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1) OpenTox Framework and Goals

2) Use Cases & Applications

3) Infrastructure Development

4) Integrated Analysis

5) Safety Assessment

6) Non-Profit Association Formation & Activities
7) Next Steps



Source: Baily Ed, U.S. Fish and Wildlife Service




Challenges to Integrated Resources & Applications

<+Database silos

<+Missing information
<+Varying quality

<+Hard to integrate data
<+Hard to integrate models

+No common framework

<Lack of standards
<Lack of validation
+Complex subject
+Application difficult
<Lack of transparency

+Interdisciplinary
collaboration




OpenTox and Open Components and Standards
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OpenTox is an Integrating Framework
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OpenTox committed to creating a Semantic Web for Predictive Toxicology (with

its APl 1.1 development in 2009)

Linked Data is a term used to describe the exposing, sharing, and
connecting of data on the Semantic Web using:

URIs a generic means to identify entities in the world

HTTP a simple yet universal mechanism for retrieving resources

RDF a generic graph-based data model with which to structure and link data

Linked Data needs:

1. Provision of a URI that describes a Data Resource

2. Use of HTTP to retrieve useful data from the URI

3. A Data Format described with standardised semantics (so
relationships are enabled) e.g. RDF

4. Data should provide links to other Data (through URlIs)

Linked Data approach can also be applied to other
resource types e.g., for algorithms or models as
done in OpenTox... Linked Resource approach
enables Knowledge Creation, Combination and
Analysis

DBpedia = Linked Data
approach applied to Wikipedia



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



http://www.jcheminf.com/content/2/1/7

A Toxicology Ontology Roadmap

202
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See perspectives and roadmap published in A Toxicology Ontology
Roadmap ALTEX 29(2), 129- 137 and Toxicology Ontology
Perspectives 139 - 156 (2012)

Available online in Open Access mode from www.altex.ch

Barry Hardy (Douglas Connect and OpenTox), Gordana Apic
(Cambridge Cell Networks), Philip Carthew (Unilever), Dominic Clark
(EMBL-EBI), David Cook (AstraZeneca), lan Dix (AstraZeneca &
Pistoia Alliance), Sylvia Escher (Fraunhofer Institute for Toxicology &
Experimental Medicine), Janna Hastings (EMBL-EBI), David J. Heard
(Novartis), Nina Jeliazkova (Ideaconsult), Philip Judson (Lhasa Ltd.),
Sherri Matis-Mitchell (AstraZeneca), Dragana Mitic (Cambridge Cell
Networks), Glenn Myatt (Leadscope), Imran Shah (US EPA), Ola
Spjuth (University of Uppsala), Olga Tcheremenskaia (Istituto
Superiore di Sanita), Luca Toldo (Merck KGaA), David Watson (Lhasa
Ltd.), Andrew White (Unilever), Chihae Yang (Altamira)


http://www.altex.ch/

ToxCreate - (Q)SAR Model Building application

¥} ToxCreate - Mozilla Firefox

Datei Bearbeiten  Ansicht  Chronik  Lesezeichen  Extras  Hilfe

i;v c % (R I'It|http:,l',l'www.toxcreate.org,l'create T I-"leoogIe ,_

J TC ToxCreate |

Create and evaluate models to predict toxicity

ToxCreate

This service creates

User: guest
» lazar classification models and
» lazar regression models
from your uploaded datasets. Further modelling algorithrms will be added in future versions.
Flease read the instructions for creating training datasets before submitting.

Select training data in Excel or CSY format:
IEIIvergleiu:h‘-,tmp\hamster_carc:inugenic:ity.c:sv Durc:hsuu:hen...l

Create model | Cancel

You are currently logged in as guest and your models can be modified or deleted by other guests. Please log in
with your OpenTox account to control your model permissions.

@ in silico toxicology 2009-2010, powered by OpenTox




ToxCreate — (Q)SAR Model Results

¥) TonCreate - Mozilla Firefox =10l x|

Datei  Bearbeiten  Ansicht  Chronik  Lesezeichen  Extras  Hilfe

6 ~ C X @ |1T:|http:,l’,iwww.toxcreate‘org,l’models 7T I'-.lV|G00gIe el
-

J TC TowCreate | =+

Create and evaluate models to predict toxicity

ToxCreate

User: guest

Get an overview about ToxCreate models. Parts of this page are refreshed every 5 seconds
to update the model status.

