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The vision of the EU-ToxRisk project

The vision is to drive a paradigm shift in toxicology towards an animal-free,
mechanism-based integrated approach to chemical safety assessment.

The ultimate aim:

1) pragmatic, solid read-across procedures incorporating
mechanistic and toxicokinetic knowledge

2) ab initio hazard and risk assessment strategies of
chemicals with little background information
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1. Application of HTTr for read-across of carboxylic acid (valproic analogues)

2. Application of HTTr for biological read-across of mitochondrial complex inhibitors
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Valproic acid and liver steatosis.
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EU-ToxRisk Case study:

carboxylic acids and liver steatosis
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Carboxylic acid annotations (1)

Annotation of various carboxylic acids with different side chains (1).

Source
compound
CAS 31080-39-4 3274-291 3274-28-0 99-66-1 149-57-5 20225-24-5 28-09-5 1730-91-2 |(97-61-0 4536-23-6 | 75-98-9
2-Methyl-
2-Propyl- . 2-Propyl- 2-Ethyl- 2-Ethyl- 2-Methyl- | pentanoic |2-Methyl- I
Name heptanoic :;:I;Z;hyl-heptanmc hexanoic Valproic acid | hexanoic zélilt::a}rlll_nic acid butyric butyric acid (2- hexanoic E{';:"c
acid acid acid p acid acid methylvale |acid
ric acid)
Abbreviation 2-PHPA 2-EHPA 2-PHXA VPA 2-EHXA 2-EPA 2-EBA 2-MBA 2-MPA 2-MHA PIV
Structure "’V : “‘v’\/‘IJ‘-- ok ) L R Fr A Sy e AL, ) &[A\/\_L ‘)g‘“
[ o, - -.| L Sy . " |9 L e
Structure (smiles) CCCCCC(CC |CCCCCC{CC)C{= |CCCCC(CCC) [CCCC(CCC) |CCCCC(CC) |CCCC(CC)C(= | CCC(CC)C({ |CC[C@H]( | CCCC(C)C( | CCCCC(C) | CC(CHT)C
C)C(=0)0 o)o C{=0)0 C{=0)0 C(=0)0 )0 =0)0 C)C{=0)0 |=0)0 Ci(=0)0 (=00
Structural similarity
rel. to 99.66.1 0487 Dar 097 1.00 097 0.94 073 0.80 0.88 0.91 0.53
B =L bl 51310 57210 41310 3730 41210 31210 27210 21110 3110 41110 110
position 2
Branched branched branched branched branched branched branched branched branched |branched branched | branched
SELLEE T unknown unknown unknown positive! positive? unknown negative? unknown |unknown*®  |unknown negatives’

data

1 Espandiari, P. et al. (2008) Journal of Applied Toxicology. Tong, V. et al. (2005) Toxicological sciences. Sugimoto, T. et al. (1987) Epilepsia. Loscher, W. (1992) Epilepsy Research.
Abdel-Dayem, M.A.(2014), Drugs RD. Knapp, A.C.(2008) J Pharm Exp Ther. Ibrahim, M.A.(2012) Life Science Journal. Patty's Toxicology(2012) Chapter Pharmaceuticals.
2 Juberg, D. R. et al. (1998) Food and Chemical Toxicology, Vol 36, 429-436. Juberg, D. R. et al. (1998) Food and Chemical Toxicology, Vol 36, 429-436. Patty's Toxicology (2012)
Chapter Aliphatic Carboxylic Acids: Saturated
3 Patty's Toxicology (2012) Chapter Aliphatic Carboxylic Acids: Saturated
4 Patty's Toxicology (2012) Chapter Aliphatic Carboxylic Acids: Saturated
5 IUCLID, Shell Netherlands (1990)
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Prediction of a 90 day repeated dose toxicity study (OECD
408) for 2-Ethylbutyric acid using a read-across approach to
other branched carboxylic acids.

