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Building block 2: HeMiBio
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prediction of toxicity in humans

14 Day old Ebs

Thalidonide
Cytarabine

DETECTQV)E

Detection of

Endpoints and Biomarkers

for Repeated Dose Toxicity Using In Vitro Systems

= PC1#15.3
%

COLI.
wRTIa

Biomarkers and functional assays

1 ToxBank

Day 7- Cytarabine
Td
T
Day 7- | Day 7-EBs
Thalidomide Td
ay 0
3 X
S< Jld ]
U N I O O O3 i
[
Day 14-
O | D BN AR AR S T Day 14- Cytarabine Td
Thalidomide ‘
B | AR S e g i Y Td
| l ¢
=—— Day 14 - EBs

Coordinator:
Jiirgen Hescheler
Klinikum der
Universitat Koln,
Germany

website:
www.detect-iv-e.eu /

AN A

O

Cosmetics Europe — Seveyms ramework




Building block 4: COSMOS

¢ Delivery of computational tools to predict the C SMOS
effects of chemicals based onin silico
calculations and estimation techniques
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2 Development of systems biological NOTOX
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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 & 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
o Cardiotoxic Compounds
o Selection Criteria

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

Biological 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:
o 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 Meeting & and may be downloaded here.
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Abstract PubMed

A long-term goal of numerous research projects s to identiy biomarkers for in vitro systems predicting

toxicity in vivo. Often, transcriptomics data are used to identify candidates for further evaluation.

However, a systematic directory summarizing key features of chemically influenced genes in human

hepatocytes is not yet available. To bridge this gap, we used the Open TG-GATES database with

Affymetrix files of cultivated human hepatocytes incubated with chemicals, further sets of gene array data

with hepatocytes from human donors generated in this study, and pubiicly available genome-wide

datasets of human liver tissue from panenls with non-alcoholic steatohepatitis (NASH).
ancer (HCC). Afte

In\itro - n vivo correlation of gene
expression [Curr Med Chem. 2012]
Model steatogenic compounds
(amiodarone, va [PLoS One. 2014]
Species-specific differences in
coumarin- [Hum Exp Toxicol. 2008]

T Cooperation of lver cells
into a comprehensive masxansnczl analys\s The results are summarized in the publicly available [Ad" Anat Embryol Cell Biol. 2001]
(hitp: ! ) which provides information [REITENY Safety and nutitional
for all genes whether they are up- or downregulated by chemicals and, i yes, by which compounds. The  assessi[Food Chem Toxicol. 2008]
directory also informs about the following key features of chemically influenced genes: (1) Stereotypical See reviews.
stress response. When chemicals induce strong expression alerations, this usually includes a complex
but highly reproducible pattern named'stereotypical response.” On the other hand, more specific
expression responses exist that are induced only by individual compounds or small numbers of
campaunds. The directory dfferentiates if the gene is part of the stereotypical stress response or f it

Seeal.
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Toxicogenomics map publication

wiki.toxbank.net/wiki/Toxicogenomics-map/
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Page | Discussion

Toxicogenomics-map/

Toxcogenomics-map/

Toxit directory of exposed human hepatocytes

A long-term goal of numerous research projects is to identiy biomarkers for in vitro systems predicting toxicity in vivo. Often, transcriptomics data are used to identify candidates for further evaluation
However, a systematic key features of ch d genes in human hepatocyt tyet available. To bridge this gap, we used the Open TG-GATES database with Affymetrix
files of cultivated human hepatocytes incubated with chemicals, further sets of gene array data with hepatocytes from human donors generated in this study, and publicly available genome wide data sets
‘of human liver tissue from patients with non-alcoholic (NASH), cirthosis, and ancer (HCC). After a curation procedure, expression data of 148 chemicals were included into a
comprehensive biostatistcal analysis. The resuts are summarized in the publicly available (htp:fhwikitoxbank ) which provides inf for all
genes whether they are up- or downregulated by chemicals and, if yes, by which compounds. The map also informs about the following key features of chemically-influenced genes: (1) Stereotypical stress
response. \When chemicals induce strong expression alterations, this usually includes a complex but highly reproducible pattem named ‘stereotypical response’. On the other hand, more specific
‘expression responses exist that are induced only by individual compounds or small numbers of compounds. The map differentiates if the gene is part of the stereotypical stress response o if it represents
‘amore specific reaction. (2) Liver disease associated genes. Approximately 20% of the genes influenced by chemicals are up- or downregulated, also in liver disease. Liver disease genes deregulated in
cirthosis, HCC and NASH that overiap with g include CYP3AT, normally expressed in fetal liver; the phase Il metabolizing enzyme
SULT1C2; ALDHSA1, known to generate the ligand of RXR, one of the master regulators of gene expression in the liver; and several genes involved in normal iver functions: CPS1, PCK1, SLC2A2,
CYPBB1, CYP4AT1, ABCAS, and ADH4. (3) Unstable baseline genes. The process of isolating and the cultivation of hepatocytes were sufficient to induce some stress leading to expression atterations of
genes he so-alled unsiblebaselne genes.(4) Boogica uncton. Athough more than 2,000 genes are anserptonaly nfenced by chemical,hey can be assigned to @ eatvely small gro of
biological functions, including energy and lipid metabolism, inflammation and immune response, protein modification, end metabolism, cytoskel

