Next generation risk assessment
(NGRA) case study: use of 0.1%
coumarin in face cream

Maria Baltazar & Gavin Maxwell



Outline

9h00 - 9h25 - Introduction to Next generation risk assessment (NGRA): concepts and
tools (30 min)

9h25 - 9h35 - Exposure information and Collation of existing information (10 min)
9h35 - 10h - Breakout Discussion (25 min)

10h00 - 10h15 - Break (15 min)

10h15 - 10h55- In vitro biological activity characterisation (35 min)

10h55 - 11h20- Breakout Discussion (25 min)

11h20 - 11h30 - Metabolism refinement & Margin of Safety determination & Risk
assessment conclusion (10 min)

11h30 - 11h55 - Poll questions & Discussion (25 min) (plenary)
11h55 - 12h00 - Concluding remarks (5 min)




Introduction to Next generation risk
assessment (NGRA): concepts and
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The objective of a consumer product risk assessment is...

Can we safely use x% of
ingredienty in product z?




Introduction to Next generation risk assessment (NGRA)

NGRA is defined as an exposure-led, hypothesis-driven
risk assessment approach that integrates New
Approach Methodologies (NAMs) to assure safety
without the use of animal testing

Main overriding principles:
The overall goal is a human safety risk assessment
The assessment is exposure led

International Cooperation

The assessment is hypothesis driven on Cosmetic Regulaton
The assessment is designed to prevent harm

Principles describe how a NGRA should be conducted:
Following an appropriate appraisal of existing information

Sheldlplelelis e @i Using atiered and iterative approach
Using robust and relevant methods and strategies

ICCR

Principles for documenting NGRA:

Sources of uncertainty should be characterized and documented
The logic of the approach should be transparently and
documented

Q.’d
U
Dent et al 2018. Computational Toxicology Volume
Unilever 7, August 2018, Pages 20-26



- NGRA: The overall goal is a human safety risk assessment
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“Advances in toxicogenomics,
biOinfOl‘mO.tiCS, SyStemS biOlOgy, National Institute of Environmental

Tox21ToxCast and computational toxicology could s iy tione
~700 HTS Biological transform toxicity testing from a National Center for Advancing
Pathways Assays system based on whole-animal Translational Sclences (NCATS)

testing to one founded primarily on oy 2 and Prug Administration

in vitro methods that evaluate ot .
. . J . ational Center for Computational
changes in biologic processes using | Toxicology (EPA)
cells, cell lines, or cellular
components, preferably of human
origin.” 2007




NGRA: The assessment is exposure-led

« Route of exposure

« Consumer use (Habits
&Practices)

- Applied dose (external
concentration)

ADME parameters

Formulation

Skin penetration
Phys-chem properties
Hepatic clearance
Fraction unbound
blood:plasma ratio

Uncertainty analysis-
Population simulation

Physiologically-based
kinetic (PBK) modelling
- Internal concentration
(plasma, urine, organ-
level)
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NGRA: The assessment is designed to prevent harm

Distributions of Oral Equivalent Values and Predicted Chronic Exposures

% —| B Estimated Exposure °© 8
- o2 The philosophy behind this type
o8 8Dﬁ'fﬂ of risk assessment aimed at
2 B 1) preventing harm is based on the
" HBH o premise of “Protection not
L Prediction”.
. ° E The hypothesis underpinning this
;g . * type of NGRA is that if there is no
8 HD ' bioactivity observed at
2 e ]-_ consumer-relevant
' ) ’ concentrations, there can be no

adverse health effects.
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NGRA: The assessment is hypothesis driven & should be conducted Using a
tiered and iterative approach

andProperues Hig ComentAssay(s) +/- metabolic competence

f Chemical Structure J ' ~ Broad Coverage, J Multiple cell types Tier 1 \

No Defined Biological Defined Biological Target
Target or Pathway or Pathway
( + Tier 2 R

' selm’":m‘m } } Orthogonal confirmation
\_ 4
f Tier 3 \

Existing AOP

—

Identify Likely Tissue,
Organ, or Organism Effect

and Susceptible Populations
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Estimate Point-of-Departure Estimate Point-of-Departure Estimate Point-of-Departure
Based on Biological Pathway or Based on AOP Based on Likely Tissue- or
Cellular Phenotype Perturbation Organ-level Effect without AOP ‘91,, N
4L prot®

