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Introduction

OpenTox has developed an open semantic web for
predictive toxicology. (2008-2011: Let’s call it
OpenTox 1.0)

Today | will:

a)review the OpenTox 1.0 framework within the
context of REACH;

b)present some recent developments on OpenTox
services and applications and what they can do.
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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

Most accessed paper in last year!
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Satisfying REACH Information Gathering Requirements

Input Structure Out - Toxic or Not?

LD50

Liver Toxicity
Secondary Metabolites
Bioavailability
Mutagenicity
Carcogenicity
ReproductiveToxicology
Skin Irritation

Aqua Toxicity

Combined predictions for arrays
of mutiple end points
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Driver Increasing demands on industry to satisfy safety

REACH ——> evaluation and risk assessment required by
I totamton Ses Aktces CRbmiat] REACH legislation. (Over 140k cmpds registered).
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With OpenTox approach to standards you can reliably

gather information from multiple resources in real time...
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Simple building of predictive toxicology
applications based on well-established
methods and databases
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ToxPredict accesses linked resources ...
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Or Taverna workflows can be run for more complex tasks..
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A Toxicology Ontology

Roadmarg

Submitted 31 Aug 2011: 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 (ldeaconsult), 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)
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OpenTox - CADASTER Collaboration

CADASTER web site uses applicability domain and
substructure / similarity search facilities via the OpenTox API
compliant web services, running at
apps.ideaconsult.net:8080/ambit2

The applicability domain algorithms used are:
apps.ideaconsult.net:8080/ambit2/algorithm?type=AppDomain

The results are displayed integrated within the Cadaster web
database
www.cadaster.eu/database/static’/home.do
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OpenTox - CADASTER Collaboration

Planned Developments:

1.Providing an OpenTox API wrapper for CADASTER Soap
web services (Nina Jeliazkova, ldeaconsult)

2.Integrating CADASTER models in ToxPredict, via the
OpenTox APl wrapper (Nina Jeliazkova, Ideaconsult)

3.Provide access to selection of OpenTox models via

CADASTER web site
(Igor Tetko, Helmholtz Centre Munich)
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REACH Requirements
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REACH and (Q)SAR bottlenecks

Wim De Coen, ECHA, “Current Challenges from Evaluation Point of
View - Introduction Case Studies”, ECHA Experts Workshop on
“Dealing with Uncertainty of Non-Test Methods under REACH” (2010):

Specific Bottlenecks for (Q)SAR:
*Well standardized and accepted OECD principles

eIssues mainly at level of documentation
o Level of documentation insufficient
 QMRF, QPRF missing
o Applicability domain unclear
o Unclear training datasets & algorithm
» General issue of lack of well established (Q)SAR software
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REACH and data bottlenecks

There exists considerable uncertainty in decision making based on
current reproductive toxicity data, which place the largest potential
demands on animal testing required by REACH.

Improvements to reduce uncertainty in decision making require:
a “robust reference dataset of harmonised test information”

Reference: Dick Sijm and Betty Hakkert, RIVM, “Use of non-test
methods in integrated testing strategies for making informed
decisions - Non-test methods require robust reference datasets”,
ECHA Experts Workshop on “Dealing with Uncertainty of Non-Test
Methods under REACH”, 2010)
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(Q)SARs & REACH requirements

(Quantitative) Structure Activity Relationship = (Q)SAR

According to REACH Annex Xl, (Q)SAR results may be used instead of
testing when all of the following conditions are met:

*The results are derived from a (Q)SAR model whose scientific validity
has been established.

*The substance falls within the applicability domain of the (Q)SAR
model.

*The results are adequate for the purpose of classification and labeling
and/or risk assessment.

*Adequate and reliable documentation of the applied method is
provided.
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ToxCreate - (Q)SAR Model Building application

¥%) ToxCreate - Mozilla Firefox ]

Datei  Bearbeiten  Ansicht  Chronik  Lesezeichen  Extras  Hilfe
6' C X ITC|http:,I',l'www.tc-xcreate.nrg,l'u:reate Sifuw I-‘Iv|GnogIe o) @'

J TC ToxCreate | 5

Create and evaluate models to predict toxicity

ToxCreate

This service creates

Lser: guest
e lazar classification models and
e lazar regression models
from your uploaded datasets. Further modelling algorithms will be added in future versions.
Please read the instructions for creating training datasets before submitting.

Select training data in Excel or CSY format:
IEIIvergleich\tmp\hamster_carcinugenic:iw.csv Durc:hsuc:hen...l

Create model | Cancel

Y¥ou 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

- www.ToxCreate.org developed by In Silico Toxicology
sSo 7 2
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ToxCreate - (Q)SAR Model Results

¥%) TonCreate - Mozilla Firefox

Datei  Bearbeiten  Ansicht  Chronik  Lesezeichen  Extras  Hilfe

T c A o ITC|http:,i,l’www.toxcreate.org;’models SLT I‘."’|Google ) Il

J C TouCreate | +

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 ()

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: QMRF Editor, YAML (experts, models cannot be
represented in Excel)
Validation:
Detailed report: show
Number of predictions: 69
Correct predictions: 82.68 %
Weighted area under ROC: 0,935
Specificiby: 0.143
Sensifivity: 0.865
Confusion Matrix: Measured
active inactive
active 2 5
Predicted . :
inactive 7 25
==
_:_E.—- @ in silico toxicology 2009-2010, powered by OpenTox [

OpenTox
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OECD Principle OpenTox addresses Validation
Principles 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
Algorithm models and algorithms as well as to the source code

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

Domain

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

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

predictions

1. Init validation of algorithm
with training and test set

3. Get traini

Dataset WS e s

: M Model WS
W

Policy W5

Algortihm WS

“4. BN|d Model

2. Init Bu}'ld Model i

8. Get Predictions

5. Init Prediction

/ &

Va
N

»|  Validation WS

v

9. Compute Predictions stats
10. Optional: Delete prediction data set

ALU-FR Services
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ToxCreate - linked to Validation Service