and DNA repar In conclusion, the inroduced toxicotranscrptomics map offers a basis for a rational choce of candidate genes or biomarker evaluation studies and represents an easy (0 use source of
background information on chemically-influenced genes.

o Link to publication &
Toxicogenomics directory
‘The directory informs about the following key features of chemicaly-influenced genes: (1) Stereotypical stress response. For this purpose the SV value is given for upregulated (SV Up) and downregulated

(SV down) genes. The SV value informs how many an atleast 3-old up o gene. (2) Liver d The directory informs, whether
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ToxBank Data Warehouse (data curation and retrieval)

Doxorubicin
(Human hepatocytes

Ho

Transcriptomics profiles

Differentially
expressedgenes
(R/Bioconductor)

Pathway meta-analysis
using KEGG pathways

(InCroMap) software)

DOXO'M vs. C 8hr'
DOXO'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'

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

Herpes simplex infection
Pyrimidine metabolism

2gemNpaReN
Booxor vs. ¢ snr

- = -
HwN

Significance: *=FDR g-value < 0.05

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

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 ll inhibitor
(Mantra 2.0)

Vv C

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

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. Phthalylisulfathiazole
(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

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

Disease ID

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

* X

* *

* *

LAy TN * *
* ok
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VPA — Mechanistic Analysis (Steatosis)
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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

‘ﬂ IBREank wiki.toxbank.net - R




VPA — ToxBank Wiki

€ - C [ wikitoxbank.net/wiki/Valproic_Acid

ﬁ TOXBank Page Discussion

Main page
Recentchanges

Compound Summary
Table

w Hepatotoxins
Summary Page
Acetaminophen
Aflatoxin B1
Allyl Alcohol
Amiodarone
Beta-Naphthoflavone
Bosentan
CCl4
Chlorpromazine

Dimethoxy-
naphthoquinone
(DMNQ)

Dirlotapide
FCCP
Fluoxetine
lodoacetamide
Methotrexate
Oligomycin A
Rifampicin
Rotenone
Tamoxifen
TO901317

Valproic Acid

Read View source View history |Search

Valproic Acid

Executive Summary Information

Compound Valproic Acid
Toxicities Steatosis, cytotoxicity
Mechanisms As a fatty acid analogue, the compound is a competitive inhibitor of fatty acid metabolism, which accounts for steatosis. The
parent compound 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 w-oxidation produces a reactive alkylating and free radical-propagating agent that adds to the toxicity profile.
Comments This compound was selected as a reference standard for steatosis via inhibition of B-oxidation.
Feedback Contact Gold Compound Working Group (GCWG)
Valproic Acid
LIINTOP Data “ PK-ADME Data H ‘Omics and ICep Data H Physical Properties
Recommended Product and Source ‘ o
H
.

In Vivo Data ?

Compound Assessment

GIOXBank < 1VPA-bac

wiki.toxbank.net/wiki/\VValproic_Acid et R

Adverse Events ? “The foremost and most severe concern for anyone taking valproic acid is its potential for
sudden and severe, possibly fatal, fulminating impairments in liver, hematopoietic and/or
pancreatic function, especially in those just starting the medication. This particular warning
is the first one listed on any drug adverse effect listing when one receives the drug at the
nharmacv ”

kground knowledge profile (5
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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 w-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 [3-oxidation.