Russell S Thomas et al., 2019. The Next Generation Blueprint of Computational Toxicology at the U.S. Environmental
Protection Agency. Tox Sci 169(2):317-332.
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NGRA: Using robust and relevant methods and strategies to

characterise bioactivity

In silico tools ToxTree

[ i e = et et i
p——
) f
[r——
o
KoictL
- KojcL
3

In silico models to predict
Molecular initiating events
(MIEs)

TOXICOLOGICAL SCIENCES, 165(1), 2018, 213-223

SOC% of T SCi doi: 10.1093/toxsci/kfy144
Toxicol ogy /Ex Advance Access Publication Date: july 18, 2018
90 Years  research aricle

SOT

www.toxsci.oxfordjournals.org

OXFORD

Using 2D Structural Alerts to Define Chemical
Categories for Molecular Initiating Events

Timothy E. H. Allen,* Jonathan M. Goodman,** Steve Gutsell,"
and Paul J. Russell’

Derek

nexus

Metabolic fate predictions



NGRA: Using robust and relevant methods and strategies to characterise
bioactivity

OECD test methods Receptor-binding assays

OECD TG442C

e.g. AR-CALUX® assay to measure
androgen receptor activity

-------------
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NGRA: Using robust and relevant methods and strategies to

characterise bioactivity

Tox21/ToxCast
~700 HTS Biological Pathways Assays

wEPA ICSS ToxCast Dashboard

. Curcumin
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« Nuclearreceptors

« Transcription factors

« Cell stress/mitochondrial tox
« Enzymatic assays

« Receptorbinding

« DNA damage/cell cycle
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NGRA: Using robust and relevant methods and strategies to

characterise bioactivity

High-throughput transcriptomics and High-throughput phenotypic
profiling developed to increase biological coverage

Supset by Normalize &
Chemical + Transforn
Gene Matching B
Expression Controls
Database

CR Modeling /
Identification of CRGs

Map CRGs to Pathways Define Transcriptional

BPAC

= Administered Dose
Equivalent (ADE)

HTTK
Database

Harrill J et al 2019. Considerations for strategic use of high-throughput

transcriptomics chemical screening data in regulatory decisions. Current
Opinion in Toxicology 15, 64-75

Thomas RS et al. The Next Generation Blueprint of Computational Toxicology at the U.S. Environmental Protection Agency. Toxicol Sci. 2019;169(2):317-332.
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Nyffeler J et al 2019. Bioactivity screening of environmental chemicals using imaging-
based high-throughput phenotypic profiling. Toxicol Appl Pharmacol. 2020;389:114876.
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NGRA: Using robust and relevant methods and strategies to

characterise bioactivity

Nucleus

@’é’ I

ER stress
Cell death

Oxidative stress
DNA damage
Cell death
Cell cycle a
e

DNA repai
Inflammation Apoptos s
Apoptos s

MTFI%
\ Immune response ?
Metabolism ‘metal homeostasis

Apoptosis -gene regulation

-antioxidant defence

GCl-a
Mitochondrial biogmes/ b PIBMAPK ~‘ ;; ;
Antioxidant defence w
Increased metabolism Osmotic stress
* ) —
Osmotic stress response

Plasma membrane

Image kindly provided by Paul Walker (Cyprotex)

36 biomarkers identified that were representative of

key stress pathways, mitochondrial toxicity and cell
health.

TOXICOLOGICAL SCIENCES, 2020, 1-23

5 doi: 10.1093/toxsc/kfaal54
T Og'y Advanee Access Publication Date: May &, 2020
Research article

SOT

e academic.oup.com/toxsci

Identifying and Characterizing Stress Pathways of
Concern for Consumer Safety in Next-Generation Risk

Assessment

Sarah Hatherell,* Maria T. Baltazar,” Joe Reynolds,” Paul L. Carmichael,”
Matthew Dent,” Hequn Li,* Stephanie Ryder:r Andrew White,*
Paul Walker @, and Alistair M. Middleton**

*Unilever Safetv and Environmental Assurance Centre. Colworth Science Park. Sharnbrook. Bedfordshire