-
@ crossvalidation report - Mozilla Firefox
Datei Bearbeiten Ansicht Chronik Lesezeichen Extras Hilfe
D' c o (O http://opentox.informatik.uni-freiburg.de/validation 17 ~ | "‘l" Google
| || Crossvalidation report X [k -
-
Crossvalidation report =
Created at 03.24.2011 - 18:21 L
Mean Results
Table 1. Mean Results
Crossvalidation uri http://opentox.informatik.uni-freiburg.de/validation/crossvalidation/50
Algorithm uri http://webservices.in-silico.ch/algerithm/lazar
Dataset uri http://webservices.in-silico.ch/dataset/83
Num folds 10
Mum instances 51
Num unpredicted El
Root mean squared error 1.25 +- 0.19
Mean absolute error  1.00 +- 0.034
R square 0.42 +- 0.11
Regression Plot
Figure 1. Regression plot
Regression plot
9 T T T T |
8- -
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=
g
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s
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2 3 4 5 i ) ] 9
Predicted values
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ToxCreate - Confidence, Supporting Information

¥)) TouCreate - Mozilla Firefox I 1Ol x|

Datei Bearbeiten Ansicht  Chronik  Lesezeichen  Extras  Hilfe

6 R c A b ITC‘http:fiwww.tnxcreate.org)’lazar#lazarfalgorithm

J TC ToxCreate 8 | *3. phenylhydrazine (CHEBT:27924) |E) | = |

-[miciccccer PO

Create and evaluate models to predict toxicity TOXCreate
| Create | Inspect [IRIE Login | Help |

User: quast

Supporting information

Names and synonyms
significant fragments

M Supporting information
o

e Names and synonyms
\L [ [pomita significant fragments

New prediction

N
active 0.103

|
N
i
N
N/ active s Names and synonyms
& significant fragments
o
/N e b Names and synonyms
N plales st g Significant fragments
0
|
Y\“/N N 2
s % ames and synonyms
N\H inactive p.5 Significant fragments
P

N

P
\/\" Names and synonyms
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(Q)SARs - reporting in OpenTox

—
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| /[ QSAR
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(Q)SARs - QMRF reporting in OpenTox

swe- QMRF Editor 0.05 OpenTox Version http://opentox.informatik.uni-freiburg.de/validation/reach_report/QMRF/3 = El | =
File Edit Style
QMRF (Q)SAR Model Reporting Format (QMRF), Version 1.2
Welcome | Version |1.2
5= Name |(Q)SAR Model Reporting Format
Section 1. Author [Jeint Research Centre, European Commission
& Date July 2007
Section 2.
& Contact |Joint Research Centre, European Commission
Section 3. | Email |gsardb@jre.it
= VW http://ecb.jrc.ec.europa.eu/qsar/
Section 4.
L Eingabe M
Section 5.
2] [ % Please enter the URI for the download
Section 6. = ‘eiburg.de/validation/reach_report/QMRF/3|
B
Section 7. Background [ OK ] ’ Abbrechen ]
The set of information that you provide Rs. For this purpose, the structure of the QMRF
= is devised to reflect as much as possible tw = o= o —groTTT urposes, of (Q)SAR models.
Section 8. |You are invited to consult the OECD "Guidance Document on the Validation of (Quantifative) Struciure-Activity Relationship Models™ that can aid
& you in filling in & number of fields of the QMRF (visit the following webpage for downloading the proper documentation:
A http-/ecb. jrc.it/gsar/background/background_oecd_principles.php)
7
Section 10.
If you wish to submit the QMRF for inclusion in the JRC QSAR Model Database, please save your QMRF as xml file and upload it by the on-line
submission procedure
Download started | in progress, .

OpenTth
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QPRF Reporting (Qedit)

& thome/chung/Desktop/phenobarn

[ 1. Substance T 2. General Information T 3. Prediction T 4. adequacy Info ]

Model | Prediction | Applicability Domain | Compound Details

Compound Details
3.3. Applicability Domain Info.
Name Applicability Demain Estimation Algorithm Used : & URL: http:/fambit.uni-plovdiv.bg: 8080/ambit2/compound/51 00/conformer/510C
Smiles: [Ca+2].CCCL{C(=0)NC{=NC1=0)[0-])C2=CCCCC2.CCC3(C(=0)NC(=NC3=
Link to Applicability Domain Resource :
Inchl:
3.3.b. Structural Analogues InChi Key:
- : =] : CAS number:  143-76-0
Add Compound I _ Similarity Level: 0.95 Acquire List of d Inf : i
Wizard FEIDE HEETUED Analogues | (IRIEEAE [T Chemical Name:  calcium bis[5-{1-cyclohexen-1yl)-5-ethylbarbiturate]
List of Structural Analogues (URIs) : Image of structural analogue 3.3.c. Consideratio Einecs:  205-610-2
Chemical Name | Experimental Value | REACH Reg. Date:
phenobarbital, Phen... K
S-methyl-5-phenylb... o o
methylphenobarbit... Available Conformers (Links):
S-allyl-5-phenylbarbi. . HN\fN
rimidone, Primaclo o http://ambit.uniplovdiv.bg: 8080/fambit2/compound/5100/conformer/5100
'S]. H 0 | http://ambit.uni-plovdiv.bg: 8080/ambit2/compound/5100/conformer/105301
5-ethyl-5-(4'-hydrox... i http://ambit. uni-plovdiv.bg: 8080/ambit2/compound/5100/conformer/L81274
barbexaclone N
1,3-dimethyl-5-phen... 0
S-ethyl-5-phenylbar. . F
nit e
l @ close J { w' Apply Changes and Close J
Discussion

Applicability Domain Result: &

3.3.a. Choose Domain : | Metabolic Domain

Application by Pantelis Sopasakis (NTUA)

Y

—
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Metabolites

According to ECHA Guidance B, further
investigation may be required for degradation
products and metabolites if considered relevant for
the chemical safety assessment, PBT assessment or
classification and labeling.

