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Preface

This issue of Toxicology Letters contains the abstracts of the EUROTOX
2019 Congress. The Finnish Society of Toxicology (FST) was established
in 1979 and is proud to host EUROTOX 2019, the 55t Congress of
EUROTOX, in Finlandia Hall in the heart of Helsinki, the capital of Fin-
land, on September 8t to 11th, EUROTOX, the Federation of European
Societies of Toxicology, was established in 1989 by merging the Euro-
pean Society of Toxicology (EST) and the Federation of European So-
cieties of Toxicology. EST dates back to 1961 when it was established
in the aftermath of the thalidomide disaster. Altogether, EUROTOX
has over 6000 members through its European member societies as
well as a number of individual members who belong to EUROTOX
directly. The Annual meeting of EUROTOX is one of the premier tox-
icological gatherings world-wide, and certainly the most important
one in Europe. The Congress offers a unique opportunity to meet
colleagues and friends, and network professionally with scientists
and clinicians from Europe and beyond. The Congress is typically at-
tended by large numbers of toxicologists from all parts of the world.
The Congress offers on its first day, Sunday September 8th, six cut-
ting-edge continuing education courses on topics “development and

” o«

assessment of adverse outcome pathways”, “mechanistically-driven
tools for risk assessment”, “evidence-based assessment in toxicology”,
“real-world safety assessment for data-poor products”, “dietary expo-
sure assessment”, and “safe exposure levels for occupational toxicology,
application to pharmaceutical”. Also on Sunday there is an opening
key-note talk on atmospheric pollution by Professor Markku Kulmala.
There are several further key-note presentations by eminent, inter-
nationally recognized scientists, on issues from systems toxicology
in hazard assessment to “Toxicology in the era of exposure”. The pro-
gramme also includes the traditional, well-known SOT (Society of
Toxicology, USA) - EUROTOX debate on “Classification of substances
as endocrine disruptors has a public health benefit”. This debate has

0378-4274 © 2019 Published by Elsevier B.V.

received much attention since its beginning in 1994 because it high-
lights increasing international collaboration, and reflections of views
between two large toxicological communities in Europe and North
America. The full Congress offers a total of 31 symposia and work-
shops on a broad range of issues across the whole field of toxicology.

The theme of the Congress is “Toxicology — Science Providing So-
lutions”. Here EUROTOX wants to emphasize the importance of soci-
etal innovations in addition to crucial toxicological discoveries. In
today’s world, for a scientific discipline such as toxicology, it is im-
portant to have an impact that enables improving the safety and
prosperity in society. Hence, in addition to science, it is important
that toxicology can make a contribution to chemical safety, circular
economy, sustainablilty, and air quality. These issues are crucial also
for having societal acceptance and justify continuous support for
toxicology by society. This is especially important now, when re-
search resources are decreasing and opportunities for research are
becoming limited.

In addition to invited talks, delegates from all around the world have
submitted more than 800 abstracts to be included in the programme.
The poster presentations are crucial for the success of the congress,
and provide an excellent platform to have vivid scientific discussions
on a multitude of important and timely toxicological topics.

Careful preparation has been in a key position in organizing the
congress. The International Scientific Programme Committee, chaired
by the President of EUROTOX, Professor Heather Wallace from the
U.K. has led the preparation of the programme of the Congress to-
gether with the Local Organizing Committee, chaired by Professor
Kai Savolainen. The programme is based on a large number of excel-
lent proposals for continuing education courses, key-note talks, de-
bates, symposia and workshops, from Europe and beyond, of which
those which were considered to be of the highest quality and most
timely were chosen for the programme.

We are excited to welcome all the delegates to the EUROTOX 2019
congress in Helsinki to enjoy the Congress programme, and to join
the active and fruitful scientific discussions during the Congress. In
addition to the science, we also wish that the delegates to enjoy the
culture and the atmosphere that the host city, Helsinki, can offer.
Welcome to EUROTOX 2019.

Professor Kai Savolainen, MD, PhD, ERT,
Helsinki, Finland, 2019 EUROTOX Congress Chair

Professor Heather Wallace, PhD, ERT, FRCPath, FRSC, FRSB, FBTS, FBPhS,
President, Chair of the International Scientific Committee
for EUROTOX 2019
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Continuing Education Courses (CECs)

CECO01 | Development and evaluation of AOPs

CEC01-01
Adverse Outcome Pathways: Background and Principles

*S.J.Munn
European Commission, DG JRC, Ispra, Italy

An AOP describes a sequential chain of causally linked events starting
on the molecular level, spanning multiple levels of biological organ-
isation, to an adverse health or eco-toxicological outcome of regula-
tory relevance. AOPs can provide a unifying concept or framework to
capture, visualise and connect mechanistic information from all
sources.

The concept was adopted by the OECD in 2012 to help member
countries to make better use of increasing knowledge on how chem-
icals induce adverse effects in humans and wildlife [1]. The aim is to
create an interdisciplinary community of practice connecting basic
researchers, technology developers, regulatory risk assessors and
decision makers to facilitate the sharing and synthesis of data and
ideas.

AOPs are used to describe biological motifs of failure that are not
chemical-specific; they are modular consisting of building blocks of
key events, specialized key events (the molecular initiating event and
the adverse outcome) and directed relationships between the key
events (key event relationships). AOPs are linear, serving as a prag-
matic functional unit of development and evaluation, with AOP net-
works (defined as AOPs that share at least one common element),
likely to be the functional unit of prediction. Lastly, AOPs are living
documents which represent the state of the science at a given point
in time yet allowing constant evolution.

The background to and aims of the OECD AOP programme, along
with the process and core principles of AOP development will be de-
scribed in detail, illustrated with case examples.

References

[1] https://www.oecd.org/chemicalsafety/testing/adverse-outcome-pathways-
molecular-screening-and-toxicogenomics.htm
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CEC01-02
Weight of evidence/confidence evaluation for AOPs

*M.E.Meek

University of Ottawa, McLaughlin Centre, Faculty of Medicine,
Ottawa, Canada

Descriptions of Modes of Action (MOAs) and Adverse Outcome Path-
ways (AOPs) facilitate systematic integration and assessment of
mechanistic data in hazard assessment from a broad range of sources
including structure activity analysis, in vitro assays, toxicity tests in
animals and observational or clinical studies in humans. Formalized
description and analysis of the extent of supporting evidence for
these pathway descriptions supports their use for various applica-
tions in testing and assessment.

Bradford Hill (B/H) considerations form the basis for assessment
of the extent of supporting evidence in formalized descriptions of
AOPs in the public knowledge base within the OECD AOP program.
These considerations, modified somewhat from their initial charac-
terization to assess causality in epidemiological studies and adopted
in international frameworks in MOA analysis include biological plau-
sibility, essentiality and empirical support. The considerations, de-
fined to address aspects critical in regulatory acceptance, are also
rank ordered to reflect their relative importance in assessing the
extent of supporting mechanistic data.

Examples illustrate the nature of datasets associated with high,
moderate and low confidence for each of these considerations. Pres-
entation of a practical example illustrates the assembly and evalu-
ation of the weight of evidence for a documented AOP in the OECD
knowledge base.

CEC01-03
AOP Wiki and live demonstration

*C.Wittwehr
European Commission, Joint Research Centre, Ispra, Italy

The Adverse Outcome Pathway (AOP) Wiki serves as the primary
repository of qualitative information for the international AOP devel-
opment effort coordinated by the Organisation for Economic Co-
operation and Development (OECD). It describes an AOP in terms of
key events (KEs), which represent measurable steps along a pathway
from a molecular perturbation to an adverse outcome for an organ-
ism or population. KEs are connected via relationships (KERs), which
capture the evidence supporting the AOP in a structured way. The
AOP Wiki provides access to the AOP information via a web interface
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that supports browsing and searching for AOPs, KEs, KERs, and stres-
sors known to perturb the AOPs. The Adverse Outcome Pathways
Knowledge Base (AOP-KB) consists of several modules, of which the
AOP Wiki is the most relevant for both AOP authors and users, espe-
cially in a regulatory context.

The AOP Wiki is publicly available for browsing, with more than
200 AOPs in different stages of development available. This part of
the CEC1 course will give an introduction to the main elements of the
AOP Wiki, will show how to search for information, and will give an
overview of the current content and what the typical life cycle of an
AOP (from first entry to eventual adoption) looks like. A live demo
will complement the theoretical part. In the course of the other talks
during CEC1, the AOP Wiki will again be shown and used to demon-
strate the hands-on, real life implementation of the scientific and
regulatory concepts.

CEC01-04

Application of AOPs to consider biological plausibility
of associations observed in epidemiological studies:
exposure to pesticides and Parkinson’s disease

*A.Terron
EFSA, PREV Unit, parma, Italy

Epidemiological studies and multiple metanalysis have observed an
association between pesticide exposure and Parkinson’s disease,
though causality was not established. The adverse outcome pathway
(AOP), OECD program, has been developed as a framework for the
organization of available information linking activation of a molecu-
lar target [molecular initiating event (MIE)], via a sequence of essen-
tial biological key events (KEs), with an adverse outcome (AO). Here,
we present an AOP covering the link between the binding of an in-
hibitor to mitochondrial complex I (i.e., the MIE) with the onset of
parkinsonian motor deficits (i.e., the AO). This AOP was developed
according to the OECD guidelines and uploaded to the AOP Wiki. The
KEs linking complex I inhibition to parkinsonian motor deficits are
mitochondrial dysfunction, impaired proteostasis, neuroinflamma-
tion, and the degeneration of dopaminergic neurons of the substantia
nigra. These KEs, by convention, were linearly organized. However,
additional feed-forward connections and shortcuts between the KEs
were also considered and included in this AOP. The present AOP dem-
onstrates mechanistic plausibility for epidemiological observations
on a relationship between pesticide exposure and an elevated risk for
Parkinson’s disease development. Some principles of development
and evaluation of this AOP will be illustrated through the AOP wiki.

CEC01-05
Application of AOPs for the development of Defined Approaches
(DA) and Integrated Approaches to Testing and Assessment (IATA)

*G.Maxwell
Unilever, SEAC, Bedford, UK

The skin sensitisation AOP has provided a mechanism for curating
and interpreting different sources of hazard information (e.g. in silico
predictions, in chemico or in vitro data) since it was defined in 2012
(https://aopwiki.org/aops/40). Integrated approaches to testing and
assessment (IATA) are AOP-driven frameworks for hazard identifica-
tion, hazard characterisation and/or risk assessment of a chemical or
group of chemicals, which integrate and weight all relevant existing
data and guide the generation of new data to inform decision-mak-
ing. As part of an IATA, a defined approach (DA) to data interpretation
(e.g. statistical, mathematical models) can be used to derive a predic-
tion from different information sources. In 2016, an OECD template

(ENV/JM/MONO(2016)28) was endorsed for reporting defined ap-
proaches following the review of twelve skin sensitisation DAs for
use in IATA (captured in an associated OECD guidance document:
ENV/JM/MONO(2016)29). The OECD has subsequently convened a
DAs for Skin Sensitisation (DASS) expert group to evaluate DAs for
regulatory decision-making and this work is ongoing.

This presentation is illustrated by two different Skin Sensitisation
DA examples, both developed for use in next generation risk assess-
ment decision-making: a toxicokinetic-toxicodynamic (TKTD) math-
ematical model that outputs naive CD8* T cell activation as a surro-
gate measure of sensitisation induction in humans and a bayesian
multi-level regression model that estimates the human sensitiser
population threshold under the conditions of a human repeat insult
patch test (HRIPT).

CEC02
Application and integration of increasingly
mechanistically driven tools for risk assessment

CEC02-01
Overview of WHO/IPCS chemical risk assessment
methodology tools

*R.Brown
World Health Organization, Geneva, Switzerland

WHO/International Programme on Chemical Safety (IPCS) work in
the field of methodology aims to promote the development, harmo-
nization and use of scientifically-sound methodologies for the evalu-
ation of risks to human health from exposure to chemicals. A number
of WHO/IPCS tools and guidance documents have been developed
over many years in collaboration with large numbers of scientists
internationally, intended for adoption and use by countries and by
international bodies across multiple sectors which use chemicals.
These tools and approaches enable chemical risk assessments to be
performed using transparent, internationally accepted and scientif-
ically-sound methods. The methods available address different
aspects of chemical risk assessment (i.e. assessment of exposure,
hazard characterization including dose-response analysis and risk
characterization), are interrelated, and can be applied to different
tiers of assessment. This overview will describe the different tools
and guidance documents which are available, and will describe how
they can be used in an overall framework where tools are selected
through consideration of tiered approaches. Based on problem for-
mulation, increasingly data-informed approaches may be used,
depending on the level of precision which is required to achieve the
goal of the assessment. This application of tiered approaches will be
followed in subsequent presentations, illustrating the use of particu-
lar tools from simple methods up to increasingly complex and more
refined approaches.

CEC02-02
WHO/IPCS mode of action/human relevance framework:
principles and application in risk assessment

*G.Fotakis
European Chemicals Agency (ECHA), Helsinki, Finland

The World Health Organization/International Programme on Chem-
ical Safety (WHO/IPCS) has developed the Mode of Action Human
Relevance Framework based on the premise that any human health
effect caused by exposure to an exogenous substance can be de-
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scribed by a series of causally linked biochemical or biological key
events that result in a pathological or other disease outcome.

The WHO/IPCS framework on Mode of action has been evolving
and being updated to reflect experience acquired in its application
and extend its utility to emerging areas in toxicity testing and the
application of non-test methods in hazard assessment.

The update captures a broader range of potential application in
the area of chemical risk assessment by its incorporation within a
Mode of action roadmap to enable its use in testing strategies as well
as risk assessment applications.

The framework has been used as the basis for the development
of the OECD Adverse Outcome Pathways Programme as well as for
developing a Weight of Evidence Framework for chemicals’ hazard
assessment.

It also provides the basis for assessing the Mode of Action for
endocrine disruptors according to the EC scientific criteria for the
determination of endocrine-disrupting properties for Biocidal and
Plant Protection Product active substances.

The training will cover the Evolution of the Framework, its key
principles and concepts, recent regulatory applicability and advances.
It will also address its application in specific case studies for chemical
hazard assessment as well as its use for efficient testing strategies
and application of read-across in hazard assessment. It will provide
an insight of its iterative process and the use of the Bradford Hill
considerations in weighing evidence and understanding confidence
versus remaining uncertainty in a chemical assessment.

CEC02-03
Application and utility of chemical-specific adjustment
factors (CSAF) in risk assessment

*V.Bhat

NSF International, WHO Collaborating Centre on Water,
Indoor Environment and Food Safety, Ann Arbor, US

Whether you develop human health risk assessments or are a regula-
tor that reviews risk assessments submitted for regulatory consid-
eration, chemical-specific adjustment factor(s) (CSAF) can be applied
instead of more traditional, default uncertainty factors that are not
based on chemical-specific data. By incorporating quantitative data
on interspecies (i.e., animal to human) differences or human variabil-
ity in either toxicokinetics or toxicodynamics (i.e., mode of action),
CSAF methodology allows the risk assessment community and soci-
ety as a whole to benefit from reduced uncertainty, increased confi-
dence, and more accurate reflections of potential health risks or
regulatory decisions resulting from environmental chemical expo-
sures. This session will demonstrate the utility of CSAF methodology
and help risk assessors and regulators determine what types of tox-
icokinetics or toxicodynamics (i.e. mechanistic) data can be used for
CSAF derivation, how much data are adequate, and how to describe
or report the data to facilitate interpretation, based on lessons
learned from an analysis of more than 100 CSAF examples over the
past couple decades. This session will also discuss CSAF that were
considered but not adopted by regulatory agencies, for example, due
to inadequate underlying toxicokinetics or mode of action informa-
tion and/or insufficient confidence in, verification, or validation of
PBPK models used for chemical-specific interspecies adjustments.
Examples of data-derived extrapolation factors (DDEF), a broader,
related and useful methodology will also be illustrated. Overall, CSAF
and DDEF methodologies align with more predictive and mechanis-
tic data-driven (i.e. bottom-up) approaches compared to traditional
top-down, observation-based assessment approaches.

CEC02-04

Expressing uncertainty in hazard characterization

and exposure assessment of substances: Principles and
practice using APROBA-Plus

*B.Bokkers

National Institute for Public Health and the Environment (RIVM),
Bilthoven, Netherlands

In 2017, WHO/IPCS published a guidance document [1] on evaluating
uncertainties in hazard characterization. Instead of relying on (con-
servative) point estimates, it was proposed to (better) quantify the
level of conservatism in the final hazard characterization outcome
(i.e. a health-based guidance value such as an RfD or ADI) by quanti-
tatively evaluating the uncertainties involved in a so-called proba-
bilistic assessment. Here, the single values are replaced by uncer-
tainty distributions resulting in an overall uncertainty distribution
of the final hazard characterization outcome. This presentation will
introduce the principles described in the WHO/IPCS guidance docu-
ment to arrive at a probabilistic health-based guidance value. In ad-
dition, the user-friendly Excel tool APROBA-Plus is presented, which
facilitates probabilistic hazard characterization and risk assessment.
The tool is developed as an addition to the WHO/IPCS tool APROBA,
which can do probabilistic calculations in an approximate but quick
and easy way by applying lognormal uncertainty distributions to the
different aspects of the hazard characterization (such as Point of De-
parture, inter-, and intraspecies extrapolation). This results in a
probabilistic health-based guidance value rather than the usual de-
terministic point estimate. In the extended APROBA-Plus tool, expo-
sure estimates with an uncertainty range can be included to create
a single plot, which visualizes the uncertainties in exposure and
hazard.

APROBA-Plus can be used as a quick tool for risk assessment while
making the (approximate) uncertainties in both the hazard and the
exposure visible. By making the uncertainties visible, the outcome
from a risk assessment becomes more transparent and informative
than the more usual deterministic approaches, so that risk managers
can make better-informed decisions, e.g. directly taking measures or
asking for refinement of the risk assessment. If the latter, APROBA-
Plus can help in showing which aspects in the risk assessment con-
tributed most to the overall uncertainty, as an indication what type
of refinement would be most effective.

In a demonstration, participants will be guided through an APRO-
BA-Plus assessment. Participants who would like to perform the
analysis in parallel are asked to bring their own laptops. APROBA-Plus
requires Microsoft Excel 2010 (version 14) or higher. The APROBA-
Plus tool can be downloaded from: https://www.researchgate.net/
publication/326422432_APROBA_PLUS-V100_v012_TEMPLATE.

[1] https://www.who.int/ipcs/methods/harmonization/areas/hazard_assessment/en/

CEC02-05
Combined exposures to multiple chemicals -
tiered integration of tools

*M.E.Meek
University of Ottawa, Faculty of Medicine, Ottawa, Canada

A World Health Organization (WHO) International Programme on
Chemical Safety (IPCS) Framework outlines a pragmatic approach to
the identification and consideration of priorities in the grouping and
assessment of combined exposures to multiple chemicals. The
Framework, illustrated by several case studies drawing from assess-
ments internationally, includes formal problem formulation followed
by stepwise consideration of both exposure and hazard in several
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tiers of increasingly data-informed analyses. These analyses build on
recent developments in assessment, incorporating predictive ap-
proaches in early tiers and increasingly refined, more data-informed
mode of action and probabilistic analyses in later tiers. Several of
these approaches and tools correspond with those presented in other
lectures in the course.

Recently, the Framework has been additionally developed and
applied in a number of initiatives in both research and application,
including guidance of the Organization for Economic Cooperation
and Development and the European Food Safety Agency and the
development of tools within the European Horizon 2020 Research
Project, Euromix. A recent WHO Publication on Chemical Mixtures
in Source and Drinking Water also illustrates application of the Frame-
work in prioritizing mixtures in drinking and source water for risk
assessment and management in a range of additional case studies
including those addressing pharmaceuticals, microcystins and syn-
thetic oestrogens.

The framework will be illustrated through presentation of exam-
ples and case studies drawing from several of these sources for early
through more complex tiers of both exposure and hazard. The case
studies include application of the threshold for toxicological concern,
development of semi-quantitative estimates of exposure and proba-
bilistic characterization of both exposure and hazard. Implications
of increasing experience in application of the framework will also be
addressed.

CECO03 | The pre-specified protocol part
of evidence-based assessment in toxicology

CEC03-01
The role of a pre-specified protocol in evidence-based
assessments

*G.Kass
EFSA, Parma, Italy

The European Food Safety Authority (EFSA) is the reference body for
risk assessment of food and feed in the European Union. Its work
covers the entire food chain, from field to fork, and one of its main
tasks is to carry out risk assessments for chemicals in food and feed.
A crucial aspect of EFSA’s work is that the outcome of the scientific
assessment is communicated unambiguously to decision makers, the
wider scientific community and stakeholders. For this, a structured
and clearly documented approach used for the risk assessment is
essential. This presentation will set the scene for this CEC and intro-
duce EFSA’s experience in developing pre-specified protocols for
identifying and assessing the validity of studies and using weight of
evidence approaches to integrate the evidence.

CEC03-02
Systematic review pre-specified protocol - scoping, literature
search strategy, inclusion and exclusion criteria

*R.FitzGerald?!, D. Wolfle2, U.Gundert-Remy3, A.Hanberg?, G.Kass>

1 University of Basel, SCAHT Swiss Centre for Applied Human
Toxicology, Basel, Switzerland;

2 EFSA, FAF Panel, Parma, Italy;

3 Charité, Berlin, Germany;

4 Institute of Environmental Medicine, C6, Biochemical Toxicology,
Stockholm, Sweden; >EFSA, Parma, Italy

Scoping

- Purpose - why are we doing this systematic review?
What is the expected end result? Who is it for?

- Iterative - will the method be adapted depending on results?

Literature search strategy

- What are the data sources? e.g. PubMed, regulatory “grey”
literature

- What is the date range?

- Can the search be automated? How is “manual” searching
defined?

- Should foreign-language papers be included?

- Constructing search strings (broad/narrow...)

Inclusion and exclusion criteria

- Basically asking two questions: Is the study relevant to the
review’s purpose? Is the study acceptable for review?

- Perhaps the most complex and critical step; the choice of criteria
can determine the scope and validity of the review output.

- Criteria must be unambiguous and sufficiently detailed to permit
replication by third parties

- May require (peer review) piloting for iterative adaptation
(effect of broad versus narrow inclusion/exclusion).

The process is illustrated using the EFSA 2017 BPA hazard assessment

protocol.

CEC03-03
Assessing internal validity

*A.Hanberg!, R.FitzGerald?, U.Gundert-Remy?, G.Kass>, D. Wolfle4

1 Karolinska Institutet, Institute of Environmental Medicine,
Stockholm, Sweden;

2 Universitdt Basel, Swiss Centre for Applied Human Toxicology,
Basel, Switzerland;

3 Charité, Berlin, Germany;

4 EFSA, FAF Panel, Parma, Italy; SEFSA, Parma, Italy

The evaluation of internal validity of studies, or study reliability, is
one of the critical steps in regulatory hazard and risk assessment.
Regulatory assessment conclusions are the basis for decisions to au-
thorize or restrict the use of chemicals. It is therefore important that
the scientific data underpinning the risk assessment is adequate, i.e.,
sufficiently reliable and relevant for this purpose. Reliability, is de-
fined as the inherent quality of the study and the confidence in the
findings including, for example, considerations of the scientific
soundness and appropriateness of the study design and methodology
used, as well as the reproducibility of findings between experiments.

To ensure an efficient, transparent and methodologically rigorous
re-assessment of the safety for consumers of bisphenol A (BPA), the
European Food Safety Authority (EFSA) developed a protocol detailing
a priori the approach and methodology for performing BPA hazard
identification and characterisation. Among other parts, the protocol
states upfront and in detail the methods and the criteria for assessing
internal validity to be used in the ongoing BPA re-evaluation.

Internal validity relates as to whether a study answers its research
question ‘correctly’, that is, in a manner free from bias. Risk of bias
relates to the propensity of a study to be affected by systematic error.
In the EFSA BPA protocol risk of bias considers two aspects: (i) those
that introduce a systematic difference between the control and the
exposed group only and (ii) those potentially affecting to the same
extent control and exposed study groups.

A structured approach is described for appraising the internal va-
lidity of human epidemiological and experimental animal studies.
Internal validity of human and animal studies is evaluated by study
design and by endpoint. The approach is based on the NTP Handbook
for Conducting a Literature-Based Health Assessment Using OHAT
Approach for Systematic Review and Evidence Integration (NTP-
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OHAT) and the SciRAP tool (Science in Risk Assessment and Policy)
and has been adapted to aspects that have been judged relevant,
appropriate and important for the specific case of bisphenol A.

The separate sets of questions for human and animal studies,
respectively, are rated based on the Risk of Bias. The ratings of the
key and non-key questions are integrated to classify the studies in
tiers corresponding to levels of internal validity. All the studies are
considered jointly to evaluate the confidence in the overall body of
evidence.

CEC03-04
Summarising and synthesising the evidence

*U.Gundert-Remy?, D. W6lfle?, R.FitzGerald3, A.Hanberg?, G.Kass>

1 Charite, Clinical Pharmacology and Toxicology, Berlin, Germany;

2 University, Toxicology, Hamburg, Germany;

3 Universitit Basel, Swiss Centerfor Applied Human Toxicology,
Basel, Switzerland;

4 University Stockholm, Institute of Environmental Medicine,
Stockholm, Sweden;

3 EFSA, Toxicology, Parma, Italy

After the step in which the weight of evidence is assessed for one
specific endpoint (for example: What is the weight of evidence for
mammary cancer in animal models? What is the weight of evidence
for mammary cancer in human studies?) the next step in the assess-
ment process is to summarise and to synthesise the evidence.

In a systematic approach, which is different from the usual narra-
tive approach, this step has to be pre-specified in the protocol which
requests decision making on the weight of results from animal mod-
els and from human studies respecting the degree of evidence for the
results. It is important to include the evidence from two sides: whether
the effect is present and to which level of confidence or whether the
effect is absent and to which level of confidence. This process there-
fore is multidimensional (animal - man; effect present: level of con-
fidence high/moderate/low/insufficient; effect not present: level of
confidence high/moderate/low/insufficient).

The multidimensional approach to synthesise the evidence from
human and from animal studies described in the protocol for the
systematic review for BPA prefers human study data before animal
study data. However, in case the evidence from human studies is
inadequate the evidence from animal data becomes decisive.

The approach will be presented and discussed.

Summarizing and synthezising: Likelihood that effect is present

Human High Unlikely ~ Unlikely  Unlikely  Unlikely
Studies - . .

