levels of Dioxins in Danish/finish vs. French mothers breast milk?
Righospitalet, DK _ _ o ) _
Testicular Dysgenesis syndrome Palychlorinated dibenzo-p-dioxin (PCDDs) Polychlorinated dibenzofurans (PCDFs)
Ch® O ©
= O = Cli e ——/ Cly,
= Highler levels of POPs in i , ,
breast milk than regulatory * ; :
limit for cow milk. :
2
= Correlation between POP gzo_
levels and age. o
(m)
®
= Different exposure levels o
apd patterns ampng Hoo-
different countries Q
=
Regulated Limit - -ooom oo
in cow milk s
Antignac et al., Env. Pol. I wm 0~ I I I I I I I I I
. ; DK FIN FR 20 25 30 35 40 45
2016:218;728-738. o Age (years)
n=400 n=20 n=100
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Where measuring Targeted approaches

- ) BAVS DE LA LOIRE LACTACOL project - CPP N°2011-54 DEER project - FP7-ENV-2007-1 (212844)
o Collab. INRA PHAN (CY Boquien), CHU Nantes . Collab. Righospitalet, Copenhagen
S (JC Rozé, C Boscher), Lactarium Nantes (A Legrand) o (K. Main, Niels E Skakkebaeck)

What are the exposure levels of OCPs in French mothers breast milk?

cl
Hp,p'-DDE H 3-HCH M Hexachlorobenzene (HCB) ¢ | cl o o o cl A cl
M Dieldrine W Cis-heptachlore epoxyde Oxychlordane s I:I:
B Trans-nonachlore Hp,p'-DDT W 5-HCH O O Cl 7 “! z “
cl cl & Cl
1400.00 i

mp DOE mB-HOH @ HCE m Dildin @ Chi-Hepr-Epos @ Oepchicedane @ Tracn-Ronachkar @ ga 00T = d-BCH p,p'—DDE Hesachlosbenzens 'r—HCH (=]J.‘||ﬂa.l|.e)

Tenes-Mzrnchine DE-DOT FHOH

. Coarhlordare 3 3% 214 093
1200.00 bt O R 500.00 .
[eridne " °
T 450.00
1000.00 " y = 24.146x- 566.26
. i 200.00 R?=0.2307
10%
800.00 DDE 57% 350,00 ., .

w.)

300.00
600.00 550,00

200.00 P
400.00

Concentration level (ng/g l.w.)

Concentration level (ng/g |
[ ]

150.00 .

200.00 100,00 P .

BEE E B = - - _ - [} - . s o
AR ARRRRRETEI R 50.00 .
T S S 0.00

20 25 30 35 40 45

Analyzed sample Age (years)
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Where measuring

Targeted approaches

YR ) afsset- ))

PhD Ronan Cariou, co-dir. LABERCA-TOXALIM

“Etude de I'exposition du feetus et du nourrisson aux retardateurs de flamme bromés.”

Contrat AFSSET RD-2004-011 “BED”

Collab. CHU Toulouse (A. Berrebi), INRA UMR 1331 Toxalim (D. Zalko)

What are the relationships between PBDE levels in breast milk and in other biological compartments?

PBDE#28 (tri-BDE)

Br
jene!
Br Br

* Adipose tissue

- -~
- : ./"
-
10 ' i
.‘.-’I.
! > T
L R
i L
O - Nt t
0 - g

028 Tiesu Adipeus [pa mol
b

THEDS
v

2 Breast milk

] &2 120 T 22
INHEEREE | aib Mater sl (pgis man

‘LABERCA INRAZ

HexaBDE153 Tissu Adipeux (pgfg mag)

3800

3200

2600

2000

1400

800

200

PBDE#153 (Hexa-BDE)
Br Br
Br Br
Br Br

Adipose tissue

* ‘,';
* s .
. s .
+ Tt
+ + : ot ,"/.»‘ PO
B S +
,‘:r.’”% * +
PO RN
REC RS .
BRI
e . Breast milk
400 800 1200 1600 2000 2400

HexaBDE 153 Lait Maternel (pofg ma)
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HeptaBDE183 Tissu Adipeux (pgfg mag)

700

PBDE#183 (Hepta-BDE)
Br Br
OﬁBr
Br Br Br
Br

Breast milk

Adipose tissue .