Metabolites, Metabolic Enzymatic induction and
the creation of Reactive Intermediates may all lead
to toxicity, e.g., in drug-drug interactions and
hepatotoxic adverse events.
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SMARTCyp Service for Predicting Metabolites

4 ~Atom Reactlwty Li E

| A. Calculate Quantum
Chemical Reference Energies

| Calculate transition state energies
using density functional theory

| B. Define SMARTS Rules |

Group calculations by fragments and calculate average energies I
| [CX3H1](=0)[#6]
| : 40.2 kJ/mol

- N/

SMARTCyp - developed by Patrik
Rydberg, University of Copenhagen

www.farma.ku.dk/index.php/SMARTCyp/7990/0/

=
OpenTox =

4 SMARTCyp N\
1. Assign Energies By SMARTS matching
Atom SMARTS Energy
3 —
H,N % 1 [CX3H1)=0)#6] | 40.2
O 2 [CX4]IN] 39.8
3 [NA3][H1,H2] 541

2. Compute Accessibility Descriptor

Ai = Maxbondsi / Maxbondsa"

1
HZN\/%O A, =2/3=067
HoN 2N A,=2/3=067
3
HaNNq A,=3/3=1.00

3. Compute Score and Rank Atoms

Score, S=E-8A
Lowest score gets rank 1

S,=40.2 -8%0.67 = 34.84 Atom 1 - Rank 2

S,=239.8-8%0.67 = 34.44 Atom 2 - Rank 1

S,=54.1-8%1.00=46.10

\.

Atom 3 - Rank 3)




SmartCYP Prediction of Testosterone Metabolites

OH

OH

y" MaJor
OH
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Metabolites

ToxPredict TTC Depiction Datasets Chemical compounds Similarity Substructure F
playground Help
= Aliphatic Hydroxylation
o m h . Search by property or identifier name Ses . !
ol EEE u . (optional) and value Aromatic Hydroxylation
- This site and AMBIT REST services
are under development!
i L . N-Dealkylation
GGG BHEE 8=}
idconformer=773441 [ Save search results
. N-Oxidation
0-Dealkylation
. S-Oxidation
[0
O
-| Developed by Ideaconsult
L 1] 3
@
S‘k

PROGRAMME



Bioclipse Visualisation Workbench

-

f@ bursiPos3.mol &3 =i r Decision Support &3 ==
WD |EEEBEEN®

ﬂ Uncategorized
= Lipinski's Rule of Five

, Failures: 0
'ﬁl Mutagenicity |
= Bursiexact matches
@’ Bursi nearest neighbour
!y Bursi Toxicophores [1 pos]
Ei Aromatic nitroso
;, Bursi Signature Significance [1 pos] |
® [cucimn
;@; Carcinogenicity |
= CPDB exact matches |
" CPDBE nearest neighbour
" CPDE Signatures

Consensus: MEGATIVE W

0. Spjuth, L. Carlsson, M. Eklund, E. Ahlberg Helgee, and Scott Boyer.
Integrated decision support for assessing chemical liabilities.

|
1{_ | - ‘
I
|
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Bioclipse Visualisation Workbench

{- L
@ bursiPos3.mol 23 = Eq( Decision Support 23 = Eq
E 20Mols.sdf 8 ™, = " Decision Support 83 =0

®Oo¥|LGEEE|@

[ v@ anr
Q AHR Signature Alerts
v @ aHR Signature Significance [1 neg]
HC @ [oX=[ch
AHR exact matches
@ AHR nearest neighbour
YQ Carcinogenicity
@ croe Signature Alerts
v @& croe Signature Significance [1 pos]
(2) Result; 1.002
v @ CPDB exact matches [1 pos]
(® Index 199
‘ CPDEB nearest neighbour
‘FQ Mutagenicity
v Ames Signature Significance [1 neg)
@ [CHCIol=[0])
@ Ames Structural Alerts
' . . v @ Ames exact matches [1 pos]
() 91-64-5
v @ Ames nearest neighbour [3 neg]
(%) 90-33-5 [tanimoto=0.78]
() 2107-76-8 [tanimoto=0.76]
(=) 26093-31-2 [tanimoto=0.75]

Consensus: NECATIVE 9

0. Spjuth, L. Carlsson, M. Eklund, E. Ahlberg Helgee, and Scott Boyer.
Integrated decision support for assessing chemical liabilities.

Table | Single Mnleculel Headersl




Bioclipse Visualisation Workbench - OpenTox

HC

i
@ bursiPos3.mol 23

= Eq( Decision Support 23 = Eq'
F 20Mols.sdf 53 = (] Decision Support 53 =0
@O |HEnE|®
T WY
# Bioclipse
File Edit Window Help
- E 7O L Aewd4@PerosP0ane 0L i =B
s Bioclipse N & = D[ 0037.cml [ *"UNNAMED " ~ O[] Decision Support &5 . = 0O|[&gs @we 0O
=h - Y - w0 W g -"'—.@:D.III“'_
k= Sample Data Test1 ChangEd 4 ® Ames Structural Alerts [1 pos] il X 4
5 TestBH1 @ Epoxide || « [¥]E Samples (4 SM4
= Virtual ® Ames exact matches [no hits] [¥] El Amino acid |
4 @ Ames nearest neighbour [3 pos, 1 neg] '_:_h‘ !.l' | Epoxide [*[Cé
® 26761-45-5 [tanimoto=0.82] ey [¥] El Ester [0=C*|
© 2461-18-9 [tanimoto=0.81] [¥] Bl t-Butyl ]|
© 2461-15-6 [tanimoto=0.73] ’
@ 5926-90-9 [tanimoto=0.71]
4 ® OpenTox
4 ® Caco-2 Cell Permeability hitp:/fwww.n
W cacol = -45480999946594.24
4 ® Lipinski Rule of Five
v LipinskiFailures = 0.0
- 4 = ManlarilarWeinht 3
4 _I.fi“ [ ] |
3 Properties = [El3 = = ~ = D[ 2D-Structure i =0
Property Value
General
Classification POSITIVE
Matching atoms 22,21,23
Table | Sin Name Epoxide
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Integrated decision support for assessing chemical liabilities.