For some chemicals pathway-based risk assessment might be

needed

Examples of Adverse Outcome Pathway (AOP) risk assessment

Induction of skin sensitisation that
leads to allergic contact dermat

KE1 [MIE) - KES3 - Activation
Covalent binding to KE2 -

skin proteins Activation of mobilisation of
(haptenation) of epidermal

. Langerhans cells and proliferation
parent or reactive keratinocytes

dermal dendritic cells

/activation of allergen

itis

KE4 - DC-mediated
(maturation) and antigen presentation
to naive T-cells and

metabolite(s) (DCs) specific T-cells

DPRA . e
{OECD TG £42C) KeratinoSens h-CLAT U-Sens™
{in chemicol [OECD TG 442D) (0ECDTG || (OECD TG

(in vitro) L42E) LL2E)
lin vitro) (in vitro)

OECD (2014), The Adverse Outcome Pathway for Skin Sensitisation Initiated by Covalent
Binding to Proteins, OECD Series on Testing and Assessment, No. 168, OECD
Publishing, Paris, https://doi.org/10.1787/9789264221444-en.

Computational Toxicology 9 (2019) 36-49

Contents lists available at ScienceDirect

Computational Toxicology

"
ELSEVIER journal homepage: www.elsevier.com/locate/comtox

COMPUTRTIONAL

AO -
Sensitisation

Probabilistic prediction of human skin sensitiser potency for use in next
generation risk assessment

Joe Reynolds’, Cameron MacKay, Nicola Gilmour, David Miguel-Vilumbrales, Gavin Maxwell
Unilever Safety and Environmental Assurance Centre, Colworth Science Park, Sharnbrook, Bedford MK44 11.Q, UK

Anti-androgenic and estrogenic
effects

TOXICOLOGICAL SCIENCES, 167(2), 2019, 375-384
doi: 10.1093/texscifkfy245

} I ' | So of
Toxicology Advance Access Publication Date: September 22, 2018

. . Research Article
www.toxsci.oxfordjournals.org

IXFORD

Employing Dietary Comparators to Perform Risk
Assessments for Anti-Androgens Without Using
Animal Data

Matthew P. Dent,”* Hequn Li,* Paul L. Carmichael," and Francis L. Martin®

'Safety and Environmental Assurance Centre, Unilever, Colworth Science Park, Bedfordshire MK44 11.Q, UK;
and "School of Pharmacy and Biomedical Sciences, University of Central Lancashire, Preston, UK

Regulatory Toxicology and Pharmacology 71 (2015) 398-408

Contents lists available at ScienceDirect

Regulatory Toxicology and Pharmacology

ELSEVIER journal homepage: www.elsevier.com/locate/yrtph

An exposure:activity profiling method for interpreting high-throughp
screening data for estrogenic activity—Proof of concept

Richard A. Becker®*, Katie Paul Friedman®, Ted W. Simon ¢, M. Sue Marty 9 Grace Patlev
J. Craig Rowlands ¢


https://doi.org/10.1787/9789264221444-en
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NGRA: Sources of uncertainty should be characterized and documented

Exposure models (PBK, o |
free/total Uncerta!nty in ’Fhe.P.BK inputs
concentration) - — Population vtarlablllty
== ) FURULT ¥
SEE A '

Plasma Cmax as a distribution

Point of departure derived
from concentration-
response data

1251
X
*

e — : Point of Departure as a distribution

Variability in the data
Plate effects

— Etc

Id-change from control median
=
=

F

=

=

[=]

(9]
L

Concentration (M) 17



NGRA: the margin of safety (MoS) approach and decision making

Point of departure
derived from Cellular stress Receptor

concentration- assays binding

Transcriptomics
response data

Others

Calculation of Margin of
Safety (MoS) distribution

Exposure models Exposure estimation:
(PBK, free/total Plasma C

concentration)

The MoS is defined as the
ratio the PoD and the
relevant plasma C

estimate

max

max

I . v [ 18



NGRA: Sources of uncertainty should be characterized and documented

The margin of safety covers off
various sources of uncertainty in
translating NAMs and a safety
decision. These include:

Biological

coverage

Time- Cell/tissue
dependence sensitivity

Clearance

Metabolism

19



Concentration (pM)

NGRA: Making sense of margins of safety by benchmarking

Dent et al., (2019) Tox Sci 167(2): 375-384
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A case study approach - human health safety assessment
required for...