Hamster Carcinogenicity (cai)

Status: Completed(delete)

Training compounds: 85

Algorithm: lazar

Type: classification

Descriptors: Fminer backbone refinement classes
Training dataset: Excel sheet , YAML (experts)
Feature dataset: Excel sheet , YAML (experts)

Model: OMRF Editor, YAML (experts, models cannot be
represented n Excel)

Validation:

Detailed report: show

Number of predictions: [Sle]

Correct predictions: 82.68 %

Weighted area under ROC: 0,935

Specificity: 0.143

Sensitivity: 0.865

Confusion Matrix: Meemured

active inactive

. active 32 5
Predicted :
inactive 7 25

© in silico toxicology 2009-2010, powered by OpenTox =




OpenTox addresses Validation Principles

OECD Principle

by...

Defined Endpoint providing a unified source of well defined and documented
toxicity data with a common vocabulary

Unambiguous providing transparent access to well documented models
Algorithm and algorithms as well as to the source code

Defined Applicability integrating tools for the determination of applicability
Domain domains during the validation of prediction models

Goodness-of-fit, providing scientifically sound validation routines for the
robustness and determination of errors and confidences
predictivity

Mechanistic integrating tools for the inference, correlation or prediction
interpretation of toxicological mechanisms and the recording of opinions
(if possible) and analysis in reports



Integrating public and confidential data

Visual Paradigm for UML Community Edition [not for commercial wse)

Chemistry Lab Staff

=
0 Pe nTox Policy for the resource http:/fmyserver.comfresource/2435 allow
{ |
3 allow
Mary John - \
—— \ allow \
the guest is allowed only to
access the representationef = - ————-——————————=

="
the resource. -7 T J
f‘d,
/"/

B allow
________ - Creator
Guest / allow

OpenTox developers

The creatorfowner of the resource
allaw might be allowed to apply any HTTP

I I I regquest.

allow

OpenTox developers
are not allowed to modify
(PUT) the resource

E 8

Helen George Toto

Use Open Standards on Resources but with extensive Authorisation and Authentication
facilities accompanied by confidential data policies. e.g. Validation against
Confidential Data Case implemented by OpenTox Spring 2011



Bioclipse Visualisation Workbench - OpenTox
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Bioclipse-OpenTox Integration — See Application example in Chapter in Open Source Software in Life Science

Research: Practical Solutions to Common Challenges in the Pharmaceutical Industry and Beyond

(Woodhead Publishing Series in Biomedicine) edited by Lee Harland and Mark Forster (30 Oct 2012)


http://www.amazon.co.uk/Open-Source-Software-Science-Research/dp/1907568972/ref=sr_1_1?s=books&ie=UTF8&qid=1348553538&sr=1-1
http://www.amazon.co.uk/Open-Source-Software-Science-Research/dp/1907568972/ref=sr_1_1?s=books&ie=UTF8&qid=1348553538&sr=1-1
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The Building Blocks of SEURAT-1
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~ 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 (5 Wi
I Ox Ba n k author. Cosmetics Europe is not liable for any use that may be made of the information contained therein. £, b
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Our Infrastructure Vision for

ToxBank supporting all steps of Predictive Toxicology Research

——

Users access compounds, biological materials, data and models for
experimental planning and integrated analysis of experimental results

:‘-i\—.-—}
OpenTox =
% 02t2 Y Models @ Warehouse
\ §

— LR Gotd
Compounds
] Database
00000
@ @ § . Biobank
SOPs SOPs
Compounds Biological
Materials www.toxbank.net



http://www.toxbank.net/

Working on Requirements & Systems Design

IIII

Organizing notes collected from
interviews with SEURAT scientists

1 Hierarchically
72 8 grouping the

<My
‘ uL i IIS..

Generating
design
ideas

Storyboarding \

different user
interfaces

Evaluating different Reviewing use cases



# ToxBank

Main page
Recent changes

# Hepatotoxins
b Cardiotoxins
» Renal Toxins
» Special Substances

Undifferentiated Stem
Cells

Reagents (Growth

4 Factors)

¢ Reagents (Anfibodies)
» Reagents (Others)

w Suppliers (Cells)
ALSPAC
Asterand
Biopredic
Cellartis
Cellular Dynamics
DSMZ
HPACC
ICLC
Lonza BioResearch

Riken Rinrecnircae

¥ ToxBank

ToxBank Wiki Development

Page Discussion Read Edit View history ™ [Search Q
Main Page

Main Page
ToxBank Wiki [edit]

The following wiki pages provide information on compounds and biological materials developed as part of the SEURAT-1 &7 cluster through the ToxBank project. The research leading to these results has
received funding from Cosmetics Europe = and the European Community's Seventh Framework Programme & (FP7/2007-2013) under grant agreement n® [267042]. This wiki site reflects only the
authors’ views. The European Community and Cosmetics Europe are not liable for any use that may be made of the information contained herein.