Read-Across Application
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Read-Across Application
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Read-Across Application
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Chemical Space Visualisation (Ches-Mapper)

operTar® CheS-Mapper: Chemical Space Mapping and Visualization in 3D

http://opentox.informatik.uni-freiburg.de/ches-mapper

UNI

FREIBURG

Martin Giitlein!*, Andreas Karwath!, Stefan Kramer2
*quetlein@informatik.uni-freiburg.de
Institute for Computer Science » Albert-Ludwigs-Universitét Freiburg  Germany, 2 Institute for Computer Science 112 » Technische Universitdt Miinchen » Germany

Abstract

Scientific researchers In the field of chemoinfommatics, are often overnhelmed by the size and the sheer complexity of
chemical datasels. Therefore, the need for visualization toals, s one of the uttermost req

CheS-Mapper Workflow Wizard Dialog to Control Mapplng

+ The workdiowis diided Into Mapping and 5 Al g e ot
cauess. Chemical Space Mapping Visualizaion e

ut recenty deeoped 30 mlecua viewe Che Mapper (Chemia Sace Mapper)icces man e, th stte + Mapping: i vy et

the rt stucuraldusering, nd s dmensional embeig tcinques. Lrge e are dided i s of - + s 2 peeprocessing step where the data is

similar compounds and consequently arranged in 30 space, such that their Sﬂﬂia\ plwdml!v reflects thelr chemical — dustered ace .

Samity. Ths iUy FrOWGES st INormation t th ser, whle making te aset more caslly accessble and Dataset - Eaiy (0 use the novice user can employ

allowing easy and understandable access to a large number of chemical structures wvmu\ ‘seconds. . " default settings

‘The different clustering approaches employed in our tod utiize common substructures a5 well o5 quanbtative chernica Visualization

+ Allsteps con be configured manually
scriptors of the compaunds. These features can be highlighted withn Ches-Mapper, which i the chemist o better

underlying the taals can
part of a given dataset for further analysis.

- Developers can plug in ovn aigorithms
+ Visualization:
T e e it
+ The dustering and embedding - Automatcdeecion nd plaoin
rlsbonal infumatonsbout Srmlartyand of new methods and 3
makes the data easlly accessitle

Chemical Space Mapping 3D Visualization

Build 3D Structure and 3D Embedding Dataset Overview -- Clusters Inside Cluster View
Extract Features (of Clusters & Compounds) -

r
r
+ select input detaset + Embedangalgorthms assign [Feses Cour [ | gt | oty | - ¥
~ Varicus dataset formts are NCBEHNC(-0)0 30 coordinates to each umver | vamer =2 e 2252 P
supported (scfmolfsmiles..) Compaund o custe, according W (7o Wi
+ Dataset con be directy oaded 1o the feature values of the e o
Trom the wels compounds b ey
+ 30 structure 15 bt - Different spproaches are 8
. Inummmnnmhummlh ! } ke provided: A ‘A)‘
i Delcpmert i Comporet
(D) = Opentobel L1 e

« B! e

@ Corina

is(PCA)
Mubtiimensional Scaling = s

 be Bl n sy - Yang Maprmcon = |z
* Eirad fectures BT e e ) ~—
 Features are required for 3 = . oy e Fou
clustering and embedding Heighbor Embeding (1SHE) = .
+ Automatic extraction of « Developers can easily piug in i ¥
dazens of descriplors with their ownfreferred 30
oK

Embeadngaigorihm =

+ Datasets are separsted Into dusters, amanged in 30 space
The intuitive nterface of the 30 viewer allows to:

By selecting a cluster, the view zooms i the duster and displays only the
d

cl C d 3D Al t of C o + Zoomyoidethe dudrs - Dl foranch exmprunders ket ey
r m n ignmen n + Get valuable information on custers via mose over + Uiks the custers, the compoundsart
uster Compounds gnment of Compounds - Bxaminea duste by cickingon £ 12 osSon She edwed Compoonds W Cuer s
+ The embedeing ns 20 pacs (posonsfdstanc bebwesn chisters) refscs the
- Compounds in the dataset e assigned 1o SUbgroups -

smilarty between compounds
Compounasin 3 custer e Bkely to share similariy between custer + Compounds can be removed from the dataset
common subgraphs: + Chster an be remaved rom e dataset
L - This subaraph is alreacy available if

tructural dustering is performed

according to thei similarty

st number af & dusters § + Alternatively, the maximum common *
iahuson s uscte o S s e bgaoh o s ot s , iahli i :
ey =G i ; Highlight Features and Endpoints 3 ;
. mm.ma Clustering O < = The compounds within a duster can be + Al compound properties can be highlighted: 3 o
AR A S MpAIMDOSKL Mg ALCOcing M. ‘compounds are colored according to the numeric value, a high value is indicated
S«/H\-u\mHynmg«-wrm«l clusters subgraph: 'ﬂ by red, & low value is inchcated by bie
= This o diffrences betnen compounds R . e by P
. cnmwundsave ass«ued dusters when

Gives an intuitive explanation towards the qualty of the dustering approsch;

e chustering sigorthm separate. active from nacive compoUnds:
there axists a common subgraph of suffident g soerhm serar o

s can plug i

new duster algarithms.