Authors: Sylvia E. Escher, Alice Limonciel, Barbara van Wugt, Nanette Vrijenhoek, Enrco Mombelli, Frederic Bais,
Barbara Zdrazil, Annette Bitsch, Jan Hengstler, Wiebke Albrecht, Laia Tolosa, Paul Jennings, Rabea Graepel, U
Morinder, Regina Stoeber, Alejandro Aguayo Orozeo, Richard Maclennan, Domenico Gadaleta, Thomas Esxner, .
Tony Long, Mazanin Golbamaki, Ciaran Fisher, Bob van de Water

1 Abstract / Synopsis / Executive summary

Regulatory framework: In this read-across we assume, that 2-Ethylbutyric acid (2-EBA) has to
be registered under REACH and is produced in Europe at tonnages of more than 100 t/a. The
standard REACH information requirements ask for a 90 days study with oral exposure. We use a
category approach to predict the outcome of a subchronic toxicity study, according to a scenario
4. A category of branched carboxylic acids is evaluated, for which we see a consistent trend
bebween calegory members with regard to the primary toxic effect, idenfified in the in vive studies
of analogues. New appreach methodologies (MAM) like in vitro and in silico models are used in
addition fo in vivo data fo confirm the consistent trend and for hazard characierization.

Synopsis: The siructure of the target compound 2-EBA comprises a short chain, branched
aliphatic carboxylic acid in position 2. Nine aliphatic carboxylic acids with different branched
aliphatic side chains are regarded as most similar fo the target compound. Beside high structural
similarity the grouped compounds show a consistent frend for physico-chemical (pc) parameters,
e.g. logPow and MW increases slightly with side chain length, whereas water solubility and
vapour pressure decreased. The pe-parameters do however not alert for a potential
bioaccumulation in vive. Two compounds have in vive animal studies with repeated oral
exposure. 2-Ethylhexanoic acid (2-EHA) has subchronic guideline studies, in which liver
hypertrophy was observed together with an increase of the relative liver weight. Valproic acid
(VPA) induced liver steatosis in shorter-term subacute studies. The read-across hypothesis is
therefore, that 2-EBA is a liver foxicant with special concem for steatosis. In addition to the ning
structural analogue, Pivalic acid (PVA) is tested as negative control compound. PVA has a third
substituent in position 2 and did not induce any liver toxicity in a subacute study up to the highest
tested dose. A negalive compounds iz needed to judge on the accuracy of MAM data.

MAM data showed a consistent frend with regard to texikokinetics and toxikodynamics within the
grouped compounds.

Toxikokinetics: A rat physiclogy-based phammacokinetic (PEPK) model was esfablished, based
on in vivo data, and used to calculate plasma and target organ concentrations, which guided the
selection of a relevant concentration range for in vitro testing. Human PEPK models were
established for all read-across compounds based on physiochemical properties and in vitro
clearance data (e.g. plasma protein binding (ppb) and intrinsic hepatic clearance (CLiy, pee).
Human in vivo pharmacokinetic data for VPA was identified and verified good predictive
performance based on obzerved plasma concenfration data in humans. Based on this proof of
concept IVIVE-PBPK models were used for in vitro to in vive extrapolations for all analogues.

Toxikodynamics: Several adverse outcome pathways are available describing the development
of liver steatosis. About 50 published signalling pathways leading to steatosis were compiled from
literature and summarized in an adverse ocufcome pathway (AOQP) network. The AOP network

1

EU-ToxRisk carboxylic acids RAx case study .

 EU-ToxRisk RAx case study

* Liver steatosis AOP-based

* KE event analysis

e OECD IATA case study working group

e Official report published

* Gene expression profiling not involved

» Can high throughput transcriptomics
contribute to RAXx of carboxylic acids
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High throughput transcriptomics — TempO-seq technology
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Unravel Mode-of-Action of VPA analogues with TempOSeq in liver cells
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Gene count

Effect of VPA analogues on DEGs in PHHs
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Active VPA analogues have similar concentration-dependent

transcriptomic response in PHH

PHH: Heatmap top 50 genes of valproic acid (log2FC>1.5, p<0.05 in 4000 M) 4 3 Y _ LOG2FC
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Weighted Co-regulated Gene Network Analysis (WGCNA) to

establish toxicogenomics maps of tissue cell and injury responses
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TXG-MAPr tools

Public domain toxicogenomics-MAP (TXG-MAP) R-shiny framework

Primary human hepatocytes

{r

Callegaro et al. Arch Toxicol. 2021 [::551 EUTOXRISK
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Toxicogenomics-MAP (TXG-MAP) based on WGCNA

Weighted gene co-expression network analysis (WGCNA) based 2456 HM cyd%fgori"eA

on all PHH TG-GATEs transcriptomic data

Module = network of co-expressed genes
Eigengene score (EGs) = module score based on gene log2FC
TXG-MAP = Toxicogenomics-MAP