# ToxBank O T B
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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.

* X %
[oxBank o
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Steatosis AOP (s)

L BN~ Whttps://aopkb.org/aopwiki/index.php/Aop:34 X| &'~ Vahoo P ﬁ 8B 3

YAHOO! | e 8 - A S = @B+

Adverse
Outcome
Pathway

WIKI

Navigation

Main page

AOP List

Help

FAQ

Recent changes
Release notes

Actions

Create new AOP

Feedback

Upcoming Features
Bug Reports
Feature Reguests

M ToxBank 2opkb.org/aopwiki/index.php/Aop:34 ¢

& 192.12.13.14 Talk for this IP address Create accoun

Page Discussion Read View source View history |Search

Aop:34
Aop:24 > File:LXR Activation to Liver is.png

AOP Title

LXR Activation to Liver Steatosis
Short name: LXR Activation to Liver Steatosis

Authors

Marina Goumenou

Status

Alert: The Weight of Evidence column in the Molecular Initiating Event and Key Event tables has changed to Essentiality. Consider re-evaluating the columns in these tables.

Under development: Do not distribute or cite.
This AOP page was last modified on 1/11/2015.

Click here to show/hide revision dates for related pages

Abstract

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
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Steatosis AOP
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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

* X %
T * *
oxBank s
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Omics analysis

Differential Expression

Ensembl Entrez Symbol Log-average expression FC'HC8hr' FC'MC8hr' FC'LC8hr'

ENSGO00000000003 7105 TSPAN6 10.52 0.021 -0.112 0.005
ENSG00000000005 64102 TNMD 4.04 0.21 0.066 0.214
ENSG00000000419 8813 DPM1 12.31 0.168 0.316 0.184
ENSG00000000457 57147 SCYL3 7.19 -1.049 -0.206 0.101
ENSG00000000460 55732 Clorf112 5.26 -0.402 -0.497 -0.143
ENSGO00000000938 2268 FGR 5.77 0.157 0.299 -0.026
ENSG00000000971 3075 CFH 10.1 0.571 0.232 0.035
ENSG00000001036 2519 FUCA2 10.46 0.036 -0.05 -0.041
ENSG00000001084 2729 GCLC 9.22 -0.377 -0.153 0.105
ENSGO00000001167 4300 NFYA 6.88 -1.052 -0.966 -0.214
ENSG00000001460 30529 STPG1 6.42 0.046 0.025 0.005
ENSG00000001461 57185 NIPAL3 6.88 -0.048 0.223 0.056
ENSG00000001497 ‘81887 LASIL 8.9 0.303 0.129 -0.012

ENSG00000001561 :22875 ENPP4 7.4 -0.059 -0.391  0.008 P ath way 2 -
enrichment* "

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

L 2 Erzx: Z
- r - 2 [
13 p:g :i: By iiERICOR
g 88 338 RCZJ S/ g8B 538 8
- 2 2 X X 42z T 2=z 2=z O
Pathway class Pathways 22L& 8L L g2 gEgEgEgEE B
Cellular Processes; Cell growth and death Cell cycle * *| % | * * | *
Cellular Processes; Cell growth and death p53 signaling pathway *
Cellular Processes; Cell growth and death Oocyte meiosis * *
Environmental Information Processing; Signal transduction  TNF signaling pathway
Genetic Information Processing; Replication and repair DNA replication | * | *
Genetic Information Processing; Replication and repair Mismatch repair *
Genetic Information Processing; Replication and repair Fanconi anemia pathway * | *
Human Diseases; Cancers Viral carcinogenesis *
Human Diseases; Immune diseases Rheumatoid arthritis * *
Human Diseases; Infectious diseases Influenza A * *
Human Diseases; Infectious diseases Chagas disease (American trypanosomiasis) * *
Human Diseases; Infectious diseases Hepatitis B * * | *
Human Diseases; Infectious diseases Herpes simplex infection *
Metabolism; Nucleotide metabolism Pyrimidine metabolism ol *
( Organismal Systems; Endocrine system Progesterone-mediated oocyte maturation *

Organismal Systems; Immune system Toll-like receptor signaling pathway * *



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
h5 );