Gold compounds wiki pages [edit]

Information on this wiki is based on the research and compound selection tasks performed by the Gold Compound Working Group (GCWG) using a selection criteria outlined by members of the GCWG.
Further background information may be available from this working group or under review; selected reviewed materials are made available here.

+ Hepatotoxic Compounds
» Cardiotoxic Compounds
» Selection Criteria

Questions, inquiries, comments and feedback regarding the scientific content on these pages may be directed to the Gold Compound Working Group (GCWG) . The email will automnatically be sent to
all members on the GCWG group.

Assistance with wiki access or issues with the website in general may be directed to Micha Rautenberg (=) or David Bower (=) of the ToxBank project.

Biclogical materials wiki pages [edit]
This wiki contains information on cells and reagents relevant to the SEURAT-1 cluster. The following document provides guidance for the banking and supply of human embryonic stem cells:
» Consensus guidance for banking and supply of human embryonic stem cell lines for research purposes. &
Questions, inquiries, comments and feedback regarding the scientific content on these pages may be directed to the Luam Kidane (= at the UK Stem Cell Bank.
Recent News [edit]

A report detailing the compound selection strategy was produced as a result of the numerous insightful meetings held at the Seurat-1 2™ Annual Mesting & and may be downloaded here.

wiki.toxbank.net

O

Cosmetics Europe
"o praore o sscceion

SEVENTH FRAMEWORK.
PROGRAMME



http://wiki.toxbank.net/

Data Sharing Processes
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Phase 2: Integrated data analysis
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Unified data access
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technology and kinetic energy
discrimination and a Thermo Elemental
X Series (upgraded to XIT
specifications) ICP-MS with collision cell
technology and kinetic energy
discrimination.
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ToxBank Phase | — Unified data access
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Standardization of processed data

: Dose response
* To support ToxBank integrated . .
Epigenetics
data analysis objectives (precise MIRNA
searching, meta analysis, ...) Metabolic flux
Metabolomics
* The columns .
Proteomics
— (1) uniquely identify the material Transcriptomics
(e.g. the Affymetrix probeset_id), e
— (2) annotate the material (e.g. the —
name of the gene), e
— (3) describe the processed results e
(e.g. fold change comparing genes = =
expressed in the treated sample e
to the control) Slemr—




Analysis examples
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Understanding multiple omics datasets

Raw KEGG Pathway As overlay of KEGG picture Visualized mRNA data
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ToxBank — TG Gates integrated analysis example
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ToxBank Data Warehouse (data curation and retrieval)

Doxorubicin OH e

e

(Human hepatoc:ytes)\lH
2
Transcriptomics profiles

Differentially
expressed genes B
(R/Bioconductor)

Pathway meta-analysis
using KEGG pathways
(InCroMap) software)

Pathways

1. 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)
Hepatitis B

13. Herpes simplex infection
14. Pyrimidine metabolism

DOXO'M vs. C 8hr'
DOXQO'H vs. C 8hr'
DOXO'M vs. L 8hr'
DOXO'H vs. L 8hr'
DOXO'H vs. M 8hr'
DOXO'L vs. C 24hr'
DOXO'M vs. C 24hr'
DOXO'H vs. C 24hr'
DOXO'M vs. L 24hr'
DOXO'H vs. L 24hr'
DOXO'H vs. M 24hr'

.DOXO'L vs. C 8hr'

b

PP O0O~NOOODMWDN

N
N

Significance: *=FDR g-value < 0.05

Doses: C=Control, L=Low, M=Middle, H=High; Time: 8hr=8 hours, 24hr=24 hours

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

Vv C

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 Il 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 (g-value < 0.01)

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,
Grafstrém R. Basic Clin Pharmacol Toxicol. 2014 Jul;115(1):50-8.

Disease ID

MESH:D002318
MESH:D004066
MESH:D009369
MESH:D009370



Adverse outcome pathway (AOP) : drug-induced cholestasis

molecular cellular
interaction effects
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Vinken M., Landesmann B., Goumenou M., Vinken S., Shah I., Jaeschke H., Willett
C., Whelan M., Rogiers V. (2013) Development of an adverse outcome pathway
from drug-mediated bile salt export pump inhibition to cholestatic liver injury.
Archives of Toxicology: submitted .