0.1% COUMARIN IN FACE CREAM FOR EU MARKET
(NEW FRAGRANCE)

0L
Assumed that: 0O 0

- Coumarin was 100% pure

- no in vivo data was available such as
animal data, History of Safe Use (HoSU)
info. or Clinical data

- no use of animal data in Read Across

- In silico alerts known to be based on
animal or in vivo data or on the structure
of Coumarin itself were excluded

21



Next-Generation Risk Assessment case study workflow for 0.1%

coumarin in face cream

/ Local and systemic

\

I exposure estimates \| In Vitro
w | (s ) Blological
1 Exposure | Activity
1 Estimation I Characterization
! ' _ 1 4 Initial PoD
! | I identification
| 1 |
1 Problem I I
| Formulation I I
| Existing I |
. |Information - / I
/ |
[ titeratwre ] ,
1
|
\

Baltazar et al., (2020) Tox Sci (in press)
https://doi.org/10.1093/toxsci/kfaa048
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Insufficient
data and

high
uncertainty

Metabolism

refinement

Increased
certainty in PoD
and IVIVE

PoD

ST Sufficient
data and
Determine
Margin of

Safety

Assessment
Conclusion

Low risk
conclusion
based on the
margin of
safety
calculations.

o


https://doi.org/10.1093/toxsci/kfaa048

Exposure information and Collation
of existing information (10 min)

i

Unilever



Next-Generation Risk Assessment case study workflow for 0.1% coumarin in

face cream

Plasma C, .,

Insufficient

. data and
In Vitro high

Biological uncertainty

Local and systemic
exposure estimates

Activity
Characterization

Exposure
Estimation

Initial PoD ™
identification

e e e e e e o o e o o= = o=

Problem
Formulation

Collate
Existing

Information

~
— o o o o o e o o o

oo o o =

Metabolism
refinement

Increased
certainty in PoD
and IVIVE

PoD

in vitro

Sufficient
data and

Determine
Margin of Assessment
Safety Conclusion

Low risk
conclusion !
based on the |
margin of |
safety |
calculations. )

—————
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NGRA for 0.1% coumarin in face cream: exposure estimation

)"Creme

Table 2:  Estimated daily exposure levels for different cosmetic product types according
to Cosmetics Europe data (SCCNFP/0321/00; Hall et al., 2007, 2011).
Estimated | Relative Calculated | C2culated » O O
broduct type | daily amount | amoun t | Retentien daily
roduct type daily amoun! t - 1 daily
applied applied factor exposure | cire
(ma/kg bw/d) (a/d) [mﬁm o
Bathing, showering
Shower gel [ 1867g | 27920 | o001 | o018 | 279 %
Hand wash soap © | 20.00g | - | oor | 0207 | 3.33 3 {
f
Hair care s
Shampoo 1046a | - 001 | o011 151
- . _

Amount of product used per day (g/day) using 90th 154
percentile )
Frequency of use 2 times/day
Amount of product in contact with skin per occasion (mg) 770
Ingredient inclusion level 0.1%
Skin surface area (cm2) 565
B. Hall et al / Food and Chemical Toxicology 49 (2011) 408-422 Exposure durqtion per occasion 1 2 hou rs
Assessment is Amount of ingredient in contact with skin per occasion (mg) 0.77
exposure-led and uses
. available habits and Local dermal exposure per occasion (ug/cm2) 1.36
U%ﬂj practices data Systemic exposure per day (mg/kg) 0.02
ex”




NGRA for 0.1% coumarin in face cream: exposure estimation- Internal concentration
using PBK modelling- Model Inputs

GastroPlus® Level 1. Use in silico parameters for Level 1. Sensitivity analysis
(Simulations Plus) modelling

P,

wein

app
=G A
Vu 2204

Facecream Endpoint
e
5 e G
i "E 25 max
E’ e AUC,
= 2.0
2
e
w 1.5
Hepatic Clearance rate | g ]
vl 1.0 -
| ADMET 2 s $s.
Predict ECCS Class é : .
I redictor 200|808 08 ® o000 o

logP, fp., Ry, ete. |

QI QEFQEQEQ OF 04”06"%919 L° O}“\ﬁ

Skin penetration parameters I

Moxon et al., (2020). Application of physiologically based kinetic (PBK) modelling in the next generation risk assessment of dermally applied
consumer products. Toxicology in Vitro Volume 63




NGRA for 0.1% coumarin in face cream: exposure estimation- Internal
concentration using PBK modelling-Model Inputs

Level 2.