. ) As Likely  AsLikely  As Likely .
evidence: Moderate 25 Not s Not 25 Not Unlikely
effect not
present Low Not As Likely  AsLikely  As Likely

classifiable as Not as Not as Not
Inadequate Not Not AsLikely  As Likely
d classifiable classifiable as Not as Not
Inadequate Low Moderate High
Leyel of Animal Studies
Evidence

evidence: effect not present

Summarizing and synthesizing: Likelihood that effect is present

Human Hieh Very Very Very Very
Studies & likely likely likely likely
evidence: . . . Very
effect Moderate Likely Likely Likely likely
present Low As Likely  As Likely Likel Very
as Not as Not y Likely
Not As Likely . Very
Inadequate classifiable as Not Likely Likely
Inadequate Low Moderate High
Level of
. Animal Studies
evidence
evidence: effect present
CEC03-05

Aspects of weight of evidence
*D.Wolfle!, R.FitzGerald?, U.Gundert-Remy?3, A.Hanberg?, G.Kass®

1 EFSA, FAF Panel, Parma, Italy;

2 SCAHT, Swiss Center for Applied Human Toxicology, Basel,
Switzerland;

3 Charité, Berlin, Germany;

4 Institute of Environmental Medicine, C6, Biochemical Toxicology,
Stockholm, Sweden; >EFSA, Parma, Italy

Reliability, relevance and consistency are generally considered as
basic elements of the weight of evidence assessment. They should be
reported in a systematic and transparent way to allow the reader to
understand how the answers to relevant questions in the assessment
were developed. According to the EFSA Scientific Committee guid-
ance for assessing the weight of evidence (2017), considerations on/
assessment of relevance and reliability contribute to the first two
basic steps in the weight of evidence assessment, i.e. assembling and
weighing of the evidence while the third step, i.e. the integration
of evidence is based on the assessment of consistency. In the EFSA
bisphenol A (BPA) hazard assessment protocol the appraisal of inter-
nal validity evaluates accuracy, i.e. systematic errors (e.g. biased
allocation of animals to study groups, inappropriate test methods).
This approach is mainly in line with the consideration of reliability
but the latter also includes the concept of precision (degree of random
error; EFSA guidance). For experimental animal studies the BPA pro-
tocol requests also the evaluation of external validity which indicates
whether the specific endpoint measured in animals would be rele-
vant to humans. To compare inter-study consistency for a specific
endpoint (apical or intermediate) the results of epidemiological and
animal studies (based on the human equivalent dose) will be graph-
ically represented indicating the quality and quantity of the effects
such as the directive and the magnitude along with the internal and
external validity evaluation. In addition to consistency considera-
tions some other elements are used for upgrading the confidence in
the body of evidence, e.g. a reliable dose-response relationship and a
large magnitude of the observed effect. The evaluation of limitations
in reliability, relevance and consistency of the evidence contributes
to the uncertainty analysis in hazard assessment.
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CECO04 | Real world safety assessments for
data-poor products: How to approach data gaps
Supported by ILSI Europe

CEC04-01
Properties of typical products requiring safety assessments:
Focus on non-intentionally added substances (NIAS)

*T.Gude
SQTS, Dietikon, Switzerland

All food contact materials are regulated via the so-called framework
Regulation (1935/2004), this means no substance resp. no material is
not regulated. However for specific materials a clear positive listing
on allowed substances is completely missing on EU level and for
other materials like plastic (Regulation 10/2011) a non-conclusive
positive list exist. It is obvious that this concept bears some gaps.
For non-listed, but widely used substances, a risk assessment might
be based on national EU member state resp. on non-EU states like
Switzerland for printing inks assessment. For listed substances, spe-
cific migration values may exist. However when running migration
simulation experiments not only the known (non-listed) and even
listed substances show-up, but also many substance, which are not
know as they may be formed as reaction and/or breakdown product
or they can represent some impurities in starting compounds. This
“new” substances are called NIAS - non-intentionally added sub-
stance. Currently burning questions on the safety of such NIAS are
coming more and more in the focus of the whole food packaging
material value chain. ILSI published in 2015 a Guidance on Best Prac-
tices on the Risk Assessment of Non Intentionally Added Substances
(NIAS) in Food Contact Materials and Articles. This was a very good
starting point, but nevertheless there are many topics not yet solved,
starting with how to deal with missing information, with insufficient
analytical tools and finally how to assess substances only known by
structure and even more worse unknown structures. A substance
class something in between known and unknown structures are
oligomers. As they represent mixtures, the assessment of such com-
pounds deviates from the classical approaches. In the current talk all
this topics are tackled on the base of examples and will be discussed
in terms of possible solutions. NIAS and especially their assessment
will be a never-ending story if at the end no kind of scientific com-
promise will be agreed. This starts with some more transparency up
to developing more robust analytical methods and tools for assess-
ment like the existing tools TTC, Matrix, FACET etc. For unknown
structures, the bioassay approach to be discussed later may give a
good add-on in assessment of NIAS.

CEC04-02

The use of quantitative structure-activity relationships (QSARs)
and grouping approaches including read-across and category
formation to fill data gaps

*M.T.Cronin

Liverpool John Moores University, School of Pharmacy
and Biomolecular Sciences, Liverpool, UK

Computational, or in silico, toxicological approaches offer a wide
variety of techniques to predict toxicity, or fill data gaps, to assist in
safety assessment. These approaches are used broadly across a num-
ber of industrial sectors and are finding increasing use in new areas
such as for food contact materials. Quantitative Structure-Activity
Relationships (QSARs) are statistical models relating the activity of

substances to one or more physico-chemical properties or structur-
al descriptors. As such, they provide a means to predict toxicity rap-
idly from chemical structure. QSARs are available for many toxicity
endpoints and are particularly well developed for endpoints such as
mutagenicity. Various software packages are available that allow for
predictions to be made easily. The predictions from QSARs need to
be used carefully and appropriately taking account of uncertainties
and, where possible, utilising expertise gained from their use for
regulatory purposes i.e. ensuring the QSAR is valid and the target
compound is within the applicability domain of the model. Imple-
mentation of the OECD Principles for the Validation of QSARs for
Regulatory Purposes has been valuable in assisting in their successful
use. Grouping of similar compounds is a related in silico approach
which has gained much popularity in the past decade, especially to
provide assessments of the hazard of difficult or complex endpoints
(such as organ level toxicity). If a similar molecule(s) with high qual-
ity toxicity can be identified to that with the data gap, the principle
is that the data may be read across potentially negating the need for
testing. Freely available tools such as the OECD QSAR Toolbox facili-
tate this process, however, from the outset, expert judgement must
be exercised to ensure that the similarity is appropriate and justifi-
able, and that as much supporting evidence is available as possible.
There is much guidance to assist the use of appropriate frameworks
for read-across assessments e.g. from OECD, ECHA, US EPA, ECETOC
etc. Uncertainties can be defined for read-across to fill data gaps and
approaches such as the Read-Across Assessment Framework (RAAF)
are valuable to assess the quality of predictions. In summary, QSARs
and read-across provide a means to make predictions of hazard from
chemical structure as part of the safety assessment process. Whilst
QSARs may be rapid to use, all in silico approaches require expert
evaluation and consideration of the available evidence to support a
prediction.

CEC04-03
Thresholds of toxicological concern (TTC)

*H.M.Hollnagel

Dow Europe GmbH, Toxicology and Environmental Research
& Consulting, Horgen, Switzerland

Analytical methods are able to detect large numbers of man-made
and natural chemicals at increasingly lower concentrations, so that
risk assessors and risk managers have to take decisions about priori-
ties. Where chemical-specific data are lacking, Thresholds of Toxico-
logical Concern (TTC) are one of the tools for hazard and potency
estimation - along with (Q)SAR and read-across. TTC thresholds are
based on large datasets of oral cancer and non-cancer repeated dose
in vivo toxicity data and describe de minimis exposures below which
there is a low risk of any appreciable risk to human health. At this
point in time, the TTC concept and read-across are the only options
to perform repeated dose systemic risk assessments when there is a
lack of time, resources and /or legal acceptance to run animal studies
on specific natural or man-made chemicals. Therefore, it is important
to understand its scientific basis, where it can be applied with confi-
dence, where improvements are being developed and for which
cases it should not be applied currently.
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CEC04-04

Role of bioassays to support the application of the threshold
of toxicological concern to prioritize unidentified chemicals
in food contact materials

*M. Tacker

University of Applied Sciences, Packaging and Resource Management,
Vienna, Austria

Chemical Substances may leach from packaging materials into food.
Many of these substances are unidentified (Non Intentionally Added
Substances - NIAS) or toxicologically not characterized. Safety as-
sessment of food contact materials therefore poses quite a challenge.
Chemical identification and toxicologicas characterization of each
migrating substance is not feasible. Instead, it has been proposed to
use the Cramer class III threshold of toxicological concern (TTC) to
prioritize the unknown NIAS on which further safety investigations
should focus. This approach may be appropriate if sufficient evidence
is available that the unknown chemicals under investigation are not
direct DNA-reactive mutagens. In vitro bioassays capable of detecting
DNA-reactive mutagens at very low concentrations are important
tools. Investigations on the Ames test show that this assay is capable
of specifically detecting DNA-reactive mutagens in migrates at quite
low concentrations. The limit of biological detection of highly potent
genotoxic carcinogens may be lower than 10 ppb for some DNA-re-
active mutagens. 10 ppb is a pragmatic cut-off limit applied in the EU
regulation 10/2011 to manage unknown substances in packaging
migrates. The ILSI expert group on the applicatibility of bioassays for
the risk assessment of food contact material proposes, that for a spe-
cific migrate the evidence of an absence of mutagenic substances
based on Ames test, together with chemical analysis and information
on packaging manufacturing could allow applying the Cramer class
III TTC to prioritize unknown NIAS. Recommendations have been
developed on sample preparation and bioassay improvement with
the ultimate aim to improve limits of biological detection of mutagens.

CEC04-05
Data sources for exposure assessment

*T.Dudzina
ExxonMobil Biomedical Science Inc., Brussels, Belgium

Chemicals are the building blocks of our lives. There are more than
148 million known unique organic and inorganic chemical substanc-
es (CAS registry, 2019), with the vast majority of them identified over
the last few decades. Therefore, the sustainable and safe use of chem-
icals became a priority for policy makers worldwide, resulting in over
348,000 chemicals being regulated across the globe (CHEMILIST,
2019). However, only few percent of those have yet undergone safety/
risk assessments (ILO, 2014).

The ultimate goal of any chemical management system is to im-
prove the protection of human health and the environment from
potential risks from possible chemical exposure. The latter is being
the function of many variable parameters, such as physicochemical
properties of a substance, chemical product use conditions, human
population characteristics and behavioral patterns. An insightful
chemical safety assessment will, thus, hinge on the quality and ro-
bustness of data sources for those parameters.

The objective of this training session is to familiarize the course
participants with freely accessible databases on human exposure
determinants, different exposure assessment approaches that vary
depending on the complexity of hazard characterization and the
ultimate goal of the risk assessment, as well as modern exposure
evaluation methodologies/tools tailored specifically for safety assess-
ment of data poor chemicals (e.g. exposure data read-across), charac-

terization of exposure data quality and accompanied uncertainties.
After completion of this interactive training, the participants will be
able to confidently navigate themselves in the space of chemical ex-
posure data, will acquire a clear understanding of tiered exposure
assessment strategy, and the importance of exposure uncertainty
characterization. Moreover, the participants will learn how exposure
data can help better inform hazard testing and more efficiently pri-
oritize chemicals for further regulatory actions.

CECO05
Dietary exposure assessment

CECO05-01
Dietary exposure assessment: an overview

*D.Arcella

European Food Safety Authority (EFSA), Evidence Management Unit
(DATA), Parma, Italy

The health impact of chemical hazards in food is estimated by com-
paring dietary exposure to toxicological levels of concern. The ac-
curacy of any dietary exposure assessment will ultimately depend
on the precision in the two calculation inputs - chemical concentra-
tion and food consumption.

Data from individual dietary surveys are understood to more
closely reflect actual consumption and are therefore preferred for the
assessment of dietary exposure within the risk assessment process.
Depending on the purpose of the exposure assessment chemical con-
centration data can originate from different sources, e.g. analytical
determinations from monitoring and surveillance programs, legis-
lated limits, usage levels as reported by manufacturers, etc. The
representativeness of the data will vary according to the measure-
ment method, whether it is based on estimated levels or actual ana-
lytical results, the sampling strategy and the market coverage. The
links between food consumption information on the one hand and
chemical concentration data on the other are rarely direct. The use
of a standardised system for classifying and describing food is a pre-
liminary condition to combine this data and facilitates the assess-
ment of exposure.

Guidance documents have been produced over the last years at
international level that describe the current state-of-the-art of method-
ologies for dietary exposure assessment. A number of different methods
exist ranging from quick worst-case estimations to refined methods
aimed at assessing actual exposure. As the accuracy of dietary expo-
sure assessments increases, the cost of undertaking the assessments
also increases.

Some of the methodological differences across disciplines are not
fully justified by the specific requirements of the class of substances
under evaluation. There is potential to further harmonise the way
exposure is estimated with the availability of more refined and ac-
curate information.
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CEC05-02
Unravelling the chemical information hiding in our food

*S.Voorspoels
VITO NV, Sustainable Chemistry, Mol, Belgium

Dietary exposure and risk assessment are based on mathematic mod-
els and calculations. These come with a (sometimes high) uncertain-
ty, as models themselves make use of simplifications and assump-
tions. For the risk assessor (and hopefully end-user), this uncertainty
is, to some extent, known and should be reported together with the
study conclusions. What is often (if not always) forgotten by the end-
user, is that even the best model is only as good as the input data that
was used. Concentration and mass fraction data are a cornerstone in
exposure modelling alongside the consumption data (which is mod-
elled onits own). The quality of the input data (i.e. results of chemical
measurements) is whereupon this lecture will shed some light.

Concentration and mass fraction data, i.e. how much of a certain
chemical is present in a food, is sometimes not easily determined. A
series of operations, in combination with expensive and high-com-
plexity instrumentation is necessary. You will learn how this infor-
mation is extracted from foods and what quality control measures
should be in place to ensure the data is fit-for-purpose. You will also
learn that chemical measurements are not always as easy as they
seem. In some cases the analyte might be unstable once separated
from the food, while in other instances the analyte is not even well
defined. Apart from these challenges, it will also be made clear to you
that each measurement is not more than an estimate of the true
value of the analyte under study. The quality of this estimate (read:
the uncertainty) is not only driven by science and technical perfor-
mance, but also by economics. Fact remains: each value is wrong, to
a certain extent. All these aspects will be explained using case stud-
ies of actual dietary intake studies.

In summary, you will walk away from this short course with new
insights on where the numbers actually come from, how data qual-
ity can affected and influenced by many factors and finally that the
numbers obtained might not be even close to the true value. But then
again, how close is close ...

CEC05-03
Food consumption data

*L.M.Valsta

National Institute for Health and Welfare, Dept. of Public Health
Solutions, Helsinki, Finland

Food consumption data is a fundamental part of food safety related
risk assessment. Best data to calculate individual long-term exposure
come from individual food surveys and are also used for acute ex-
posure assessments. For about ten years the European Food Safety
Authority (EFSA) has collected and published food consumption data
based on national data collections as well as principles for harmoniz-
ing the European data collections.

The collecting of food consumption data is a time and resource
demanding effort and needs to be planned and carried out using high
quality standards at each level of the process, i.e. the planning of the
sampling frame, sampling methods, sample size, the compilation of
the study protocols, piloting data collection tools and methods to be
used, food list, food description and quantification methods used and
background information to be included in the data collection. Fun-
damental parts of food consumption surveys are also the training of
the staff and quality assurance throughout the survey.

The National Institute for Health and Welfare has monitored the
dietary habits and nutrient intake of the adult population in Finland
since 1982. The most recent food consumption data collection, the

FinDiet 2017 Survey was carried out in collaboration with the Fin-
Health 2017 Survey in 50 study locations around Finland between
January and May 2017 using the EFSA EU Menu methodology. For the
FinHealth 2017 Survey, an eligible sample of adults aged 18 years and
above was randomly drawn from the Population Register (n=10 247).
A 30% random sub-sample with age 18-74 years old (n=3 099) of the
FinHealth 2017 Survey sample were invited to participate in the
FinDiet 2017 Survey. Diet was assessed by two non-consecutive 24-
hour dietary recalls. The 24-hour dietary recalls were recorded by
dietary interviewers using the in-house dietary software Finessi,
which included the food list and descriptors of the national food com-
position database Fineli® and additional food descriptors of the EFSA
FoodEx2 system. A picture booklet of food portions was used to es-
timate portion sizes. The use of food supplements was also studied.
The final food consumption data included the accepted, non-consec-
utive 24-hour recalls from 1 655 participants (53% of the original
subsample). The data collected is the basis for dietary monitoring and
risk assessment both at the national level as well as by EFSA.
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CEC05-04
Total diet studies: benefits and challenges

*V.Sirot

French Agency for Food, Environmental and Occupational Health
& Safety (Anses), Maisons Alfort, France

The protection of consumers from potential hazards in the food sup-
ply is one of the most important public health functions for any gov-
ernment. In this regard, total diet studies (TDS) are national studies
recognized as one the most cost-effective tools for assessing intakes
of essential nutrients and dietary exposures to a range of potentially
hazardous chemicals, including heavy metals, environmental con-
taminants, food additives, pesticide residues... Complementary to
monitoring programs and biomonitoring surveys, TDSs consider ex-
posure from whole diets and are based on food contamination as
consumed rather than contamination from raw commodities, thus
ensuring a realistic exposure measure.

A TDS consists of three main steps: (i) a food sampling covering at
least 80% of the whole diet and preparation of samples “as consumed”
by the targeted population to be representative of reality (ii) analysis
of the samples with analytical limits as low as possible, and (iii)
dietary exposure assessment by combining occurrence data with
consumption datasets, and risk assessment by comparison of expo-
sure levels with health-based guidance values.Foods that contribute
most to total exposure can then be identified, and recommendations
can be set for risk managers and decision makers to monitor food
contamination, for agricultural sector and food and beverage indus-
try to reduce contaminant levels, and to consumer to reduce its ex-
posure. Research recommendations can also be proposed to refine
the conclusions relating to the risk associated with exposure to cer-
tain compounds.
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Recommended by WHO, FAO, and EFSA, TDSs have been conduct-
ed in several countries worldwide including USA, Canada, Australia
and New Zealand, China, Cameroon, UK, Italy, Spain, France... Various
approaches and methods are used, but challenges remain on sam-
pling plan design based on consumption surveys, food collection
method, analytical issues, exposure calculation and risk assessment,
while taking account of budget limitations.

The importance of TDSs in assuring the safety of the food supply
and identifying possible health risks will be described. The presen-
tation will explore the scientific and technical knowledge under-
pinning TDSs for exposure assessment, and provide insight into
methods and approaches, and the quality of data.

CEC05-05
Dietary exposure modelling to chemicals

*P.E.Boon
RIVM, Bilthoven, Netherlands

A dietary exposure assessment is performed to determine whether
the presence of an adverse chemical in food is a health risk for a
population. Depending on the toxicity of the chemical, an acute or
chronic exposure assessment is performed. Acute exposure relates
to the exposure to a chemical during a period of 24 hours or less. This
exposure is relevant for chemicals that may cause acute effects on
ingestion. Chronic exposure relates to exposures over a longer period
of time, and is relevant for chemicals exerting an adverse effect after
alonger period of ingestion (months, years). Considering the concen-
trations in which chemicals are present in food and the amounts in
which foods are typically consumed, acute exposure is mainly rele-
vant for pesticide residues and chronic exposure for contaminants
and additives. A tiered approach is often used to determine the ex-
posure, starting with simple approaches and moving up to more
refined approaches if needed. This presentation will highlight the
differences between acute and chronic exposure assessments, focus-
sing on the input data needed and models available. It addresses the
exposure to single chemicals, but also developments on exposure to
multiple chemicals sharing the same toxicological effect (cumulative
exposure).

CEC05-06
Statistical modelling: BIKE model

*J.Ranta

Finnish food authority, risk assessment research unit,
Helsinki, Finland

Dietary exposure modelling crucially depends on quality and quan-
tity of data. Small sample sizes and missing data make the uncer-
tainty assessment pivotal for the task. Concentration data can large-
ly contain values below detection or reporting limits with different
limits for each subset of data (even combinations with below/be-
tween/above limit values), from more or less detailed categories of
food items/ingredients. Likewise, individual consumption data can
represent one or several days records of consumption frequencies
and amounts for comparable food/ingredient categories. Consider-
able uncertainties need to be assessed, particularly with rare occur-
rences or with tails of the distributions, and with population sub-
groups. Not only are averages uncertain, but also the variances and
correlations which determine the population intake distribution of
interest. There is variability in non-zero consumption amounts be-
tween days and between individual mean (of non-zero) amounts, and
variability of consumption frequencies between individuals. Like-
wise, the variation of concentrations between food servings and of

mean concentrations between food types. Detailed data allows more
refined direct modelling of the features in intake exposure whereas
sparse data with missing values calls for advanced model structures,
such as hierarchical modelling and possibly evidence synthesis from
multiple data sources. Bayesian modelling can be used for combining
evidence into a simultaneous uncertainty assessment of all model
parameters needed for the intake assessment. To allow context
dependent modifications and extensions of the models, BIKE was
developed for a flexible model building approach as a combination
of R and OpenBUGS software. It was intended for both microbiologi-
cal and chemical exposure assessment, for acute and usual intakes
which could be extended with dose-response models in an integrat-
ed manner.
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CECO06 | Determining safe exposure limits in occu-
pational toxicology, application to pharmaceuticals

CEC06-01
Key elements of reliable risk assessment of chemicals

*C.L.Galli
University of Milan, DISFEB, Mllano, Italy

Risk analysis is a complex process that includes three key steps: risk

assessment, risk management and risk communication under speci-

fied conditions of exposure (FAO/WHO 1985). The procedure is well
documented in the European Directive 93/67/EEC of 20.07.1993 de-
veloped within the World Health Organization, the United Nations

Environment Programme and the International Labour Organiza-

tion’s (WHO/UNEP/ILO) International Program on Chemical.

1.) The hazard identification consists of initially identifying the
adverse effects produced by the test substance. Although hazard
identification it is a crucial step in the risk characterisation
process, it is important to underline that it would be inappro-
priate to evaluate the risk posed by a chemicals solely on the
results of hazard identification that is based merely on the
intrinsic toxicity of the molecule.

2.) The hazard characterization should be able to identify a NOAEL
“no observed adverse effect level” (i.e. the highest dose that does
not cause an adverse effect) derived from validated experiments.

The observed NOAEL value is then used to calculate the Health Base

Guidance Values, which can be taken daily by for a lifetime without

causing any appreciable health risks.

The Benchmark Dose (BMD) is proposed as an alternative for the
classical NOAEL. The BMD is based on a mathematical model being
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fitted to the experimental data within the observable range and es-
timates the dose that causes a low but measurable response (the
benchmark response BMR) typically chosen at a 5 or 10% incidence
above the control”.
1.) The exposure assessment is part of the risk assessment and

is defined as a quantitative evaluation of the likely exposure to

a chemical substance, taking into account all relevant sources.
2.) The risk characterization integrates the information derived

from the identification and characterization of the hazard

associated with the exposure assessment to provide useful

information for decision-making and managing risk.
This is a simplified overview of the risk assessment process, which
integrates several related elements such as the toxicokinetic and
toxicodynamic properties of the test substance to help ascertain
qualitative and quantitative aspects of systemic absorption, bioac-
cumulation potential, tissue distribution, metabolism, mechanism of
action, inter- species differences, local tolerance concerns (skin and
eye irritation as well as skin sensitization etc. It is a rigorous and
globally accepted scientific approach to assess the severity and prob-
ability of a possible adverse effect in humans or the environment
following exposure to a chemical.

CEC06-02
Regulatory perspective on application of health based
exposure limits (HBEL) in drug manufacturing

“D.R.Roth

Swissmedic, Preclinical Review und GLP Inspektorat,
Bern, Switzerland

The implementation of the EMA “Guideline on setting health based
exposure limits (HBELs) for use in risk identification in manufacture
of different medicinal products” in 2015 has been a challenge for the
pharmaceutical industry. This guideline addresses the accidental
cross-contamination during the manufacturing of medicinal prod-
ucts in shared facilities.

From a regulatory point of view, it is expected that manufacturers
perform a toxicological evaluation for products manufactured in such
facilities to assess the risk for workers and patients. These assess-
ments rely on all the data available for a drug substance, i.e. pharma-
cological and toxicological data but also results from clinical trials.
They have to be done by toxicology professionals or experts.

The calculation of the Acceptable/Permitted Daily Exposure (ADE/
PDE) or Occupational Exposure Limit (OEL) allows a compound spe-
cific assessment which assists manufacturers to differentiate and
categorize between individual products. Any risks encountered dur-
ing production in shared facilities caused by cross-contamination
should be identified and characterized. Hence, adequate cross-con-
tamination risk mitigation measures can be defined and implemented.

Overall, the goal of this guideline is to recommend a scientific
approach for the exposure control limits to protect workers and pa-
tients who may be incidentally in contact with a drug.

CEC06-03
Derivation of acceptable daily exposures (ADE) or occupational
exposure limits (OEL) - an industry approach

*“T.Pfister
F. Hoffmann-La Roche, Basel, Switzerland

The standard approach for deriving a health-based exposure limit
(HBEL) uses a formula that converts a dose from a toxicity study in
animals, typically the NOAEL, into the corresponding human dose.
Then, several adjustment factors are applied to lower the human dose

down to a level that can be regarded as safe. While this method is
well established for chemicals and solvents, it does not always rep-
resent the best practice for active pharmaceutical ingredients (APIs)
for several reasons. The dose range in toxicity studies is typically
above the therapeutic dose rage and endpoints of pharmacodynam-
ics (PD) are often not measured in toxicity studies. Therefore, the
NOAEL may not represent an ineffective dose and PD data have to be
taken into consideration. PD effects are typically mediated by recep-
tors which may differ between animals and humans, particularly in
the case of therapeutic peptides and proteins. As soon as pharma-
cokinetics in animals and humans are available, they have to be
taken into count for the dose transformation from animals to hu-
mans. In addition, some APIs may be carcinogenic, mutagenic, or
teratogenic (CMR substances) which requires specific analyses of
dose-response-relationships and mode of action. When clinical data
are available and regarded as more relevant, HBELs should preferably
be derived from human data rather than animal data. In summary,
setting HBELs for APIs can be very complex and the use of the stand-
ard formula may be insufficient or even inappropriate.

CEC06-04
Overcoming data gaps: generic versus substance-specific
approaches in health based exposure limit (HBEL) setting

*E.Lovsin Barle
Takeda, Environment, Health and Safety, Zurich, Switzerland

Calculation of HBELs is a based on defined process. The first step that
lays the ground for further expert evaluation is data acquisition. This
step is followed by selection of Points of Departure (PoD) and adjust-
ment of variability and uncertainty that are specific for a given chem-
ical and based on the entire available dataset, considering consistency
and interdependence of effects. While marketed pharmaceutical
substances typically have abundant dataset, which allows robust
interpretation of information for the target population and defined
exposure of patients, drugs in development and pharmaceutical in-
termediates have very limited data sets which may not be sufficient
to calculate a substance specific HBEL. The large data gap is also
evident for new types of therapies that are based on new therapeutic
modalities or applied with non-standard routes of administration.
In this presentation we will address the types of data gaps that can
be observed and address situations when the HBEL calculation may
be considered unreliable, leading to a generic HBEL determination
strategy.