60 1210 180 240 300 360
HeptaBDE183 Lait Maternel (pg/g mag)
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Where measuring Targeted approaches

1 ‘ : R CONTREPERF project - “Emerging perfluorinated contaminants: contribution to the human exposure assessment,
to the study of their metabolism and to the characterization of their toxicological impact.” - ANR-10-CESA-008
Coord. LABERCA Collab. CHU Toulouse (Alain Berrebi), INRA UMR 1331 Toxalim (Daniel Zalko)

What relationship between POP levels in maternal versus foetal compartments?

.

0o

FRFR FR F RFRFRF O £ |[GEs = | PFOS
F < 12 Eg
F [~1+] S
SO3H OH £ &
£ 8 gy |
FFFFFFF F 5 £
FFF FF FF F g A [ y=0.50x+0.05 g y=0.30x+0.18
Perfluorooctanesulfonic acid Perfluorooctanoic Acid - f R*=0.99 22 R?=0.88
“ o0 T ] (3 0 T T |
ig: : 75- Y . 0 20 40 D 10 20 30
107 s °0 Maternal serum (ng/mL) Maternal serum (ng/mL)
5 3 25
% % TE' PFNA g PEOA -
£ £ T 1.8 - 6
3 S £ e
a . o 3 g 1.2 ! g a
. § 0.6 ¥= 0.57x-0.03 § . y=0.76x-0.01
s 9 *  RZ=0.89 - 2 ¢ * R®=0.85
8 5 }“
0.0 - ' ' Co : .
0 2 4 0 5 10
Cord Mat. Milk Cord Mat. Milk Maternal serum (ng/mL) Maternal serum (ng/ml)
serum serum serum serum

Cariou et al, Env. Int.
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e Real case studies
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Real case studies

First descriptive data

1 ‘ an)m IMPACTESTIS project - “Impact des analgésiques sur le testicule humain fétal et adulte.” - AAP-2012-037
Collab. INSERM 1097 IRSET (Bernard Jegou, Severine Mazaud-Guittot, Millissia Ben Maamar)

Coord. INSERM 1087 IRSET

Human Testis explants exposed  |ntr3 or extra cellular 3 complementary levels

tc.) EDCs (lbuprofen, paracetamol, content of characterization
bisphenols, phtalates...)

Metabolomics
Lipidomics

Endo-metabolome

Exo-metabolome Stereoidomics

()]

Check for
updates

produce a state of compensated hypogonadism

David Mebjerg Kristensen®<'2, Christéle Desdoits-Lethimonier®’, Abigail L. Mackey®®, Marlene Danner Dalgaard’,
Federico De Masif, Cecilie Hurup Munkbel?, Bjarne Styrishave?, Jean-Philippe Antignac”, Bruno Le Bizec",

Christian Platel', Anders Hay-Schmidt), Tina Kold Jensen®, Laurianne Lesné®, Séverine Mazaud-Guittot®,

Karsten Kristiansen"™, Seren Brunak®<, Michael Kjaer®<, Anders Juul™®, and Bernard Jégou®™?

2Danish Headache Center, Department of Neurology, Rigshospitalet, University of Copenhagen, 1165 Copenhagen, Denmark; Université de Rennes I, Inserm,
EHESP-School of Public Health, Irset (Institut de Recherche en Santé, Environnement et Travail) - UMR_S 1085, F-35000 Rennes, France; “Novo Nordisk
Foundation Center for Protein Research Facultv of Health and Medical Sciences. Universitv of Conenhaaen. Bleadamsvei 3A._2200 Conenhaaen. Denmark:

I Ibuprofen alters human testicular physiology to
e
vd

@I Pr. B. Jegou
] INSERM 1087 IRSET

& PLOS | one

An Investigation of the Endocrine-Disruptive
Effects of Bisphenol A in Human and Rat
Fetal Testes

Millissia Ben Maamar'?*, Laurianne Lesné'-?*, Christéle Desdoits-Lethimonier' 3,
Isabelle Coiffec’?, Julie Lassurguére’?, Vincent Lavoué®, Yoann Deceuninck®
Jean-Philippe Antignac®, Bruno Le Bizec®, Elisabeth Perdu®, Daniel Zalko®,
Charles Pineau'?, Cécile Chevrier'?, Nathalie Dejucq-Rainsford?

