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Building	block	1:	Scr&Tox
Stem	cell	differentiation	for	providing	
human-based	organ	specific	target	cells

Coordinator:	
Marc	Peschanski
INSERM/i-STEM	
France

website:	
www.scrtox.eu

The cell factory



Building	block	2:	HeMiBio
Development	of	a	hepatic	
microfluidic	bioreactor

Coordinator:	
Catherine	Verfaillie
KU	LEUVEN,	Belgium

website:	
www.hemibio.eu

The in vitro liver



DETECTIVE
Identification	of		biomarkers	for	
prediction	of	toxicity	in	humans

Coordinator:	
Jürgen	Hescheler
Klinikum	der	
Universität	Köln,
Germany

website:
www.detect-iv-e.eu

Biomarkers and functional assays
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Building	block	4:	COSMOS
Delivery	of	computational	tools	to	predict	the	
effects	of	chemicals	based	on	in	silico	
calculations	and	estimation	techniques

Coordinator:	
Mark	Cronin
Liverpool	 John	
Moores University,
UK

website:	
www.cosmos-tox.eu

In silico toxicology



NOTOX

Coordinator:	
Elmar	Heinzle
Universität des	
Saarlandes,
Germany

website:
www.	notox-sb.eu

Development of systems biological 
tools for organotypic human cell 
cultures

Bioreactor

Thinking in systems



ToxBank Wiki	Development

wiki.toxbank.net



Toxicogenomicsmap

wiki.toxbank.net/wiki/Toxicogenomics-map/Toxicogenomics map publication

Links to

Data are protocols in ToxBank
(formatted data currently being tested)

Toxicogenomics directory

Links toLinks to



Public	Data	
Analysis

Molecular function

Binding
19 genes
adjP=6.61e-01

Catalytic activity
9 genes
adjP=6.75e-01

Electron carrier
activity
3 genes
adjP=1.75e-02

Transporter 
activity

Nucleoside binding
3 genes
adjP=6.75e-01

Nucleotide
binding

Protein binding
12 genes
adjP=6.75e-01

Oxidoreductase
activity
5 genes
adjP=1.75e-02

Transmembrane
transporter activity
3 genes
adjP=6.61e-01

Phospholipid Binding

Oxidative Agent

Clustering by	
Gene	Ontology
associations	
from	CTD*

*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.



Doxorubicin 
(Human hepatocytes)

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

ToxBank Data Warehouse (data curation and retrieval)

Connectivity Map (MCF7, PC-3 cell lines; p < 0.01)

Comparative Toxicogenomics Database (q-value < 0.01)
Disease Name Disease ID
1. Cardiovascular Diseases MESH:D002318
2. Digestive System Diseases MESH:D004066
3. Neoplasms MESH:D009369
4. Neoplasms by Histologic Type MESH:D009370

B

A

C

D

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) *

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)

*= topoisomerase II inhibitor
(Mantra 2.0)

Pathway meta-analysis 
using KEGG pathways 
(InCroMap) software)
Pathways
1. Cell cycle
2. p53 signaling pathway
3. Oocyte meiosis
4. TNF signaling pathway
5. DNA replication
6. Mismatch repair
7. Fanconi anemia pathway
8. Viral carcinogenesis
9. Rheumatoid arthritis
10. Influenza A
11. Chagas disease (American 

trypanosomiasis)
12. Hepatitis B
13. Herpes simplex infection
14. Pyrimidine metabolism

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

Differentially 
expressed genes 
(R/Bioconductor)

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.



VPA	– Mechanistic	Analysis	(Steatosis)
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VPA	– Background	Knowledge

wiki.toxbank.net

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



VPA	– ToxBankWiki

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	(s)

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
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Pathway 
enrichment*

*InCroMAP software (http://www.ra.cs.uni-
tuebingen.de/software/InCroMAP)

Differential Expression



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	plus	ToxCastData	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	ToxCastData	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



Understanding	multiple	omics datasets



Workflow	for	Ab	Initio	Risk	Assessment	

• Identification	of	
Adverse	Effects

• Validation	of	
Regions	of	Concern

• Mode	of Action
– Mechanism
– New	Test
– Revision	of AOP

27



Identification	of	Adverse	Effects

28

vHepaRG cells

http://www.ra.cs.uni-tuebingen.de/software/InCroMAP



Validation	of	Regions	of	Concern

v Including	information	from	AOPs
v AOP38:

29



Common	Language

Source: sheezaredhead.wordpress.com/2011/01/12/use-common-language-please/



Toxicological	Ontology:	graphical	representation



A	Toxicology	Ontology	Roadmap	
• 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),	Ian	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	Sanità),	Luca	Toldo (Merck	KGaA),	David	Watson	(Lhasa	
Ltd.),	Andrew	White	(Unilever),	Chihae Yang	(Altamira)

Based	on	Proceedings	from	the	Toxicology	Ontology	Roadmap	Workshop
EMBL-EBI	Industry	Programme	Workshop	
16	-17th	November	2010,	Hinxton,	UK	



Ontology	assembled	from	multiple	sources



OpenTox and	Open	Components	and	Standards

Feature				
GET
POST	
PUT
DELETE

Compound				
GET
POST	
PUT
DELETE

Dataset
GET
POST	
PUT
DELETE

Ontology
GET
POST	
PUT
DELETE

Algorithm
GET
POST	
PUT
DELETE

Model
GET
POST	
PUT
DELETE

AppDomain			
GET
POST	
PUT
DELETE

Validation
GET
POST	
PUT
DELETE

Report
GET
POST	
PUT
DELETE

www.opentox.org/dev/apis/api-1.2

Investigation	
(Study,	Assay)
GET
POST	
PUT
DELETE

<-New API addition from ToxBank

Authorisation	&	
Authentication				
GET
POST	
PUT
DELETE



Bioclipse Visualisation	Workbench	- OpenTox	

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

Collaboration with Ola Spjuth 
and Egon Willighagen
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Recommendation Rules:

0 0 1
0 1 1

1 0 0

1 0 1
1 1 0

0 1 0

Hit,
high	confidence

Not	a	hit,
high	confidence

Inconclusive	results,	
further	study	
needed

Synergy

OpenTox

1 1 1

0 0 0

Event Driven Weight of Evidence

Consensus Rule 
Editor



Event-driven	Weight	of	Evidence

Hardy and Affentranger, Drug Discovery Today. 

2013 Jul;18(13-14):681-6.



Integrating	public	and	confidential	data

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



Adverse outcome pathway (AOP) : drug-induced cholestasis

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 .



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



OpenToxWorking	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



Structure of a Knowledge Management System for Toxicity Prediction

Genomics

Metabolomics

Cellular 
function

High 
throughput 
screening

Analyze 
requirements

Data 
intake 
forms

Data 
storage

Data 
reporting

Build 
infrastructure

Shared 
ontologies

Assure 
common 
language

Link to 
external data

Overlay data 
analysis tools

Gene expression

Metabolism

Toxicokinetics

Clinical Adverse 
Events

Pathways

Bioactivity

Knime

BIX

CIX
(COSMOS)

Exposure

Legacy Animal 
Data

Archive Analyze

OpenTox



ToxBank Analysis

46

2014 Lush Science Prize Winners: Roland Grafström and Pekka Kohonen



Barcelona	highlight

Messi scores winner on rebound - www.youtube.com/watch?v=5wlTvdBfhfw
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