CEC06-05

Case studies of Health-Base Exposure Limit (HBEL) calculation -
Route-to-Route extrapolation and specific case of skin
sensitizer using the Quantitative Risk Assessment (QRA)
methodology

*C.Jandard

SHISEIDO International France, European Innovation Center,
Ormes, France

The calculation of Health-Based Exposure Limits (HBEL) follows a
well-defined scientific process that is common to different industries
(dataset compilation, selection of a Point-of-Departure, application
of safety factors to cover the uncertainties and when necessary, appli-
cation of a pharmacokinetic factor for route-to-route extrapolation)
(Sussman et al, 2016).

In some cases, route-to-route extrapolation is necessary when the
POD comes from another route of exposure than the HBEL (e.g., for
the setting of Occupational Exposure Limits [OEL]). Case studies will
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be presented for oral-to-inhalation extrapolation and for oral-to-
dermal extrapolation (Jandard et al, 2018).

For the specific case of topical drugs, when skin sensitization is
feared in case of cross-contamination, an HBEL can be set following
the QRA (Quantitative Risk Assessment) methodology used by the
cosmetic industry for fragrances (Api et al, 2008). The QRA methodol-
ogy will be presented and its potential use for pharmaceuticals will
be discussed following a case study.
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CEC06-06
ECHA'’s experiences with OELs

*S.Jones
ECHA, Helsinki, Finland

Since January 2019, the European Chemicals Agency (ECHA) has been
supporting the European Commission in establishing occupational
exposure limits (OELs) for selected chemicals to improve the protec-
tion of workers’ health and safety.

The Commission and ECHA agreed in January 2019 that the Agen-
cy will start providing recommendations for priority OELs under oc-
cupational safety and health (OSH) legislation. The agreement fol-
lowed a pilot project run from 2017 to 2018 concerning five
carcinogenic substances. ECHA’s Committee for Risk Assessment
(RAC) was able to recommend OELs for three of these substances
using a threshold approach which took into consideration a mode of

action with a threshold. This approach has been reported in the recent
findings of the RAC-SCOEL Joint Task Force. These five substances are
currently passing through the decision-making process of the Com-
mission.

Based on the experience from the pilot, ECHA aims for an open
and transparent process through public consultations. The work on
OELs will bring employers and trade unions even closer to ECHA’s
operations. The decision for setting OELs is based on extensive con-
sultations, including employers, workers and Member State authori-
ties.

In 2019, the Commission asked ECHA to assess lead and its com-
pounds and diisocyanates: ECHA was asked to assess lead because it
is a major reprotoxic substance for which stakeholders have long
since asked for a scientific reassessment of the 20-year-old limit
value. Diisocyanates are substances to which a high number of work-
ers are exposed and which causes many cases of pulmonary asthma
each year.

OELs are at the core of occupational safety, as key tools in helping
protect the health of workers exposed to chemicals in the workplace.
An OEL is a regulatory value setting a safe concentration level of a
chemical substance in the air of a workplace. They are set at EU and
national level by regulatory authorities and help employers protect
the health of workers from possible risks when using chemicals at
work. The OSH Framework Directive, the Chemical Agents Directive
(CAD) and the Carcinogens and Mutagens Directive (CMD) lay out the
main principles of worker protection from the risks posed by danger-
ous substances at the workplace at EU level.

OELs can either be indicative or binding. Indicative OELs are
adopted directly by the Commission. For binding OELs, the Commis-
sion adopts a legislative proposal based on the opinion of the Commit-
tee for Risk Assessment (RAC) and discussion between the Member
State authorities and social partners. The proposal is then sent to the
Council and the European Parliament for the final adoption. The sci-
entific evaluations carried out by ECHA/RAC underpin the legislative
proposal for EU OELs for specific chemicals or substances, whether
they are indicative or binding. Having a sound scientific basis is cru-
cial to any occupational safety and health action, particularly in rela-
tion to dangerous chemicals.
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K01 - Atmospheric aerosols: from molecular clustering
to regional air quality and global climate

*M.Kulmala

University of Helsinki, Faculty of Science, Institute of Atmospheric
and Earth System Research/Physics, Helsinki, Finland

The atmosphere forms a major part of the environment to which life
on Earth is sensitively responsive. The atmosphere closely interacts
with the biosphere, hydrosphere, cryosphere and lithosphere as well
as with urban surfaces on time scales from seconds to millennia.
Changes in one of these components are directly or indirectly com-
municated to the others via intricately-linked processes and feed-
backs resulting in local, regional and global scale effects on climate
and air quality, as well as for water and food supply. Human and so-
cietal actions, such as emissions-control policies, urbanization, forest
management and land-use change, as well as various natural feed-
back mechanisms involving the biosphere and atmosphere, have
substantial impacts. To be able to meet challenges related to our
Earth system we need to have enough deep understanding including
proper comprehensive observational data.

The production of molecular clusters and their growth to larger
sizes, is a world-wide phenomenon, with a significant contribution
to aerosol particle number load and indirect radiative effects as well
as human health via urban air pollution. Understanding the very initial
steps of atmospheric aerosol formation requires detailed knowledge
of interlinked physics and chemistry in sub 3 nm size range.

There is always more or less intensive clustering in the atmos-
phere but only some fraction of those clusters are able to growth to
3-4 nm and further to cloud condensation nuclei and haze particle
sizes. However, NPF is a major aerosol source affecting significantly
to global aerosol and CCN load as well as regional/local air quality
and global climate.

Since we typically spend more than 90% of our time indoors, all
these processes need to be understood also in indoors point of view.

In the presentation [ will focus on:

- Environmental grand challenges
- Continuous, comprehensive observations, SMEAR (Stations for
Measuring Earth surface -Atmosphere Relationships) stations

0378-4274/

- COBACC (COntinental Biosphere-Aerosol-Cloud-Climate)
feedback loop
- Gas-to-Particle conversion /New particle formation (NPF);
the contribution of NPF on haze formation
- Global and regional aerosol load - air quality and climate effects

Keynote Lecture 02

K02 - Systems toxicology:
A Key Towards Reliable Hazard Prediction

*H.Alenius

Systems Toxicology Unit, Institute of Environmental Medicine,
Karolinska Institutet, Sweden & Human Microbiome Program (HUMI),
Medical Faculty, University of Helsinki, Finland

Classical toxicological testing paradigms still rely heavily on animal
testing, despite societal pressures to switch to alternative in vitro test
methods. The 21st century toxicology paradigm calls for a shift away
from descriptive toxicology, based on a large extent on animal testing
of toxicants one-by-one and with a multitude of functionally discon-
nected assays, towards a predictive toxicology grounded in a more
solid understanding of the relevant toxicity and modes of action in
humans, or the environment. Systems biology combines advanced
analytical and computational tools providing quantitative informa-
tion on systems-level molecular changes leading to information on
how biological networks are perturbed by toxicants. Systems toxicol-
ogy aims to change the way in which adverse effects of chemicals or
other toxicants are characterized, from isolated empirical end-points
to integrated pathways of toxicity.

Huge amounts of information are generated in omics experiments.
In order to identify the hazard-relevant molecular features (signa-
tures), one needs to be able to isolate the relevant information while
taking into account the statistical dependency between the variables.
In such a context, the group of features that best predicts the safety
of chemicals/toxicants might not be composed of components de-
rived from only one data layer, but also by features with a combinato-
rial effect derived from multiple layers of data. Thus, by systemati-
cally integrating multiple layers of experimental data together with
information extrapolated from the relevant literature, a more robust
hazard predictions can be achieved.

In the context of nanosafety, systems toxicology promises to shed
new light on the interactions of engineered nanomaterials (ENMs)
with biological systems, and reveal the causal connection between
changes in the expression of genes, proteins or metabolites and the
biological pathways that underlie the toxicity phenotypes. Key chal-
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lenges are also how to link reliably identified gene profiles/networks
to toxicological phenotypes (for example, immunotoxicity, genotox-
icity and so on), and how to demonstrate reliability and prediction
accuracy of computational models in real life.

The NANOSOLUTIONS project aimed to generate a computer al-
gorithm capable of predicting the safety of ENMs based on a minimal
but the most informative set of features selected across multiple data
layers. Based on integration of data from several different omics lay-
ers (e.g. transcriptomics, proteomics, epigenomics), physicochemical
properties and proteomics-based biocorona profiling, along with in
vitro and in vivo toxicity data for a panel of more than 30 ENMs, a
classifier algorithm designated the ENM safety classifier, composed
only of approximately one dozen most informative hazard associated
features, was generated that is capable of predicting ENM toxicity
with high accuracy.

Computation predictive tool approach is a major leap forward and
may enable progressing towards faster predictive hazard classifica-
tion based on relatively small amount of toxicity studies to be carried
out for hazard evaluation.

EUROTOX-SOT Debate

D - Classification of substances as endocrine disruptors
has a public health benefit

Martin van den Berg (EUROTOX) and Paul Foster (SOT)

Each year, the SOT Annual Meeting includes a debate in which lead-
ing toxicologists advocate opposing sides of an issue of significant
toxicological importance. The debate continues a tradition that orig-
inated in the early 1990s. This year, the debaters will address the
proposition “Classification of Substances as Endocrine Disruptors Has
a Public Health Benefit.”

Endocrine disruptors are compounds that produce adverse re-
sponses in various organ systems, but particularly the reproductive
system, by interfering with normal hormonal signaling. There has
been considerable public concern about endocrine disruptors, parti-
cularly in how much of a role they may play in causing certain cancers,
infertility, and birth defects, as well as population declines in wildlife.
This public concern has led to the passage of various laws in the
United States and Europe to identify and regulate compounds that
have endocrine-active properties. This includes action by the Euro-
pean Commission to develop a classification system for endocrine
disruptors. It is unclear, however, whether classification as an endo-
crine disruptor conveys any public health benefit; endocrine disrup-
tion is a collection of modes of action, not an adverse response, and
if the adverse responses are already the subject of regulation, does
classification provide any additional protection? The debaters will
discuss whether there is value in an additional classification scheme.

Regardless of their personal convictions, each scientific debater
will present relevant evidence and compelling scientific arguments
to persuade and appeal to the audience in order to obtain the ap-
proval or refusal of the motion. The first debate took place in Balti-
more, Maryland, during the 58™ Annual Meeting and ToxExpo, March
10-14, 2019. In Helsinki, Finland, during the 55" Congress of the
European Societies of Toxicology, the debaters will take reverse mo-
tion positions.

Bo Holmstedt Memorial Fund Lecture

B - Understanding fundamental quantitative principles
is a prerequisite for improving toxicological science and risk
assessment

*W.Slob
RIVM, department of food safety, Bilthoven, Netherlands

Advances in science often follow upon the invention of more sophis-
ticated measurement tools and laboratory techniques. The recent
progress in molecular biology clearly demonstrates this. Accord-
ingly, toxicologists tend to focus on modern techniques that are able
to measure the deeper biological and biochemical processes underly-
ing toxic properties of chemicals. It is generally believed that under-
standing the mechanisms of toxicity will provide the answer to any
scientific or risk assessment question. However, acquiring new
knowledge is, in the end, based on experimental data, and under-
standing quantitative principles is crucial for making progress just
as well. While toxicologists excel in examining toxicological mecha-
nisms and defining AOPs, they are much less educated in quantitative
principles and methods. Here lies an important weakness in toxicol-
ogy and risk assessment, with rather drastic consequences. Some
examples of practical concepts about which toxicologists employ
inadequate quantitative ideas are: the dose threshold, classification
of chemicals, false positives/negatives, shape of dose-response, (non)
linear relationships, NOAEL, non-monotone dose-response, and the
KMD (kinetically derived maximum dose). The inadequate thinking
about all these concepts can be explained by a general misunder-
standing of three fundamental principles. [ will discuss these three
fundamental principles, and illustrate how a better understanding of
them will change your view on the concepts just exemplified.
Furthermore, I will make the point that misunderstanding or ignor-
ing the three fundamental principles hampers further development
of both toxicological science and risk assessment.

SOT Merit Award Lecture

SOT - Bis-Indoles as receptor ligands and novel anticancer agents
*S.Safe

Texas A&M University, Department of Veterinary Physiology and
Pharmacology, College Station, US

The aryl hydrocarbon receptor (AhR) was initially identified as the
intracellular protein that binds and mediates the toxicity of
2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD) and structurally related
compounds. Subsequent studies with AhR knockout animal models
have demonstrated that this receptor plays an important role in
maintaining cellular homeostasis in multiple tissues and in patho-
physiology. The AhR binds TCDD but also structurally diverse ligands
which include pharmaceuticals and health promoting phytochemi-
cals such as bis-indole compounds. These molecules are selective AhR
modulators (SAhRMs) and exhibit tissue/cell-specific AhR agonist and
antagonist activities and can be used as drugs to target the AhR and
its functions in multiple diseases including cancer. In our studies on
SAhRMs derived from 1,1-bis (3’-indolyl) methane (DIM), a series of
synthetic analogs typified by 1,1-bis (3’-indolyl) -1- (p-hydroxyphe-
nyl) methane (DIM-C-pPhOH) were characterized as AhR-inactive
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and results of receptor screening showed that they target the orphan
nuclear receptor 4A1 (NR4A1, Nur77, TR3) and other analogs interact
with NR4A2 (Nurr1). Endogenous ligands for NR4A1 and NR4A2 have
not been identified and ongoing studies show that both NR4A recep-
tors are important in maintaining cellular homeostasis and in patho-
physiology. Selective NR4A1 modulators such as DIM-C-pPhOH and
related compounds are being investigated as potential drugs for
treating metabolic diseases, arthritis, immune dysfunction, neuro-
logical and cardiovascular problems, and cancer. DIM-C-pPhOH and
a series of more potent second generation analogs exhibit cell/tissue-
specific NR4A1 antagonist and agonist activities and this presenta-
tion will highlight some of the potential clinical applications of bis-
indole derived NR4A1 ligands and focus primarily on their inhibition
of NR4A1-dependent pro-oncogenic pathways and genes in solid
tumors.

HESI CITE Lecture

H - Toxicology in the era of the exposome
*R.Barouki
Inserm unit 1124, University of Paris, Paris, France

Toxicology studies the hazards related to the interaction of a stress-
or with a living organism. Assessment of environmental chemicals
toxicity has traditionally focused on the properties and toxic effects
of each substance taken individually. During the last decades, more
consideration was given to the properties of the target (molecular,
cellular and the organism itself) and to the context of the exposure
(other environmental, nutritional or behavioral conditions).

Based on these recent developments and on the framework given by
the exposome concept, a new vision of toxicology has emerged high-
lighting the importance of integrating different stressors, taking into
consideration the target, the context in a broad sense, the time and
pattern of exposure and relying on a variety of new technologies.

The knowledge gained from decades of research on dioxin like com-
pounds and on the Arylhydrocarbon Receptor (AhR) perfectly illus-
trates those evolving perspectives. Initially, it was thought that the
AhR function was to detect and to transduce the adaptive and toxic
effects of dioxin and related chemicals. Then it was found that the
receptor has critical endogenous functions and that the panel of its
ligands is extremely large and includes, in addition to toxic pollut-
ants, dietary substances, microbial compounds and endogenous me-
tabolites. Interestingly, those categories of compounds constitute the
so-called “internal chemical exposome”. Thus, understanding the
effects of AhR ligands actually requires an integrated approach pro-
vided by the exposome framework.

Other examples also illustrate the relevance of the exposome frame-
work for toxicity assessment. Among them, the integration of toxic-
ity studies with environmental, epidemiological and modeling stud-
ies, the analysis of mixture effects, the importance of long-term
effects particularly those related to developmental programming
disruption and epigenetic mechanisms and the advance in analytical
approaches allowing the combined characterization of the chemical
exposome and the endogenous metabolome.

These developments in toxicology are expected to have regulatory
implications and impacts in public health.

S01 | Metabolic capacity and functionality
of the gut microbiome
Supported by ECETOC

S01-01
Determining the role of the gut microbiota in the toxicity
of foodborne chemicals in vitro

D.M.Mendez-Catala, Q. Wang, K.C.W.van Dongen, *K.Beekmann

Wageningen University, Division of Toxicology, Wageningen,
Netherlands

The human organism is host to a huge number and variety of micro-
organisms that are considered to play a significant role in the health
of the host, among others through metabolism of indigestible food
components, production of essential vitamins, and protection against
opportunistic pathogens. Increasing evidence shows that despite its
non-mammalian nature the intestinal microbiome can also play an
important role in toxicology, as it can affect the bioactivity of (food-
borne) xenobiotics through a wide range of biochemical and meta-
bolic activities, leading to the formation of metabolites with often
uncharacterized toxicokinetics and toxicodynamics. Especially in
modern in vitro-in silico based testing strategies used for quantitative
in vitro to in vivo extrapolation (QIVIVE) this important function
of the intestinal microbiome is generally overlooked. To predict in-
testinal microbial metabolism of xenobiotics, an in vitro method was
developed based on anaerobic incubation of fecal samples that allows
definition of maximum velocity (V.x) and Michaelis-Menten con-
stant (K,,) of these reactions. This method was applied to study
metabolism of various foodborne xenobiotics, and results will be
presented showing the interspecies differences in the intestinal mi-
crobial metabolism of the mycotoxin zearalenone for different host
species. To put these into perspective, the resulting catalytic efficien-
cies of the intestinal microbiome are compared to the liver. Further
results will be presented on the intestinal microbial metabolism
of the phytoestrogen daidzein. An existing physiologically based
kinetic (PBK) model for daidzein was fitted with an intestinal micro-
bial compartment to predict plasma concentrations of the microbi-
ally produced metabolites (S)-equol. The developed testing strategy
allows the prediction of in vivo consequences of intestinal microbial
metabolism of xenobiotics, thereby contributing to the replacement,
reduction and refinement (3Rs) principles and 215t century toxicity
testing strategies.

S01-02
Human metabolism and interactions with the
gut microbiome in health and disease

*F.-P.Martin

Société des Produits Nestlé SA, Nestlé Research, Lausanne, Vaud,
Switzerland

There is increasing awareness that the study of how the body re-
sponds and adapts to environmental challenges - termed metabolic
flexibility - is key to decipher the metabolic determinants of human
health. Systems biology approaches are increasing employed in clin-
ical studies as a research driver to enhance our understanding of the
role of genetics, environmental factors and gut microbiota as meta-
bolic determinants of metabolic flexibility. Such applications have
contributed to the study of the metabolic inflexibility of obesity and
type 2 diabetes, and mechanisms governing fuel selection between
glucose and fatty acids. Such approaches are essential to explore the
effect of nutrition on metabolic health by understanding how macro-
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and micronutrient composition of the food influences metabolic out-
comes and the metabolic state of individuals. Applications in human
clinical intervention studies eventually will lead to new personalized
nutritional approaches to improve or maintain metabolic health.

Amongst the new omics technologies, metabolic and nutritional
phenotyping approaches, have emerged as robust platforms to cap-
ture metabolic and nutritional requirements by enabling, in a mini-
mally invasive fashion, the monitoring of a wide range of biochemical
compounds [1,2]. Their variations reflect comprehensively the vari-
ous molecular regulatory processes, which are tightly controlled and
under the influence of genetics, diet, and gut microbiota. They are
providing key insights into complex metabolic phenomena as well as
into differences and specificities at individual and population level.
From a nutritional perspective, we are genuinely interested in the
human gut microbiome [1-3]. A particular focus of our research lies
on how dietary macro- and micronutrients are co-metabolized by
the human body and its gut microbial population, and sub-subse-
quently contribute to nutritional status and disease etiology.

Yet, due to the higher complexity of metabolic phenotypes, and
their variability in space and time, plus their subtle response to en-
vironmental stimuli such as diet, it is very challenging to generate
holistic insights into a gut microbiome at protein and/or metabolite
level. Here we will discuss how we study human metabolic pheno-
types by quantifying specific molecular species over time, across
conditions, before and after interventions, and between individuals
[4]. We will also discuss analytical approaches to enable data integra-
tion, with an emphasis on the longitudinal component [5]. We will
illustrate current examples, challenges and perspectives in the ap-
plications of metabolic monitoring and modelling approaches in the
context of clinical research in pediatric populations with metabolic
and gastrointestinal conditions related to (pre)-diabetes and inflam-
matory bowel diseases [5-11].
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Influence of the microbiome on metabolite patterns -
an inter-omic approach
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I.M.C.M.Rietjens?, B.van Ravenzwaay!2
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Ludwigshafen, Germany;

2 Wageningen University & Research, Toxicology,
Wageningen, Netherlands;

3 BASF Plant Science LP, Research Triangle Park, US;

4 metanomics GmbH, Berlin, Germany

In the last years, research has demonstrated the impact of the gut
microbiome on the host, especially on the state of the host health. As
emerges from the gut microbial research a key aspect is the gut mi-
crobial functionality. Microbiome-derived metabolites arisen in the
presence of gut microflora can affect the host, for example via nu-
clear receptors, leading to changes in various signaling pathways.
Since the metabolite profile in plasma combines both the microbi-
ome-derived or -associated metabolites as well as the endogenous
metabolites, the scope of our project is to find out which metabolites
are derived specifically from the gut microbiome and what kind of
impact they have on the metabolite profile, using the metabolomics
approach and the existing knowledge and data availability of the
MetaMap®Tox database, in which the metabolome and toxicity data
of more than 800 compounds are stored.

To identify microbiome-related metabolites in rat plasma, Wistar
rats were treated with antibiotics which are known to induce a shift
of the microbial community. After 28-day oral administration, me-
tabolomics of plasma, feces, and cecum-content was done. Addition-
ally, DNA was extracted from rat feces and the 16S subunit was se-
quenced to perform a core diversity analysis.

Specific plasma metabolome patterns were established, and micro-
biome-related metabolites identified as key metabolites, e.g. hippuric
acid and indole derivatives, in MetaMap®Tox. In general, most chang-
es were observed in metabolites belonging to the class of bile acids,
complex lipids, fatty acids and related metabolites, as well as amino
acids and related metabolites. Both the community and metabolome
analyses in feces and cecum-content showed a treatment-related ef-
fect, as well as only minimal, if any, differences between samples of
male and female animals as well as between different vehicle con-
trols.

With these results, the first stage of investigations assessing the
functionality of the microbiome using metabolomics in the field of
microbiome and toxicology were performed. The results suggest that
plasma based metabolic profiling is a suitable tool to investigate the
functionality of the gut microbiome, and laid the basis for the devel-
opment of a promising method to elucidate the underlying mecha-
nisms leading to adverse effects in the host system.
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S01-04
How drugs interact with our bugs

*K.R.Patil

European Molecular Biology Laboratory, Structural and
Computational Biology, Heidelberg, Germany

Bacteria in our gut can modulate the availability and the efficacy of
therapeutic drugs and these drugs can in turn change our micro-
biome. Yet, interactions at the level of specific drugs and bugs are
only recently beginning to emerge. [ will present latest results from
my lab and our colleagues at EMBL providing new insights into drug-
microbiome interactions and discuss their implications for drug de-
sign, toxicity and personalized medicine.
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S02 | Fetus - the most sensitive individual

S02-01
Fetal exposure to toxic compounds

*K.Vdhdkangas

University of Eastern Finland, Faculty of Health Sciences,
School of Pharmacy/Toxicology, Kuopio, Finland

Except for a short time at the beginning of pregnancy, placentais the
only route from the mother to the fetus. Thus, practically all fetal
exposures occur through the placenta. Placenta develops throughout
the pregnancy and goes through major changes during the develop-
ment. At the beginning of the second week of pregnancy trophoblas-
tic cell layer differentiates into syncytiotrophoblast without clear cell
borders and a layer of cytotrophoblasts. Maternal blood enters the
trophoblastic blood lacunae at around day 12 of pregnancy. Later in
pregnancy the exchange between the maternal and fetal circulations
takes place in chorionic villi, which are functional units of human
placenta. Term human placental barrier consists of syncytiotropho-
blast with some remaining individual cytotrophoblasts facing ma-
ternal blood space, fetal capillary endothelium and some connective
tissue between them [Benirschke et al., 2006].

In addition to physiologically important exchange of gases and
nutrients, most exogenous compounds cross placenta, including
drugs, environmental hormonal compounds and carcinogens. Some
toxic compounds may accumulate in placenta, e.g. cadmium [Kippler
et al., 2010] and Bisphenol A [Cao et al. 2012] with a wide interindi-
vidual variation. Passive diffusion, the most common mechanism of
transfer, depends on chemical characteristics of compounds, but both
trophoblastic and endothelial cells contain also a variety of trans-
porter proteins. Especially important for exogenous compounds are
the ABC (ATP binding cassette) efflux transporters, e.g. p-glycopro-
tein (ABCB1) and BCRP (breast cancer resistance protein or ABCG2)
[Karttunen et al. 2017]. These have been shown to protect placental
cells and/or the fetus in some settings [Behravan and Piquette-Miller,
2007; Vdhdkangas and Myllynen, 2009]. Functionally significant poly-
morphisms in human placental ABC transporters have been described.

Selection and activity of the enzymes metabolizing xenobiotics is
very restricted in the placenta [Myllynen et al., 2009]. A wide inter-
individual variation occurs in the activity of these placental enzymes.
There are differences in the expression of transporters and xenobi-

otic metabolizing enzymes at different stages of the placental devel-
opment, but the full toxicological significance of these changes is not
known. Transplacental transfer as well as the role of transporters and
xenobiotic metabolizing enzymes in the transfer can be studied after
birth in the born placenta by ex vivo placental perfusion [Karttunen
et al. 2017]. Comparison of concentrations of compounds in cord and
maternal blood gives an idea of the in vivo transfer. In general, the
results gained by these two methods correlate quite well. In this con-
text, in vitro trophoblastic cell models are mainly used to study ex-
pression and regulation of transporter and enzymes proteins.
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S02-02
Environment and male reproductive health:
testicular dysgenesis syndrome and germ cell cancer

*N.E.Skakkebaek

University Department of Growth and Reproduction, EDMaRC,
Rigshospitalet, Copenhagen, Denmark

During the past 50 years there has been a worldwide increase in in-
cidence of testicular germ cell cancer (TGCC) among young men. The
incidence is still increasing, particularly in previously low-incidence
countries. Although several susceptibility genes have been reported
the rapid increase in incidence of TGCC can only be explained by
environmental factors.

Epidemiological studies, which have shown strong birth cohort
effects are in line with cellular studies demonstrating embryonic
characteristics of the precursor cells of germ cell cancer, Germ cell
Neoplasia In Situ (GCNIS). Risk conditions for GCNIS are undescended
testis, infertility and disorders of sex differentiation. We have sug-
gested that these conditions may be linked through a testicular dys-
genesis syndrome (TDS) which seems to be more common among
men in industrialized countries. Recent reports on falling sperm
counts should be seen in context with increasing rates of TGCC, high
rates of male infertility and increasing need for assisted reproductive
techniques (ART). Last year almost 10% of all Danish children were
born after ART, including IVF, ICSI and insemination with sperm from
donor or partner.