Séverine Mazaud-Guittot"27, Bernard Jégou'->6*1
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Real case studies First descriptive data

Etude ENDOMET (2013-2016) — Premiére étude Francaise du lien POP-endométriose

/7 /7 . V4 ’ . .
PhD 1. Génération de nouvelles données d’exposition
Pr. S. Ploteau _ Odds ratio 95% CI
ik LABERCA / CHU Nantes ee 28 84 7R 100 SVM Sparse
° 1.234 678 HpCOD — N —
* -HxcoD -~ 2f Fat 'ﬂ:l I:I
78-PeCOF
£1238.78_WCDD
- 1. Serum . H
55 i TnePcODs T T naarspees [0
Cas Endométriose 1234789-HpcOF ~ “*f° et [0
123789 - HxCOF e LPLETT |:|
. 1234678-HpCOF -~ 14— Effets des Dieldsnng [:l Effets
PP - 123478-cop "~ polluants weres [ « Cocktail »
2378.TCOD s - — LPCED |
individuels
= 23.78. TCOF 1 IFeE |:|
123478-HcOF ~ 1™ treest I:I
45 1.2367.8-HiCDD - e [:|
Témoins WHO-TEG2005 PCODVF ~ B e |:]
WHO-TEQ1928 PCODVF ~ * e :l
12378 PeCDD = P g
Polluants 234678 HCOF ==t — [:|
Ploteau et al., Env. Int. 2016:97;125-136 Organiques SPCOFs g R | |
Cis_heptacrlons_soowyde
Ploteau et al., Env. Int. 2017;108:195-203 Persistants 123678 HicOF ~ |—* _ _J:.i | |
Matta et al., Env. Pol. 2020; 60:114066 N=82 [ Sad7E. PecDr = ] -
. ] [ | | | ]
OCDF

L=
Py
L=
.
=
[=c)
=]
=
=1
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Real case studies Extended analysis of existing data

Etude ENDOMET (2013-2016) — Premiére étude Francaise du lien POP-endométriose
2. Revue systématique des études épidémiologiques

PCDD/Fs

Reference Chemical Matrix OR LB UB Log Odds Ratio logOR 95%0C1  Hawt

Tauking et &l 2005 TEQ-Total LS SER 041 012 1.37 ——ti 089 [2OT:0290 69

Wisiar ot &l 2009 TEQ-FCODFs SER 1 0859 101 : 000 [FROGOM] B9 g\
Marsnaz-Zarnora at al. 215 TCOD AT 141 192 24 - 034 |00 086 18D :/f\ LR R
Pictaau st &l 2017 TEG- PCLINFs AT 161 02 3m o 048 [=0e 93 1 08 13.9

Eskenaz et al 2002 TCoD SER 21 06 B . 074 [DE4:21) 64 H . . . . Dr. G. Cano-Sancho
Simaz et al 2010 TEDTolal BLC  PLA 244 104 57 i 088 [D04174] 102 d | | d

Cai el al 7011 TEQ-PCODMs  PEF 26 117 534 - a8z |DIE 168 15 uman epl emMIo Oglca Stu IS} LABERCA
Pawels ol &l 7001 TEQ-Tolal LG SER 46 048 4362 - 153 [O7%378 24

Hailar gt al 7005 TEQ-Tolal LT SFR 538 188 173 —— 168 | DE2 285 ] ) . .

