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Communities -> Collaboration -> Innovation

OpenTox Purpose – from the Articles of Association

The purpose of OpenTox is to promote the
community-based exchange and use of
open knowledge, methods, tools,
reference resources, data and standards in
the scientific activities of predictive
toxicology, safety assessment and risk
management, including the “3Rs” goal of
the Reduction, Refinement and
Replacement of Animal Testing.
www.opentox.net/the-opentox-association

OpenTox Working Groups

Working Groups
a. Application Programming Interfaces
(APIs), Christoph Helma (in silico
toxicology)
b. Data, Metadata and Ontology Standards,
Thomas Exner (Douglas Connect GmbH)
c. Adverse Outcome Pathway (AOP)
development, Stephen Edwards (US EPA)
& Clemens Wittwehr (EC JRC)
d. Deployment, Tim Dudgeon (Informatics
Matters)
Further information under www.opentox.net and www.opentox.org (content
currently being reviewed, updated and merged)

OpenTox and AOPs

www.opentox.net/events/opentox-euro-2015/wg/mapping-data-resources-aops

OpenTox and AOPs

www.opentox.net/events/opentox-euro-2015/wg/mapping-data-resources-aops

Key Events and AOPs

www.opentox.net/events/opentox-euro-2015/wg/mapping-data-resources-aops

OpenTox and AOPs

www.opentox.net/events/opentox-euro-2015/wg/mapping-data-resources-aops

OpenTox and Open Components and Standards
<-New API addition from ToxBank
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The OpenTox Framework (reported 2010)
Collaborative development of predictive toxicology applications
Journal of Cheminformatics 2010, 2:7 doi:10.1186/1758-2946-2-7
Barry Hardy, Nicki Douglas, Christoph Helma, Micha Rautenberg,
Nina Jeliazkova, Vedrin Jeliazkov, Ivelina Nikolova, Romualdo Benigni,
OlgaTcheremenskaia, Stefan Kramer, Tobias Girschick, Fabian Buchwald,
Joerg Wicker, Andreas Karwath, Martin Gutlein, Andreas Maunz,
Haralambos Sarimveis, Georgia Melagraki, Antreas Afantitis, Pantelis Sopasakis, David
Gallagher, Vladimir Poroikov, Dmitry Filimonov, Alexey Zakharov,
Alexey Lagunin, Tatyana Gloriozova, Sergey Novikov, Natalia Skvortsova, Dmitry
Druzhilovsky, Sunil Chawla, Indira Ghosh, Surajit Ray, Hitesh Patel and Sylvia Escher
Open Access publication available at
www.jcheminf.com/content/2/1/7

The Building Blocks of SEURAT-1

~ 70 research groups from European Universities, Public
Research Institutes and Companies
(more than 30% SMEs)
www.seurat-1.eu
This project is jointly funded by Cosmetics Europe and the EC. Any opinions expressed in this slide are those of the
author. Cosmetics Europe is not liable for any use that may be made of the information contained therein.

DETECTIVE
Identification of biomarkers for
prediction of toxicity in humans
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Biomarkers and functional assays

Coordinator:
Jürgen Hescheler
Klinikum der
Universität Köln,
Germany
website:
www.detect-iv-e.eu

NOTOX
Development of systems biological
tools for organotypic human cell
cultures
Coordinator:
Elmar Heinzle
Universität des
Saarlandes,
Germany

Bioreactor

website:
www. notox-sb.eu

Thinking in systems

Use of ISAcreator to prepare ToxBank datasets
Investigation information

SEURAT-1 information
Publications

Templates for different assays

Each step linked to a
SEURAT-1 protocol

Specify experimental factors

Materials and results,
with links to files
containing the raw or
processed data

Terms mapped to
ontologies

Request access at: www.toxbank.net/enquiries

TGG Gates reference data in ToxBank

Ontology Analyses Provide Biological Context
to Toxicogenomics Data
Gene Ontology (GO) is
a controlled vocabulary
to describe gene products:
•

Biological Processes = broad
biological goal or objective
e.g., mitosis

•

Cellular Components =
location or complex e.g.,
nucleus

•

Molecular Functions =
elemental activity/ task e.g.,
ATPase activity

www.geneontology.org

Tools to analyze data:
• bioinfo.vanderbilt.edu/webge
stalt/
• david.abcc.ncifcrf.gov
• http://www.ra.cs.unituebingen.de/software/InCro
MAP/
The Gene Ontology Consortium. Gene ontology: tool for the
unification of biology. Nat. Genet. May 2000;25(1):25-9.