Module responses (EGS) displayed in color and size

WGCNA|PHH:62module EGS: 5.931
Ward’s hierarchical clustering of modules

Gene-set/module enrichment
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Transcription factors
Interacting proteins

Callegaro et al. Arch Toxicol. 2021



Projection of VPA TempOseq data on PHH TXG-MAP
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Active VPA analogues show similar TXG-MAP module activation
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Modules dose response

Dose response of module
activation (filtered: -2>EGS>2)
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Module 31 is associated with fatty acid related GO terms

Vrijenhoek et al. in revision [:EEE] EUTOXRISK



Potency evaluation of VPA analogues:

PHH TXG-MAPr Module 31 shows a dose response for VPA analogues
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Comparison TempOseq S1500+ with whole transcriptome, PHH and HepG2
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1. Application of HTTr for read-across of carboxylic acid (valproic analogues)

2. Application of HTTr for biological read-across of mitochondrial complex inhibitors

[2:::] EUTOXRISK



EU-ToxRisk mitochondrial complex

inhibitor biological RAx case study.
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seemed to be slightly less strong than by the source
while antimycin A resulted in a much stronger inhibition. This was confirmed wvm wlloh cells as wal\
Effects on membrane potential were marked by Antimycin A and orders of magnitude less with the
target and source compounds. Effects on glycolysis and cell viability were similar between the
compounds. The target compound was negafive in the neurite outgrowth assay in SH-5Y5Y cells,
while some of the source compounds did show weak effects, and neither the target nor the source
compounds were regarded as neurctoxic in the neuritetox assay in LUHMES cells.
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The respiratory chain

cyloskeleton
cyloplasm _ ribosomes

nucleus

endoplasmic
reticulum

outer membrane .
\ inner membrane
intermembrane space

] Complex | Complex Il Complex Il Complex IV Complex V
matrix NADH-ubiquinone Succinate-quinone  Cytochrome bc, Cytochrome c oxidase F,Fo-ATP synthase
oxidoreductase oxidoreductase complex
<% 7 <€ <%
DNA [ 4

Mitochondrial
matrix

\ 4
6H* W NAD* + H*
) Y
% Succinate
\L_ Fumarate
k=]

+ 2H* ADP +P

Anner Wi
- mitochondrial
membrane

Cytochrome c
2e
e

>

Nature Reviews | Molecular Cell Biology

https://www.nature.com/articles/nrm3997#f1 [ ececo ]
https://www.shmoop.com/biology-cells/most-eukaryotic-cells.html “ess EUTOXRISK



EU-ToxRisk Case study:

mitochondrial complex inhibitors — diverse agro-chemicals
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Mapping of gene expression changes on PHH TXG-MAPr.

HepG2 cells

14 MRC inhibitors (complex 1, 2 and 3)
e 8 concentrations; 3 replicates
TempO-seq EU-ToxRisk gene panel
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TXG-MAPr Eigengene scores of critical modules of

various mitochondrial complex inhibitors.
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Correlation of TXG-MAPr module activation

by mitochondrial complex inhibitors.
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Similarity in MoA of mitochondrial complex | and il

inhibitors based on transcriptomics data.

VPEVD | Sel oo L
ETC inhibitor Abb. Complex Selected
wn_{oneton T RN | o
| NA 10 _
| 0.04758 0.016 Correlation
| 0.00067 0.0032 Complex
| 0.00028 0.00064 I
| 0.00106 0.0032 0.8
| 0.00704 0.016 06
Carboxine CAR I 0.46302 2 I i
Mepronil MEP I 2.33739 10 4
Thifluzamide THI I 1.76686 2
Il 0.00177 0.0032 0.2
L 0.44700 2 E>O>;U-n-uo—|o—|
Il 4.82265 10 & QEEEB% 29858552 WO
3 XoN3283323558%§
Il 0.11466 0.4 S G9552553522885
S23 055023 >Z8 3 3
Il 0.20586 0.4 < g % = & § > 3°3

Van der Stel et al. Arch Toxicol. 2021 [ EE] EUTOXRISK



Different potency of complex inhibitor in the
activation of critical TXG-MAPr gene networks
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HTTr can be applied for biological RAx

WGCNA-based TXG-MAP module comparison allows a
quantitative assessment of biological similarity

Transcriptomics data can directly linked to AOP outcomes
HHTr can provide mechanistic underpinning of biological RAXx

A surrogate TempOseq gene panel can detect MoA and
underpin biological similarity
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