Mayani el al 1957 Ri=ls] GER  TE DET 1687 = 2012 [DEL45E 18 ° Overa” pOS|tlve aSSOCIatlonS

Random effacts modal - 0.50 [0.13; 0.87] 100.0 o : : o

R — 51646, < 001 T T s 2] owsesan Heterogeneous study designs, populations, clinical procedures and
PCBs analytical methods for exposure biomarkers

Reference Chemical Matrix OR LE UB Log Odds Ratlo logOR 5% C1 Yot

Buck Louie st al 2012 cO0Es AT e IR 003 I E.']-J:"J.I"_I] s Environment International 123 (2019) 209-223

Hiskar et al 2009 FiB= SER 102 043 272 it o.ca |-C.BE; 1.0:0 a1

Traber f al. 2010 nd-PCHS SER 12 08 23 | (A 1:] [-C.49; 0.85] 111 Contents lists available at ScienceDirect

Pigdaau &l &l 20417 FCEe AT 153 1.4 2.28 — 43 [ &.04; 0.81] 163

Hulman o2 al, 2007 moce SER 183 005 208 ——— 082 RO 10N 128 ) .

Marlrez-Zamora st al, 2078 FrHs AT 187 136 LTT . LR E e R L= B T Environment International

Lows of al. 205 FlHs HER Z25 0.5 b T = B2 [-L.a8; 212 Bz

Hailkar at @l 2005 d-FPCBs HER 434 115 1630 —_— 147 [ Gota; 2.80] 50 . . ;

Peepom ol 5l 3000 ECHs SER  E&I 905 i4q = 17 [0.81: 265 &z journal homepage: www.elsevier.com/locate/envint

Random effects maodal g 0.53 [ 0.18; 0.B7] 100.0

P I T T Review article
Heterogenelty: I* = T8%, * = 01671, p < 0.1 1.70 [1.20; 2.39] om [e5%

Pesticides Human epidemiological evidence about the associations between exposure | )
Reference Chemical  Matrix OR LB UB Log Odds Ratio logOR  S5%CI Yiwt to organochlorine chemicals and endometriosis: Systematic review and Sy
Buck Lows el &l 2242 =-HZH AT 127 1 168 = 324 [2Di, 04T] 320 meta_analySlS
Upson ol al 2043 BHIH Eenm 17 1 28 = 051 [00n 18] M2 .
Porpard o 8. 2010 pipl-DOE Swn 14033 433 —=— ore oo iml e German Cano-Sancho™”, Stéphane Ploteau”, Komodo Matta®, Evdochia Adoamnei®,
i S e ham ma Germaine Buck Louis”, Jaime Mendiola®, Emile Darai®’, Jean Squifflet®, Bruno Le Bizec?,
i . L E-Papla ki e aT B Jde i R4 L") [ & 7&; 3 &) (1] i 3
i Jean-Philippe Antignac®
Random effects model — 0.68 [ 0.22; 1.14] 100.0
Heterageneiy: © = 88%, « = 0.1578, p = 0.02
#0071 E 123(113;1.36) OR[95%CIl Cano-Sancho et al, Env. Int.
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Real case studies Extended analysis of existing dat

Etude ENDOXOMICS (2018-2022) — Etude approfondie du lien POP-endométriose
1. Revue systématique des études expérimentales

)

=2 Fecords dentified Records identified Fecords dentified L 39 total StUdies inCIUdEd - ,'
'% through PubMed through Wos through SCOPUS _ V.
= (=363) (n=300) (n=381) e 15invivo, 23 in vitro, 1 both RS
E ] Dr. G. Cano-Sancho
< \l/ * 3 animal models LABERCA
— : * Rat (autologous implant
- Records before duplicates removed . [:eugll:,f:;a ( & P )
8 (n=1246) {n=434) * Mouse (autologous implant and nude)
;.% ’-'j * Monkey (autologous implant and spontaneous onset) ‘
- . .
(] Phase 1: Title/Abstract screening . ;i{iﬁisd Various Ce" mOdeIs PhD
f,;’*'*fi,l'\\ (n=2812) (n=715) * Endometrial Stromal Cells (ESCs), ESC co-cultures, Dr. K. Matta
g ( i‘.’:\ﬂj J Endometrial Epithelial Cells, Endometrial Endothelial Cells,
T \ "\ L’ ] . . .
§ &/ Endometrial Explants, Uterine Fibroblasts, Granulosa Cells
d = Reecords excluded
Ph 2:Full- 1 with justt 10n H
= e (n:;};t)mmmg » thélfff?j’“ ° 14 Chemicals
Mo full-text
m=13) ( \
—_— v ]n'elm':_mt
Studies included f Pcfiuﬂ;n 2,3,7,8-TCDD PCB 126 ey /\2427;?1621“40.253 \:lOII;t
- data extraction and synthesis et exposue 1,3,6,8-TCDD PCB 153 4-CDE S
E (nz 39) Irrelm'{a]?it_ﬁitmme 4'PeCDF p;p,_DDT ATR M tt t I EHP
(n=29) ' atta et al,
= : ! ! Not in English PCB 77 p.p -DDE MXC 2021;129(7):076003
In Vive In Vitre Both =1 PCB 104 O,p|-DDT ’ ’
n=1% (n=2%) n=1) \ J
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Real case studies