Many of these fertility problems may be due to ‘late onset’ of de-
velopmental problems with origin from exposures of fetal gonads,
although germ cells are susceptible for endocrine disruption at all
stages including the mature sperm.

During the past half century where we have witnessed increasing
male reproductive problems, birth rates have plummeted below re-
placement levels in many countries, e.g. Japan, Germany, South Korea
and Singapore. We urgently need to explore the possible role of en-
vironmental exposures for these changes, which undoubted will
result in fewer young and relatively more old people, and - eventu-
ally- falling populations [1,2].

[1] Skakkebaek N.E., Jergensen N., Andersson A.M., Juul A., Main K.M., Jensen T.K.,
Toppari J. Lancet. 2019 ;393):1500-1501. doi: 10.1016/S0140-6736(19)30690-7

[2] Skakkebaek N.E.!, Rajpert-De Meyts E.!, Buck Louis G.M.!, Toppari J.!, Andersson
A.M.!, Eisenberg M.L.1, Jensen T.K.!, Jargensen N.!, Swan S.H.!, Sapra K.J.}, Ziebe
S.1, Priskorn L., Juul A.1. Physiol Rev. 2016 Jan;96(1):55-97. doi: 10.1152/
physrev.00017.2015.
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S02-03
Epigenetics in fetal susceptibility to toxicity

*J.Legler

Utrecht University, Insitute for Risk Assessment Sciences, Utrecht,
Netherlands

The global incidence of obesity and related metabolic disorders rep-
resent the major public health challenges of our time. It is increas-
ingly clear that environmental factors early in development, such as
exposure to chemicals, play a role in the aetiology of obesity. Using
an integrated toxicological and epidemiological approach to research
the role of chemicals in obesity, recent research has shown that that
prenatal exposure to endocrine disrupting chemicals affects pro-
cesses involved in obesity development, including increased differ-
entiation of adipocytes and altered function of adipocytes, changes
in energy metabolism and elevated weight in childhood. A major
challenge for the future is to better understand how fetal chemical
exposure programs an organism to be more susceptible to disease
later in life and even across generations. Environmental perturba-
tions to the epigenome during development can affect gene expres-
sion patterns resulting in a phenotypic change, a process known as
altered epigenetic programming. Alterations in epigenetic program-
ming are increasingly associated with common human diseases, such
as cancer, cardiovascular diseases, type 2 diabetes, and obesity. How-
ever, while the field of epigenetic research in human health is advanc-
ing at an astonishing rate together with technologies that allow high-
resolution genome-wide characterization of multiple epigenetic
marks, our understanding of how chemical exposure during develop-
ment alters the programming of lifelong health is still in its infancy.
This presentation will present the state of the art of the role of chem-
ical exposures in metabolic disorders. It will also describe transla-
tional research to determine the molecular epigenomic mechanisms
underlying the effects of developmental exposures on obesogenic
phenotypes that persist into adulthood and in subsequent genera-
tions.

This research has received funding from the European Union’s
Horizon 2020 research and innovation programme under grant
agreement No 825489 (GOLIATH)".
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Towards a mechanistic approach in toxicology: Retinoic acid
balance disturbance leading to neural tube closure defects

*A.Piersmal, Y.Staal!, N.Baker?, ]. Pennings', G.Daston?3,
T.Knudsen*

1 RIVM, National Institute of Public Health and the Environment,
Bilthoven, Netherlands;

2 Leidos, Durham, US;

3 Proctor & Gamble Company, Cincinnati, US;

4 NCCT, Durham, US

Retinoid signaling plays an important role in vertebrate embryo-fetal
development and its disruption is teratogenic. The retinoic acid (RA)
pathway controls retinoid homeostasis and regulates embryonic cell
fate via nuclear receptor (RAR, RXR) activation. The RA pathway thus
serves as an excellent prototype for adverse outcome pathway (AOP)
elucidation associated with developmental defects. The disruption of
the RA pathway, leading to defects in neural tube closure, was the
basis for the construction of a developmental toxicity ontology. The
prototype ontology describes retinoid homeostasis and putative mo-
lecular initiating events in chemical teratogenesis. Basic elements in
the ontology are subjects (enzymes, receptors, cell types) and their
quantitative relationships (response-response relationships), together
forming a network of biological interactions that can be mapped to

avulnerable window for teratogen-induced neural tube defects such
as spina bifida. We have searched literature using text-mining tools
that allowed rapid identification of relevant information. We col-
lected known molecular interactions, genetic signals and responses
that: (a) play a crucial role in neural tube cellular differentiation; (b)
establish anterior-posterior gradients (FGF and RA signaling) and
dorsal-ventral gradients (zinc factors (Zic) and BMP signaling) for
regional specification. Molecular initiating events important for RA
balance (like CYP26 enzymes and RALDH2) potentially affected by
xenobiotic compounds (using high-through-put screening data),
were connected with toxicological data on the development of pos-
terior neural tube defects. Ultimately, this network can be dynami-
cally modeled in silico, providing an integrated computational sys-
tems model with which toxicity predictions can be made at the level
of adverse outcomes in the intact individual. This work does not reflect
EPA policy.

S03 | The exposome - understanding the role of
environmental exposure in human health and disease

S03-01
EXPOsOMICS: Novel approach to the assessment of exposure
to high priority environmental pollutants

*0.Robinson, P.Vineis, On behalf of EXPOsOMICS consortium
Imperial College London, School of Public Health, London, UK

EXPOsOMICS is a European Union funded project that aims to de-
velop a novel approach to the assessment of exposure to high prior-
ity environmental pollutants, by characterizing the external and the
internal components of the exposome. It focuses on air and water
contaminants during critical periods of life. To this end, the project
centres on 1) exposure assessment at the personal and population
levels within existing European short and long-term population stud-
ies, exploiting available tools and methods which have been devel-
oped for personal exposure monitoring (PEM); and 2) multiple “omic”
technologies for the analysis of biological samples (internal markers
of external exposures). The search for the relationships between ex-
ternal exposures and global profiles of molecular features in the same
individuals constitutes a novel advancement towards the develop-
ment of “next generation exposure assessment” for environmental
chemicals and their mixtures. The linkage with disease risks opens
the way to what are defined here as ‘exposome-wide association
studies’ (EWAS).

S03-02
Chemical exposure metabolomics

*B.Warth

University of Vienna, Faculty of Chemistry, Department of Food
Chemistry and Toxicology, Vienna, Austria

During our lifetime we are exposed to an assembly of food and envi-
ronmental chemicals. These exposures broadly impact the etiology
of a large share of human disease, but occurrence and mechanisms
often remain elusive and toxicological interactions are poorly under-
stood. To address this key issue in current public health research, the
concept of the exposome, i.e. investigating the sum of lifespan expo-
sures and their biological effect, was proposed but analytical technol-
ogy and bioinformatic data processing remain a major limitation to
the field [1].
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In this contribution the role of metabolomics in addressing the
current issues in exposome research will be discussed. Specifically,
a global metabolomics/exposomics workflow based on liquid chro-
matography coupled to high resolution mass spectrometry (LC-
HRMS) will be presented which allows for the simultaneous readout
of exposure and effect in biological samples [2]. Moreover, metabo-
lomics-guided pathway analysis for deciphering the toxicological
impact of a specific toxin or toxin mixture in cell-based models will
be a focus [3]. Proof-of-principle experiments will highlight the ad-
vantages and limitations of this approach. Furthermore, the expan-
sion of METLIN, an important resource for metabolite identification,
will be presented. This metabolite and mass spectrometry spectral
repository recently became a major exposome database with more
than one million unique metabolites. This includes a large share of
environmental toxicants, food bio-actives and contaminants, drugs,
and other xenobiotics. Finally, the potential of global metabolomics
and metabolomics activity screening [4] for the comprehensive in-
vestigation of drug-exposome interactions at the systems biology
level will be presented. As an example the interplay between dietary
xenoestrogens and a breast cancer combination therapy in a cell
model will be discussed [5].
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Challenges and promises of the Exposome concept
for environmental health research

*R.Slama, on behalf of HELIX early-life exposome consortium
Inserm, Team of Environmental Epidemiology, Grenoble, France

The Exposome encompasses all environmental exposures humans
undergo from conception to death. This concept, which calls for a
holistic view of exposures, is in line with the (mostly) observational
nature of epidemiology and with the recognition that, following the
industrial revolution, humans are exposed to thousands of chemical
factors, several of which could influence health on the short or long-
terms.

The promises of the Exposome include first a descriptive compo-
nent, corresponding to a thorough characterization of the distribu-
tion of exposure levels to numerous factors in human populations [5],
of their mutual correlations [9] and of “environmental inequalities”,
understood as the variations of exposure levels across socio-demo-
graphic categories [7]. A second (“exposure-specific etiologic”) prom-
ise relates to a better understanding of the possible health and bio-
logical effects of each exposure considered separately [e.g. 1,7,11];
here, exposome-wide studies offer the opportunity to limit publica-
tion bias and selective reporting of results, which plague epidemio-
logical research. A third and possibly longer-term (“exposome-wide
etiologic”) promise lies in the establishment of a ranking of the health
effects and possibly population impacts of all exposures, as an input
for “burden of disease” studies, a quantification of the overall share
of the environment in disease aetiology, and in the identification of
synergistic effects between exposures.

Huge challenges face those tempted by the Exposome adventure,
both in terms of exposure assessment (e.g., do we have tools to suc-
cessfully increase the number of exposures assessed without simul-
taneously increasing exposure misclassification? Can the temporal
component of the Exposome be efficiently characterized? Do some
‘omics layers offer opportunities to improve exposure assessment?)
and statistical modelling (e.g., can the rate of false positive efficient-
ly be controlled? Is there enough power to identify synergy between
exposures?). We discuss these issues in light of the first results of
HELIX early-life exposome project [6,10], in which a series of biosta-
tistical simulations [2,3] as well as analyses on real data [1,7,11] have
been undertaken. The latter are based on a unique cohort of 1300
European mother-child pairs in whom over 100 exposures (based on
biomarkers and environmental models) were assessed, and health
outcomes, DNA-methylation, transcriptomics as well as metabo-
lomics were characterized.

Without immense efforts and creativity from the research com-
munity and financial support equivalent to that provided to establish
the sequence of the human genome, the cruise towards the Expo-
some might end in the cliffs of the Lorelei, with a collection of under-
powered studies with strong measurement error. A source of creativ-
ity would come from toxicologists and epidemiologists progressing
towards a common language and stronger collaborations for im-
proved knowledge in environmental health.

References

[1] Agier L, Basagana X, Maitre L, Granum B, Bird PK, Casas M, Oftedal B, Wright ],
Andrusaityte S, de Castro M, Cequier E, Chatzi L, Donaire-Gonzalez D,
Grazuleviciene R, Haug LS, Sakhi AK, Leventakou V, McEachan R,
Nieuwenhuijsen M, Petraviciene I et al. (2019) Early-life exposome and lung
function in children in Europe: an analysis of data from the longitudinal,
population-based HELIX cohort. Lancet Planet Health

[2] Agier L, Portengen L, Chadeau-Hyam M, Basagana X, Giorgis-Allemand L,
Siroux V, Robinson O, Vlaanderen ], Gonzalez JR, Nieuwenhuijsen MJ, Vineis P,
Vrijheid M, Slama R*, Vermeulen R* (2016) A Systematic Comparison of Linear
Regression-Based Statistical Methods to Assess Exposome-Health Associations.
Environ Health Perspect 124: 1848-1856

Barrera-Gomez |, Agier L, Portengen L, Chadeau-Hyam M, Giorgis-Allemand L,
Siroux V, Robinson O, Vlaanderen ], Gonzalez JR, Nieuwenhuijsen M, Vineis P,
Vrijheid M, Vermeulen R, Slama R, Basagana X (2017) A systematic comparison
of statistical methods to detect interactions in exposome-health associations.
Environ Health 16: 74

Casas M, Basagana X, Sakhi AK, Haug LS, Philippat C, Granum B, Manzano-
Salgado CB, Brochot C, Zeman F, de Bont ], Andrusaityte S, Chatzi L, Donaire-
Gonzalez D, Giorgis-Allemand L, Gonzalez JR, Gracia-Lavedan E, Grazuleviciene
R, Kampouri M, Lyon-Caen S, Panella P et al. (2018) Variability of urinary
concentrations of non-persistent chemicals in pregnant women and
school-aged children. Environ Int 121: 561-573

Haug LS, Sakhi AK, Cequier E, Casas M, Maitre L, Basagana X, Andrusaityte S,
Chalkiadaki G, Chatzi L, Coen M, de Bont ], Dedele A, Ferrand ], Grazuleviciene
R, Gonzalez JR, Gutzkow KB, Keun H, McEachan R, Meltzer HM, Petraviciene I
et al. (2018) In-utero and childhood chemical exposome in six European
mother-child cohorts. Environ Int 121: 751-763

Maitre L, de Bont ], Casas M, Robinson O, Aasvang GM, Agier L, Andrusaityte S,
Ballester F, Basagana X, Borras E, Brochot C, Bustamante M, Carracedo A,

de Castro M, Dedele A, Donaire-Gonzalez D, Estivill X, Evandt ], Fossati S,
Giorgis-Allemand L et al. (2018) Human Early Life Exposome (HELIX) study:

a European population-based exposome cohort. BMJ Open 8: e021311

3

[4

5

6

(7

Montazeri P, Thomsen C, Casas M, de Bont ], Haug LS, Maitre L, Papadopoulou E,
Sakhi AK, Slama R, Saulnier PJ], Urquiza ], Grazuleviciene R, Andrusaityte S,
McEachan R, Wright J, Chatzi L, Basagana X, Vrijheid M (2019) Socioeconomic
position and exposure to multiple environmental chemical contaminants in
six European mother-child cohorts. Int ] Hyg Environ Health

Perrier F, Giorgis-Allemand L, Slama R, Philippat C (2016) Within-subject
Pooling of Biological Samples to Reduce Exposure Misclassification in
Biomarker-based Studies. Epidemiology 27: 378-88

8

[9] Tamayo-Uria I, Maitre L, Thomsen C, Nieuwenhuijsen MJ, Chatzi L, Siroux V,
Aasvang GM, Agier L, Andrusaityte S, Casas M, de Castro M, Dedele A, Haug LS,
Heude B, Grazuleviciene R, Gutzkow KB, Krog NH, Mason D, McEachan RRC,
Meltzer HM et al. (2019) The early-life exposome: Description and patterns in
six European countries. Environ Int 123: 189-200



S20 Abstracts / Toxicology Letters 31451 (2019) S1-S309

[10] Vrijheid M, Slama R, Robinson O, Chatzi L, Coen M, van den Hazel P, Thomsen C,
Wright J, Athersuch TJ, Avellana N, Basagana X, Brochot C, Bucchini L,
Bustamante M, Carracedo A, Casas M, Estivill X, Fairley L, van Gent D, Gonzalez
JRetal. (2014) The Human Early-Life Exposome (HELIX): Project Rationale and
Design. Environmental Health Perspectives 122: 535-544

[11] Warembourg C, Basagana X, Seminati C, de Bont ], Granum B, Lyon-Caen S,
Manzano-Salgado CB, Pin I, Sakhi AK, Siroux V, Slama R, Urquiza J, Vrijheid M,
Thomsen C, Casas M (2019) Exposure to phthalate metabolites, phenols and
organophosphate pesticide metabolites and blood pressure during pregnancy.
Int ] Hyg Environ Health 222: 446-454

S03-04
Developing the regulatory utility of the exposome

*E.M.Faustman

University of Washington, Institute for Risk Analysis and Risk
Communication, Seattle, US

The Exposome offers new risk assessment opportunities that build
from our previous “one chemical at a time approaches” for risk as-
sessment. Although risk assessment guidelines exist for dealing with
mixtures these have been largely guided by predicted mixtures from
environmental assessments. In many cases these measured environ-
mental assessments are then summed to identify the potential for
multiple and potentially interacting exposures. Various risk models
have been available to take these summed exposures or distributions
to predict health risks. In some cases, physiologically based pharma-
cokinetic modeling is linked and these estimates reflect probability
of exposure with resultant impacts on health. Because the exposome
can allow for a comprehensive assessment of exposure profiles over
our life stages it provides key biomonitoring data from which to im-
prove these health assessments. The challenge to these multi-faceted
exposure profiles is then how to predict risk. Techniques that are chem-
ical, mechanism, and disease based will be presented. The strengths
and weaknesses to each of these methods will be first provided in the
context of addressing problem formulation for risk assessment and
secondly in the context of answering a broader question of wellbeing.

S04 | How innate immune cells recognize toxicants

S04-01
Innate cells sense toxicants as microorganisms - introduction

*F. Huaux
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and Applied Pharmacology, Brussels, Belgium

S04-02
Inflammasomes in inflammatory pathology

*M. LamKkanfi'2

1 Janssen Pharmaceutica, Beerse, Belgium;
2 Ghent University, Department of Internal Medicine and Peadiatrics,
Ghent, Belgium

Inflammasomes are a set of multi-protein complexes that drive pro-
duction of the inflammatory cytokines interleukin (IL)-18 and IL-18,
and induction of lytic cell death. These innate immune pathways
respond to a broad suite of pathological agents and contribute to a
broad range of diseases with an inflammatory component. Here [ will
review and discuss the roles and mechanisms by which inflamma-
somes drive inflammatory pathology.

S04-03
Metal-induced immunotoxicity: ionic metals,
innate immune receptors and skin allergy

*M.Pallardy, R.Bechara
University Paris-Sud, INSERM UMR 996, Chatenay-Malabry, France

Allergic contact dermatitis (ACD) is a common inflammatory skin
disease caused by an unnecessary immune response to topically ap-
plied allergens. According to a large epidemiological study, 27% of the
general population in 5 European countries suffer from ACD to at
least one of the common contact allergens, and nickel was among the
most prevalent ones. In fact, metal allergy is the most frequent type
of contact allergy, with nickel allergy affecting 14.5% of the European
population. The other well-described metal allergens are cobalt,
chromium and palladium. People are mostly exposed to metals by
contact with jewelry, clothing ornamentation and coins.

From an immunological point of view, ACD is the result of T-cell
activation mediated by T cells recognizing low-molecular weight
chemicals or metals ions presented by antigen-presenting cells such
as dendritic cells (DC). However, the presence of the contact sensi-
tizer per se is usually insufficient to promote a T-cell response. A
second signal, noted “danger signal”, is mandatory for effective DC
activation and subsequent T-cell priming. Nickel is the perfect exam-
ple of a “complete” contact sensitizer that follows this “two-signal”
hypothesis. Alongside its ability to act as an antigen, nickel ions can
directly trigger activation of human Toll-like receptor 4 (TLR4) on DC.
During the sensitization phase of ACD, mature DCs play an important
role in driving T-cells polarization into different T helper (Th) cell
type which influence the clinical outcome. Recently, nickel-specific
Th17 cells were found in the blood and the skin of nickel allergic
patients. The outcome of T-cell polarization (Th1, Th17) is probably
an important factor in the pathophysiology of ACD to metals.

Our hypothesis is that metals are acting directly on the DC to pro-
mote phenotypes altering T-cell polarization. Indeed, NiSO4-treated
human DCs produced a higher IL-23/IL-12p70 ratio compared with
untreated DCs or NiSO4- and IFN-gamma-treated MoDCs, thus pro-
moting Th17 polarization. In this presentation, results will be pre-
sented showing the interplay between different signaling pathways
and immune receptors activated in the DC by metals that could ex-
plain the mechanism of metal skin allergy.

S04-04
Characterization of inflammatory responses and redistribution
of MWCNT following aerosol exposure in B6C3F1 mice

*A.Holian

University of Montana, Center for Environmental Health Sciences
Department Biomedical and Pharmaceutical Sciences, Missoula, US

The majority of research on the potential adverse effects of nanoma-
terials has focused on lung inflammation. However, little is known
regarding systemic effects of inhaled MWCNT. Therefore, we exam-
ined lung and systemic effects in B6C3F1 mice that were exposed to
arelatively pure MWCNT (L-MWCNT-1020, Sun Innovation). In vitro
studies suggested that this material had very little toxicity or ability
to stimulate the NLRP3 inflammasome using THP-1 macrophage-like
cells. B6C3F1 mice were exposed by inhalation at concentrations of
0.06,0.2,0.6 mg/m3 with humidified air. Mice were housed in Hazelton
2000 exposure chambers and exposed for a total of 22 days over a
period of one month. The mice (10 mice per group along with a fil-
tered air exposed group) were received 2 weeks post exposure and
tissues collected within 24 hr of arrival. Cytokines in lung lavage
fluid and plasma were analyzed using Meso Scale Discovery. Laser
Scanning microscopy, Stimulated Raman Scattering and CytoViva
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(Spectral Feature Fitting) was used to analyze MWCNT in macrophag-
es and distribution in tissues. Flow Cytometry was used to examine
changes in various immune cells in the lung and spleen. We observed
minor increases in IL-1b, TNF-a, and IL-6 in lavage fluid. In contrast,
we noted significant dose dependent decreases in TNF-a, IL-6, IL-10
and IL-33 in plasma and an increase in IL-1b. Macrophage numbers
in the lung interstitium substantially decreased. The content of
MWOCNT in lung macrophages increased dose-dependently. Stimu-
lated Raman scattering and CytoViva techniques demonstrated that
MWOCNT redistributed from the lung through the lymph nodes to the
spleen where there were distinct changes in lymphoid cell popula-
tions including increases in cytotoxic T cells and B cells. Histological
examination of spleens demonstrated reduction in white pulp and
presence of apoptotic bodies. Therefore, an apparently benign nano-
material caused significant systemic effects. Consequently, reliance
on in vitro screening needs to be re-evaluated for triaging nanoma-
terials for in vivo studies.

S04-05
Revisiting the paradigm of silica pathogenicity: molecular
description of the toxicity-relevant surface features

*F.Turci!2, C.Pavan3, R.Leinardi!, R.Santalucia!, M. Fabbiani!,
L.Pastero4, M. Tomatis'2, D.Lison3, G.Martra!*®, B. Fubini'2

1 Universty of Torino, Department of Chemistry, Turin, Italy;

2 Universty of Torino, “G. Scansetti” Interdepartmental Center,
Turin, Italy;

3 Université Catholique de Louvain, Louvain Centre for Toxicology
and Applied Pharmacology (LTAP) - IREC, Brussels, Belgium;

4 Universty of Torino, Department of Earth Sciences, Turin, Italy;

5> Universty of Torino, NIS Centre of Excellence, Turin, Italy

Occupational exposure to respirable crystalline silica (RCS) dust may
cause severe pathologies, including silicosis and lung cancer [1]. RCS
is also a trigger for systemic autoimmune diseases [2]. The mecha-
nism by which RCS elicits adverse effects on human health includes
persistent inflammation and tissue remodelling. RCS-induced in-
flammogenic activity is elicited by the activation of the NALP3 in-
flammasome after lysosomal membrane perturbation is being sensed
[3,4]. Only crystalline silica particles with specific surface features,
generated during fracturing, were shown to destabilize cell mem-
brane and induce inflammatory responses, whereas intact crystals
in respirable size elicited negligible responses [5]. Silica surface is
populated by families of silanols (=Si-OH), week monoprotic acids
that impart, at physiological pH, a negative surface charge (=Si-OH
< =Si-0~+H"). According to their surface chemical arrangements,
silanol families are characterized by different chemical properties [6]
and only few specific silanol families can establish strong interac-
tions with biomolecules, including polar heads of membrane phos-
pholipids. To investigate how surface chemistry modulates the in-
flammatory response of quartz, model silica samples were prepared
and surface tailored. Recent advances in RCS synthesis and an innova-
tive surface-specific spectroscopic approach allowed us to correlate
the quantitative description of the silanol families with cell mem-
brane destabilization, cytotoxicity, and inflammation in vivo. Current
results deliver a novel understanding of the molecular initiating
event of silica-induced inflammation and suggest molecular recogni-
tion phenomena to take place between silica surface silanols at a
specific distance apart and biological supramolecular structures,
including lysosome membranes.
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S05 | New tools and application in reg. risk assess-
ment - moving toward mechanistic risk assessment
Supported by EU-ToxRisk Project

S05-01
Development of in vitro tests -
quality assurance and cross system testing

*T.Waldmann!, A.Krebs!, M. Leist!, E.Cross Systems Group?
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Baden-Wiirttemberg, Germany;
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In the EU-ToxRisk project several in vitro test methods from different
laboratories were developed and combined. These in vitro test meth-
ods cover liver, lung, kidney and the nervous system and were com-
bined with further new approach methods (NAM), such as toxico-
kinetics, PBPK modeling to a comprehensive organ IATA. This was
accompanied by several challenges including the implementation of
a prediction model and graphical representation of the data of the
whole battery. Further, a unified, ideally universal, procedure on how
to document the methods, and the data obtained therefrom is a pre-
condition for the use of the test information for academic prediction
models, strategic decisions and/or for regulatory purposes. The EU-
ToxRisk project developed such a generic scheme, consisting of three
blocks, to provide regulatory valid data, using an exemplary panel of
>20 assays. Besides the classic standard operating procedure (SOP)
documents, we have implemented a new database of in depth meth-
ods descriptions that is accessible by any interested user. These test
method descriptions focus on the readiness of the different test
methods, which includes the toxicological needs such as baseline
variations, positive and negative controls, sensitivity and specificity.
The IATA comprises different in vitro models, which provide multiple
pieces of evidence and differ with regard to their uncertainty. This
talk will present the newly established data documentation pipeline
and the outcome of a cross system testing with 19 compounds with-
in the different in vitro models.

Acknowledgement: This project has received funding from the
European Union’s Horizon 2020 research and innovation programme
under grant agreement No 681002 (EUToxRisk).
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Modelling the impact of several in vitro systems in a read-across
approach - applicability of the Dempster-Shafer Theory
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Purpose: Dempster-Shafer Theory is presented as an unbiased
alternative for merging information from several sources into a final
outcome/decision incorporating the underlying uncertainty of the
sources.

Method: Dempster-Shafer theory (DST), a generalization of the
Bayesian theory of subjective probability, is used for merging the
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outcome from several in vitro and in silico models in order obtain an
unbiased overall prediction taking the varying uncertainties of the
models into account. DST is applied to read-across examples from the
EU-ToxRisk Project case studies as well as genotoxicity. The input
data to DST, in addition to the model predictions for the target(s),
consist of reliability as well as positive and negative prediction ac-
curacy of the model obtained through internal cross-validation of the
sources.

Results: The results demonstrate that DST produces, for the most
part, well defined overall predictions with relatively small uncertain-
ties when using a sufficient portion of sources of good quality, deter-
mined by the internal cross-validation. The opposite result, i.e. over-
all predictions of poor quality and large uncertainties, is obtained if,
deliberately, using sources with lower reliability as well as prediction
accuracies.