Open-Source Webstart Application References Acknowledgements
* Java program that comes in two variants: Powered by: j [1] Sesland, M, Girschick, T, Buchwaid, F, Kramer, Oniline Structural Graph  Clustering Using This work has been supported by the EU FP7 projact (HEALTH-F5-2008
+ Java Web Start application (can directly started imm a web browser) Frequent Subgraph Mining, 2010, Machine Learning and Knowledge Discovery in Databases, 200787) OpenTax (http: /fwww.opentox.org).
+ Local installation that makes use of non-java libr 213228, Springer
- Chess-Mapper is available at DOtp.//QREOROK m(ormaumm Areiburg. de/ches- magger [2] Jmol: an open-source Java viewer for chemical strudtures in 30. hitp: fuwaijmol.org

Developed by Martin Giitlein, Andreas Karwath, Stefan Kramer (ALU & TUM)
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Chemical Space Visualisation (Ches-Mapper)

OpenTo:

Abstract

Selentific researchers In the fisld of chemolnfommatics,
chemical datasels. Therefore, the need for visualization t
Our recenty developad 3D mokecular viewar Ches-M
the-art structural dustering, and mult-dmensional e
similar compounds and consequently arranged in 3
stmilanty. This Intulively proides essential Information
allowing easy and understandable access to a large num
The different clustering appronches employed in cur to
scriptors of the compaunds. These features can be h
understand the underlying scientiic knowledge. As a fin:
or further analysis.

Build 3D Structure a
Extract Features

+ select input detaset
* Various dataset formats are

supported (scfmelfsmiles-.)

+ Dataset con be directy oaded

Chemicai-Development- i
(CDK) or OpeniBbel
+ Edernal lbrares like Corina
<an be plugged
+ Bract fectures
 Features are required for
chustering and embeddng
+ Automatic extraction of
dozens of dasaiptoes with
@

Cluster Compounds

- Compounds in the dataset are assigned 1o Subdrc
according to thei similarty
Supported cluster aigarithrs:
+ kMagns Clustering
e numberof & csters
+ Random infialzation, teralive update of
dlusters and chuster centroids
+ Hierarchical Clustering
+ Each compound i single custer
+ Sequentially merge simlar chusters
ral Clustorin
- Finds groups tht share structural similar
ompounds are assion
there exists a common subgraph of suffic

. s

+ Developers can plug in new duster algarithms.

+ Java program that comes In two variants:
+ Java Web Start application (can directy starte
+ Local installation thak makes use of non-java
- Chess Magper is available a hitp. /apentas info

lk_means_cluster 1.sdf
k_means_cluster_2.sdf
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Highlight: |disabled

Initial Prototype

-~ CheS-Mapper: Chemical Space Mapping and Visualization in 3D
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Forming chemical feature-based categories

IURG

- CheS-Mapper: Chemical Space Mapping and Visualization in 3D

OpenTo:

Abstract

Selentific researchers In the fisld of chemolnfom
chemical datasels, Therefore, the need for visuali

Our recent) d 30 molecular viewar Che<
the-art structural ciustering, and mult-dmens
simllar comy and consequently arranged

similanty. This intutively provides essential inforr
allowing easy and understandable access to a larg

understand the underlying scientiic knowledge. A
or further analysis.

Build 3D Structure¢
Extract Features

+ Select input dataset
* Various dataset formats are
suppocted (scmolamies/..)
+ Datoset can be directy oaded
web
is b

+ 30 structure can be build with
Chemical-Development-Kit
(CDK) or OpenBabiel

+ Evternal lbraries like Corina
can be phigged in easily

+ Etract features

-+ Features are required for
clustering and embedding

* Automatic extraction of
dozens of deseriploss with
@

Cluster Compount

- Compounds in the dataset are assigned 1o
according to thei similarty
Supported cluster aigarithrs:

« Random infilization, terative ups
clustes and cluster centroids

+ Hierarchical Clustering

‘compound i single duster

+ Sequentially merge similar cluster:

vl Clusterin
- Finds groups that share structural
ompounds are assign

there exists a commeon suboraph (

s can i duster algariy

+ Java program that comes In two variants:
+ Java Web Start appiication (can direct!
+ Local installation thak makes use of no
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Controlling Access to Confidential Information

 OpenTox makes resources available through
URIs

* OpenTox provides facilities to protect
confidential information located at URIs. Two
tasks are involved here:

— Authentication: Confirming the identity of
the user requesting access

— Authorisation: Granting the confirmed
identity access according to a set of
restrictions described in policies

=
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Authentication

LDAP AUTHENTICATION
OpenLDAP OpenSSO
Credentials Credentials
VerE L:': ’Create Token

MMM

WEBSITE
Plone
o Registered users are instantly available as potential users of
OpenTox web services

« Users receive a token upon service request

-
——
E—
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Authorisation

AUTHORISATION WEBSERVICE

OpenSSO URI+

Action+
Accept/

URI+Action+Token Token
Decline

<
=

*
> V.

Code+Reply

.
-

Execute/
Abort '

» Tokens encode user identity
» Tokens are valid for a certain time period only (customizable)
» The triplet URI+Action+Token makes up the call to be authorised

 All messages are encrypted (SSL)
» Resource Owners create and modify policies defining access rules

-
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Policies

Visual Paradigm for UML Community Edition [not for commercial wse] Chemistry Lab Staff

D D Policy for the resource http:fmyserver.com/resource/2435 allow
allow
allow D

Creator

the guest is allowed onlyto
access the representaticn of e S
the resource. Pl

-
-
O - allow

allow

OpenTox developers
P P The creatorfjowner of the resource

allow might be allowed to apply any HTTP

reguest,
@ 00

OpenTox davelopers
are not allowed to modify

(FUT) Lhe resuurce Helen George loto

nH

Validation against Confidential Data Case implemented Spring 2011
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OpenTox - Leadscope Integration
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Analysis of Adverse Events Based on

Pharmacological Activity

% « Question addressed:

— Are the adverse events a
function of inhibiting the
pharmacological target?