Public Data
Analysis

Clustering by
Gene Ontology
associations
from CTD*

Phospholipid Binding

Oxidative Agent
Molecular function

Binding
19 genes
adjP=6.61e-01

Nucleoside binding
3 genes
adjP=6.75e-01

Catalytic activity
9 genes
adjP=6.75e-01

Nucleotide
binding

Electron carrier
activity
3 genes
adjP=1.75e-02

Protein binding
12 genes
adjP=6.75e-01

Transporter
activity

Oxidoreductase
activity
5 genes
adjP=1.75e-02

Transmembrane
transporter activity
3 genes
adjP=6.61e-01

*CTD = Comparative
Toxicogenomics
Database
(www.ctd.org)

Kohonen P. et al. The ToxBank Data Warehouse: Supporting the Replacement of
In Vivo Repeated Dose Systemic Toxicity Testing. Mol. Inf.17 JAN 2013.

ToxBank Data Warehouse (data curation and retrieval)

A
Doxorubicin
(Human hepatocytes)

Transcriptomics profiles

Protocols and SOPs, upload investigation data in ISA-TAB format

C

Differentially
expressed genes
(R/Bioconductor)

B

Pathway meta-analysis
using KEGG pathways
(InCroMap) software)
Pathways
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.

Cell cycle
p53 signaling pathway
Oocyte meiosis
TNF signaling pathway
DNA replication
Mismatch repair
Fanconi anemia pathway
Viral carcinogenesis
Rheumatoid arthritis
Influenza A
Chagas disease (American
trypanosomiasis)
12. Hepatitis B
13. Herpes simplex infection
14. Pyrimidine metabolism

Connectivity Map (MCF7, PC-3 cell lines; p < 0.01)
1.Doxorubicin (0.999) *
2. H-7 (0.999) *
3. Mitoxantrone (0.998) *
4. Alsterpaullone (0.997) *
5. Camptothecin (0.991)
6. Ronidazole (0.87)
7. Medrysone (0.817)
8. Gliclazide (0.777)
9. Ginkgolide A (0.776)
10. Ellipticine (0.746) *
*= topoisomerase II inhibitor
(Mantra 2.0)

11. Etamsylate (0.746)
12. Trioxysalen (0.744)
13. Ethaverine (0.739)
14. Doxazosin (0.738)
15. Amiodarone (0.719)
16. Morantel (0.687)
17. Phthalylsulfathiazole
(0.684)
18. Dipyridamole (0.672)
19. Demeclocycline (0.645)
20. Famprofazone (0.643)

D

Comparative Toxicogenomics Database (q-value < 0.01)

Significance: *=FDR q-value < 0.05
Doses: C=Control, L=Low, M=Middle, H=High; Time: 8hr=8 hours, 24hr=24 hours

Disease Name
1. Cardiovascular Diseases
2. Digestive System Diseases
3. Neoplasms
4. Neoplasms by Histologic Type

Kohonen P, Ceder R, Smit I, Hongisto V, Myatt G, Hardy B, Spjuth O,
Grafström R. Basic Clin Pharmacol Toxicol. 2014 Jul;115(1):50-8.

Disease ID
MESH:D002318
MESH:D004066
MESH:D009369
MESH:D009370

VPA
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VPA – Background Knowledge
VPA –background knowledge.
References
ToxBank http://wiki.toxbank.net/wiki/Valproic_Acid
Wikipedia http://en.wikipedia.org/wiki/Valproic_acid
PubChem
https://pubchem.ncbi.nlm.nih.gov/summary/summary.cgi
?cid=3121

wiki.toxbank.net

VPA – ToxBank Wiki

VPA – background knowledge profile wiki.toxbank.net/wiki/Valproic_Acid

VPA Toxicity
As a fatty acid analogue, VPA is a competitive inhibitor of
fatty acid metabolism, which accounts for steatosis. It is
also hepatotoxic by a mechanism that has not been
resolved; however, this hydrophobic compound is used
at very high concentrations and its promiscuous activity
at these concentrations is likely due to disruption of
membrane integrity. P450 ω-oxidation produces a
reactive alkylating and free radical-propagating agent
that adds to the toxicity profile.
VPA was selected as a ToxBank reference standard for
steatosis via inhibition of ß-oxidation.

VPA Metabolism
Valproate is metabolized almost entirely by the liver. In
adult patients on monotherapy, 30- 50% of an
administered dose appears in urine as a glucuronide
conjugate.