S05-03
Incorporating QIVIVE and PBTK into toxicity testing
and assessment

*C.P.Fisher
Certara, Simcyp, Sheffield, UK

The vision for toxicity testing and risk assessment in the 215t century
aims to increase the use of human relevant in vitro model systems
and reduce, refine and, ultimately, replace the use of animal models
through quantiative in vitro to in vivo extrapolation (QIVIVE). An im-
portant component of successfully implementing this strategy is the
use of modelling and simulation to translate the toxic effects and
associated concentrations at which these effects are observed from
the in vitro to in vivo situation. Biokinetic modelling of the distribu-
tion of test compounds in in vitro cell assay systems allows the pre-
diction of the free culture medium and intracellular concentrations.
Predictions are made based on the physicochemical properties (e.g.
logP,, pPKa, solubility) of test compounds and the set-up of the in
vitro assay (e.g. cell type, cell number, composition of culture medi-
um). These concentrations can be considered as being the more rel-
evant driving concentrations in translating toxicological endpoints
quantified in vitro to in vivo. Whole-body physiologically based
toxicokinetic (PBTK) modelling and simulation enables the prediction
of systemic and tissue exposure to compounds in both human and
non-clinical animal models. Thus, PBTK models can not only inform
the translation of in vitro toxicodynamics to in vivo, but also facilitate
the translation from animal to human. Integrating these two model-
ling approaches, the effective concentrations identified in vitro can
be corrected to more in vivo relevant driving concentrations, and
then, through a reverse-dosimetry approach, translated to an equiv-
alent human dose resulting in plasma or target tissue concentrations
identified as hazardous in vitro can be predicted through simulation
with PBTK models. Drawing on experiences from within the EU-
ToxRisk project, as well as the wider literature, the advantages and
current challenges in using biokinetic and PBTK models as part of an
integrated approach to chemical testing and risk assessment will be
discussed.

Acknowledgement: This project has received funding from the
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Chemical hazard assessment can directly use qualitative adverse
outcome pathways (AOPs) to integrate data generated by alternative
methods or in vivo testing. Risk assessment requires quantitative re-
lationships from exposure to effect timing and magnitude: quantita-
tive AOPs (QAOPs) should be able to provide such dose-time-response
predictions. There is also an intermediate level of quantification, in
which qAOPs are able to make predictions about the probability of
a chemical to belong to a category such as toxic/nontoxic, or low/
medium/high toxicity. Bayesian networks have typically been used
in the latter case, and are suitable for refined hazard assessment. We
will first briefly review the various methods and their main applica-
tions so far.

In EU-ToxRisk, we have extended the Bayesian network (BN) ap-
proach to encompass continuous dose-time-outcome qAOPs. We
compared BN to empirical dose-response modeling and to systems
biology (SB) modeling. This was done for an oxidative stress induced
chronic kidney disease AOP, using in vitro data obtained on RPTEC/
TERT1 cells exposed to potassium bromate. We showed that, despite
the fact that dose-response models give adequate fits to the data they
should be accompanied by mechanistic modeling to gain a proper
understanding of domain of applicability of the quantification. BNs
can be both more precise than dose-response models and simpler
than SB models, but more experience with their use is needed.

We have since extended our work to qAOPs of mitochondrial dis-
ruption induced toxic effects in HepG2 (liver), RPTEC/TERT1 (kidney)
and LUHMES (neuronal) cells, after exposure to several chemicals,
and present those new results in this session. Comparison of the re-
sults across cell types and chemicals will be discussed, together with
the assumption of chemical independence of the AOPs developed.

This project has received funding from the European Union’s Ho-
rizon 2020 research and innovation programme under grant agree-
ment No 681002 as well as from the Innovative Medicines Initiative
2 Joint Undertaking (IMI2/JU) under grant agreement No 777365.

S06 | Developments in the use of systematic review
in chemical risk assessment

S06-01
Principles of systematic approaches for chemical risk assessment
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Health risk assessment is a complex process that often relies on case-
by-case expert judgment. The basic risk assessment principles are
similar regardless of the legislative framework, but the amount, qual-
ity and type of data available, as well as how expert judgment is
applied, vary. In addition, there are often considerable uncertainties,
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for example due to lack of appropriate data or due to conflicting data.
Thus, case-by-case expert judgment requires extensive expertise and
long experience. In addition, risk assessment is getting increasingly
complex due to new regulatory demands and scientific possibilities,
e.g. the ambition for using non-animal methods and making use of
all available information (of varying relevance and reliability), as well
as inclusion of mechanism/mode of action evidence into the risk
assessment. Moreover, society struggles with particularly complex
issues, such as endocrine disrupters and mixtures.

The demand for transparency in risk assessment is increasing,
both from the public and from stakeholders involved. People want to
know and understand the scientific basis for the specific conclusion
and the reasoning behind it. Systematic approaches (based on sys-
tematic review methodology) are now starting to be used by several
organizations and authorities. Such methodology is also required in
legislations, such as the EU legislations for identification of endocrine
disrupters in plant protection products and biocides.

Systematic approaches usually include the key steps of a system-
aticreview. These steps are: preparing the review (protocol develop-
ment), data identification (search strategy, selection of studies), ex-
tracting data from studies, appraisal of studies for methodological
quality, data synthesis, presentation of results, interpretation of
results and drawing conclusions. In a risk assessment thorough inte-
gration of data, often from different types of study designs, is often
a critical step.

A number of tools have been developed to aid the systematic pro-
cess of risk assessment. For example, tools are available for extraction
of data as well as for assessment of the relevance and/or reliability of
individual studies. Also, systematic methods for integration of data
and weight of evidence assessment are being developed.

In order to perform sustainable risk assessments for all the numer-
ous chemicals used in society, in accordance with both new legisla-
tive demands and scientific development, there is a need for further
development and implementation of systematic approaches, tools
and frameworks that also increase transparency and are useful for
training of future risk assessors.

S06-02
Getting the balance right between objectives and resources for
a systematic review — the importance of problem formulation

*M. Wilks
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Problem formulation has the goal to explicitly define the question(s)
or statement(s) to be evaluated and to develop the process of how
the systematic review evaluation will be conductedin order to max-
imize its utility for human health risk assessment. It identifies all
factors critical to a systematic review and considers the purpose of
the assessment, scope and depth of the necessary analysis, analytical
approach, available resources and outcomes, and overall risk manage-
ment goal. Problem formulation is an iterative process, starting in the
planning and scoping phase with defining the problem, gaining a
sense of the literature, considering depth, breadth and boundaries of
the analysis. Framing the specific review question(s) is a critical step
and often challenging in that it needs to be done in a way that makes
the overall problem amenable to systematic reviews. This is helped
by using the PECO concept (Population, Exposure, Comparator, Out-
come) as the framework to formulate specific questions, e.g. does
chronic oral exposure to a given chemical (E) induce a specific health
effect (O) in children (P) compared to unexposed children of the same
age (C)? An example will be shown to illustrate how pathway-orient-
ed thinking can help develop a conceptual model of how different
evidence streams can be integrated to address specific subsets of the

overall problem. Systematic reviews are hugely time- and labour-
intensive and require the expertise of various disciplines. It is there-
fore important to decide as part of the problem formulation whether
a full systematic review is required or whether other, less-resource-
intensive tools such as evidence mapping, scoping reviews or rapid
evidence assessments may serve the intended purpose. This will
depend on the context of how the output of the review process is
going to be used, e.g. to generate general awareness of the evidence
base, or make a risk management or even a policy decision. The im-
portance of outreach to technical experts, stakeholders and the pub-
lic during the process of scoping and focusing an evaluation question
is emphasized.

S06-03
Systematic review in the regulatory food safety area -
experiences from a JECFA evaluation
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A systematic review is a way of collecting and evaluating scientific
literature in a transparent and reproducible manner using prespeci-
fied and standardized methods to answer a specific research ques-
tion. Systematic reviews have been widely used in all kind of areas
related to human health, most often in intervention studies in clinical
and non-clinical settings. Nonetheless, its application in the area
of food safety has been rather scarce. The Joint FAO/WHO Expert
Committee on Food Additives (JECFA) was requested by the Codex
Committee on Contaminants in Food (CCCF) to perform a full risk
assessment on pyrrolizidine alkaloids (PAs). PAs are plant toxins that
can be found in about 6000 plant species. PAs are genotoxic carcino-
gens and can cause apart from various tumors other serious health
effects like hepatic veno-occlusive disease. A systematic review on
PAs was initiated to identify all relevant information with respect to
their biochemistry, toxicity and human health effects as input for the
risk assessment. In this way, experience for JECFA was gained with
the usefulness of applying the systematic review methodology in a
broad risk assessment question.

For development of the systematic review protocol, the methodol-
ogy as outlined in guidance published by the European Food Safety
Authority (EFSA), World Health Organization (WHO) and the Nation-
al Toxicology Program (NTP) was followed. The SYstematic Review
Centre for Laboratory animal Experimentation (SYRCLE) provided
support via a hands-on training and coaching during the systematic
review. Six research questions were formulated to capture all publi-
cations related to the biochemical aspects and toxicological effects
of PAs found in vitro, in animals and in humans. Based on the search
strategies developed for these six research questions, scientific peer-
reviewed articles were searched in several databases, such as MED-
LINE, Embase, Toxcenter, CAB abstracts etc. In addition, grey litera-
ture was searched at websites of known risk assessment bodies using
PA names or the names of PA-containing plants. The systematic re-
view methodology was followed up to and including the phase of
selecting articles based on title and abstract. Due to the large number
of publications retrieved, it was resource-prohibitive to continue to
follow the systematic review protocol and thereafter, the regular
JECFA approach of appraisal of studies for risk assessment was fol-
lowed. Experiences obtained from conducting this systematic review
and lessons learned will be shared. Ideas on the applicability of a
systematic review for answering food safety-related questions will
be discussed as well.
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Use of systematic review methods by national programs -
example from the USA
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Systematic review is a predefined, multistep process that fosters a
transparent, rigorous, objective, and reproducible identification and
evaluation of scientific evidence to reach conclusions on specific re-
search questions. Because of their transparency and objectivity, sys-
tematic review frameworks are increasingly utilized and, in some
cases, mandated by law for developing risk assessments in United
States federal programs. Hazard conclusions and risk assessments on
environmental chemicals need to consider a broader evidence base
than the narrow clinical datasets that systematic review methods
were originally developed to address. The National Toxicology Pro-
gram'’s Office of Health Assessment and Translation (OHAT) estab-
lished the OHAT Approach for Systematic Review and Evidence Inte-
gration to reach hazard conclusions by integrating relevant data from
epidemiological studies, animal toxicology studies, and mechanistic
information. The potential association between exposure to traffic-
related air pollution and hypertensive disorders of pregnancy was
recently evaluated using the OHAT approach. This evaluation will
serve as a case example to demonstrate key steps in systematic re-
view of environmental questions including: 1) summarization of the
problem formulation efforts and the role of stakeholders in defining
and refining the research question; 2) development of a protocol to
outline the approach for conducting the review; 3) use of specific
tools to identify and extract data from relevant studies; 4) application
of a risk of bias tool to assess internal validity of individual studies;
5) rating confidence in available studies using the GRADE framework
to consider the strengths and weaknesses of the bodies of evidence;
and 6) incorporation of qualitative and quantitative approaches for
integrating evidence to reach hazard conclusions. In addition, this
case example will demonstrate an approach as well as key consid-
erations for developing hazard conclusions across multiple expo-
sures. Finally, the use of mechanistic data by the National Toxicology
Program will be discussed within the context of ongoing discussions
by multiple environmental health groups to consider mechanistic
studies in human health assessments for decision-making.

S07 | Speeding up hazard assessment
of nanomaterials

S07-01
Hazard assessment of engineered nanomaterials:
setting the scene

*B.Fadeel

Karolinska Institutet, Institute of Environmental Medicine,
Stockholm, Sweden

Engineered nanomaterials (ENMs) are being developed at an increas-
ing rate with numerous new materials being placed on the market
every year. For this reason, it is important to speed up the hazard
assessment of ENMs, in support of risk assessment and regulation
[Fadeel B, et al. Advanced tools for the safety assessment of nanoma-
terials. Nat Nanotechnol. 2018;13(7):537-543]. The implementation
of new test paradigms that make use of mechanism-based in vitro
assays promises to speed up hazard assessment and may also provide
a basis for assigning structure-activity relationships of ENMs. Sys-

tems biology/systems toxicology appproaches, combining so-called
omics methodologies with detailed computational analysis of the
data, may shed light on the underlying toxicity pathways and the
mode-of-action of nanomaterials. Moreover, omics data may inform
the development of adverse outcome pathways (AOP) that enable the
representation of mechanistic toxicity data in support of risk assess-
ment. New approaches for hazard assessment of ENMs have been
developed in recent years not least in the frame of the EU-funded
projects, FP7-NANOMILE and FP7-NANOSOLUTIONS. The present
EUROTOX session on “Speeding up Hazard Assessment of Nanoma-
terials” provides an overview of the state-of-the-art of new and
emerging approaches in hazard assessment of nanomaterials includ-
ing high-content/high-throughput screening, systems toxicology
approaches, and development of adverse outcome pathways. The
present lecture will set the scene and will also provide a few exam-
ples of omics-based approaches using in vitro and in vivo models to
explore and predict the biological impact of different ENMs including
graphene-based materials.

S07-02
High - throughput /-content - screening of nanomaterials
as a versatile tool for hazard assessment

*C.Weiss

Karlsruhe Institute of Technology, Institute of Toxicology and
Genetics, Eggenstein-Leopoldshafen, Germany

For effective safety screening and hazard ranking of manufactured
nanomaterials (MNMs), it is necessary to speed up the testing by in
vitro test systems which include microscopy-based high-throughput/-
content (HT/C) methods. Microscopy-based screening approaches not
only reduce time and costs, but also circumvent misinterpretation of
results obtained by some conventional toxicity tests, with which
MNMs often interfere. They can also provide the basis for quantita-
tive structure (property)-activity relationships (QS(P)ARs), allow
identification of no-observed-adverseeffect levels (NOAELSs), support
the development of MNMs with improved safety, help to rapidly un-
ravel toxicity or adverse outcome pathways (AOPs) of MNMs and
refine, reduce or replace (3 Rs) animal experiments, all of which could
have an impact on the decisions and approaches of regulatory au-
thorities. Nanomaterials selected from a library of over 120 different
MNMs with varied compositions, sizes, and surface coatings were
tested within the European project NanoMILE by four different labo-
ratories for toxicity by high-throughput/-content (HT/C) techniques.
The selected particles comprise 14 MNMs composed of CeO,, Ag, TiO,
, Zn0 and SiO, with different coatings and surface characteristics at
varying concentrations. The MNMs were tested in different mam-
malian cell lines and zebrafish embryos to link physical-chemical
properties to multiple adverse effects. Some of the key findings will
be presented including also the pros and cons of HT/C assays. The
broader applicability of the HT/C technology will be exemplified in
more detailed follow-up studies for silica MNMs to address mecha-
nisms of toxicity and the role of surface coverage for biocompatibility.

S07-03
Systems biology approaches for nanomaterial
hazard classification

*D.Greco

Tampere University, Faculty of Medicine and Health Technology,
Tampere, Finland

In classical toxicology, the phenotypic effects are analysed to evalu-
ate the hazardous potential of the tested compounds, but virtually
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nothing is known about exposure-dependent molecular alterations.

Therefore, while this approach allows the development of predictive

models, where relevant intrinsic properties of the exposures are re-

lated to phenotypic effects, it gives no information on their mecha-
nism of action (MOA).

Omics technologies are increasingly used in (nano)toxicology to
clarify the exposures MOA mediating their phenotypic effects. Al-
though some efforts have been already made to promote the use of
omics for regulatory purposes, there is still not a complete integra-
tion of omics-based evidence in these decisions for multiple reasons.
First, omics experiments are laborious, expensive and the analysis of
their readout is complicated. Second, rapidly evolving technologies
and analytical methods often prevent their standardization. Third,
there is a general lack of knowledge concerning the best practices,
consequently creating a divergence between the expectations and
the realistic possibilities of omics technologies, especially among
industrial and legislative bodies.

Our team’s ultimate goal is to provide robust and highly accessible
methods to facilitate the implementation of toxicogenomics studies
for hazard and risk assessment. By integrating multiple data layers,
we build comprehensive models that explain the exposure MOA and
predict their hazard potential. In this talk, I will present examples of
our activities, which include:

- The development of eUTOPIA, an integrated software for the
standardized preprocessing of toxicogenomics data.

- The development of INfORM, a software for the robust inference
of molecular networks, and its application to assess similarities
between in vitroand in vivo ENMs MOA.

- The definition of multi-omics approaches to define ENMs MOA.

- The development of computational solutions for the dose-de-
pendent and dose/time dependent analysis of omics data.

- The development of INSIAE NANO, an integrated network-based
computational approach for MOA-based ENMs prioritization
and read-across.

- The development of integrated and Systems toxicology-based
predictive models.

Our results contribute to a full integration of omics-derived evidence

to the safety assessment of ENMs and further promote a systems

toxicology approach in nanotoxicology.
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“Systems toxicology” represents arecent and rapidly developing “Big
Data analysis era” in the environmental health sciences field, includ-
ing the nanotoxicology discipline. Steadily increasing amounts of
safety testing results need to be comprehensively interpreted related
to accumulated public data and applied to risk characterization
of manufactured nanomaterials. Regulatory “systems toxicology”
embraces the network character of systems biology as well as the
complementary linear analysis scheme characteristic of the adverse
outcome pathway (AOP) concept. Focused to addressing these areas,
our laboratory collaboration utilizes a tiered testing approach built
on the analysis of high-throughput screening-derived cytotoxicity
and omics results in cell culture models, allowing libraries of nano-
materials and other agents to be cost effectively hazard ranked to the
mode-of-action (MoA) level. We furthermore generated a 14 gene
component-based “predictive toxicogenomics space (PTGS)” concept
that provides toxicity estimates intrinsic to omics-data via broad
dose-dependent coverage of toxicity reactions and mechanisms. Re-
cent validations show that PTGS enables application of in vitro data
to predict tissue injury in multiple organs of experimental animals
subjected to long-term repeated-dose toxicity bioassays. A further
successful dimension of the concept is prediction of human drug-
induced liver injury. The omics data-based PTGS component mode-
ling concept may well be the first high-throughput analysis tool that
effectively bridges systems toxicology and AOP-directed linear data
integration, as it serves excellently to define toxic MoA coupled also
with identification of key events in AOP schemas. We consider over-
all our high throughput tiered testing and PTGS concept to be di-
rectly applicable to an evolving in vitro and in silico-based safety
testing market, including taking a precautionary safety-informed
approach to the manufacturing of nanomaterials.

S08 | Human adaptation to environmental pollution:
dose-response relationship revisited

S08-01
Hormesis and hormetins for healthy ageing and longevity

*S.Rattan

Aarhus University, Department of Molecular Biology and Genetics,
Aarhus, Denmark

A contemporary understanding of the biological basis of ageing rules
out the existence of any gerontogenes which cause ageing. Genes
determine our ability to live and maintain health for a limited period,
known as the essential lifespan (ELS), required by nature for the con-
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tinuation of the species. We are surely able to live much longer than
our species’ ELS, but our natural survival abilities then need a helping
hand for living longer, for maintaining health and beauty, and for
protecting ourselves from diseases in old age. A promising and
wholistic approach for achieving this is the phenomenon of mild
stress-induced hormesis. Physical, nutritional and mental hormetins,
which induce hormesis, lead to the stimulation and strengthening of
the maintenance and repair systems in cells and tissues. Exercise,
heat and irradiation are examples of physical hormetins, which acti-
vate heat shock-, DNA repair- and anti-oxidative-stress responses.
Several non-nutritional chemical components in the food, such as
flavonoids and polyphenols present in spices, herbs and other sources,
are examples of nutritional hormetins, which induce anti-oxidative
and anti-inflammatory stress responses. Calorie restriction and in-
termittent fasting are also hormetins, which activate the autophagic
and sirtuin-mediated stress responses. Intense brain activity and
focussed attention comprise mental hormetins, which also induce
various stress responses. A combination of different hormetins can
therefore be the drugs for maintaining, improving and recovering
health during ageing.
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Biomarkers of adaptive responses in human health
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Since 1948, the WHO defined health as a state of complete physical,
mental and social well-being. Currently, a more dynamic definition
is used, viz., the ability to adapt. Adaptation is an important feature
of evolution. Development of resilience to the evolutionary toxicity
of oxygen is a major example of adaptation.

The design of drugs employs a form of selective toxicity in order
to reach health according to the 1948 definition. Drugs act specifi-
cally and preferably via one target, thus preventing side effects. Food
however displays a more multi-target action and is in line with the
adaptive health response. In fact, the health promoting effect of many
bio-actives in fruit and vegetables can be seen as the effect of mildly
toxic compounds triggering this adaptive stimulus. The challenge is
to measure these frequently mild physiological or hormetic respons-
es. One way is to integrate the various mildly changing health param-
eters. Another way is to challenge the physiological system to a
stressor and investigate the developed resilience. In case of quantify-
ing the health effect of food, both methodologies have been applied.
Adaptive responses largely explain the health benefit of fruits and
vegetables [1].

We increasingly recognize that environmental toxicants frequent-
ly also display a hormetic response [2]. This has immense conse-
quences in risk assessment [3]. We now understand the molecular
mechanisms of this hormetic response. This enables us to define
specific biomarkers to follow this process [4].
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Living organisms, including humans, are continually exposed to nu-
merous harmful environmental factors, causing negative biological
effects and/or deregulation of biomarker levels. However, studies
reporting no or even positive impacts of some stressors on biological
systems are also reported. Such observations are in conflict with the
concept of the linear dose-response relationship that is generally
accepted in toxicology. This concept assumes that negative effects
associated with exposure to toxic compounds or radiation increase
linearly with increasing dose. Despite of that, results of numerous
studies suggest that organisms may adapt to adverse effects of the
environment. In this process, repeated exposure to low levels of toxi-
cants induces protection of the organism against negative effects of
higher doses. This phenomenon is called adaptive response. Although
most of the data on adaptation was received in model systems, results
of some studies indicate that this response appears also in humans
exposed to radiation or environmental pollutants suggesting the ad-
aptation to be a general biological phenomenon. Nevertheless, the
concept of human adaptation is considered controversial by many
scientists and mechanisms of its induction are not well understood.

Here, a comprehensive overview of the last decade of Czech bio-
monitoring research, concerning the effect of various levels of air
pollution and radiation on the differently exposed population groups
is presented. Because some results obtained from cytogenetic studies
were in conflict with hypotheses, we have searched for a meaningful
interpretation in genomic/epigenetic studies. A detailed analysis of
our data supported by the studies of others and current epigenetic
knowledge, leads to a hypothesis of the versatile mechanism of ad-
aptation to environmental stressors via DNA methylation settings
which may even originate in prenatal development, and help to re-
duce the resulting DNA damage levels. This hypothesis is fully in
agreement with conflicting data from our studies. It is also support-
ed by differences in DNA methylation patterns in groups from regions
with various levels of pollution. In light of the adaptation hypothesis,
the following points are suggested for future research: (i) the chron-
ic and acute exposure of study subjects should be distinguished; (ii)
the exposure history should be mapped including place of residence
during the life and prenatal development; (iii) changes of epigenetic
markers should be monitored over time. In summary, investigation
of human adaptation to the environment, one of the most important
processes of survival, is a new challenge for future research in the
field of human biomonitoring that may change our view on the re-
sults of biomarker analyses and potential negative health impacts of
the environment.

Supported by the Grant Agency of the Czech Republic (18-02079S)
and MEYS of CR (CZ.02.1.01/0.0/0.0/16_019/0000798; LO1508).
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S08-04
The role of microRNA in adaptive response
to environmental carcinogens

*A.lzzotti
University of Genoa, Genoa, Italy

MicroRNA are pivotal regulators of gene expression at postgenomic
level. This regulations deeply affect early response of organism to the
counteract the damages induced by exposures to environmental car-
cinogens. In the few hors following the start of the exposure, the
microRNA machinery promptly react changing its expression main-
ly in the sense of selective downregulation thus allowing the full
expression of genes encoding for phase I/II detoxification activities
as well as DNA/protein repair (Izzotti et al, 2009). Indeed, in the un-
exposed lung there is not any correlation between the expression
messenger RNA and related proteins of these defensive activities;
however, when the lung is exposed to hexavalent chromium, the cor-
relation is promptly restored due to the downregulation of microRNA
that do not block any more the translation of these messenger RNAs
into proteins (Izzotti et al., 2004). This adaptive response is based on
molecular mechanisms making the microRNA machinery highly sen-
sitive to the environmental exposures to toxic agents. Genotoxic
electrophilic metabolites of toxic agents binds covalently to the ter-
minal G rich loop of stress response microRNA in cell cytoplasm as
demonstrated by the formation of microRNA-xenobiotic adducts;
these modified molecule cannot be further processed by the micro-
RNA maturation machinery thus resulting in microRNA downregula-
tion and triggering of adaptive response. In case of long term expo-
sures, electrophilic metabolites of toxic pogressively accumulate in
the neclophilic areas near to the catalityc pocket of DICER, the main
enzyme catalyzing microRNA maturation from pre-microRNA to ma-
ture microRNA in the cytoplasm. On a long term basis, this event
results in DICER blockage thus inducing a poorly reversible microRNA
downregulation (Izzotti et al., 2014). This event can be interpreted as
a damage that irreversibly block the microRNA machinery, being
DICER, due to its molecular complexity, not reparable or renewable.
Accordingly, long term exposure results in the irreversible alteration
of the whole microRNA machinery also targeting microRNA involved
in oncogene silencing (. Under these circumstances, long term expo-
sures to environmental carcinogens results in both induction of on-
cogene mutation as well as parallel disruption of microRNA usually
blocking, in unexposed organisms, the phenotypic expression of
these mutations. This situation results in the blown of the carcino-
genesis process.

Accordingly, the length of the exposure is much more important
than the dose in determining the adverse health consequences of
toxic agents.

These molecular adaptive mechanisms explains why population
exposed at low doses of toxic agents well adapt to the adverse envi-
ronmental situation having only minimal alteration in their molecu-
lar damage biomarkers (Rossnerova et al., 2017). However, whenever
exposures persists for many decades, it represents a main risk factor
for cancer appearance.
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S09 | Application of new approach methods

and development of integrated approaches to testing
and assessment - moving toward mechanistic risk
assessment

Supported by EU-ToxRisk Project

S09-01

Read-across concept in EU-ToxRisk and integration of new
approach methods into risk assessment — example branched
carboxylic acids

*S.E.Escher

Fraunhofer Institute for Toxicology and Experimental Medicine,
Chemical Safety and Toxicology/in silico toxicology, Hanover,
Germany

The replacement of in vivo studies by of new approach methodologies
(NAMs), like in silico and in vitro methods, in risk assessment is a
challenge. In EU-ToxRisk, scientists with different expertises develop
aread-across framework, which uses NAMs to better illustrate shared
toxicokinetic and toxikodynamic properties within the grouped com-
pounds.