Extended analysis of existing data

Etude ENDOXOMICS (2018-2022) — Etude approfondie du lien POP-endométriose

|dentification des Adverse Outcome Pathways (AOP) fonctionnels sous-jacents g

occ ! i W (1)¥ang 1999 Secondary/Intermediary outcomes j S Primary/Apical outcomes
' | A 1)Willingeral 2011 A (1) Bofinger eral 2001 1 i
| Exposures i ! A (1)Pittetal 2001 A (2) ® {3) Willing et o 2011 i !
| ) : 3 3 /2 2 |
| A 2)Huargerai2017 A (S) A (8)Molloway et oi 2005, 2008
I ; ! ABR/ 3 CYP1AL Steroidogenesis/aromatase dysregulation P Onset - In vivo
i : et pondon HSD1787 A (2) ® (3)Huanget 21 2017 R ® (2] ¥ (3)Amnold exal 1996 Dr. G. Cano-Sancho
! i ' SULTIE1 @ (2] & (3) Huang et al 2017 | S A (1)Rieretal1993 e
! | i ¢-Src A (2)Chiappinietal 2016 ! 1 A (2)Bruner-Tranet 2l 1999 LABERCA
| TCOD (1) i I A (2) Nayyar etal 2007
i : 1 R ] I vy Progesterone Resistance i !
| (2) (1) Resuetretal 20
di-PCB 2) | -
! i : : (1) Igarashi et 21 2005 LS Lesion growth - In vivo
| . Ry (1) Nayyar et al 2007 1 A
2 | + CB1-R | w (1) Resuety eroi2012 ! i A A (1) A 16)Cummings et al 1995, 1996,195%
! i " " ; W (1) A (7)Foster et al 1997
| HCE (4) el ! Chemokine secretion | ‘ : ® (2) ¥ 3) Huang et 212017
1 i ! U6 A (2) ® (3] Huanget al 2017 i A (1) ®2) U (3) Johnson et al 1997
i DOT (s) i 1 Expression I8 A (2) ¥ (3)Huangetal 2017 A (1}Shietal 2006 i I A (1) Khan et al 2018
: i Chemokine Receptors lu(: : (l,kWan:e(MfoOlsS A (1)Chang etal 2017 RS : I ® (1) Kitajima et 512008
&) | ini (3)Wang et al 201
1 v i ! CXCR1 W A (1)(+£2) Shi et 212007 IL-1b A (1) Yang 1999 Macrophage | : V(.x .vun‘Fon;;‘:ﬂ Ph D
1 | CCR8 A (1)Shietal 2007 - 21 polarization I anget
1 4-CDE (7) LXAS ¥ (2) © (3)Huang et 3l 2017 \ v Y 12
i I ! CCR1/2 A\ (2)(+£2) Wang et i 2010 RANTES A (1)Zhso et 212002 A [1)(+£2) Yu et a1 2008 | = ‘:c‘r:.):":"’;" fgf‘g Dr. K. Matta
—— Ui A (1) (+€2) Yu et a1 2008 MIP-1a A (1)(+£2) Yu et a1 2008 i PMERRHPRRIEN .4
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| i i (3) Hu etai2018
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Real case studies