* X
T * .
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Enrichment analysis of TGG data for VPA (24h, med conc)

# D Name List ratio BG ratio P-value Q-value Genes/Compounds

1|path:hsa04114 Oocyte meiosis 6/298 73/14867(2.771E-3 0.2146 CDC20, PLK1, IGF1, CCNE1, SGOL1, AURKA
2|path:hsa04110 Cell cycle 7/298 105/14867|3.948E-3 0.2146 CDC20, ORCS6, PLK1, TGFB1, CCNE1, TTK, CDC25A
3|path:hsa00830 Retinol metabolism 4/298 36/14867(4.916E-3 0.2146 RDH16, CYP2C19, CYP4A11, CYP3A7 J—
4|path:hsal0330 Arginine and proline metabolism 4/298 42/14867|8.283E-3 0.2713 ARG1, CPS1, OAT, PRODH2
5|path:hsa04375 Fat digestion and absorption 3/298 26/14867/0.0131 0.3356 MOGAT3, MOGAT2, MTTP
6|path:hsa05020 Prion di 3/298 259/14867(0.0173 0.3356 C6, HSPAS, CS
7|path:hsad0591 Linoleic acid metabolism 2/298 11/14867/0.0184 0.3356 CYP2C19, CYP3A7
8|path:hsal0330 Tryptophan metabolism 3/298 32/14867(0.0221 0.3356 DDC, ACMSD, KMO
9|path:hsal0140 Steroid hormone biosynthesis 3/298 33/14867/0.0238 0.3356 HSD1782, CYP3A7, SULT1E1

10|path:hsad0590 Arachidonic acid metabolism 3/298 34/14867/0.0256 0.3356 CYP2U1, CYP2C19, CYP4A11

11|path:hsa00982 Drug metabolism - cytochrome P450 2/298 18/14867(0.0444 0.4595 CYP2C18, CYP3A7

12|path:hsad0062 Fatty acid elongation 2/298 19/14867(0.0486 0.4595 ELOVL7, ELOVL4

13|path:hsa01230 Biosynthesis of amino acids 3/298 45/14867|0.0487 0.45395 PKLR, ARG1, CPS1

14|path:hsa04621 NOD-like receptor signaling pathway 3/298 47/14867|0.0535 0.4595 CCL2, CARDS, TRIP6

15|path:hsa04918 Thyroid hormone synthesis 3/298 47/14867|0.0535 0.4595 PDIA4, HSPAS, ASGR 1

16 |path:hsa03430 Mismatch repair 2/298 21/14867(0.0574 0.4595 MSH6, EXO1

17|path:hsa00983 Drug metabolism - other enzymes 2/298 22/14867|0.0613 0.4595 XDH, CYP3A7

18|path:hsa04974 Protein digestion and absorption 3/298 52/14867|0.0659 0.4585 ACE2, SLC3A1, SLC7AS

19|path:hsa04141 Protein processing in endoplasmic reticulum 5/298 130/14867(0.0736 0.4595 PDIA4, CRYAB, HERPUD1, HSPAS, DDIT3

20|path:hsa00232 Caffeine metabolism 1/298 4/14867|0.0778 0.4595 XDH

21|path:hsa003980 Metabolism of xenobiotics by cytochrome P450 2/298 26/14867(0.0803 0.4595 CYP2C18, CYP3A7

22|path:hsa05204 Chemical carcinogenesis 2/298 26/14867(0.0803 0.4595 CYP2C18, CYP3A7

23|path:hsa04314 Progesterone-mediated oocyte maturation 3/298 58/14867/0.0815 0.4595 PLK1, IGF1, CDC25A

24|path:hsa04115 p53 signaling pathway 3/298 58/14867(0.0842 0.4595 IGF1, CCNE1, SESN3

25|path:hsa01200 Carbon metabolism 3/298 63/14867|0.0943 0.4972 PKLR, CPS1, GEPD

26|path:hsa05146 Amoebiasis 3/298 65/14867|0.1002 0.5051 ARG1, TGFB1, C9

27|path:hsa05215 Prostate cancer 3/298 69/14867(0.1109 0.5315 PDGFRB, IGF1, CCNE1