* Invitro data generation for parameters with high sensitivity &/or low confidence in
the predicted values require further refinement through

- Update the model with new parameters

logP, f,. R,
ADME & (139.0.3,0.7)

Physico-

Chemical Hepatic Clearance
parameters to

generate

Skin absorption study

h 4

Hepatocyte only A B c
1929 L/h) M M

=3

o

% Applied Dos:
=
a
=
E=
E
s
=

CYP Stability
Skin Penetration b e

Stable in all but é“’ i

CYP2A6 i £, ®

BloFocus) K :

Y, ! Tl:ne(h] v ! Tl:ne h) ’
S

@ Moxon et al., (2020). Application of physiologically based kinetic (PBK) modelling in the next generation risk assessment of dermally applied

Unilorser consumer products. Toxicology in Vitro Volume 63



- NGRA for 0.1% coumarin in face cream: exposure estimation- Internal
concentration using PBK modelling- Model Outputs

Level 2- Simulated plasma concentration Level 2. Uncertainty and population variability
of coumarin after dermal exposure. Distribution of Cmax values after performing Monte Carlo simulation.
CJ'J'n];S:uTCE Face Cream
]_GD in silico
—— In vitro
Clearance
= == - EG W in silico 98.57 L/h
10-2 ﬁj ':::::::: in vitro 929 L/h
40
10—4
20
10-°
0.0 2.5 5.0 7.5 10.0 0
Time (Days) 0.002 0.004 0.006
Total
: 90th 95th 97.5th 99th
PlasmaC. ., ~Mean Median : : : ,
(M) percentile  percentile percentile percentile
LFace Cream | 0.0022 | 0.0021 | 0.004 | 0.0043 | 0.0046 | 0.005
e
%g%@ Moxon et al., (2020). Application of physiologically based kinetic (PBK) modelling in the next generation risk assessment of dermally applied

Unilorser consumer products. Toxicology in Vitro Volume 63



NGRA for 0.1% coumarin in face cream: exposure estimation

Exposure

Estimation

ﬂ Total plasma Cmax values
obtained from PBK model:
0.002 pM (mean), 0.005 pM
(99t percentile)

» Stability assays indicated
coumarin is rapidly
metabolized mainly via

\__ CYP2A6 -




Next-Generation Risk Assessment case study workflow for 0.1% coumarin in
face cream

calculations.

T I L M i PoD;, ,
4 L | d t . Insufficient S Sufficient
/ ocal and systemic In Vi datii and data and
N exposure estimates \ n Vitro high Determine
I (_Use scenario ) I Biological baghauid Metabolism -
1 Exposure | ' Activity refinement Marglnof Assessmgnt
) - N Safety Conclusion
1 Estimation | Characterization
—==== o === o nE——
: _ | 7 Initial PoD » I Increased : I Low risk I
- I identification . certainty in PoD I conclusion
I 1 and IVIVE | | based on the |
1 I ! | | marginof |
I | 1 | I safety I
1 | 1 \ ]
| |

Problem
Formulation

Collate
Existing
Information
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NGRA for 0.1% coumarin in face cream: in silico predictions

/© Generation of hypothesis for potential Molecular
A Initiating events -ToxTree, MIE ATLAS*, OECD toolbox

O

Initial Hypothesis

« Coumarin might bind to proteins- MIE for induction of skin sensitisation
« DNA binding alert + epoxide formation MIE for genotoxicity

- Reactive metabolites might be formed with alerts for both genotoxicity
and skin sensitisation

« No binding alerts for the 39 targets in MIE atlas

*Allen THE et al., 2018. Using 2D Structural Alerts to Define Chemical Categories for Molecular Initiating Events. Toxicol Sci. 2018 Sep 1;165(1):213-223



NGRA for 0.1% coumarin in face cream: in silico predictions - Metabolism

-

In silico
biotransformation

Lhasa

Limited

= Hydroxylation predicted as main route of biotransformation
= Reactive metabolites (e.g. epoxides) predicted.

