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Endocrine Disruptors (WHO 2002 definition): “An exogenous substance or mixture that
alters function(s) of the endocrine system and consequently causes adverse health
effects in an intact organism, or its progeny , or (sub) populations”
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Known effects of Endocrine Disruptors
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Epigenetics
Accessory chemical modifications on the DNA or
on proteins that pack the DNA

DNA methylation \

Small RNAs

Histone modifications

Chromatin
Structu ry

DNA methylation: an epigenetic mechanism
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Epigenetic changes regulate gene expression....

Mitotically Stable

mmm....interesting
phenotype!

....the epigenome says
something about the
history of exposures!

Environmental
Epigenetics




Examples of epigenetic markers of
exposure in humans
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International Journal of Epidemiology, 2018, 1120-1130

doi: 10.1093je/dyy091
Advance Access Publication Date: 31 May 2018

Original article
4 Tobacco
\ DNA methylation as a marker for prenatal
smoke exposure in adults
Rebecca C Ri * Matthew Ryan Langdon,
Caroline L Relton’ and George Davey Smith"
Table 2. DNA methylation changes associated with prenatal smoke exposure in ALSPAC women (Time Point 1)
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Entres in bold represent stes that surpassed the Bonferroni threshol
"N =216 smoked =5

TRANSGENERATIONAL EPIGENETIC INBERITANCE|

PRST EXPOSURES
FUTURE DISEASES
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Vinclozolin (Agricultural fungicide)

<l

a A

Systemic fungicide (e.g. Wine Industry)
*Two metabolites: Butenoic acid and enanilide
* Vinclozolin and metabolites are anti-androgenic

*Late embryonic/early postnatal exposure causes abnormal
reproductive tract development and gonadal function

Transgenerational Epigenetic Inheritance

Vinclozolin Control
Enmvironmental insults

TUNEL assay

Germ cell apoptosis

= Control = Vinclozolin generation
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Herencia epigenética transgeneracional

Environmental insults - (Vinclozolin)

Y

Sperm epigenome alterations

Epigenetic Transgenerational Actions of Vinclozolin on
Promoter Regions of the Sperm Epigenome

Carlos Guerrero-Bosaana, Matthew Settles, Ben Lucker, Michael K. Skinner*

PLoS ONE | September 2010 | Volume 5 | Issue 9 | e13100

52 Methylation Changes (48 promoters) in the sperm DNA of male rats 3 generations after

Chromosome

a developmental exposure

A 16 Methylation change confirmed
A 21 Notable to confirm
4 15 Not able to test
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Transgenerational Epigenetic Inheritance

<|/ * Vinclozolin
Enmvironmental insults « A plastic mixture (BPA, @

Phtalates
) WASHINGTON STATE
* A mixture of pesticide UNIVERSITY

(permethrin) and insect
repellent (DEET)

+ DDT

« Dioxin (agent orange)

« Jet propellant 8 (Jet Fuel 8)

Polycystic ovary

— Obesity
o F3 germ cell
;FX Germ cell apoptosis eplgenome
Pregnancy

complications

Transgenerational Actions of Environmental Compounds
on Reproductive Disease and Identification of Epigenetic
Biomarkers of Ancestral Exposures

Mohan Manikkam®, Carlos Guerrero-Bosagna®, Rebecca Tracey, Md. M. Haque, Michael K. Skinner*

PLoS ONE | February 2012 | Volume 7 | Issue 2 | e31901
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Epigenetic biomarkers of exposure in
hazard assessment

Science ofthe Total Environment 773 (2021) 144830

Contents lists available at ScienceDirect

TolEndiiment

Science of the Total Environment

journal www.elsevier I env
Epigenetic biomarkers as tools for chemical hazard assessment: )
Gene expression profiling using the model Danio rerio =

Tiago Torres *®, Raquel Ruivo?, Miguel Machado Santos *>*

GRAPHICAL ABSTRACT

ZEBRAFISH EMBRYO BIOASSAY ‘OECD FET 236 GUIDELINES EPIGENETIC BIOMARKERS
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Fig. 1. Global DNA methylation and global H4 histone acetylation of D. b d to different fBPA (A) and VPA (B and C) at 80hpf. Data are expressed as

mean + SE (n = 5). Significantly different resuls from controls (p < 0.05) are marked with a symbol (*). One-way-ANOVA (A and C) or Kruskal-Wallis Test (B).
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Science ofthe Total Environment 773 (2021) 144830

Contents lists available at ScienceDirect

Science of the Total Environment

journal www.elsevier.

Epigenetic biomarkers as tools for chemical hazard assessment:
Gene expression profiling using the model Danio rerio =

ks

Tiago Torres *®, Raquel Ruivo?, Miguel Machado Santos *>*
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Eavironment Inermtional 144 (2020) 106020

‘Contents lists available at ScienceDitect

Environment International

journal homepage: www.slsevier.com/iocate/onvint

Transgenerational inheritance of chemical-induced signature: A case study
with simvastatin

™|

T. Neuparth™, AM. Machado™", R. Montes‘, R. Rodil, S. Barros’, N. Alves’, R. Ruivo’,
L. Filipe C. Castro® ", J.B. Quintana‘, M.M. Santos™""

MEVALONATE PATHWAY
2 Aeetyicon
B  \ o
At on

Hmas
i

[E———
v o R

Nevalonste

B

o o e
Mevalonste s Phosphate

—— P

Mevwlonse s Pyrophosphate
moc

FERES S e
&
L

GeranylPyophosphate
s
Famesy Byrophosphate
VERTEBRATES

ARTHROPODS.
soop

Fomesol

y Saualene
|
SGﬂlrna epoue

umnleml

Chokserol

Doichol

Uiinono.

Premated proteins

Fo

Fomesal

lmu

Famesoic Acd

AT/ AET

10/18/2021

11



10/18/2021

Environment ntematonal 144 (2020) 106020
Gonvents lsts available at ScinceDirect

Environment International

journal homepage: wwiw.clsevier.com/lacate/envint

Transgenerational inheritance of chemical-induced signature: A case study — ®)
with simvastatin amy

T. Neuparth®", A.M. Machado™", R. Montes’, R. Re
L. Filipe C. Castro™”, J.B. Quintana‘, M.M. Santos™
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Ecotoxicology and Environmental Safety 209 (2021) 111849

‘Contents lists available at Sciencebirect

Ecotoxicology and Environmental Safety

ELSEVIER journal homepage: wwiw.elsevier. com/locate/ecoeny

Rescarch paper )

The anti-lipidemic drug simvastatin modifies epigenetic biomarkers in the
amphipod Gammarus locusta

Nélson Alves ", Teresa Neuparth ™, Susana Barros ", Miguel M. Santos ™"
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Epigenetic tools may fill gaps in risk assessment

¢ Chemical risk assessment currently involves hazard
identification, dose-response assessment, exposure
assessment, and risk characterization

e Although current guidelines include multigenerational
effects of environmental pollutants, these are NOT
integrated in hazard and risk assessment frameworks
(Neuparth et al, 2020).

* Biomarkers of exposure for risk assessment analyses can
indicate both life-long and transgenerational effects, as well
as developmental and/or ancestral exposures
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