28|path:hsa04146 Peroxisome 3/298 70/14867(0.1136 0.5315 HAO2, XDH, ACOX2

28|path:hsa04151 PI3K-Akt signaling pathway 6/298 233/14867|0.1372 0.5952 PDGFRB, IGF1, IL7, CCNE1, TNC, EFNA1

30|path:hsa04313 Ovarian steroidogenesis 2/298 39/14867|0.1409 0.5952 HSD17B2, IGF1

31|path:hsa0d5218 Melanoma 2/298 359/14867/0. 1409 0.5952 PDGFRB, IGF1

32|path:hsa05214 Glioma 2/298 41/14867|0.1497 0.6075 PDGFRB, IGF1

33|path:hsa05322 Systemic lupus erythematosus 2/298 42/14867|0.1541 0.6075 C6, CS

34|path:hsad5144 Malaria 2/298 43/14867|0.1583 0.6075 CCL2, TGFB1

35|path:hsa05202 [Transcriptional misregulation in cancer 4/298 143/14867/0.1623 0.6075 INUPR 1, TSPAN7, IGF1, DDIT3
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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).
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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).

# ToxBank O T B




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

# D Name List ratio BG ratio P-value Q-value Genes/Compounds

1|path:hsa04114 Oocyte meiosis 6/300 73/14867|2.859E-3 0.1646 CDC20, PLK1, IGF1, CCNE1, SGOL1, AURKA
2|path:hsa00140 Steroid hormone biosynthesis 4/300 33/14867|3.71E-3 0.1646 HSD1782, CYP3A7, 1588, SULTIE1
3|path:hsa04110 Cell cycle 7/300 105/14867|4.084E-3 0.1646 CDC20, ORC6, PLK1, TGFB1, CCNE1, TTK, CDC25A
4|path:hsa00830 Retinol metabolism 4/300 36/14867|5.027E-3 0.1646 RDH16, CYP2C19, CYP4A11, CYP3A7
5|path:hsa00330 Arginine and proline metabolism 4/300 42/14867/(8.464E-3 0.2218 ARG1, CPS1, OAT, PRODH2
6|path:hsa04975 Fat digestion and absorption 3/300 26/14867/0.0133 0.2902 MOGAT3, MOGAT2, MTTP
7|path:hsa05020 Prion diseases 3/300 29/14867(0.0176 0.3046 C6, HSPAS, C9
8|path:hsad0591 Linoleic acid metabolism 2/300 11/14867/0.0186 0.3046 CYP2C1S, CYP3A7
9|path:hsa00380 Tryptophan metabolism 3/300 32/14867(0.0225 0.327 DDC, ACMSD, KMO

10|path:hsa00590 Arachidonic acid metabolism 3/300 34/14867(0.026 0.3409 CYP2U1, CYP2C19, CYP4A11

11|path:hsa04913 Ovarian steroidogenesis 3/300 39/14867(0.0359 0.4278 HSD17B2, IGF1, 1588

12|path:hsa00982 Drug metabolism - cytochrome P450 2/300 18/14867/0.0449 0.4295 CYP2C1S, CYP3A7

13|path:hsa00062 Fatty acid elongation 2/300 19/14867(0.0492 0.4295 ELOVL7, ELOVL4

14|path:hsa01230 Biosynthesis of amino acids 3/300 45/14867(0.0434 0.4295 PKLR, ARG1, CPS1

15|path:hsa04621 INOD-like receptor signaling pathway 3/300 47/14867(0.0542 0.4295 CCL2, CARDG, TRIP6

16|path:hsa04918 Thyroid hormone synthesis 3/300 47/14867/0.0542 0.4295 PDIA4, HSPAS, ASGR1

17|path:hsa03430 Mismatch repair 2/300 21/14867(0.058 0.4295 MSH6, EXO1

18|path:hsa00983 Drug metabolism - other enzymes 2/300 22/14867(0.0625 0.4295 XDH, CYP3A7

18 |path:hsa04974 Protein digestion and absorption 3/300 52/14867/0.0668 0.4295 ACE2, SLC3A1, SLC7AS

20|path:hsa04141 Protein processing in endoplasmic reticulum 5/300 130/14867/0.0748 0.4295 PDIA4, CRYAB, HERPUD1, HSPAS, DDIT3