Coumarin

Epoxidation

o
glucuronidation ~ o o
o IS
UGTs o //o 0\\5 . M39
AN ~ N HO CH =]
o He

h i HO,
_hydrolysis . e > ) -
hydrolase S
e M169 °
> O e L
________________________ > ___________"> ] . HO e M188
. m
M37 cH  MI136
P L
M101
EH o
S 0
M9TO MO8

Predicted 22 metabolite pathway (Meteor)



NGRA for 0.1% coumarin in face cream: in vitro existing information

Identification of potential biological targets -PubChem and ToxCast

U

Only few active assays among multiple assays (= 5000)

Coumarin inhibited both Monoamine oxidases and Carbonic
anhydrases at concentrations between 3 uM- 40 uM

>

The AC50 from dose-response curves was used a
PoD for MoS calculation




- NGRA for 0.1% coumarin in face cream: exposure estimation

/ Exposure

Estimation

» Total plasma Cmax values
obtained from PBK model: 0.002
MM (mean), 0.005 pM (99th
percentile)

= Stability assays indicated
coumarin rapidly metabolized

\_ mainly via CYP2A6

Collate

Existing
Information

— O S S S S S e e . .y

ﬁcenotoxicity and skin \
sensitisation alerts for parent
compound

» Hydroxylation predicted as
main route of
biotransformation

» Reactive metabolites (e.g.
epoxides) predicted.

» Low bioactivity in ToxCast and
Pubchem: binding to Carbonic
Anhydrases and MAO-A/B

%s = reported
i \w_owest PoD was 3 pM for /,
Unilover N\ N carbonic anhydrase | (Figure 7)’ /2

7 —

T s s S S S S IS DS D D D D S S DS DS D B e e B e e







Breakout group questions

1. Do you agree with the interpretation of the data/information? (Pollin

menti, yes/no/not sure)

2. What other data/information would you like to generate/see? (please

add your comment in Menti)

3. Any other questions? (please add your question in Menti)

10 min breakout discussion

15 min plenary discussion
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Next-Generation Risk Assessment case study workflow for 0.1% coumarin in
face cream

LPlasma Crnax
) I B et e ST S b S goR e i by ST e g PoD.,. ..
4 . \ ufficient ks Sufficient
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. Biological L ucii®  Metabolism
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refinement Safety Conclusion
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Characterization
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Estimation

o 7 N\ .
7 Initial PoD i Increased Low risk
identification certainty in PoD conclusion
and IVIVE based on the

safety
calculations.

|

I I

I |

|  margin of 1
|

I

\ ]

Problem
Formulation

Collate
Existing
Information

|
|
|
|
|
|
|
|
I
|
|
I
I
|

-

~

4P




NGRA for 0.1% coumarin in face cream: In vitro biological activity
characterisation: Genotoxicity assessment: ToxTracker

Standard ToxTracker assay +59
Initial hypothesis: DNA damage p53 Ox. stress UPR

L Bscl2 Rtkn Btg2 Srxnl Blvrb Ddit3
« DNA binding alerts ‘
for coumarin and

Standard ToxTracker assay -S9

metabolites DNA damage p53 Ox. stress UPR
Bscl2 Rtkn Btg2 Srxnl Blvrb Ddit3
Positive (>2-fold induction)
IWeak activation (1.5 to 2-fold induction) l
Negative (<1.5-fold induction)
Results:

« ToxTracker negative

« Reactive coumarin metabolite(s) could induce DNA lesions secondary to
oxidative stress




NGRA for 0.1% coumarin in face cream: In vitro biological activity
characterisation: Skin sensitisation assessment

Initial hypothesis:

« Protein binding alerts for coumarin and metabolites

----------------------

KE1 (MIE) - KE3 - Activation KE4 - DC-mediated

Covalent binding to KE2 -
skin proteins Activation of
(haptenation) of epidermal
parent or reactive | eratinocytes
metabolite(s)

(maturation) and antigen presentation
mobilisation of to naive T-cells and AO -
Langerhans cells and proliferation Sensitisation
dermal dendritic cells /activation of allergen
(DCs]) specific T-cells

DPRA

i T™
(OECD TG £42C) eratinoSens h-CLAT U-Sens™

{in chemico) (OECD TG 442D) (oEcDTG || (0ECD TG
lin vitro) LL2E) LL2E)
Lin vitro) lin vitro)