— Or is the adverse event
due to an off-target
activity?

« (Cardiac adverse events PHARMA:{0)% =)

« Related to hERG ion channel?

cyan = adverse event, red = drug
lines define links
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Example: Cardiac Adverse Events

serotonin uptake

Inhibitors; antifungals :
. ¥ . len ’
o 4
e qt pnfﬁ?as qt’ hERG-related
syndruma syndrome S| toxicities?
fluoroquinolone
antibiotics
cardiac
hra@aqq::lm arfest
: ACE
Inhibitors

Off-target events
On-target events S

cyan = adverse event, red = drug

lines define link
S PHARMA[;(0):5)

=
= _ X
\ * -
= * *
= o
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REACH and Weight of Evidence

Within the REACH legislation, the so-called Weight of Evidence (WoE)
approach is a component of the decision-making procedure on
substance properties and thus an important part of the chemical safety
assessment. In the legal text the use of weight of evidence approach is
provided for in Annex Xl as an option to meet the information
requirements of Annexes VIl to X.

According to the ECHA Guidance B the weight of evidence (WoE)
approach is not yet a scientifically well-defined term or an agreed
formalised concept. It involves assessing the relevance, reliability and
adequacy of each piece of available information, holding the various
pieces of information up against each other and reaching a conclusion
on the hazard. This process always involves expert judgement. |t is
important to document and communicate how the evidence-based
approach was used in a reliable, robust and transparent manner.
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REACH and Weight of Evidence

The ECHA Practical Guide 2 “How to report weight of evidence” (ECHA
PG2) defines WoE as an evidence based approach involves an
assessment of the relative values/weights of different pieces of the
available information that have been retrieved and gathered in previous
steps. To this end, a value needs to be assigned to each piece of
iInformation. These weights/values can be assigned either in an
objective way by using a formalized procedure or by using expert
judgement. The weight given to the available evidence will be
influenced by factors such as the quality of the data, consistency of
results, nature and severity of effects, relevance of the information for
the given regulatory endpoint. One definition for weight of evidence is:
‘the process of considering the strengths and weaknesses of various
pieces of information in reaching and supporting a conclusion
concerning a property of the substance.’
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REACH and Weight of Evidence

Within Weight of evidence is closely linked to integrated
testing/information strategies (ITS), in that the available evidence can
help to determine the possible subsequent testing steps.

The WoE approach may be applied if there is sufficient information from
several independent sources leading to the conclusion that a
substance does or does not have a particular dangerous property, while
the information from each single source alone is regarded insufficient to
support this notion (ECHA Evaluation 2010).

If any of the Annex XI conditions for (Q)SAR for waiver are not met, the
(Q)SAR results cannot be used instead of testing but they may be
used as a part of a Weight of Evidence approach.

When data from a single secondary source is used, it is essential to
provide further supporting evidence e.g. QSAR predictions,
manufacturing data, data taken from material safety data sheets, etc.
All relevant information for the hazard endpoint should be addressed
and a justified weight should be assigned to it in the overall
assessment. (ECHA Evaluation 2010)
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Proposed Paper (s): Satisfying REACH Alternative

Testing Information Requirements

1 Supporting Information Gathering & Evaluation
2 Data Sourcing and Integration

3 (Q)SARS (including Applicability Domain, Validation, QMRF, QPRF
reporting, Reliability, Confidence)

4 Categories and Read Across

5 Weight of Evidence (REACH and WoE could be a focus paper itself)
6 Predicting Metabolites

7 Achieving Harmonisation through Ontologies

Preparation Timeframe Sept-Nov 2011.

Interested in Collaborating on this paper?
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Creation of VO from Collaboration Pool/

Opportumty Ill:l|> ‘

i

Call for Tender
Need for joint effort
Major project
~— _

Virtual Organisation

Partner 5 Partner 7

Coordinator

Partner 6

OpenTox wwWw.synergy-ist.eu




Initial Experience on SAM VO

Scientists Against Malaria (Pilot initiated June 2010)

Using a low budget approach, strong interdisciplinary collaboration and
Innovative infrastructure and modelling developments, we moved a
green field drug discovery project on a novel parasitic kinase target with
no initial solved structure or known ligand at the start of the Pilot Project
to Dose Response characterised leads within 9 months.

We are now extending chemical and kinome space exploration of
activity relationships and developing schemes for toxicity profiling and
prioritisation of compound libraries.
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SAM Virtual Organisation targeting Plasmodium Kinases

(www.ScientistsAgainstMalaria.net)

/ Non-essential for \

erythrocytic schizogony
a Sporozoites %7 _ o >-Pfmap-1
» PfPK7
J m m > PbCDPK3|Shin0, Billker
‘{f > Pfnek-4 / Pbnek-4
» PbDCPK4Bilker
Sporozoite infectivity > Pbmap-2
» PbCDPK6CPPI Salwarf st A
glands fnek-2
Liver > Pynek-3
» Pfnek-4
" » Pfcrk-5
» PfelK1
, » Pfelk2
» PfTKL-2
H’E Erythrocytic schizogony: > PFTKL-4
: > Pfmap-2 > PNS j
Marozoites B PFCDPK1Winzeler \
saah®s » PfPK7 Ookinete maturation:
;-l ."'+ » Pbcrk-1 » Pbnek-4
"Hl- " \ > Pfnek-1 » Pbnek-2 Oocyst maturation:
i\ » PfPK5 » PfPK7
> PfPK6 Gut A
- » PfPK9 .& ¢M
» PfCK2 :
o : .,-H_ » PfGSK3 Ookinete migration:
o > PFTKL1 S PbCDPK?)”ShmO’ Billker
l. » PfTKL3 L)
TFDF.‘I-hﬂ-IEIItE : g:‘;:t_z Gametogenesis:
= Billker -
> PARK1 > PODCPKA Zygote
> PFARK2 > Pbmap-2
P PfPKGBaker e
> PFARK4 g —
Game —= Gametes