21|path:hsa00232 Caffeine metabolism 1/300 4/14867(0.0783 0.4295 XDH

22|path:hsa00980 Metabolism of xenobiotics by cytochrome P450 2/300 26/14867(0.0811 0.4295 CYP2C13, CYP3A7

23|path:hsa05204 Chemical carcinogenesis 2/300 26/14867(0.0811 0.4295 CYP2C1S, CYP3A7

24|path:hsa04914 Progesterone-mediated oocyte maturation 3/300 58/14867/0.0826 0.4295 PLK1, IGF1, CDC25A

25|path:hsa04376 Bile secretion 3/300 58/14867|0.0826 0.4295 SLC10A1, 9971, SLC22A1

26 path:hsa04115 p53 signaling pathway 3/300 59/148670.0852 0.4295 IGF1, CCNE1, SESN3

27|path:hsa01200 Carbon metabolism 3/300 63/14867(0.096 0.4659 PKLR, CPS1, G6PD

28|path:hsa05146 Amoebiasis 3/300 65/14867(0.1014 0.4745 ARG1, TGFB1, CS

29|path:hsa05215 Prostate cancer 3/300 69/14867(0.1122 0.5015 PDGFRB, IGF1, CCNE1

30|path:hsa04146 Peroxisome 3/300 70/14867(0.1148 0.5015 HAO2, XDH, ACOX2

31|path:hsa04151 PI3K-Akt signaling pathway 6/300 233/14867|0.1385 0.5814 PDGFRB, IGF1, IL7, CCNE1, TNC, EFNA1

32|path:hsa05218 Melanoma 2/300 39/14867/0.142 0.5814 PDGFRB, IGF1

33|path:hsa05214 Glioma 2/300 41/14867/0.1509 0.5952 PDGFRB, IGF1

34|path:hsa05322 Systemic lupus erythematosus 2/300 42/14867(0.1553 0.5952 C6, C9
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Enrichment analysis of TGG data for VPA (24h, med conc) plus ToxCast
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Understanding multiple omics datasets
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'Workflow for Ab Initio Risk Assessment

-

e |dentification of
Adverse Effects

e Validation of

________________ Regions of Concern
* Mode of Action

— Mechanism
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— New Test
— Revision of AOP

\ AOP Wiki /
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ldentification of Adverse Effects

z = z z = z = = = & & =
Transcriptomics data of the liver cell line P P ) ~ N N i e oy [N ~ ~
. & & & & » & -] -] ] - ] 2
HepaRG (AN-DIXA-012 - CarcinoGENOMICS) g g g g g & g g g i g z
3 P g 3 P g 3 f g g g g
z z z z b : z £ z z z z
& o - « o -9 « ] & o & @
Piperonyl Butoxide (PBO, PPX) 16pyM [ 16pyM | 16pM | 16pM [ 16pM | 16pM | 3.2pM | 3.2pM [ 3.2pM | 3.2pM | 3.2pM | 32 M
KEGG pathway (Q<0.05) 2h | 24h | 2ah | 72nh | 72n | 72h | 24nh | 2h | 26h | 72h | 72h | 72n
Drug metabolism - cytochrome P450
0:0 H Retinol metabolism
Metabolism of xenobiotics by cytochrome P450
Chemical carcinogenesis
PI3K-Akt signaling pathway
ECM-receptor interaction
Proteoglycans in cancer
Focal adhesion
Rheumatoid arthritis
Chemokine signaling pathway
TNF signaling pathway

—

ittp.//www.ra.cs.uni-tuebingen.de/software/InCroMAP

# ToxBank .

porsoral PROGRAMME




Validation of Regions of Concern

< Including information from AOPs

Relationships Among Key Events and the Adverse Outcome

<+ AOP38:

4  Description % Triggers 4 Weight of Evidence 4 ‘Quantitative Understanding $

Protein, Alkylation Directly Leads to |Cell death, N/A Strong
Cell death, N/A Directly Leads to |Hepatic macrophages (Kupffer Cells), Activation| Strong
Cell death, N/A Indirectly Leads to | Stellate cells, Activation Strong
Hepatic macrophages (Kupfier Cells), Activation|Directly Leads to | TGFbeta1 expression, Up Regulation Strong
TGFbeta1 expression, Up Regulation Directly Leads to | Stellate cells, Activation Strong