OECD (2014), The Adverse Outcome Pathway for Skin Sensitisation Initiated by '.'. .
Covalent Binding to Proteins, OECD Series on Testing and Assessment, No. 168, A ergIC
OECD Publishing, Paris, https://doi.org/10.1787/9789264221444-en.

g contact

dermatitis



https://doi.org/10.1787/9789264221444-en

- NGRA for 0.1% coumarin in face cream: In vitro biological activity
characterisation: Skin sensitisation assessment

Step 1: Generation of in vitro results for Coumarin

DPRA KeratinoSen h-CLAT U-SENS

S (TG 442E) (TG 442E)

(TG442C)

(TG 442D) -
Initial results:
Call -ve +ve +ve +ve
Model . . CD54 CDS6 « Coumarinisa
Input %eys | %lys (EC20 | CD54 | =i skin sensitiser
depleti | depletio | EC1.5 (uM) 0 (EC150 ug/mL) ‘
on n ug/mL | Hg/mL) - Likely to be due
) .
RUNS to metabolites
1.0 0 200 >637 :2;; 95 (-ve DPRA)
0.7 0 175 <178 ~637 96
2.2 0 NA <178 NA
i



%gg%

Unilever

NGRA for 0.1% coumarin in face cream: In vitro biological activity characterisation:
Skin sensitisation assessment

Step 2. Generation of PoD for risk assessment- Skin allergy risk
assessment (SARA) Defined approach (DA)

« The SARA DA is a Bayesian probabilistic model, which estimates the human sensitiser

potency via a prediction of a HRIPT 1% sensitising dose (ED,,) (i.e PoD) for a selected

chemical.
SARA Model Inputs

% Historical Local lymph node assay (LLNA)

% Historical Human repeated insult patch test
(HRIPT)

% In vitro data: DPRA (TG442C), KeratinoSens (TG
442D), h-CLAT (TG 442E), U-SENS (TG 442E)

% First publication dataset of 30 chemicals -

expanded to 53 core + 49 in vitro only

* Reynolds, J, MacKay C, Gilmour N, Miguel-Vilumbrales D and Maxwell G (Submitted for publication: Computational Toxicology) Probabilistic
prediction of human skin sensitiser potency for use in next generation risk assessment



NGRA for 0.1% coumarin in face cream: In vitro biological activity
characterisation: Skin sensitisation assessment

Step 2: PoD forrisk assessment

~_ Kathon A ———
p—Pheng(Iaenedlamlne (PPD)
nzisothiazolinone

The PoD for coumarin has a
Diethyl maleate | » central 95% credible interval

Cinnamic aldehyde -

Pentaerythritol triacrz_?te? 1 . 546 2 1 7 603
itral 4 m —

2-hexylidene cyclorentanone B ran g I n g frO 7

Glutalsfgﬁiue e;ndoé ] 2

Dihyd in -

yEreCouman Hg/cm

Ethylenediamine -
Phenylpropionaldehyde

Perillaldehyde
Vetiveryl acetate 4
Ethyl acrylate -
Meth¥l—2—octynoate E
trans beta Damascone
Phenylacetaldehyde
delta Damascone -

~ Ylang Ylan
Cinnamic alcohol H
~di-Citronellol
Imidazolidinyl urea
Cinnamyl nitrile

ydroxycidanans 1 oo Results:

Amylcinnamic aldehyde -
Hexyl cinnamaldehyde 4
Farnesol

Eugenol 4 .
LR T - Exposure is much
"'h"‘;u, Saflyiate lower than the

alpha-Amyl cinnamicﬁzlrcaonr;glz predicted POD

Galbanone
Coumarin - |

. Lyral
Benzyl cinnamate -
Lilial

NeomycihaRLeL « MoS=400-160000

OTNE 1
Benzyl alcohol

- HRIPT EDo; (g cm=2) « Low risk conclusion
@%ﬁ Local dermal exposure
€ (1.36 pyg/cm?)