In this talk, the EU-ToxRisk read-across concept using NAMs is
presented and illustrated with the results of a case studies on
branched carboxylic acids. In this case study, we tested 10 structur-
ally related compounds, of which two compounds had in vivo animal
studies. The in vivo animal studies were used to derive a read-across
hypothesis and to design the in vitro testing battery.

We report on the recent results and limitations of integrating the
results of 2D and 3D in vitro assays systems, together with high-
content technologies (omics, HCI) using computational modelling to
uncover the causal relationships with apical findings arising from
traditional in vivo animal data.

Further we will report on in vitro to in vivo extrapolation using
state of the art PBPK modelling to derive oral human equivalent
doses for the grouped compounds.

The read-across will be illustrated for two analogues, one being
as active as the two analogues with in vivo data, one being less active.
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Integration of new approach methods in
a structure based read-across for DART effects
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Read-across is one of the most often applied alternative tools for haz-
ard assessment, in particular for complex endpoints such as toxicity
after repeated exposure or developmental and reproductive toxicity.
We have applied this approach to a series of six aliphatic carboxylic
acids that have developmental toxicity data, some being positive,
some negative. For one of these compounds, 2-Methylhexanoic acid
(MHA), we have specifically blinded this toxicity data, and we have
applied new approach methodologies (NAM) to substantiate the read
across of the other compounds (as source compounds) to MHA, and
to explore whether these NAM correctly predict the in vivo develop-
mental toxicity of MHA. Thus, we have tested MHA and the five ana-
logues in a battery of in vitro tests with clear relevance to DART, i.e.
the Zebrafish Embryo Test (ZET), mouse Embryonic Stem cell Test
(mEST), iPSC-based neurodevelopmental model (UKN1), and a series
of CALUX Reporter assays, and combined this with toxicokinetic
models to calculate effective cellular concentrations and associated
in vivo exposure doses. We also included two positive, and one nega-
tive control compound in this test. As the histone deacetylase en-
zyme is postulated to be the molecular initiating target leading to
neural tube defects with these compounds, we have also investi-
gated the potential of these six analogues to inhibit this enzyme in
ZET, mEST, and UKN1 models. The NAM quite well predicted the in
vivo developmental outcome of these six aliphatic carboxylic acids.
This presentation will discuss the combining of results from multiple
NAMs for predicting the teratogenic properties and potency of this
series of structurally related chemicals and how this information can
be used to establish a framework of testing for regulatory applications.

This project has received funding from the European Union’s Horizon
2020 research and innovation programme under grant agreement
No 681002.

S09-03
Learnings from EU-ToxRisk read-across case studies:
application of new approach methods

*B.van de Water

Leiden Academic Centre for Drug Research/LACDR, Leiden,
Netherlands

The classical read across generally evaluates chemical structural
similarity without taking into account detailed information on sim-
ilarity of mode-of-action. The development of adverse outcome path-
ways with the detailed description of molecular initiation events and
key events based on a systematic literature review and weight of
evidence analysis, has facilitated the uptake of new approach meth-
ods that represent these MIE and KEs. There is an anticipated hazard
for agrochemicals that inhibit complex I of the mitochondrial res-
piratory chain to cause toxicity to the nigra-striattal neurons leading
to symptoms that reflect Parkinson disease. This effect has been de-
scribed in an AOP (Terron et al. 2018) that has been accepted and
published by the OECD (https://www.oecd-ilibrary.org/environment/
adverse-outcome-pathway-on-inhibition-of-the-mitochondrial-
complex-i-of-nigro-striatal-neurons-leading-to-parkinsonian-mo-
tor-deficits_b46c3c00-en). Our aim was to assess the application of
an AOP approach in a read across safety assessment setting of struc-
turally closely related mitochondrial complex I inhibitors, rotenone
and deguelin. We have used various in silico and in vitro approaches
including structural modelling, mitochondrial respiration measure-
ments, high content imaging assays, and high throughput transcrip-
tomics approaches to evaluate the biological similarity of these two
analogues. Subsequently, PBPK and QVIVE was applied to translate
the in vitro findings to an in vivo situation. The methodologies were
also translated to other complex I inhibitors that are used in the agro-
chemical sector. Our findings demonstrate that an AOP-based testing
strategy is highly valuable for read across. The uncertainties in such

an assessment and the generality of applying AOP-based testing in
read across will be discussed.
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S09-04
Ab initio- prediction of liver toxicity by in vitro systems
and spatio-temporal modelling

*J.Hengstler

Leibniz Research Centre for Working Environment and Human Factors,
Dortmund, Germany

Drug-induced liver injury (DILI) cannot be accurately predicted by
animal models. Also, currently available in vitro methods do not al-
low for the estimation of hepatotoxic doses or the determination of
an acceptable daily intake (ADI). To overcome this limitation, an in
vitrofin silico method was established that predicts the risk of human
DILI in relation to oral doses and blood concentrations. This method
can be used to estimate DILI risk if the maximal blood concentration
(Cinax) Of the test compound is known. Moreover, an ADI can be esti-
mated even for compounds without information on blood concentra-
tions. To systematically optimize the in vitro system, two novel test
performance metrics were introduced, the toxicity separation index
(TSI) which quantifies how well a test differentiates between hepa-
totoxic and non-hepatotoxic compounds, and the toxicity estimation
index (TEI) which measures how well hepatotoxic blood concentra-
tions in vivo can be estimated. In vitro test performance was opti-
mized for a training set of 28 compounds, based on TSI and TEI, dem-
onstrating that (1) concentrations where cytotoxicity first becomes
evident in vitro (ECyg) yielded better metrics than higher toxicity
thresholds (ECsg); (2) compound incubation for 48 h was better than
24 h, with no further improvement of TSI after 7 days incubation; (3)
metrics were moderately improved by adding gene expression to the
test battery; (4) evaluation of pharmacokinetic parameters demon-
strated that total blood compound concentrations and the 95%-pop-
ulation based percentile of Cmax were best suited to estimate human
toxicity. With a support vector machine-based classifier, using ECyq
and Cmax as variables, the cross-validated sensitivity, specificity and
accuracy for hepatotoxicity prediction were 100, 88 and 93%, respec-
tively. Concentrations in the culture medium allowed extrapolation
to blood concentrations in vivo that are associated with a specific
probability of hepatotoxicity and the corresponding oral doses were
obtained by reverse modeling. Application of this in vitro/in silico
method to the rat hepatotoxicant pulegone resulted in an ADI that
was similar to values previously established based on animal ex-
periments. In conclusion, the proposed method links oral doses and
blood concentrations of test compounds to the probability of hepa-
totoxicity.
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$10 | The process of ageing and its modulation:
telomeres as biomarkers in in vitro and in vivo studies

$10-01
Clinical aspects of precision medicine using as biomarkers
telomere length, fatty acids and organic acids

*D.Tsoukalas
European Institute of Nutritional Medicine, E.L.Nu.M., Athens, Greece

Chronic diseases are responsible for 70% of global deaths and for al-
most half (47%) of the global burden of disease, and are mainly caused
by modifiable risk factors. Because 80% of the risk factors for chron-
ic diseases are related to lifestyle, nutrition, and environmental fac-
tors, the application of precision medicine to chronic diseases gains
increasing attention recently.

Precision medicine integrates data from genome, microbiome,
dietary and lifestyle habits, to identify the causes that led to disease.
Among others, metabolomics is a powerful tool of precision medicine
and provides a detailed overview of the phenotype. That is the out-
come of genetic expression in the regulation of environment, repre-
sented by metabolites. Quantification of metabolites can identify
underlying conditions even before symptoms appear and help health
professionals monitor the response to treatment. A complementary
approach to track aging and the onset of chronic diseases related to
aging is the analysis of telomeres, the protective caps of chromo-
somes. Telomeres shorten every time cells divide and the pace of
telomere attrition is a robust marker of aging and aging-related dis-
eases.

We have developed a semi-automated worksheet, BIOTEL, to gen-
erate individual and group telomere length statistics and provide a
crude estimation of biological age. Activation of telomerase has been
shown to contribute telomere length maintenance and stability, thus,
modulators stabilizing telomeres and increasing telomerase expres-
sion/activity has been proposed as potent in anti-aging.

Conclusively, precision medicine offers the possibility to address
all the causes that led to the disease, and together with standard
methodology can lead to the effective management of chronic dis-
eases.

$10-02
Low grade chronic inflammation and telomere shortening:
immunosenescence process in human

*A.B.Engin

Gazi University, Faculty of Pharmacy, Department of Toxicology,
Ankara, Turkey

Aging is a complex process that involves a gradual decline in critical
cellular processes and signaling pathways. While vast number of
studies have investigated telomere length and telomerase activity as
prognostic biomarkers, there is scanty information available in the
literature regarding chronic low-grade inflammation related pathol-
ogies such as obesity and breast cancer. Telomerase activity is strong-
ly influenced by the ongoing inflammation, and production of reac-
tive oxygen species, but the molecular basis of these effects is not yet
fully understood. In this presentation, whether the obesity related
chronic low-grade inflammation and leptin resistance dependent
alteration in telomere length are risk factors for breast cancer will be
discussed.

$10-03
Live fast, die young mode: influence of substance abuse
on telomeres and telomerase

*F.D.Carvalho

UCIBIO, REQUIMTE, Faculty of Pharmacy, University of Porto,
Laboratory of Toxicology, Porto, Portugal

Aging is a complex senescence process that follows maturation, and
is characterized by time-related functional decline due to genetic,
biochemical, physiological and anatomical degeneration in tissues
and organ systems. Loss of genome integrity is a key feature in senes-
cence and the consequent development of aging-related diseases and
cancer. Telomeres are repetitive tandem DNA sequences that cap
chromosomal ends, protecting the integrity of information-carrying
DNA. However, telomere length decreases with aging (and therefore
its protective activity), as a result of repeated cell replication or en-
vironmental factors, namely those involving inflammation and oxi-
dative stress. Consequently, shorter telomeres have been linked with
shorter lifespan, and telomere length has been suggested as a bio-
marker of aging. It has been shown that substance abuse, namely of
alcohol, tobacco, cocaine and heroin, has been independently associ-
ated with telomere shortening, both at periphery and in the brain.
This presentation aims to provide an update on the current knowl-
edge on the influence of substance abuse on telomeres and telomer-
ase, exploring the mechanisms involved, the related biomarkers of
exposure, and health consequences.

$10-04
Telomeres biology involvement in thyroid neoplasia:
from aging clock to aggressive cancers

*C.Badiu'2, R.Dobrescu'-2

1 National Institute of Endocrinology, Dpt. Thyroid disorders,
Bucharest, Romania;

2 University of Medicine and Pharmacy, Endocrinology,
Bucharest, Romania

Cell clock mechanisms involve proteins and clock genes interrelated
in a very precise manner. Every cell has a specific lifetime. The num-
ber of cell divisions is monitored through small fragments of DNA
ending the chromosomes, telomeres. Individual somatic cell mitoses
are marked by progressive shortening of telomeres which are an im-
portant cell clock aging mechanism, preventing unlimited cell pro-
liferation. Molecules involved in this process, transcription factors,
enzymes (telomerases), as well as corresponding genes are more and
more investigated in physiology and molecular oncology. Telomerase
reverse transcriptase (TERT) is responsible for telomere maintenance
and its expression is normally suppressed. Some cells exhibit indefi-
nite proliferation, as are embryonic, stem cells but also cancer cells,
therefore investigating the TERT system is rewarding in deciphering
the way cancer cells are immortal.

Thyroid cancer (TC) is the most prevalent endocrine neoplasia.
Despite being indolent in most cases, some express aggressive meta-
static biological behaviour. TERT promoter mutations are a key hall-
mark of aggressiveness in less differentiated TC, poorly differenti-
ated papillary (PTC), follicular (FTC) and anaplastic (ATC), as well as
of their metastatic capacity. From a clinical evidence of a thyroid
nodule, to detailed ultrasound and fine needle biopsy (FNAB), diag-
nosis of TC is well established through guidelines and protocols. De-
tailed genetic analysis was developed in the last years, using samples
from FNAB, in order to select surgical cases in Bethesda categories 3
and 4. Commercially available systems (Afirma, Thyroseq, ThyGenX,
Reveal), reached now the third generation in sensitivity and specificity,
and are including TERT as an important component of risk stratification.
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More than 150 papers emerged in the last 3 years showing the im-
portance of telomerase system in TC in predicting a worse prognosis,
a potential prognostic tool for identifying aggressive forms of TC at
diagnosis, and therefore acting in advance for a more aggressive
follow-up and treatment. TERT mutation was proven only in follicular
cell - derived TC and not in MTC, i.e in FTC, PTC. In decreasing fre-
quency, TERT was involved in more than 50% ATC, 25% PTC and 20%
FTC. Presence of TERT mutation is associated with higher age at diag-
nosis, presence of metastases, and a shorter overall survival. Data from
Chernobyl cohort in paediatric TC failed to find TERT mutations,
therefore radioactive fallout seems to impact on other processes
apart TERT. While the most detectable genetic abnormality in DTC is
BRAFV600E jt seems that it is not associated with TERT. On the other
hand, TERT mutation is highly associated with short telomeres and
is not age-related. Altogether, the involvement of telomerase system
into molecular oncology was described as telomere crisis. Aging im-
pact upon telomere length and telomerase activity in normal thyroid
cells. Young patients are telomerase proficient with longer telomeres,
while older are telomerase deficient with shorter telomeres. Onco-
genic events trigger active thyroid cell proliferation with further ero-
sion of their telomere. Telomere dysfunction or even telomere crisis
occurs in later ages because of their initial shorter telomere and lack
of telomerase activity. Telomere crisis triggers both genomic instabil-
ity and telomerase activation: the TERT promoter mutation is thus
the consequence of genomic instability, whereas in turn contributes
to derepressing TERT transcription and telomerase activation.

In conclusion, detailed characterisation of telomere biology con-
tributes to a risk stratification of TC and better treatment strategy.

S11 | Challenges of non-animal approaches for food
safety: from inception to application
Supported by ILSI Europe

$11-01
High throughput screening in the risk and
benefit assessment of food ingredients
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The Tox21 and ToxCast programs are high-throughput in vitro screen-
ing (HTS) programmes ran by the U.S. National Toxicology Program
with the goal to forecast biological effects in vivo, especially toxicity,
based on bioactivity profiling. Whereas much effort is being devoted
to the applicability of such high-throughput screening in many
chemical sectors, little has been done to relate these approaches to
the assessment of foods and food ingredients. HTS approaches are
designed to measure biological perturbations, rather than toxicity

per se. This makes the interpretation of Tox21/ToxCast HTS data for
food-relevant chemicals difficult, as for various compounds in foods
the biological activities can also reflect desirable effects, depending
on the concentration of the chemical present. The ILSI Europe Tox21/
ToxCast Expert Group aims to explore how the data from the Tox21/
ToxCast programs on food relevant compounds can be exploited and
to assess the utility of the data in the risk and benefit assessments of
food chemicals. Starting point are the 556 direct additives that have
been identified in the Tox21/ToxCast database. These different chem-
icals were subdivided into structurally related chemical groups and
functional use classes according to EU regulation (e.g. E-numbers,
nutrients, flavourings, regulatory-restricted chemicals). Different ap-
proaches were taken to derive the critical biological targets of the
functional and chemical groups. Most informative insights were ob-
tained when focussing on the biological targets that are induced by
multiple chemicals within a chemical group. An overview of the pos-
sibilities and challenges in the use of non-animal Tox21/ToxCast data
in food safety evaluations will be provided.

$11-02
Adverse outcome pathways and beyond

*M. Vinken Vrije Universiteit Brussel, In Vitro Toxicology, Brussels,
Belgium

The field of human toxicology is currently transitioning from classi-
cal toxicology, focusing on measuring apical endpoints for toxicity in
animal models, to predictive in vitro toxicology, relying on informa-
tion on toxic mechanisms. This paradigm shift has been reinforced
by the introduction of a number of pathway-based approaches, in-
cluding the adverse outcome pathway (AOP) concept, which is gain-
ing momentum worldwide. AOPs share a common structure consist-
ing of a molecular initiating event, a series of key events connected
by key event relationships, and an adverse outcome. Development
and evaluation of AOPs ideally complies with guidelines issued by the
Organization for Economic Cooperation and Development. AOP
frameworks have yet been proposed for major types of human toxic-
ity. AOPs can serve a number of purposes pertinent to the fields of
human toxicology and risk assessment, in particular the establish-
ment of quantitative structure-activity relationships, the develop-
ment of novel in vitro toxicity screening tests and the elaboration of
prioritization strategies. This presentation will focus on the relevance
and potential use of AOPs for hazard identification of food additives.

S$11-03
Strategies for avoiding animal testing in food safety
and efficacy evaluation: challenges and opportunities

*B.van de Water

Leiden Academic Centre for Drug Research/LACDR, Leiden,
Netherlands

The assessment of the anticipated efficacy and undesired side-effects
of chemicals, drugs and food ingredients on the function of target
organs demands animal experimentation from a regulatory perspec-
tive. Technological innovations have uncovered the various cell signal-
ing pathways that can be qualitatively and quantitatively assessed
by high throughput omics technologies. In parallel stem cell biology
now allows the recapitulation of (diseased) organ models in 3D cell
cultures. These technologies have been applied in early drug discov-
ery and development and are also thoroughly evaluated for safety
testing of cosmetic ingredients. The overall progress in non-animal
testing strategies now opens a window of opportunities for the eval-
uation of the food safety and efficacy using non-animal approaches.
Within the EU-ToxRisk project we assess various in silico and in vitro
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methods for integration and application in chemical safety testing.
This involves both high throughput phenotypic screening of cell sig-
naling and cell behaviour, high throughput transcriptomics to assess
biological perturbation programs, and anchoring of these responses
to relevant in vitro apical endpoints of toxicity for different target
organs. The application of these approaches for efficacy testing will
be exemplified based on high throughput screening of Nrf2 activity
using automated live cell imaging. Uncovering the modulation of cell
signaling pathways will be illustrated based on high throughput tar-
geted RNA sequencing and anchoring to the in vivo situation. Also
the application of induced-pluripotent stem cell technologies in com-
bination with fluorescent reporter imaging will be described. The
future challenges of the integration of such new approach methods
for safety and efficacy will be discussed.

$11-04
Regulatory perspective on non-animal approaches
to assess foods and food ingredients

*K.Schutte
European Commission - DG Environment, Brussels, Belgium

Animal-free testing or research strategies are increasingly becoming
available. ILSI Europe’s Task Force on Alternatives to Animal Testing
in the Food Sector is reviewing in a forthcoming publication how
these methodologies can be implemented to replace animal studies
in the area of Food Safety/Toxicology & Nutrition.

For the different areas of food improvement agents, novel foods,
foods for specific groups, genetically modified foods and health
claims, the acceptability of non-animal approaches is evaluated in
comparison to legislative requirements in Europe. The approaches
considered cover in-silico and in-vitro methods, organoid models and
organs-on-chip, system biology approaches and high-throughput
methods for mode-of-action assessment.

The publication will highlight that different food sectors/catego-
ries are moving at different paces regarding acceptance of new ap-
proaches and Three Rs (Replacement, Refinement and Reduction)
methodologies.

One conclusion will be that it would be desirable to update EU
legislation and guidance as soon as new methods become available.
The incorporation of non-animal methods for food safety assessment
and nutrition is a challenging issue to be solved by multidisciplinary
expert groups working hand in hand with regulators, ideally at glob-
al level.

$12 | Implications of biodistribution of inhaled
nanoparticles: effects in organs other than the lung

$12-01
The lung as a barrier to inhaled particles:
dosimetry and biodistribution

*F.R.Cassee

National Institute for Public Health and the Environment, Bilthoven,
Netherlands

Emerging hybrid, experimental/computational approaches to cellular
dosimetry can be used by particle toxicologists to accurately calcu-
late the delivered dose to cells for various particles and under differ-
ent in vitro experimental conditions as a function of exposure time.

Likewise, in vivo lung dosimetry models allow researchers to esti-
mate the delivered particle dose in any region of the respiratory sys-
tem, as well as study the implications of particle properties and
breathing parameters for diverse animal species. Moreover, knowing
the deposited dose will also facilitate the extrapolation from exper-
imental animals (rat, mouse, rabbit, pig and monkey) to humans of
all ages. Most importantly, incorporating such dosimetric method-
ologies in the study design enables particle toxicologists to bring in
vitro and in vivo doses to the same scale, an important step towards
the development and validation of in vitro cellular screening assays.
Dosimetric modeling of deposition requires input of several aerosol
characteristics, including density, and modeling retention involves
knowledge about particle bio-dissolution. For both in vivo (inhala-
tion) and in vitro (cell cultures) studies knowledge about Exposure-
Dose-Response relationships is key for comparing in vitro and in vivo
results on an equal dosimetric basis, and at the same time it provides
an opportunity to validate in vitro assays. Ultimately, a careful atten-
tion to dosimetric details allows a scientifically justified risk extra-
polation of toxicological results from animal studies to humans.

$12-02
Effects of particles on the central nervous system

*R.Schins

IUF - Leibniz Research Institute for Environmental Medicine,
Diisseldorf, Germany

Evidence is mounting from epidemiological and toxicological studies
that exposure to increased concentrations of ambient particulate air
pollution contributes to the development of neurological and neuro-
degenerative disorders. Rodent inhalation studies have revealed that
markers of oxidative stress, neuroinflammation and neurotoxicity
are induced upon exposure to concentrated particulate matter or
diesel engine exhaust particles. Two principle pathways have been
discussed whereby particulate matter may induce adverse effects in
the central nervous system, namely, a direct pathway whereby par-
ticles physically enter the brain parenchyma, and an indirect path-
way whereby peripheral systemic effects contribute to neurotoxicity.
Indeed, inhalation studies have provided evidence for the transloca-
tion and deposition of ultrafine particles (UFP) in different brain re-
gions. However, inhaled particles are also known to trigger pulmo-
nary and systemic oxidative stress and inflammation and thus
possibly affect the blood-brain barrier integrity and brain homeosta-
sis in an indirect manner. Current advancements in the development
of alternative in vitro models for neurotoxicity testing are highly
promising regarding the testing of chemicals. However, current
paucity of particle composition-specific translocation kinetics limits
the applicability of such experimental systems for mechanistic studies
of ambient UFP and for the hazard assessment of novel manufactured
nanoparticles. Future research into the effects of particles on the
brain should consider that direct and indirect mechanisms could act
together in an additive or even synergistic manner. It should also
acknowledge that many of the established adverse health effects of
particulate air pollution are observed in association with long-term
exposures.
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Effects of Particles on the Placenta: studies on in vivo
and in vitro models
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F.La Civita!, L.Paglione!, A.Magrini', M. A.Malvindi3, S.Sabella3,
P.P.Pompa3, F.R.Cassee?, A.Pietroiusti!
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3 Italian Institute of Technology, Genova, Italy;

4 National Institute for Public Health and the Environment,
Bilthoven, Netherlands;

5 Policlinico Tor Vergata, Roma, Italy

The relevance to investigate the effects of maternal exposure to en-
gineered nanomaterials (ENPs) has recently emerged. The placenta
represents the interface between maternal and foetal circulation,
regulating the exchange of nutrients, gases, and waste material,
as well as translocation of xenobiotics. Over the last years we have
demonstrated the placenta as a site of accumulation of ENPs, and
have studied the physic-chemical properties driving translocation
across the placental barrier. We recently showed that different amor-
phous silica nanoparticles (SiO,NPs, L.V. administered) do not induce
maternal toxicity, nor affect placental/foetal development. Biodistri-
bution studies demonstrated that particles distributed to placentas
and foetuses, although size, surface charge and gestational stage
influenced biodistribution. Similarly, silver NPs accumulated in pla-
centas and foetuses after inhalation exposure during the first 15 days
of pregnancy, clearly indicating that once NPs access the circulatory
system they likely arrive to the placenta, being this a highly vascular-
ized organ. Due to ethical reasons, studies on placental translocation
and toxicity of ENPs are meanly performed in rodents; however
transposition to humans of results obtained in rodents should be
done with caution, as species-specific differences in placental or-
ganization exist, which may result in differences in permeability and
effects. Currently, the only alternative to study placental transloca-
tion in humans is the ex vivo human perfusion model, which how-
ever allows short term studies and give no information on the poten-
tial toxicity to foetal tissues. Alternative models resembling the
human placental barrier are greatly needed. We are currently devel-
oping a novel in vitro model based on 2 types of stem cells derived
from the pre-implantation embryo: Embryonic Stem cells (ESC),
which can be induced to differentiate into all foetal tissues; Tropho-
blast Stem Cells (TSC) from which all trophoblast lineages can be
derived. These cells, available from rodents and humans, can be easi-
ly maintained in culture. TSC, cultured on transwell (TW) inserts in
the absence of growth factors, resemble the syncytiotrophoblast
layer of the placenta. Administration of TiO2 NP in the upper chamber
of TW impairs differentiation of ESC cultured in the lower chamber.
Presence of syncytial TSC on the TW re-establishes proper differen-
tiation, suggesting that translocation of particles is reduced. Similar
results were obtained for the expression of the mesodermal differ-
entiation marker Brachyury, which is highly expressed by ESC after
10 days of differentiation. Culture in the presence of TiO2 NP inter-
feres with Brachyury expression in the absence of syncytial TSC,
while the presence of the syncytial layer re-establishes normal ex-
pression. Our results indicate that the simulated barrier is able to
counteract the adverse effect of TiO2 NP on differentiation of foetal
tissues.

$12-04
Effects of nanoparticles on male and female fertility

*K.S.Hougaard!3, A.Skovmand'3, S.Goericke-Pesch?, U.Vogel'4

1 National Research Centre for the Working Envionment,
Danish Nanosafety Centre, Copenhagen @., Denmark;

2 Stiftung Tierdrztliche Hochschule Hannover, Reproduktions-
medizinische Einheit der Kliniken, Hannover, Germany;

3 University of Copenhagen, Copenhagen, Denmark;

4 Technical University of Denmark, Lyngby, Denmark

As engineering of nanomaterials have emerged, so has concern that
these might interfere with reproductive function. Human exposure
to particles has been studied to a very limited extent relative to re-
productive function. In occupationally exposed men, welding parti-
cles may decrease male fecundity, but the association is not consist-
ently described. Air pollution is also proposed as a risk factor, but
diversity in exposure and outcome study parameters hampers firm
conclusions. Rodent studies more consistently show that nanosized
particles are able to interfere adversely with male reproduction, but
the airway route of exposure, i.e. the most relevant route in occupa-
tional settings, is rarely applied, and effects probably depend on par-
ticle type [Skovmand et al., 2018]. Interestingly, particle exposure has
in some studies also shown able to interfere with the male reproduc-
tive organs during embryonic development but, again, findings are
not completely consistent [Skovmand et al., 2019]. Female reproduc-
tive function has received much less attention, but some support for
an association is available from epidemiological studies. The few
available rodent studies indicate that particle exposure may pose a
risk also to females, at least when exposure occurs acutely [Johansson
etal., 2017].