Event Driven Weight of Evidence
mobensron

Drug Discovery Dashboard

Consensus Rule
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Application to Anti-Malarial Drug Discovery
— WWW.Scientistsagainstmalaria.net



http://www.scientistsagainstmalaria.net/

Combining Predictions and Experimental Data

Pharmatrope Leadscope OpenTox

Combination Rule for Event Group In vivo micronucleus
Predictions: ’ . assay
Associate a drug with a group if
either the Pharmatrope or the ’ Genotoxic
Leadscope predcition is Carcinogenicity
positive (or both) } | 4

, HepTux MNon-genotoxic

; / Carcinogenicity

HepFall f
;,

/ Chol..la

Cramer Rules

AERS
Consensus

OpenTox
Consensus

/ Hepa— —

FuAbn —

TCAMS
Antimalarial
Activity

TCAMS
Cytotoxicity

AERS Consensus:
Count the number of Adverse Event Group Consensus
associations. If more than one is positive, the AERS
Consensus is positive.

Prioritization

TCAMS Cytotoxicity:
Positive if > 30% growth inhibition at 10 uM.

OpenTox Consensus:

Negative if both carcinogenicity and the micronucleus
assay predictions are negative, OR if the Cramer Rule TCAMS Antimalarial Activity:

classification is Class |. Positive otherwise. Positive if > 80% growth inhibition of P. Falciparum DD2 at 2 uM.



Main objectives of eNanoMapper

o Modular infrastructure for data storage, sharing and searching, based on open standards
and semantic web technologies, minimum information standards and established security solutions;

o Development of ontologies for the categorisation and characterisation of eNMs in
collaboration with other projects

o Creation of new computational models in nanomaterials safety through the
implementation of interfaces for toxicity modelling and prediction algorithms which may process all
data made available through eNanoMapper (e.g. using algorithms available from the OpenTox FP7
project or statistical/data mining software)

o Meta analysis of nano-bio interactions supporting “safe-by-design” ENMs development by
pursuing a Linked Data approach which integrates data and metadata originating from diverse sources
within nanoscience, chemistry, biology and toxicology

o Creation of tools for the exchange, quality assurance and reporting of research protocols
and data for regulatory purposes
o Creation of a community framework for interdisciplinary collaboration

WWW.enanomapper.net



http://www.enanomapper.net/

NanoEHS Data & Modeling & EU-US Cooperation

— Themes of our Discussion (Venice, March 2015)

Reference Information More Open Data

Interoperability Transparency

Ontology Sustainability
Integrated Use cases
Reuse Open Source Knowledge

Systems Design Create Solutions



Taj Mahal Project Action Plan — Supporting EU-US

Community of Research InterAction

SEE=poTL

Define Use Cases (with all CoRS)
Create Systems Design

Evaluate Existing Resources
Develop Sustainability Plan
Create Application based on Open
data, software, protocols, and
ontology (Agile Development)
Support collaborative work of all
CoRs with using the Application



OpenTox Association

1) International Non-profit Association
founded 27 March 2015

2) Individual Memberships

3) Working Groups — prioritised
activities and goals

4) Meetings

a. 30 Sept — 2 Oct, Dublin, Ireland

b. 13 — 15 Oct, Philadelphia, USA

c. /—9 Dec, Seoul, South Korea



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)
d. Deployment, Tim Dudgeon (Informatics
Matters)

Further information under www.opentox.net and www.opentox.org (content
currently being reviewed, updated and merged)



http://www.opentox.net/
http://www.opentox.org/

Collaborating Partners on eNanoMapper

Douglas Connect, Maastricht University,
Switzerland Netherlands
(Coordinator)
In Silico N
Toxicol : National Technical
- O_)E‘CO log{] University of Athens,
witzerlan et
|deaconsult, EMBL-EBI, UK
Bulgaria
Karolinska VTT, Finland
Instituet,

Associate Partners

Sweden



Collaborating Partners on OpenTox

Douglas Connect,

In Silico Toxicology, switzerland Albert Ludwigs University
Switzerland (Coordinator) Freiburg, Germany
Ideaconsult, | = | National Technical
Bulgaria ' University of Athens,

Greece

Istituto Superiore
di Sanita, Italy

Fraunhofer Institute
for Toxicology &
Experimental Medicine,

Technical University
Germany

of Munich, Germany

David Gallagher, UK Institute of Biomedical Seascape Learning &
Chemistry of the Russian JNU, India
Academy of Medical
Sciences, Russia
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