Mitochondrial -oxidation is the other major metabolic
pathway, typically accounting for over 40% of the dose.
Usually, less than 15-20% of the dose is eliminated by
other oxidative mechanisms. Less than 3% of an
administered dose is excreted unchanged in urine.

Steatosis AOP

aopkb.org/aopwiki/index.php/Aop:34

Steatosis AOP

Source.aopkb.org/aopwiki/index.php/Aop:34

VPA Data Analysis (Background Knowledge)
VPA
a. Omics Enrichment Analysis (Apply enrichment
to TGG ToxBank dataset using InCroMap)
b. Include Assay Data - retrieve and examine
assay data from ToxCast, PubChem and
ChEMBL
c. include in multiple enrichment analysis
combined with omics data)
d. Review Steatosis AOP

Omics analysis
Differential Expression

*InCroMAP software (http://www.ra.cs.unituebingen.de/software/InCroMAP)

Pathway
enrichment*

27

VPA Omics Data Analysis

We selected the medium concentration
24 hour TGG processed omics data set
and performed an enrichment analysis
with InCroMap to provide the set of
processed data shown in next Table
(using a filter of Fold Changes (FCs)
with a log2 absolute value greater than
0.5).

Enrichment analysis of TGG data for VPA (24h, med conc)
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VPA Omics Data Analysis
The top two pathways affected were oocyte meiosis
(6/298 genes, pv = 0.0028) and cell cycle (7/298
genes, pv = 0.0039) showing an impact by VPA on
the cell cycle replication process.
Numerous other pathways involving metabolism and
fatty acid processing were affected with pvs of less
than 0.05.

Enrichment analysis of TGG data for VPA (24h, med conc)

Enrichment analysis of TGG data for VPA (24h, med conc)

VPA Omics plus ToxCast Data Analysis
The ToxCast VPA data on non-gene target assays
shows activities in assays involving AHR, cell cycle,
mitotic arrest, and oxidative stress and are consistent
with the above TGG data. Gene target assays
showed activities for p53 (managing DNA repair or
Apotosis if repair not feasible), FXR (controlling bile
acid synthesis from cholesterol), and CYP19A1
(controlling aromatase production converting
androgen male hormones to different forms of the
female sex hormone estrogen).

VPA Omics plus ToxCast Data Analysis
For multiple enrichment of TGG and gene target
ToxCast assays we combine the two data sets in a
multiple enrichment mapped to Kegg pathways. (Note
that in these enrichments we apply a filter to include
Homo Sapiens data only. We also repeated the
analysis based on GO ontology enrichment with
similar results). The addition of the CYP19A1 gene
moves the steroid hormone synthesis pathway from
its previous no 9 significance position with TGG omics
data (3/298 genes, pv of 0.024) to its new no 2
position (4/298 genes, pv of 0.0037).

Enrichment analysis of TGG data for VPA (24h, med conc) plus ToxCast
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Enrichment analysis of TGG data for VPA (24h, med conc) plus ToxCast

VPA Omics plus PubChem Data Analysis
Consideration of bioassay activity data of VPA in Pubchem showed a
relatively small number of assays indicating activity (35) compared to
inactives (1052) and having no active with a gene-annotated Homo Sapiens
target. However, extending the search to including chemically similar
compounds we were able to find a Homo Sapiens target assay activity
involving the salt where VPA can be considered the active ingredient. This
showed activity with the Succinate-semialdehyde dehydrogenase,
mitochondrial (HS), which catalyzes one step in the degradation of the
inhibitory neurotransmitter gamma-aminobutyric acid (GABA). Inclusion of
this latter gene P51649 in a multiple enrichment with the TGG data
promoted the pathway for alanine, aspartate and glutamate metabolism to a
significance position of 20th with a pv = 0.076. Hence both data sets provide
evidence supporting an influence of VPA on mitochondrial synthesis
including a potential mechanism of toxicity through influence on the CPS1
gene which provides instructions for making the enzyme carbamoyl
phosphate synthetase, whose disturbance may lead to toxic accumulation of
ammonia.