The underlying mechanisms are as yet unknown, but both male
and female reproduction may be sensitive to inflammation and oxi-
dative stress. Upon inhalation, many particle types, engineered and
anthropogenic, may induce oxidative stress and lung inflammation.
Inflammatory mediators may leak to the systemic circulation and
subsequently reach reproductive organs or interfere with the hypo-
thalamic-gonadal-axis. Alternatively, small amounts of particles or
particle constituents may translocate from the lungs to the lung cap-
illaries, the systemic circulation and the testes. Nanoparticles may
possibly, due to their small size, traverse the blood testis barrier and
enter the seminiferous tubules from the interstitially located capil-
laries as well as the female reproductive organs. In conclusion, pul-
monary exposure to nanoparticles, engineered as well as process-
generated may potentially affect both male and female fertility and
more research is warranted to identify the relevant mechanisms of
action.
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$13 | Knowledge-based computational approaches
in predictive toxicology
Supported by EU-ToxRisk Project

S13-01
The power of workflows - toxicological read across
using integrated life science data

B.Fiizi!, ]. Gurinova!, R.S.Malik-Sheriff2, H. Hermjakob?, D. Digles!,
*G.Ecker!
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Wien, Austria;
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Unforeseen toxicity comprises one of the main reasons for failures in
drug development. One of the options to mitigate this risk is to pursue
extensive read across studies. This means to query databases and the
available literature for compounds which are structurally similar to
the respective development candidate in order to retrieve informa-
tion on potential hazards. Obviously, the results depend heavily on
the similarity algorithms used. Furthermore, due to lack of integra-
tion of the underlying data sources, this process is time consuming
and prone to errors.

With the public availability of large life science data sources such
as ChEMBL, and their integration in semantically enriched platforms
like the Open PHACTS Discovery Platform, retrieval of data sets for
e.g. ligand-protein interactions is no longer a time consuming pro-
cess. Furthermore, the use of workflow engines such as KNIME allows
for queries across multiple data sources and enables complex post-
processing tasks. Deployment of these workflows in web-applica-
tions enables broader use without advanced knowledge on workflow
implementation.

In this presentation we will outline the use of KNIME workflows
for selected tasks related to toxicological read across. This includes
an assessment of different similarity algorithms, which shows that
especially in the 3D-space, similarity rankings might change dra-
matically. Furthermore, searching across multiple data sources also
allows for an exhaustive assessment of candidates, including target
profiles and pathway enrichment. The latter was used to identify
pathways which are enriched for compounds which have been with-
drawn from the market.

This project has received funding from the European Union’s Hori-
zon 2020 research and innovation programme under grant agree-
ment No. 777365 (eTRANSAFE) and No 116030 (TransQST).
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The evaluation of the toxic effects of substances is a complex task,
due to the huge amount of factors involved in the biological pro-
cesses at the basis of the effect. This requires taking advantage of all
elements that can be used in the assessment of the property values.
The read-across approach and the in silico methods, collectively
called non-testing methods, can be integrated within a weight-of-
evidence strategy. This integration is typically performed manually.

Furthermore, also the read-across process in most of the cases
relies on expert decisions, which may be subjective, and based on
some initial choices. In this approach, there is a risk of making poor-
ly reproducible results besides losing important pieces of informa-
tion. In addition, a main shortcoming in read-across is that the pro-
cess may not identify some of the relevant source compounds.

In order to cope with these problems, we explored software tools
able to assist the expert. The factors related to similarity which we
used to select source compounds were: structural, physico-chemical,
toxicological and pharmacokinetic features. These tools analyse the
similarities of the compounds in “full or partial” way, i.e. merging all
the features or selecting only those more relevant. Furthermore, the
steps of the process can be done in a parallel or sequential way.

Finally, we combined the results of the read-across procedure
with those from in silico models.

We will describe the added value of these programs, implemented
in KNIME.

We acknowledge the project EU-ToxRisk (a project funded by the
European Union’s Horizon 2020 research and innovation program
under grant agreement No 681002).
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Purpose: To demonstrate the utility of confidence predictors such
as Conformal Prediction as an in silico modelling framework for ob-
taining predictions with known, and mathematically proven, error
rates set by the user as well as the graceful handling of highly imbal-
anced datasets, typical in toxicology, without the need for balancing
measures such as under- and/or oversampling.

Method: Mondrian Conformal Prediction (MCP) was used as a
framework for building highly predictive in silico models for toxico-
logical end points of severely imbalanced datasets from PubChem
(0.8% toxic compounds on average). The method generates models
with a guaranteed error rate (% errors) for each class (toxic or non-
toxic) set by the user given that the investigated data is exchangeable.
MCP is constructed on top of commonly used algorithms, e.g. Ran-
dom Forest or Support Vector Machines, for in silico model building
by internal calibration of the prediction outcomes.

Results: The results obtained for highly imbalanced toxicity data-
sets show that in silico models with good predictive performance for
both the toxic minority as well as the non-toxic majority class can be
derived using MCP.

S$13-04
Small is beautiful: application of local models in toxicology

*M.Pastor, J.C. Gbmez Tamayo, F.Sanz

University Pompeu Fabra, Health and Experimental Sciences,
Barcelona, Spain

With the growing availability of toxicological information in digital
sources and the advances in “big data” methodologies an increasing
effort is being devoted to the development of models aimed to predict
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complex (apical, organ toxicity) endpoints using massive data. How-
ever, the complexity of the biological phenomena behind these end-
points, the disparity of the mechanisms involved and the interference
of toxicokinetics hampers the predictive ability of such models. De-
spite “big data” models have demonstrated their suitability and per-
formance in other fields, there is a risk that an improper use of such
methodologies to address toxicological problems produces results
not meeting the user expectations and discourage potential users of
applying them, particularly in industrial or regulatory settings.

To face this challenge, we propose the use of a strategy which
prioritizes the use of highly relevant and consistent data for each
prediction over the use of massive datasets. Our method starts with
the definition of a local space around the query compound using a
relevant similarity metric. Depending on how this local space is
populated and the properties of the compounds therein they can be
used to infer directly the biological properties of the query compound
or can be used to build ad-hoc local models (either quantitative models
or classifiers). In other cases, when the local space is identified as not
suitable for obtaining good predictions, it will be expanded to incor-
porate additional data points.

We will start presenting the rationale supporting this approach
and how it can mitigate common problems present in general models.
Then we will show a few examples illustrating the kind of results
obtained with our proposed strategy for predicting toxicity end-
points (e.g. liver toxicity or oxidative stress responses). Finally, we
will discuss the difficulties of carrying out a fair comparison between
local and general computational models, explaining in part why the
former are much less used nowadays.

This project has received funding from the European Union’s Hori-
zon 2020 research and innovation programme under grant agree-
ment No 681002 (EU-ToxRisk) as well as from the Innovative Medi-
cines Initiative 2 Joint Undertaking (IMI2/JU) under grant agreement
No 777365 (ETRANSAFE).

S$14 | Understanding the interindividual variability
in toxicity involving the psychotropic drugs

$14-01
Psychotropic drug poisonings admitted to the emergency
department: epidemiology and morbidities

*P. De Paepe
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Psychotropic drugs such as benzodiazepines and antidepressants
are frequently involved in patients admitted to the emergency de-
partment (ED). Accidental poisoning is rare in contrast with inten-
tional poisoning (self-harm). Intentional poisoning with psychotrop-
ic drugs may account for one third of ED admissions and these are
often accompanied by co-ingestion of ethanol or multiple other
agents that may have therapeutic implications. Intentional poisoning
with self-harm is an important aspect requiring adequate care be-
cause of the considerable psychological morbidity and also the threat
of mortality by suicide. Increased susceptibility to psychotropic
drugs in therapeutic doses e.g. in the young and older age groups and
in patients with specific genetic patterns of metabolizing enzymes
or during drug interactions must also be kept in mind.

It is important for the emergency physician to be aware of the
clinical picture of poisoning with psychotropic agents in view of the
important implications for treatment.

Symptoms of an overdose with antipsychotics appear to be an ex-
tension of the adverse effects at therapeutic doses like e.g. orthostatic

hypotension, (reflex) tachycardia, cardiac conduction disturbances,
central nervous system depression, anticholinergic symptoms, sialor-
rhea, extrapyramidal symptoms, thermoregulatory problems, sei-
zures. The profile of symptoms differs according to the class of the
antipsychotic agent. As far as the cardiac effects are concerned a
negative inotropic action and quinidine-like (Type IA) antiarrhythmic
effect with sodium and potassium channel blockade contribute to
the toxicity and this has important therapeutic implications. One
should also be aware of the Post Injection Delirium Sedation Syndrome
(PIDSS) due to the accelerated release of the long acting olanzapine
pamoate into the general circulation after intramuscular injection.

Benzodiazepine overdoses usually present with a mildly depressed
sensorium to coma, disturbances of motor skills and dysarthria. How-
ever respiratory depression may occur for instance with coingestion
of other central nervous system depressant drugs. One should also
keep in mind that the decreased consciousness level may hamper the
history taking and lead to overlooking the coingestion of other dan-
gerous drugs like e.g. paracetamol. The specific benzodiazepine
antagonist flumazenil is very rarely indicated and has proven to be
dangerous as it will antagonize the protective effect of the benzodi-
azepine in cases of co-poisoning with e.g. cyclic antidepressants and
lead to life threatening convulsions and cardiovascular instability.
Flumazenil can also induce abstinence with seizures in patients who
take benzodiazepines chronically.

Overdoses of the psychotropic drug bupropion, used as an antide-
pressant and in the treatment of nicotine addiction seem to be on the
rise in the USA. These poisonings lead to important effects like con-
duction disturbances (not due to sodium channel blockade) and sei-
zures and deserve special attention.

Major toxicity of cyclic antidepressants consists of altered mental
status, cardiac dysrhythmias or conduction defects with widening of
the QRS complex and right axis deviation of the terminal 40msec of
QRS in limb leads (based on sodium channel blockade), hypotension
and seizures.

Monoamine oxidase inhibitor poisonings are not frequently re-
ported as these drugs are only used as third or fourth line therapy in
refractory depression. However these can be very severe and toxic-
ity may also be due to simultaneous use with other drugs like e.g.
other antidepressants or to an interaction with tyramine in food.

There are different classes of serotonergic antidepressants and

their toxicity is in general lower than with tricyclic antidepressants.
Toxic effects consist of symptoms related to the central nervous and
cardiovascular system and there are differences among the classes.
The serotonin syndrome is most commonly reported and may also
be due to interaction with other serotonergic drugs during therapeutic
use.
In conclusion, psychotropic drugs are frequently involved in patients
admitted with acute poisoning to the ED and can pose life threatening
somatic problems. These should be anticipated, correctly diagnosed
and adequately dealt with by the admitting emergency physician.
Great care should also be given to the underlying psychiatric prob-
lems since poisoning with psychotropic drugs in the ED is frequently
of intentional nature.

$14-02
Drug-induced toxicity at therapeutic doses versus acute
overdose - physiopathological differences

“F.Eyer

Technical University of Munich, Division of Clinical Toxicology,
Munich, Germany

Objective: To provide examples and their pathophysiological
background for differences between drug-induced toxicity at thera-
peutic versus supratherapeutic levels.
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Methods: Literature review on PubMed, common textbooks and
chart review of patients

Results: Reasons for drug toxicity despite therapeutic doses fre-
quently include the following: i) increased absorption (e.g. dumping,
protein-rich or fatty cost) ii) missed therapeutic drug monitoring
(TDM) iii) narrow therapeutic index of drugs (e.g. colchicine, digoxin,
lithium); iv) inappropriate dose for patients medical condition; v)
inappropriate dose at given metabolism (fast and poor metabolizer;
variability of cytochrome P450 metabolism; vi) impaired drug-clear-
ance vii) impaired intestinal efflux: inhibition of MDRP (P-gp) or
BCRP and viii) drug-drug (e.g. lithium, digitalis) or drug-food interac-
tion.

In the case of acute poisoning, the onset is typically fast at a nor-
mal clearance, symptoms are typical for the given toxin, plasma drug
concentration are usually - but not always - elevated, and duration
of symptoms short. If toxicity at therapeutic doses appears, the onset
is usually subacute to chronic, clearance of the drug often impaired,
symptoms may be atypical or subtle, diagnosis frequently made late
due to normal TDM, and the duration of symptoms and treatment
often prolonged. Typical pharmaceuticals of the latter are e.g. lithium,
phenytoin and digoxin. Timely identification of patients at risk for
preventable adverse drug reactions (ADRs) is of utmost importance
and should particularly include patients with organ failure, advanced
age, chronic illness and under polypharmacy. According to data in
literature, ADRs occur in about 60% of patients with psychiatric med-
ications with lithium, phenytoin, second-generation and antipsy-
chotics.

Conclusion: ADRs are frequent, can be severe, are in many but not
all cases preventable and should particularly be considered in pa-
tients under polypharmacy.

$14-03
Inter-individual ethanol toxicokinetic differences
and effect variations

*A.F.Ferrer Dufol
Clinic University Hospital, Unit of Clinical Toxicology, Saragossa, Spain

The effect of ethanol in the central nervous system is dependent on
ethanol brain concentration dependent, at the same time, on blood
ethanol concentration.

The blood alcohol concentration should be correlated with the
ingested doses, but the clinical practice shows, not only effect differ-
ences but also individual BAC differences between subjects under
similar doses. These differences come, on the one hand, from differ-
ent circumstances related to alcoholic beverages consumption, and
on the other hand, to individual characteristics of metabolic param-
eters and distribution.

We will review the main circumstances affecting the absorption,
distribution, metabolism and elimination rates.

EtOH absorption through the gastric and intestinal mucosa is pro-
duced by a passive diffusion mechanism. Its velocity is determined
by several circumstantial factors such as time of the day, length of
ingestion, type and grade of beverage and quantity and type of food
in the gastrointestinal system. Sex-related differences in the speed
of absorption and gastric metabolism have been postulated but not
fully verified. Lung and skin absorption, although anecdotic, has also
been studied.

Total body water plays a crucial role in ethanol distribution
through variation of its volume of distribution. Main interindividual
variations of distribution are caused by the amount of body fat linked
to sex, age, and obesity.

During 70 years ethanol kinetics has been interpreted with the
zero-order model drawn by Widmark in 1932. This model assumes
the organism as a uniform compartment and a constant rate of clear-

ance of ethanol and doesn’t furnish any explanation for inter-individ-
ual variability. A Michaelis Menten model showed a more accurate
approach at low doses and is incorporated to the Norberg’s Model of
alcohol dynamics limited by its restriction to ethanol intravenous
infusion. A Minimal Model of Ethanol Dynamics has been proposed
to be applied to oral alcohol intake.

The rate of ethanol metabolism depends on genetic and environ-
mental factors determining the efficacy of the metabolizing systems.
Polymorphisms of the ADH/ALDH encoding genes account for ethnic
differences. Induction of CYP2E1, promoting the action of MEOS
metabolic pathway, causes tolerance in heavy drinkers. CYP2E1 poly-
morphisms also seem to be associated with alcoholism due to the
enhancement of the protein inducibility.

In silico models on ethanol kinetics can be useful for understand-
ing these inter and intra-individual kinetics variations, much more
complex than expected.

S$14-04

Lithium-induced toxicity: determinants of inter-individual
variability and decision of extracorporeal toxin removal

in poisoning

*B.Mégarbane

Lariboisiére Hospital, INSERM UMRS1144, Paris-Diderot University,
Department of Medical and Toxicological Critical Care, Paris, France

Lithium (Li) is the cornerstone of bipolar disorder treatment, despite
to its narrow therapeutic index. When considering Li overdose, three
patterns are described depending on the ingested dose, the duration
of exposure and the renal function, i.e. acute, acute-on-chronic and
chronic poisoning characterized by discrepancies between toxicity
features and the plasma Li concentration. In mild poisonings, sig-
nificant neurocognitive and behavioral adverse effects occur, re-
sulting in psychomotor slowing, apraxia, dysarthria and impaired
memory. In life-threatening poisonings, coma, seizures, pyramidal
syndrome and multiorgan failure occur. Neurotoxicity is usually re-
versible but syndromes of irreversible lithium-effectuated neurotox-
icity (SILENT) have been reported. We investigated the reasons for
interindividual variability in Li-induced neurotoxicity using rat mod-
els mimicking human poisoning patterns. Brain lithium distribution
was shown to be rapid, inhomogeneous and with delayed elimina-
tion. Brain lithium accumulation was more marked in acute-on-
chronically than acutely poisoning. Brain lithium distribution was
increased in chronically compared with acute-on-chronically poi-
soning. Differences between patterns regarding Li-induced hypolo-
comotion were better explained by Li exposure duration than by
brain accumulation. Severity of Li-induced encephalopathy, effec-
tively scored using electroencephalography, was dependent on the
poisoning pattern, shown to determine Li accumulation in the brain.
Regarding Li poisoning management and given its pharmacokinetics
(i.e. no protein binding, limited volume of distribution, absence of
metabolism, and exclusive renal elimination), extracorporeal toxin
removal (ECTR) by hemodialysis represents the method of choice for
enhancing Li elimination in addition to optimal supportive care to
rapidly reverse Li-attributed neurotoxicity. However, ECTR indica-
tions and benefits remain controversial. Recently, recommendations
were published by the international EXtracorporeal Treatments In
Poisoning (EXTRIP) workgroup based on a systematic literature re-
view. Variability of ECTR results will also be discussed.
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S$15 | Investigative Toxicology Leaders Forum (ITLF):
Scientific advancements and case studies for the
optimization
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Olson revisited - Translational Analysis of Safety Data
(IMI eTRANSAFE)
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The analysis of concordance of preclinical (in vivo) data with the
later clinical outcome has been a topic of interest since decades not
only to unveil causes of attrition due to insufficient animal predictiv-
ity but also for ethical reasons of animal protection. The seminal
work of Olson (Olson et al. 2000) was a systematic comparison of
preclinical safety data with adverse events observed in clinical stud-
ies for 150 compounds which triggered numerous subsequent works
investigating specific adverse events in more detail with various sta-
tistical methods to assess the concordance. In order to broaden our
understanding of translational safety, accessibility of large preclinical
and clinical data sets remains the main obstacle. Commercial data
sources such as PharmaPendium provide options for big data analy-
ses (Clark, Steger-Hartmann, 2018), but these are limited to approved
drugs, i.e. miss the data on projects which failed during clinical de-
velopment. In addition, the lack of aligned ontologies between the
preclinical and the clinical world (SEND-CDISC vs. MedDra/SnowMed)
impedes automated statistical approaches.

In order the overcome these hurdles the IMI project eTRANSAFE
(http://etransafe.eu/; Enhancing TRANslational SAFEty through inte-
grative knowledge management) has set up an environment for data
sharing of preclinical and clinical safety data. The project which
started in September 2017 comprises 27 organisations, 12 of them
being pharmaceutical companies which join forces to share their
safety data. eTRANSAFE develops a platform for automated data shar-
ing by using previously developed data standards (SEND), which are
connected to terms used in legacy data LIM systems of the pre-SEND
area. The SEND terminologies are aligned by complex ontologies to
clinical terminologies such as MedDRA. The different databases and
ontology components of the project will be integrated into a knowl-
edge hub for automated translational analyses.

$15-02
Application of in vitro pharmacokinetic simulations using
“microformulator” technology for quantified risk assessments

*C.W.Scott
AstraZeneca, Oncology Safety Dept, Waltham, US

Traditional cell-based assays assess concentration-dependent effects
of test compounds use static drug concentrations for the course of
the assay. Although useful for some applications (e.g. structure-ac-
tivity-relationship assessments) the resulting data do not provide
insight on potential for in vivo activity. To improve in vitro-in vivo
translational understanding, a microfluidic device has been engi-
neered to simulate drug PK profiles in microtiter plate-based cell
assays. This “microformulator” creates drug exposure profiles for
24-hr cycles and can be applied for multi-day to multi-week studies,
depending on the biological response being evaluated. PK parameters
can be systematically modified to explore drivers of a pharmaco-
logical/toxicological response and thereby gain insight on optimal
drug PK profile to maximize therapeutic index. Several case studies

will be presented to demonstrate applications and utility. This system
has the potential to minimize animal studies for both efficacy and
safety studies and effectively guide clinical use of candidate drugs.
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Retinal-3D: Development of 3D eye models for early assessment
of retinal toxicity. A CRACK-IT Challenge

*P.Hewitt!, M. W.Schmitt!, M. Uteng?3, S. Kustermann?, F.Pognan3,
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The development of drugs for eye disorders is a growing field with
the market for therapies targeting retinal disorders expected to grow
to $14.8 billion by 2022. Currently, there are no adequate in vitro
models that recapitulate the complex structure of the mature human
retina, therefore, the majority of efficacy and safety testing in rela-
tion to the eye during drug development is performed in animals
(rodents and rabbits). This is due to the retina’s complex structure,
which consists mainly of glia-cells, neuron and the pigmented epi-
thelium (RPE). It is therefore essential for drug development in gen-
eral, and specifically for the evolving field of new drugs in ophthal-
mology, to have a human relevant retinal cell model to support
compound testing in vitro prior to animal studies.

This “Challenge” is currently being addressed via a CRACK-IT
(NC3Rs funded) project, led by NewCells Biotech Ltd. Human induc-
ible pluripotent stem cells (hiPSC) are being used to create 3D retinal
organoids that more closely recapitulate the structure and function
of the human retina, and which can be used for large scale disease
modelling, toxicology and pharmacology screening. 3D laminated
human retinae have been shown to contain all of the major cell types
and to form functional synapses. For example, initial characterization
has shown electrophysiological functionality, including response to light.

These retinal organoids can be maintained for an extended time
in culture, with a high degree of functionality, and are therefore com-
patible for future toxicity screening. However, the data show that a
significant variability between different iPSC lines in the ability to
generate retinal organoids exists, especially in relation to the ability
to generate RPE. Organoids have been created from iPSC lines of oph-
thalmological diseased patients and can be potentially used for dis-
ease modelling. Preliminary toxicity studies accurately categorized
two compounds known to be toxic to the human retina (Moxifloxacin
and Chloroquine).

However, there are many hurdles to adress; including i) extended
differentiation protocols (150-200 days); ii) line and clonal variabil-
ity; iii) maturity of retina; iv) improved electrophysiological function;
v) inclusion of microglia; vi) recapitulation of pharmacological and
toxicological effects; vii) cryopreservation that will allow for multi
lab ring trials viii) generation of organoids from other safety relevant
species (i.e., pig, monkey and rat). Mayny of these aspects are now
being addressed, and will be presenetd.

This paper provides an overview covering the key highlights and
accomplishments so far of this CRACK-IT challenge, with the even-
tual goal of replacing/reducing the use of animals in drug discovery.
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Development of in vitro systems for characterizing ADC toxicity

*T.R.Van Vleet

AbbVie, Preclinical Safety, Investigative Toxicology and Pathology,
North Chicago, US

Antibody-drug conjugates (ADCs) are a novel anticancer chemother-
apeutic platform designed to increase the therapeutic index of chemo-
therapeutics with more selective delivery of highly cytotoxic agents
to cancer cells. However, non-specific uptake-mediated toxicity of
ADCs in normal cells has been reported in multiple preclinical and
clinical studies. Even though the mechanism(s) for non-specific up-
take are not completely understood, the role of non-specific uptake
related receptors such as Fc receptors and Mannose receptors are
commonly implicated for toxicity of ADCs to normal cells. The ex-
pression levels of these candidate non-specific uptake-related recep-
tors are also not well characterized in in-vitro cell models. Hence, in
this study we evaluated the differential expression of Fc receptors
(FcgRlI, FcgRII, FcgRlIlla, FcgRIllb) and mannose receptors (MRC 1 and
MRC 2) in multiple human in vitro cell models such as endothelial
cells (liver sinusoidal and kidney glomerular) cells, Kupffer cells, and
hematopoietic cell lineages (Myeloid, Erythroid and Megakaryocytic)
differentiating from CD34+ hematopoietic stem/progenitor cells. The
results of RT-PCR analysis revealed a wide variation in the level of
expression depending on the cell type as well as lineage and differ-
entiation stage (hematopoietic cells). In addition, the constitutive rate
of non-specific fluid phase endocytosis was characterized for each in
vitro model as well. This study demonstrates differential expression
of major receptors and dramatic differences in fluid phase endocy-
tosis in these in vitro models of common ADC target tissues, which
are useful in understanding and predicting toxicity associated with
non-specific uptake of ADCs.

$16 | Chemical risk assessment using human in vitro,
ex vivo, in silico and biomonitoring data

$16-01
Chemical risk assessment: How well do in vitro and
in silico data predict the in vivo situation?

*I.Shah

US Environmental Protection Agency, National Center
for Computational Toxicology, RTP, US

Modern high-throughput screening technologies (HTS) (Houck et al.,
2013) are enabling the use of use of new approach methodologies
(NAMs) that can provide information about chemical hazard and risk
assessment without using whole animals (ICCVAM, 2018). Gaining
broader acceptance of NAMs in risk assessment will require com-
parisons between the point of departure (POD) from HTS and from
traditional animal testing studies (Kavlock et al., 2018; Thomas et al.,
2019). High-content imaging (HCI), a type of HTS technology, is wide-
ly used to evaluate drug safety (O’Brien et al., 2006) and to screen
chemicals for toxicity (O’Brien and Edvardsson, 2017). “Sublethal”
cellular alterations identified by HCI such as, mitochondrial activity,
lysosomal mass, oxidative stress and apoptosis, can be important for
translating in vitro effects to in vivo safety (O’Brien, 2014).

Here we describe a case study in which HCI was used to estimate
in vitro potency values in rat hepatocytes and that were quantita-
tively extrapolated to in vivo oral administered equivalent doses (AEDs)
using high-throughput toxicokinetic (HTTK modeling (Pearce et al.,
2017). The AEDs were then compared with in vivo rat liver POD values

from repeat-dose subchronic (90d) and chronic (3y) exposures. We
first selected 51 chemicals from ToxRefDB v2.0 that produced he-
patic effects following repeat-dose subchronic (90d) and chronic (3y)
exposures. Second, we treated rat primary hepatocytes with 10 con-
centrations (0.2 to 100uM) of these chemicals. Third, we used high-
content imaging (HCI) to measure endoplasmic reticulum stress,
mitochondrial function, lysosomal mass, steatosis, apoptosis, DNA
texture, nuclear size and cell number at three time points (24, 48 and
72 h). Fourth, we used the HCI data to estimate AC50 values for all in
vitro endpoints and time points using curve-fitting (Filer et al., 2016).
Finally, we extrapolated the AC50 values to administered equivalent
doses (AED) by toxicokinetic modeling with multiple dose metrics
and compared them with hepatic lowest observed adverse effect lev-
els (LOAELSs).