Dutta et al,
Reprod Toxicol.
2023;115:56-73

Extended analysis of existing data

o
Role in gzdmc?cgr'l;h;sruptor ‘ i ‘. CIID:OI:[CI O O i
endometriosis =/ \ 7 | c - o i i I OR'
!

i) Chronic Inflammation IL-8, IL-8 T IL-8, COX-2, PGE2 T p-AKT, p-ERK. p-JNK. MAPK, gg:;t(z ERK1r2.lKB.NF-xu‘T

(Proinflammatory Cytokines )

TNF-g, IL-6, IL-1b

ii) Cell migration/ Invasion
(Remodeling Enzymes/

MMP-3 & MMP-10 T

MMP-3 & MMP-7 T

1) MMP-2 & MMP-9 T

1) MMP-2 & MMP-9 T

Matrix metalloproteinases) 2) TIMPs l 2) TlMPsl

iii) Growth Factor Signaling / Cellular Epidermal Growth FadorT TGF-g Epidermal Growth FadorT Ki-67, Pak4 T

Proliferation signaling signaling

iv) Estrogen Signaling E; T Steroid Enzymes ER-a T ER-aT
(P-450 aromatase)

v) Anti-inflammatory

Lipoxin A4 (LX4) l

vi) Progesterone Resistance

Caused due to dysregulation of

i) Caused dueto aysregulabonT

Caused due to dysregulation T

Caused due to dysregulation

!

thyrold transcripts of thyroid transcripts of thyroid transcripts of thyroid transcripts
i) PR-Bl
vii) Developmental Genes HOX- A10 T
viii) Oxidative Stress Reactive Oxygen Species Reactive Oxygen Species 1) T Reactive Oxygen Species | 1) TReactwe Oxygen Species
(ROS) (ROS) (ROS) (ROS)
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Real case studies Extended generation of new data

Etude ENDOXOMICS (2018-2022) — Etude approfondie du lien POP-endométriose
) pavspetatore 3. Extension au lien exposition-endomeétriose-infertilité
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Real case studies Extended generation of new data

Etude ENDOXOMICS (2018-2022) — Etude approfondie du lien POP-endométriose
) pavspetatore 3. Extension au lien exposition-endomeétriose-infertilité

POPs présents dans le liquide folliculaire et corrélés avec niveaux sériques

Boxplot of ratios (A) and correlation (B) of POPs between serum and follicular fluid (FF) Dr nncho
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Real case studies Advanced data analyses

Etude ENDOXOMICS (2018-2022) — Etude approfondie du lien POP-endométriose
4. Intégration multibloc (exposition — perturbation métabolique — issue de sante)

Chemical Exposures (POPs)
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Real case studies

Advanced data analyses

Etude ENDOXOMICS (2018-2022) — Etude approfondie du lien POP-endométriose
4. Intégration multibloc (exposition — perturbation métabolique — issue de sante)

Sankey diagram of the secondary structural integrated analysis of
POPs exposure and individual lipid metabolites and cytokines in
serum for the identification of latent variable clusters associated
with severe cases of endometriosis (OMA). Dark grey bands
represent positive associations and light grey bands indicate
negative associations, with the width proportional to the size of the
association.
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Real case studies

On-going perspective
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Real case studies On-going perspective

Ftude Cas-Cohorte E3N Analyse chimique intégrative Résultats attendus
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e Conclusion
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Conclusions

“~ How measuring? ‘™ When measuring? Disei:e
Exposure
4 .-&\;
e Sample preparation remains a corner stone e Need for longitudinal data and PBPK modeling
e Targeted quantitative methods still needed e Need for better experimental models
e Untargeted profiling methods now the trend e MS profiling in personalized medicine
":_""’ Where measuring? ‘™ What measuring?
Hair Adipose tissue Blood Urine Watar Frduatinn
e, EXpOSOMe
Whﬁ? el
Eu;glam‘ﬁ -:LE-: mm ﬂll .
=&

e Need for more multi-compartment studies e Need for more extended characterizations...
e Stored vs. circulating ratio as integrative marker e .. Following the exposome and mixture issues
e Non identical strategies for HBM / health studies e Need for integrating exposure / effect markers
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