: K> PfPK4 /




Collaborative Research Framework Integration
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Event Driven Collaboration Architecture

OpenToxLink ICT Architecture

Collaboration Pattern Collaboration
Suggestions (2N pattern
* Hold a meeting! Assistant * There is a data conflict.
* Discuss a new strategy! » New information is available.
* Contact partner ¥! * efc.

* Analyze these compounds

Events : Events
-

Data
i P _ * Data pelals N CEPS
OpenToxLink — Enterprise  Data }r Complex Event
St CERF Service Pattern Service
OpenToxLink partners Consensus Bus
generate data/protocols using Rule Events @ Partner conflict [l Delay
external toolsand platforms Outcome o 9 Missing values  Additional Information
S New Results A Conflicting Data
(e.g. OpenTox, Leadscope, ~
Titanium) Data is exchanged a8
as ontology-based
messages Peollaborati
MODERATOR
Consensus Rule

Editor

* Method A is not providing
decisive predictions.
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Event Driven Weight of Evidence
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Synergy Drug Design Collaboration Pilot

e Data Refine Predictions
S
Screened CERF

Library

(Safer) Drug
Leads

op en-l-;";‘-‘;—:? www.scientistsagainstmalaria.net



The OpenToxLink Virtual Organisation

Titanium  FDA Data

smarTcyp OPENTOX LUS EPA
Link ToxCast

" Bioclipse , SYNERGY

e Data Mining of Human Adverse Drug
Events

e Data Mining of Literature Knowledge )

.\
e Creation of Mechanism-based Hypothesis

e Selection of Biological Pathways & Targets
v,

3
* Selection of Compounds

* Prediction of Metabolites of Compounds
v

* Selection of in vitro assays relevant to
Mechanism

» Selection and integration of Toxicity Data )

e Creation of Predictive Toxicology Model

including Model Validation and
Applicability Domain

o

* Selection of Low and High Content Assays )
for Testing in Cell Lines

* Analysis of Results )




Weight of Evidence driven Prioritisation

A Weight-of-Evidence Approach to Prioritisation based on
Consensus across Multiple Sources of Information

Roman Affentranger and Barry Hardy, Douglas Connect, Switzerland
Glenn Myatt, Leadscope, USA

Nina Jeliazkova, IdeaConsult, Bulgaria

Matthew Clark and Jeff Wiseman, Pharmatrope, USA

We present the results of initial work carried out within the OpenToxLink Virtual
Organization, applying a Weight-of-Evidence (WoE) approach based on
consensus across multiple sources of information for the prediction of adverse
effects of a large set of potential antimalarial compounds. The work was carried
out as part of the EU FP7 project SYNERGY, evaluating the support of decision
dashboards and event-driven collaborative research of software developed within
SYNERGN > =

Poster presented at OpenTox 2011, Munich

www.opentox.org/meet/opentox2011/posters/a-weight-of-evidence-approach-to-
prioritisation-based-on-consensus-across-multiple-sources-of-information
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The TCAMS MalariaBox

“Malaria Box”: A collection of chemical compounds active against (i.e. inhibiting
growth of) the malaria parasite Plasmodium falciparum

Data provided that is relevant for this project:

*Activity against (growth inhibition of) P. falciparum strain 3D7 (common strain)

*Activity against (growth inhibition of) P. falciparum strain DD2 (multi-drug resistant strain)
*Cytotoxicity against (growth inhibition of) human hepatocytes, HepG2 (hepatoma cells)

Antimalarial Activity Cytotoxicity
3928 1789
active’ inactive’
non-toxic toxic
3086 10216
1339 active” but toxic
W3D7andDD2  3D7only ") against P. falciparum DD2 Not Toxic Toxic

= =
OpenTox = Gamo et al., Nature 465(7296), 305-10 (2010)



Human Adverse Events Data

Human Adverse

Event-drug pair values in Titanium Data:
0: no association
1: significant association

AERS

Events Data Combination Rule for Event Groups:
e .

- Associate a drug with a group if the sum
of individual event values is non-zero

—

Event-drug pair values in Titanium Predictions:
0 : no association (0)

0.35-0.4 : non-significant association (0)
>0.4 : significant association (1)

Combination Rule for Event Groups:
Associate a drug with a group if the sum of

Data Mining individual event values is larger of equal to 0.4.
A /o
T'g‘gt';m B“Si‘l)gii'gw/ Tl\l;ltzglc:l;n Adverse Event Groups Group Name
/ Hepatic function abnormal
4 | Liver disorder FuAbn
- - Apply to Hepatic necrosis Nec
§ Combining c TCAMSd Cytolytic hepatitis
5 Data for S Hepatitis
o Event Hepatitis acute Hepa
Groups 8 § Combining Hepatitis toxic
§’ § Predictions Cholestasis
Model Qo for Event Jaundice
Building Groups Hepatitis cholestatic CholJa
v jaundice cholestatic
/ Yellow skin
Leadscope Pharmatrope Hepatic failure
/ Models Group-based Hepatitis fulminant HebEail
/ Predictions Acute hepatic failure eprai
Hepatorenal failure
Apply to Leadscope Eiﬁztgngz
== C;Fn?ri)Muﬁds Group-based Hyperbilirubinaemia HepTox