On average, AEDs derived from HCI in rat primary hepatocytes
were 7 folds lower than rat liver chronic and subchronic LOAELs.
While the ratio between the LOAEL and AED values varied by the HCI
endpoint, in vitro exposure duration and choice of dose metric in
toxicokinetic modeling, 60% were within 10 folds. In contrast, AED
based on diverse in vitro assays from ToxCast were 58 folds lower
than LOAELs. Our findings demonstrate the feasibility of NAMs using
HTS and HTTK for screening level assessments and provide a system-
atic appraisal of the impact different in vitro factors have on the pre-
dicted margin of safety. We believe that more sophisticated compu-
tational approaches will further improve the performance of NAMs
for predicting health effects.

This abstract does not reflect US EPA policy.
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PBK modeling for chemical risk assessment:

in vitro biomarkers for developmental toxicity and
their extrapolation to the in vivo situation

*

I.M.C.M.Rietjens

Wageningen University, Division of Toxicology, Wageningen,
Netherlands

Use of in vitro assays in alternative testing strategies for risk assess-
ment requires quantitative in vitro to in vivo extrapolation (QIVIVE),
translating the in vitro data to the in vivo situation so that points of
departure can be defined. This translation of in vitro concentration-
response data to in vivo dose-response curves can be achieved by
physiologically based kinetic (PBK) modeling-based reverse-dosime-
try. The aim of our work is to provide proofs-of-principle that this in
vitro-in silico QIVIVE approach can provide points of departure suit-
able for risk assessment. Results obtained reveal that in vitro data for
developmental toxicity, obtained in the ES-D3 differentiation assay
of the embryonic stem cells test (EST), can be converted to BMDL
(benchmark dose lower confidence limit) values that match points of
departure derived from available in vivo studies on developmental
toxicity. Examples will be provided for different classes of com-
pounds including glycol ethers [1], phenol and substituted analogues
[2,3] and all-trans retinoic acid [4]. The method also adequately pre-
dicted kidney toxicity of aristolochic acid I [5], acute liver toxicity of
pyrrolizidine alkaloids [6,7], and estrogenicity of estradiol, bisphenol
A and genistein [8,9]. A prerequisite for making adequate predictions
for the in vivo situation is that the in vitro model selected captures
the mode of action of the compound studied. This will be illustrated
by results obtained for diethylstibestrol (DES). It is concluded that
PBK modeling based quantitative translation of in vitro data to the in
vivo situation facilitates use of in vitro data in risk assessment and is
essential to avoid that chemical safety evaluation becomes hazard-
instead of risk-based.

References

[1] Louisse, J., et al.Toxicol Sci (2010) 118: 470-484

[2] Strikwold, M., et al. Arch Toxicol (2017) 91: 2119-2133

[3] Strikwold, M., et al. Arch Toxicol (2013) 87: 1709-1723

[4] Louisse, J., et al. Arch Toxicol (2015) 89: 1135-1148

[5] Abdullah, R., et al. Fd Chem Toxicol (2016) 92:104-116

[6] Chen, L., et al. Fd Chem Toxicol (2018) 116: 216-226

[7] Ning, ]., et al. Arch Toxicol (2019) in press

[8] Zhang, M.Y., et al. Arch Toxicol (2018) 92: 1075-1088

[9] Boonpawa, R., et al. Br ] Pharmacol (2017) 174: 2739-2757

$16-03
Quantitative in vitro to in vivo extrapolation (IVIVE) predict
adverse male reproductive health disorders caused by pesticides
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1 Technical University of Denmark, National Food Institute,
Kgs.Lyngby, Denmark;
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There are currently around 350 pesticides that are approved in the
EU, many of which we lack knowledge concerning sensitive endo-
crine effects related to male reproduction. Thus, there is an urgent
need to develop new testing strategies that can predict in vivo expo-
sure levels that could result in adverse effects on male reproductive
health.

The development of the male reproductive system strongly de-
pends on androgens produced by the fetal testes. Compounds capable

of interfering with the synthesis of androgens or by antagonizing the
androgen receptor is therefore of great concern for the developing
male fetus.

Our strategy combines androgen-related activity of pesticides on
human cells with physiologically-based kinetic (PBK) modeling. In
vitro effect data on AR antagonism and androgen synthesis alert us
to compounds with a potential in vivo activity by identifying their
critical internal exposure, while the kinetic models simulate the ma-
ternal doses necessary to reach these critical levels in the fetus (re-
verse dosimetry). Using selected pesticides and male anogenital
distance as an effect biomarker, we show, as proof-of-principle, that
our IVIVE method can translate in vitro toxicity results to adverse in
vivo exposures. From a pool of eleven analysed pesticides, six com-
pounds - fludioxonil, cyprodinil, dimethomorph, procymidone, vin-
clozolin and linuron - were selected for an assessment of their in vivo
kinetics and effects. Simulated exposure levels in fetal rats were
within a factor of 3 from measured concentrations, and all com-
pounds induced shorter male AGD in vivo at dose ranges as predicted
by IVIVE.

In conclusion, we have obtained evidence that our IVIVE approach
is viable and has huge potential as an efficient and economical in
vitro safety testing method of pesticide-induced male reproductive
disorders in animal and humans. Notably, the tool may have the po-
tential in the long term to reduce unnecessary animal testing in risk
assessment of chemically-induced male reproductive disorders.

$16-04
Human biomonitoring and complex serum mixture effects
as biomarkers of impact on fetal growth
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1 Aarhus University, Department of Public Health, Centre for
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2 Greenland University, Center for Greenland Health Research,
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3 Aarhus University, Aarhus, Denmark

Background: Studies have linked exposure to environmental per-
sistent organic pollutants (POPs) with disturbance of foetal growth,
child development, immune function and reproductive abilities.

Objectives: To investigate i. the associations between serum POP
levels of pregnant women and their infant’s birth weight, length,
head circumference and gestational age at birth; ii. Elucidate the as-
sociation between the combined xenoestrogenic activity of Per-
fluoroalkylated substances (PFASs) in pregnant women’s serum and
as indices on fetal growth effects on birth weight, length, and head
circumference.

Methods: Pregnant Greenlandic (n=509) and Danish women
(n=702) were enrolled during pregnancy and serum levels of the li-
pophilic POPs (Organochlorine pesticides, Polychlorinated biphenyls
and Polybrominated diphenyl ethers), the amphiphilic POPs, the
PFASs, were measured. The actual mixture of Perfluoroalkyl acids
(PFAAs) from the serum of Danish pregnant women (gestational week
11-13) was obtained by solid phase extraction, HPLC, and weak anion
exchange. The PFAA induced xenoestrogenic receptor transactivation
(XER) was determined using the stable transfected MVLN cell line.
The associations between maternal serum levels of POPs and birth
weight, length, head circumference and gestational age were ana-
lysed using multivariable linear regression analysis.

Results: For the Greenlandic pregnant women we found signifi-
cant inverse associations between Perfluorooctanoic Acid (PFOA) and
birth weight (-119g/ng/ml), birth length (-0.37cm/ng/ml, borderline
significant) and head circumference (-0.36cm /ng/ml) and a positive
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association with gestational age (0.45 week/ng/ml). For the lipophilic
POPs we observed an overall trend of inverse associations to foetal
growth indices.

For the Danish pregnant women the association between foetal
growth indices with exposure to single POPs was less clear. In con-
trast, we found a significant inverse association between the com-
bined serum xenoestrogenic (XER) activity of PFAAs and foetal out-
comes: An interquartile range increase of XER was associated with
48 g lower birth weight and 0.3 cm shorter birth length.

Conclusion: In Greenlandic women PFOA had a significant in-
versely association with foetal growth indices, whereas gestational
age was positively associated. In Danish pregnant women, higher
combined serum PFAA-induced xeno-estrogenic activities were sig-
nificantly associated with lower birth weight and length in the off-
spring. Our results indicate that PFOA and PFAA mixtures can affect
fetal growth suggested through disruption of the ER function. In
overall, the data indicate that POPs have a negative effect on foetal
growth.

$17 | Experimental comprehensive toxicological
studies simulating real-life exposures:
Long-term combined exposures on multi endpoints

$17-01

Experimental designs and protocols for long-term

combined exposure studies from methodology to application:
problems and solutions

*A.0.Docea

University of Medicine and Pharmacy of Craiova, Department
of Toxicology, Craiova, Romania

The real life exposure to chemical mixtures at low doses by food
chain, water, consumer products and environmental media is the
main gap of standard toxicological tests used by the regulatory agen-
cies to set the safe levels of exposure. The different types of interac-
tions between two or more chemicals that can lead to risks or even
new hazard attracted the attention of the international regulatory
authorities that realized the need for a cumulative risk assessment.
New methodologies have been proposed by regulatory authorities
for testing commercial mixtures. These studies usually adopt dosage
schemes that are too high for real life risk simulation and used as
endpoints only a specific type of toxicity. These types of approaches
can miss the real life scenario because the use of high doses can not
answer to the question if the consumers are protected by regulatory
limits and can not predict non-linear dose response/hormetic effects.
The use of limited endpoints only for specific types of toxicity can
not identify the new hazards that can appear during mixture expo-
sure. The new experimental methodology [1,2] proposed try to pro-
vide answer to all these questions and problems by evaluating the
long term toxicity of non-commercial chemical mixtures at very-low
and low doses and with the investigation of several key endpoints
and systemic mechanistic pathways. This methodology can not re-
solve all the problems as it is not feasible to test every conceivable
combination of agents, but if the hypothesis of an increased cumula-
tive risk or even a different hazard identification is proven at doses
around regulatory limits, then a new step that support the effort to
pass to the era of cumulative risk assessment at low doses is done.
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A mixture of routinely encountered xenobiotics induces both
redox adaptations and perturbations in blood and tissues of rats
after an 18-month exposure regimen: the dose and time issue

*D.D.Kouretas

University of Thessaly, Biochemistry and Biotechnology,
Larissa, Greece

Exposure of humans to mixtures of xenobiotics is a continuous situ-
ation during their everyday routine. However, the majority of the
studies in the field of toxicology assess the in vivo effects of indi-
vidual substances rather than mixtures. Therefore, the main objec-
tive of the present study, which is part of a greater experiment, was
to evaluate the impact of the 18-month administration in rats of a
mixture containing 13 pesticides, food preservatives and food pack-
aging materials in three dosage levels (i.e. low, medium and high),
which are well below the NOAEL (no-observed-adverse-effect level),
on blood and tissue redox biomarkers. The ultimate goal was to eval-
uate the potential hazards of long-term low-dose exposure to chem-
icals and to contribute to the adoption of the rationale of the cumula-
tive risk assessment rather than the individual-substance toxicity
doctrine. Our results indicate that the mixture induces protective
adaptations by enhancing the antioxidant mechanism due to mild
and continuous exposure to reactive species mainly in low and me-
dium dose levels. On the contrary, exposure to high dose level in-
duces perturbations in the redox profile of the majority of tissues.
This study simulates the real life exposure to mixtures of xenobiotics
through a long-term low-dose administration regimen. The results
obtained could, at least in part, provide persuasive explanations with
respect to the controversial findings of toxicological approaches that
promote the administration of individual chemicals and not mixtures.
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Comparative evaluation and challenges in translating
endpoints from experimental studies to human epidemiological
observations

*A.F.Hernandez

University of Granada, Department of Legal Medicine and Toxicology,
Granada, Spain

Regulatory experimental studies are usually performed according to
OECD test guidelines (TG) and following good laboratory practice
(GLP) principles, so that they are usually attributed higher reliability
than other studies; however, this does not necessarily entail a lower
risk of bias for these studies. Peer-reviewed scientific studies, al-
though do not adhere to OECD TG or to GLP, also constitute an impor-
tant part of the database used for risk assessment of chemicals. Ex-
perimental studies, however, require extrapolation from animals to
humans, from high to low doses, and from single to multiple chemi-
cal exposures. Translation of animal data to human is challenging and
can be affected by factors such as biological differences between
species, internal validity, differences in study design between animal
and epidemiological studies, insufficient reporting and publication
bias. When results cannot be reproduced under similar conditions,
they cannot be translated to humans. Novel technologies can add
insight to data obtained from in vivo studies for predictive toxicity
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assessment; this is the case of new in vitro approaches, omics-related
tools, organs-on-a-chip and 3D cell culture, in silico methods, etc.
which collectively improve the understanding of adverse outcome
pathways (AOP). Validated and harmonized methods are needed to
integrate the multiple lines of evidence relevant to chemical toxicity
assessment. These should be generated from model systems repre-
senting different levels of biological organization, i.e. molecular, cel-
lular, organ or individual responses. Taken together, data from these
studies can be used to develop plausible hypotheses for a mode of
action leading to a particular adverse outcome. The translational
value of animal research can be improved using refined study de-
signs, appropriate sample size, ethically acceptable protocols, and
proper human endpoints in animal experimentation. Systematic re-
view and meta-analyses can identify and counter the risk of bias and
discrepancy from individual animal studies. On the other hand, epi-
demiological studies address the changes observed in heterogeneous
target populations from complex exposures and identify links with
specific human health outcomes difficult to detect in animal models.
Although these studies can be confounded by a variety of factors,
systematic reviews and/or meta-analysis of individual studies pro-
vide complementary data to analyze risks and should be contextual-
ized together with well-designed toxicological in vivo studies and
mechanistic studies. When both animal and human studies are avail-
able for a given outcome/endpoint, they should be assessed for reli-
ability and strength of evidence prior to the weighting of the various
sources of evidence. Such integration accounts for relevance, consis-
tency and biological plausibility.
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The concept of RLRS for toxicology safety evaluations
in our modern world

*A.Tsatsakis
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While in our modern life we are all exposed simultaneously or se-
quentially to large numbers of chemicals from various sources, the
chronic toxicity evaluations are still performed for single chemicals,
using animal models, in order to derive reference doses and regula-
tory limits of presumed “safety”. Epidemiological and biomonitoring
studies showed that these single-chemicals’ evaluations are not al-
ways relevant for real-life exposure scenarios where concurrent ex-
posure to other chemicals usually takes place, at doses around or well
below the regulatory limits. Two or more chemicals might exert a
combined action leading to new hazards possibly unidentified when
testing single compounds and/or increased toxicity as a result of ad-
ditive, synergistic or potentiation effects. The US-EPA published
Guidelines for the Health Risk Assessment of Chemical Mixtures in
1986 and was followed later by efforts of The Agency for Toxic Sub-
stances and Disease Registry, OECD, European Commission, EFSA and
CLP Regulation (Regulation 1272/2008/EC, 2015) that gives the op-
portunity to Industry to perform animal testing in commercial mix-
tures as a last resort to prove a toxicological hazard. Advances in
toxicological evaluation of chemical mixtures have raised deep con-
cerns on how mixtures affect environment and human health, espe-
cially regarding low-level, long-term exposure to which humans are
routinely encountered. Leading experts in the field of toxicology and
related areas have developed several methodologies to study long-
term toxicity of further than commercial chemical mixtures, with
the aim of investigating simultaneously target organ toxicity, geno-
toxicity, endocrine disruption endpoints, and systemic mechanistic
pathways like oxidative stress — the concept of Real Life Risks Simu-
lations (RLRS). The results of these assays, along with those of modern
omics technologies, can lead to evaluate long-term health effects of

chemical mixtures. Validated and harmonized methods are needed
to integrate the multiple streams of evidence relevant to mixture
toxicity assessment, to predict the toxicity of mixtures consisting of
chemicals of already known toxicity, and to elucidate mechanisms of
possible interactions between the chemicals in the mixture.

S$18 | Biomarkers in predictive toxicology
and risk assessment

$18-01
The exposome in practice

*0.Robinson, P.Vineis
Imperial College London, School of Public Health, London, UK

The exposome is defined as a potential measure of the effects of life
course exposures on health. It comprises the totality of exposures to
which anindividual is subjected from conception to death, including
those resulting from environmental agents, socioeconomic condi-
tions, lifestyle, diet, and endogenous processes. Characterization of
the exposome could permit addressing possible associations with
health outcomes and their significance, if any, alone or in combina-
tion with genetic factors. Exposomics work is in the context of the
needs of 215t century hazard identification and risk assessment (para-
digm of “pathway perturbation”, e.g. US National Academy of Sciences
volume, 2017). We have identified seven areas where Exposome re-
search can be helpful, with reference to air pollution and water con-
tamination and with emphasis on omics: causal assessment (“meet-
in-the-middle”); mixtures; dose-response; cross-omics; calibration
of health effects; longitudinal models; data integration. Exposome
research shows that the investigation of omics and molecular path-
ways (e.g. metabolomics, methylome, proteomics) can identify early
signs of damage from environmental agents and be used for predic-
tion. In principle pathways are complex and “perturbation of a path-
way” can be used to infer that there is a hazard and also to estimate
risk.
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The potential of microfluidic systems in the identification
of new biomarkers: highlight on a perfused proximal
tubule model
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2 FHNW, Institute for Chemistry and Bioanalytics, Muttenz,
Switzerland

Biomarkers have immense potential to benefit healthcare and are
destined to play a major role in the future of personalized medicine.
However, commonly used methods for biomarkers identification,
such as 2D culture, are poor predictors and hindered biomarkers dis-
covery. By employing high-resolution, real-time imaging and non-
invasive analysis of biochemical and metabolic activities of living
cells in an organ context, Mimetas microfluidics (OrganoPlate®[1])
has a great potential to overcome development challenges and to
advance biomarkers identification, such as in the assessment of ne-
phrotoxicity [2].

Human RPTEC (SA7K clone, Sigma) and ciPTEC-OAT1 were grown
against a collagen 1 ECM in a 3-channel OrganoPlate®, which allowed
the culture and assessment of 40 independent kidney tubules [3].
Drug-induced toxicity was assessed by exposing kidney tubules to 4
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known nephrotoxicants from 24h to 48h and evaluated by measuring
miRNA-levels as putative biomarkers in the medium. Parallel to this,
cell viability with a WST-8 assay and the presence of LDH in the su-
pernatant were assessed [4].

Upon perfusion flow, kidney cell lines formed leak-tight confluent
tubular structures in the OrganoPlate®. The exposure to different
treatments revealed a significant decrease in cell viability and a dose-
dependent release of miRNA in the media which may be good indica-
tors of compound-induced cell death of proximal tubular cells.

These data show the potential of the OrganoPlate® for high-
throughput screening and for analyzing metabolites and other secre-
tory products (e.g. by PCR, ELISA, mass spectrometry), which may aid
in the identification and development of novel biomarkers for toxic-
ity, efficacy and diseased processes.
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Lessons learnt from ‘omics’ technologies in vivo in the last
decades

*H.C.Ellinger-Ziegelbauer

Bayer AG, Investigational Toxicology, Wuppertal, Germany

The application of “omics” in toxicology started with transcriptomics
in 1999, when Spencer Farr suggested that all toxicological relevant
effects are accompanied by gene expression changes, and that simi-
lar toxicological mechanisms cause comparable expression changes.
This raised great hopes that toxicological outcomes might even be
predictable from shorter term studies. Experience over the last 30
years has brought the omics field back to reality, with mostly mech-
anistic applications in the context of phenotypic anchoring. Still,
several gene expression databases for compound classes causing cer-
tain toxicities in rodents were developed and recently became public.
With renewed efforts these now allow evaluation of signatures which
may enable classification of carcinogenic potential at least for rodent
hepatocarcinogens incl. assessment of human relevance. Further-
more benchmark dose modeling for transcriptomics data deliver
mechanistically anchored short term in vivo study data for a first
assessment of toxic levels for environmental chemicals associated
with very few data. In addition, other omics data, including metabo-
lomics and epigenomics, are being included into toxicity studies; the
latter may especially be relevant for compounds affecting epigenom-
ic regulators. This presentation will give an overview on lessons
learned by 3 decades of ‘omics’ use, with case study examples high-
lighting specific applications.

S18-04

Use of biomarkers in the assessment of risk from
environmental contamination by perfluorinated compounds:
strengths and weaknesses

*T.Fletcher
Public Health England, Centre for Radiation, Chemical and

Environmental Hazards, Chemicals and Environmental Effects
Department, Chilton, Didcot, UK

Recent provisional guidelines from EFSA for PFOA, have used bench-
mark dose modelling of epidemiological data to derive biomarker
guideline values. Endpoints judged to be caused by PFOA have
included reduced birthweight, increased ALT and increased choles-

terol. Cholesterol associations have been shown in numerous cross-
sectional studies, however concern has been raised that this may be
due all or in part, to confounding, with doubts also related to the lack
of consistency with animal data with some results suggesting that
high dose PFOA can reduce cholesterol in rodents.

Cross sectional studies of the association between PFOA and cho-
lesterol are potentially vulnerable to confounding if the excretion or
metabolism of cholesterol is correlated with excretion rates for PFOA,
both pathways thus affecting measured serum concentrations of
both pollutant and cholesterol. This may be plausibly mediated via
renal or fecal excretion pathways. In the C8 study in West Virginia
and Ohio, the largest population dataset of a community with PFOA
pollution, the evidence of confounding and causality can be ad-
dressed directly. There were three different designs, in addition cross
sectional analyses, with evidence of dose response relationships,
which canillustrate the role of epidemiology based on biomarkers in
helping to assess risk from PFAS.

In a longitudinal study of over 30,000 adults, higher PFOA expo-
sure was associated with increased risk of hypercholesterolemia. In
anested longitudinal study of 560 adults, degree of fall in serum PFOA
was association with degree of fall in cholesterol. In an ecological
study of over 40,000 adults, higher degree of PFOA contamination
was associated with raised cholesterol. These three designs are not
vulnerable to confounding by, for example correlated fecal elimina-
tion of PFAS and cholesterol, yet they all showed significant associa-
tions pointing to there being a causal association between PFOA and
cholesterol. There is likely some confounding in cross sectional data,
and more work is needed to determine the causal proportion.

$19 | Endocrine disruption:
identification of root causes
Supported by ECETOC

$19-01
ED identification in the EU and the use of weight of evidence

*P.Botham!, ].Doe?

1 Syngenta, Bracknell, UK;
2 Parker Doe Partnership, Congleton, UK

Mode of action investigations have previously been used to predict
or explain findings. Methodology, such as the WHO IPCS human rel-
evance frame work, has been developed to enable systematic and
transparent evaluation of evidence for modes of action.

This is first time that a mode of action rather than an end point
has been used as the criterion for classification and this has brought
challenges to the development of guidance on ED identification.
In the legislation, a substance shall be considered as having ED prop-
erties if it meets all of the following criteria:

1.) it shows an adverse effect
2.) it has an endocrine mode of action
3.) the adverse effect is a consequence of the endocrine

mode of action
ECETOC has developed a logical stepwise approach to evaluating the
criteria which is based on using existing methodology for assessing
data quality, weight of evidence and mode of action.

EU guidance has redefined criteria b) and c) as:

1.) it shows endocrine activity

2.) there is a biologically plausible link between the adverse effect
and the endocrine activity

The redefined criteria raise issues:

- Are they actually equivalent to the legal criteria?
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- How do they affect the logical flow of the evaluation?

- How do they shift the burden of proof?

- What are the implications for adequacy of data for registered
products?

These questions will be explored.

$19-02
Dose-response relationship of single and combined
exposure to ED chemicals in vitro & in vivo

*S.Schneider, B.van Ravenzwaay

BASF SE, Experimental Toxicology and Ecology, Ludwigshafen,
Germany

Well described yeast-based androgen or estrogen receptor transac-
tivation assays (YAS, YES) were used to assess the combinatorial ef-
fects of binary mixtures of antiandrogenic (Vinclozolin and Fluta-
mide) or estrogenic (Bisphenol A, Genistein, Trenbolone) compounds;
all mediating effects via the androgen or estrogen receptor. Receptor
mediated responses for combined exposure demonstrated an inter-
action (additive effects) at the low part of the dose response relation-
ship. In absence of effects for the individual compounds, combination
of these compounds did also not result in a measurable effect. At the
higher end of the dose-response curve there is a reduced response
(lower than additive effects), reflecting receptor saturation. In vivo
investigations examined whether combined exposure to three an-
tiandrogens (Flutamide, Prochloraz, Vinclozolin) result in interfer-
ence with endocrine homeostasis when applied at very low dose
levels, and whether the results of combined exposure are more pro-
nounced than to the individual compounds. A pre-postnatal study
design was applied with more parameters than regulatory testing
protocols require (additional endpoints addressing hormone levels,
morphology and histopathological examinations). Dose levels repre-
sented the lowest observed adverse effect level (LOAEL), the no ob-
served adverse effect level (NOAEL), and the acceptable daily intake
(ADI) for each individual substance. Anti-androgenic changes were
observable at the effect level (LOAEL) but not at lower exposures.
Nipple/areola counts appeared to be a sensitive marker of effect, in
addition to male sex organ weights at puberty and gross findings.
There is neither evidence for effects at low/very low doses, nor for
(adverse) effects at the NOAEL dose. A non-monotonic dose-response
relationship was not evident. Combined exposure at LOAEL produced
enhanced responses for anogenital index, number of areolas/nipples,
delayed preputial separation and reduced ventral prostate weight in
comparison to the individual compounds. Overall conclusion: dose
addition is a conservative estimate for combined exposure.

$19-03
Application of the EU criteria and guidance to identify
endocrine disruptors: scientific perspectives

*H.McGarry
Health & Safety Executive, Chemicals Regulation Division, Liverpool, UK

The EU Regulations concerning plant protection products (pesticides)
and biocidal products (biocides) incorporate hazard-based exclusion
criteria: active substances deemed to possess certain hazards cannot,
generally, be approved for use in the EU. Regulation 1107/2009 for
pesticides states that an active substance shall only be approved if it
is not considered to have endocrine disrupting (ED) properties that
may cause adverse effect in humans or non-target organisms; whilst
Regulation 283/2013 for biocides states that active substances shall
not be approved if they have ED properties that may cause adverse
effects in humans or that are identified in accordance with REACH as

having ED properties. Under the regulations that dictate information
requirements, if there is evidence that an active substance might have
ED properties, additional information or specific studies shall be re-
quired to elucidate the mode/mechanism of action; and/or to provide
sufficient evidence for relevant adverse effects.

The EU scientific criteria for the determination of endocrine dis-
rupting properties of pesticides and biocides have been in use for
several months now, as has their associated guidance document. In
this time, the UK competent authority for biocides and pesticides has
gained experience of their application to several active substances
from both regulatory regimes. These encompass substances where
we concluded that the criteria had not been met (no ED-related ad-
verse effects in apical studies), where we concluded the criteria had
been met (endocrine activity in vitro and in vivo with biologically-
plausible link to adverse effects on endocrine organs and reproduc-
tion in intact experimental animals, of potential relevance to hu-
mans), and where we sought expert consultation to achieve
consensus (mode of action of adverse effects, and their impact on
function of the organ, not clear).

The starting point of the criteria and the additional information
requirements is that there should be evidence of ED properties. Ex-
perience so far indicates that problems arise when the dataset isn’t
deemed to be comprehensive enough, even if higher-tier animal stud-
ies are available. For example, experts have recently agreed that pes-
ticides with st