Chemical MIE Cellular Level Tissue Level | | Organ Level

Structure &

Properties
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Source: sheezaredhead.wordpress.com/2011/01/12/use-common-language-please/
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Toxicological Ontology: graphical representation
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A Toxicology Ontology Roadmap

3 ToxBank

23012

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 (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)




Ontology assembled from multiple sources
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OpenTox and Open Components and Standards

lew APl addition from ToxBank

Report
Investigation GET
(Study, Assay) Authorisation & POST
GET Authentication PUT
POST GET AppDomain DELETE

PUT POST GET
DELETE PUT POST

DELETE PUT
DELETE

Dataset

GET

POST

PUT Model
DELETE GET

POST
Feature PUT

GET DELETE Ontology
POST GET
- T POST
DELETE PUT
DELETE

S
OpenTox -

www.opentox.org/dev/apis/api-1.2
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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 PharmaceuticallIndustry and Beyond (Woodhead Publishing

Series in Biomedicine) edited by Lee Harland and Mark Forster (30 Oct 2012)
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Event Driven Weight of Evidence
mobenaron

Consensus Rule

Editor -
(o))
o
Recommendation Rules: =
21 0 1
T Hit,
high confidence Synergy

Inconclusive results,
further study

i

s,

7’ i
i

= =, O O O =
= O = O = O
O = =R = O O

Not a hit,
high confidence

3 ToxBank



Event-driven Weight of Evidence
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Integrating public and confidential data

Vizual Paragigm for UML Community Edition [not for commercial use)] Chemistry Lab Staff
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the resource. e 4
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. allow
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Guest / allow

OpenTox developers

allow

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

I I I request,

allow

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

n

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
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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 (9 7 ol
ﬂ TOXBank from drug-mediated bile salt export pump inhibition to cholestatic liver injury. Coumete Europe iz

Archives of Toxicology: submitted . o e
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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.

ﬂ ToxBank www.opentox.net/the-opentox-association (.5, .




OpenTox Working Groups

Working Groups

a. Application Programming Interfaces
(APls), 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)

cg ToxBank Further information under www.opentox.netand www.opentox.orq:(wg?mw 7

(content currently being reviewed, updated and merged) i



OpenToxand AOPs

RESOURCES OPENTOX ASSOCIATION

WG2: MAPPING DATA RESOURCES TO AOPS OPENTOX EURO 2015

PROGRAM AND ABSTRACT BOOKLET
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OPENTOX EURO 2015 MEETING

OPENTOX EURO 2015 PROGRAM

that describes a sequential chain DUBLIN ACCOMMODATIONS & TRAVEL

SUBMIT ABSTRACT, POSTER

REGISTER ONLINE

o anchor points - the Molecular

[

d by a chain of Key Events (KE) and the relationships

ABOUT OPENTOX EVENTS

SESSIONS EURO 2015
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| Bl KNOWLEDGE CAFE SESSION
Chemical

L POSTER SESSION

hare, develop and disc 1: INFORMATION REQUIREMENTS

S.2: CHARACTERISATION OF SYSTEMS

AOP - KB, http:/faop -

L XPERIMENTAL DATA GENERATION
(OECD): E

I EEEEERE
w

contributa thair AOD bnaudadss CA- METAROILISAM

PROGRAMME

Cﬂ TOXBank www.opentox.net/events/opentox-euro-2015/wg/mapping-data-resources-aops;.. l(}m e



OpenToxand AOPs

S.6: LINKING PARAMETERS &

EVIDENCE

57: KNOWLEDGE INTEGRATION

ION INDEX

WORKING GROUPS (WG)

Third party
Appcations,
plugins

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

ToxBank
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Key Events and AOPs

Key Event
Relationships

o Receptor
o " activation
E & Protein binding
2P’ DNA bindin
= , /‘ -.’“‘(o
9 w
. Molecular l Adverse
Chemical o y
o Initiating 1 Outcome
Initiator(s) Event
N Key Events

www.opentox.net/events/opentox-euro-2015/wg/mapping-data-resources-aops
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Structure of a Knowledge Management System for Toxicity Prediction
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ToxBank Analysis

2014 Lush Science Prize Winners: Roland Grafstrom and Pekka Kohonen
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Barcelona highlight

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