Predictions

Hepatosplenomegaly




Combining Predictions and Experimental Data

Pharmatrope Leadscope OpenTox
Combination Rule for Event Group
Predictions:
Associate a drug with a group if
either the Pharmatrope or the
Leadscope predcition is
positive (or both) (‘ ; L4
.| ; /HepTux
; / HepFall ___/ f

/ ChoIJa

In vivo micrenucleus
assay

Genotoxic
Carcinogenicity

Non-genotoxic
Carcinogenicity

Cramer Rules

AERS
Consensus

OpenTox
Consensus

’ Hepa—

FuAbn—

TCAMS
Antimalarial
Activity

TCAMS
Cytotoxicity

AERS Consensus: P .
Count the number of Adverse Event Group Consensus Prioritization

associations. If more than one is positive, the AERS
Consensus is positive.

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

OpenTox Consensus:

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

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



Compound Prioritization Results

TCAMS Data AERS Predictions OpenTox Predictions

Toxicities
predicted

“Safe”
o Events “Safe”
"0 Associated (10.4%)

~5300 compounds

“Safe”

active against DD2 N
g 3900 compounds (7.1%)
active against DD2
and not cytotoxic 410 compounds

active against DD2,
not cytotoxic and
no adverse events

29 compounds without any
predicted

indication of adverse events or
toxicities

=
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Example compounds

“Safe” Ambiguous, Further Data Required
0
TCMDC-131287: o, N

- No predicted association with = N e
adverse events (consistent) H ,J\O O

- Negative for carcinogenicity o N N N o~
and mutagenicity

- No inhibition of HepG2 growth TCMPC'13805_7:_ _
_ Strong inhibition of P. -Predicted association with many adverse events groups

falciparum DD2 growth -Positive for carcinogenicity and mutagenicity
-Considered safe (Class I) with Cramer rules
-Inhibition of HepG2 growth could not be measured
-Strong inhibition of P. falciparum DD2 growth

“Toxic” N

TCMDC-137245:

- Associated with 4 and 5 (out of
5) adverse events group by
Pharmatrope and Leadscope, TCMDC-125641:
respectively

- Positive for carcinogenicity and
mutagenicity, Cramer Class IlI

- 67% HepG2 inhibition (10 uM)

- 91% P. falciparum DD2 growth
inhibition (at 2 uM)

-No adverse event assoaatlon predicted with Pharmatrope models
-Strong association with all five adverse events groups predicted
with the Leadscope models

-Negative for carcinogenicity and mutagenicity

-Intermediate inhibition of HepG2 growth (33% at 10 uM)

-Strong inhibition of P. falciparum DD2 growth (100% at 2 uM)




The Building Blocks of SEURAT-
1

Call S Projects
“FP7-Health-2010 Biology NOTOX
Alternative
Testing” H
/' Computer uman-
modelling & based o '
estimation _organ- HeMiBio
techniques _ simulating
devices
SEP
Coordination COACH
action (Secretariat)
Integrated
data ana!lysis Endpoints ToxBank
and servicing &
markers |
Human-
based
organ-specific Scr&TOX

target cells

~ 70 research groups from European Universities,
Public Research Institutes and Companies

(more than 30% SMEs)
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The Building Blocks of SEURAT-

1

Sq)r);;a;Tox .. Stem cell differentiation for providing human-based organ
9

-G

NOTOX °
3 ToxBank

COACH

= =
OpenTox =

specific target cells

¢ Development of a hepatic microfluidic

bioreactor

. Identification and investigation of human biomarkers

Delivery of computational tools to predict the effects of
chemicals based on in silico calculations and estimation
techniques

Development of systems biological tools for organotypic
human cell cultures

Supporting integrated data analysis and servicing of
alternative testing methods in toxicology

Cluster level Coordinating and Support Action




Our Infrastructure Vision for
ToxBank supporting all steps of Predictive Toxicology
Research based on Alternative Testing methods

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

-:—--i‘:ﬁ___
OpenTox B

Warehouse
Gold
Compounds
Database

' X EX X

‘ ‘ Biobank

SOPs SOPs
Compounds Biological
Materials www.toxbank.net

This project will be jointly funded by COLIPA and the EC. Any opinions expressed in this slide are those
of the author. COLIPA is not liable for any use that may be made of the information contained therein.




OpenTox InterAction Meeting 2011

Innovation in Predictive Toxicology

Modeling, Applications, REACH, Risk Assessment

9-12 August, 2011
Technical University of Munich, Germany

Ca. 80 attendees participated in workshop,
knowledge cafés, conference, poster session

More Information at:
www.opentox.org/meet/opentox2011

There will be an OpenTox 2012!



Collaborating Partners

Douglas Connect,

In Silico Toxicology, switzerland Albert Ludwigs University
Switzerland (Coordinator) Freiburg, Germany
Ideaconsult, 5 ¢ National Technical
Bulgaria § ; +& University of Athens,

s

Greece

|stituto Superiore

di Sanita, Italy = (CHa Fraunhofer Institute

for Toxicology &
Experimental Medicine,
Germany

Technical University
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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Our Funding Support...

OpenTox - An Open Source Predictive Toxicology Framework, www.opentox.org,
is funded under the EU Seventh Framework Program: HEALTH-2007-1.3-3
Promotion, development, validation, acceptance and implementation of QSARs
(Quantitative Structure-Activity Relationships) for toxicology

Project Reference Number Health-F5-2008-200787 (2008-2011).

For more information, visit
www.opentox.org

Contact:

barry.hardy -(at)- douglasconnect.com
twitter.com/barryhardy
barryhardy.blogs.com

-
——
E—

OpenTox

=