Enrichment analysis of TGG data for VPA (24h, med conc) plus PubChem

Steatosis AOP

aopkb.org/aopwiki/index.php/Aop:34

Steatosis AOP

Source.aopkb.org/aopwiki/index.php/Aop:34

Collaborating Partners on eNanoMapper
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(Coordinator)
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Steatosis AOP Abstract (1)
Liver steatosis (fatty liver) is characterized by the accumulation of lipid droplets
(mainly triglycerides) in the hepatocytes which can be identified histologically as either
microvesicular or macrovesicular accumulation [1]. Steatosis is the output of the
disturbance on the homeostasis of hepatic lipids which depends on the dynamic
balance of several pathways including fatty acid (FA) uptake, de novo FA synthesis, βoxidation, and very low-density lipoprotein (VLDL) secretion (Zhu et al. 2011). The
diagnosis of steatosis is made when fat in the liver exceeds 5–10% by weight [2].
Despite the fact that steatosis is not adverse per se and it is usually reversible once
the cause of the problem is diagnosed and corrected it is considered as one of the
first manifestations of possible hepatotoxicity. The importance of steatosis is
highlighted from the fact that it is a prerequisite for the development of non-alcoholic
fatty liver disease (NAFLD) as according to the 2 hits theory different pathogenic
factors lead firstly to steatosis and secondly to hepatic damage (‘‘the second hit’’) [3].
NAFLD is the most common cause of abnormal liver enzymes in the western world
and it is defined as a condition caused by fatty infiltration of the liver, in the absence of
large alcohol consumption [4]. The advanced form of NAFLD with inflammation and
hepatocellular damage is termed non-alcoholic steatohepatitis (NASH) [5] and
progressively may result in fibrosis, cirrhosis (possibly complicated by hepatocellular
carcinoma) and liver failure [6].
Source.aopkb.org/aopwiki/index.php/Aop:34

Steatosis AOP Abstract (2)
It is clear that the development of steatosis can be attributed to many different causes, and it is
also clear that chemicals, such as alcohol or drugs can cause or influence the development of
steatosis. Interaction of exogenous chemicals with nuclear receptors (NRs) stands prominent
among the molecular events that may initiate adverse outcomes (IPCS/WHO 2002). One
potential MoA could be via interference with those nuclear receptors involved in the homeostasis
of fatty acid metabolism. The nuclear receptor superfamily describes a related but diverse array of
transcription factors which act as receptors for thyroid and steroid hormones, retinoids and
vitamin D, as well as different "orphan" receptors of unknown ligand. Ligands for some of these
receptors have been recently identified, showing that products of lipid metabolism such as fatty
acids, prostaglandins, or cholesterol derivatives can regulate gene expression by binding to
nuclear receptors. Unlike ligands (hormones) for cell surface receptors, lipophilic ligands can
traverse the plasma membrane to the cell interiors, the nucleus or cytoplasm, where NRs are
located. The nuclear receptor family has 48 functionally distinct members in humans. In addition
to the receptors involved in estrogen, androgen and thyroid hormone (EAT) signalling, hormoneactivated nuclear receptors in vertebrates include the Liver X receptor, the corticosteroid
receptors (e.g., mineralocorticoid, glucocorticoid), retinoic acid receptor (RAR), retinoid X receptor
(RXR), vitamin D receptor (VDR), and peroxisome proliferator activated receptors (PPARs)[7].
Given the widespread relevance of the superfamily of nuclear receptors to almost all aspects of
normal human physiology, the role of these receptors in the etiology of many human diseases,
and their importance as therapeutic targets for pharmaceuticals, it is obvious that a detailed
understanding of these systems has major implications, not only for human biology but also for
the understanding and development of new drug treatments (Olefsky 2001) as well as an
understanding of not only potential therapeutic effects but also toxic effects of chemicals.
Source.aopkb.org/aopwiki/index.php/Aop:34

Steatosis AOP Abstract (3)
According to [7] in the OECD's Detailed Review Paper, substances which act via the
NRs leading to a perturbation of normal homeostasis of fatty acid metabolism may be
considered as endocrine-disrupting chemicals (EDCs). Certain chemicals acting via
the NRs (or Nuclear Hormone Receptors as they have also been described) may be
responsible for inducing alterations as those encountered in steatosis and other
NAFLD either directly through a hepatotoxic effect and/or indirectly by triggering
hepatic and systemic insulin resistance (IR). There is concern that an increase in
exposure to synthetic chemicals in consumer products and the environment acting via
such MoAs may be contributing to the current epidemic of obesity and type 2 diabetes
mellitus (T2DM). Such chemicals may also play a significant role in the pathogenesis
of fatty liver, thereby increasing the prevalence of NAFLD worldwide [8]. Consequently
it would seem a particularly relevant MoA.

Source.aopkb.org/aopwiki/index.php/Aop:34