Unilever



- NGRA for 0.1% coumarin in face cream: Key results

- ~
/ N\
/ Exposure \
I Estimation 1
l
: /"= Total plasma Cmax values I I In Vitro Biological
obtained from PBK model: 0.002 Activity
: M (mean), 0.005 uM (99th : 2
I gercen e H I Characterisation
| = Stability assays indicated '
I coumarin rapidly metabolized I
| \__mainly via CYP2A6 1
I I
[ Collate l
Existing I » ToxTracker negative;
Information I weak activation of DNA
| damage reporters
I only +S9).
KGenotoxicity and protein binding \ I ( y )
alerts for parent compound I * Predicted MoS
» Hydroxylation predicted as main | (400-160 000) suggests
route of biotransformation that the risk of inducing
| . E(::;itci::dmetabolites (e.g. epoxides) : skin allergy is low at
| » Low bioactivity in ToxCast and 1 the consumer exposure
| Pubchem: binding to Carbonic |
[ Anhydrases and MAO-A/B reported I K /
1| = LowestPoD was 3 uM for carbonic I
\ I

Kanhydrase | (Figure 7) /
1 IR /
N



To investigate possible interactions between
coumarin and the 44 key targets involved in
drug attrition

PERSPECTIVES

@ 4 GUIDE TO DRUG DISCOVERY — OPINION

Reducing safety-related drug
attrition: the use of in vitro
pharmacological profiling

Joanne Bowes, Andrew J. Brown, Jacques Hamon, Wolfgang Jarolimek,
Arun Sridhar, Gareth Waldron and Steven Whitebread

Abstract | In vitro pharmacological profiling is increasingly being used earlier in
the drug discovery process to identify undesirable off-target activity profiles that
could hinder or halt the development of candidate drugs or even lead to market
withdrawal if discovered after a drug is approved. Here, for the first time, the
rationale, strategies and methodologies for in vitro pharmacological profiling at
four major pharmaceutical companies (AstraZeneca, GlaxoSmithKline, Novartis
and Pfizer) are presented and illustrated with examples of their impact on the
drug discovery process. We hope that this will enable other companies and
academic institutions to benefit from this knowledge and consider joining us in

our collaborative knowledge sharing.

Decreasing the high attrition rate in the
drug discavery and develapment process
isa primary goal of the pharmaceutical
industry. One of the main challenges in
achieving this goal is striking an appropriate
balance between drug efficacy and potential
adverse effects' as early as possible in order

target (or targets), whereas secondary
effects are due to interactions with targets
other than the primary target (or targets)
(that is, off-target interactions). Off-target
interactions are often the cause of ADRs in
animal models or clinical studies, and so
careful characterization and identification

to reduce safety-related attrition, particularl

of secondary pl logy profiles of drug

in the more expensive late stages of clinical
development. Gaining a better understanding
of the safety profile of drug candidates early
in the process is also crucial for reducing the
likelihood of safety issues limiting the use

of approved drugs, or even leading to their
market withdrawal, bearing in mind the
rowing societal and re

candidates early in the drug discovery
process might help o reduce the incidence
of type A ADRs.

In vitro pharmacological profiling
involves the screening of compounds
against a broad range of targets (receptors,
ion channels, enzymes and transporters)
that are distinct from the intended

safety testing of drug candidates and are
designed to prevent serious ADRs from
occurring in clinical studies.

The only in vitra pharmacology assay
that is absolutely required by regulatory
authorities is one that measures the effects
of new chemical entities on the ionic
current of native (I, ) or heterologously
expressed human voltage-gated potassium
channel subfamily H member 2 (KCNH2;
also known as hERG)®. The mechanism by
which blockade of hERG can elicit poten-
tially fatal cardiac arrhythmias (torsades
de pointes) following a prolongation of the
QT interval is well characterized™, and the
seriousness of this ADR is one reason why
this assay is a mandatory regulatory require-
ment. Receptor binding studies are also
recommended as the first-tier approach for
the assessment of the dependence potential
of novel chemical entities®.

However, current regulatory guidance
does not deseribe which targets should
constitute an in vitro pharmacological pro-
filing panel and does not indicate the stage
of the discovery process at which in vitro
pharmacological profiling should oceur.
Nevertheless, the general trend for most
pharmaceutical companies is to perform
this testing early in drug discovery to
reduce attrition and to facilitate better
prediction of ADRs in the later stages
of drug discovery and development.

Here, for the first time, four major
pharmaceutical companies (AstraZeneca,
GlaxoSmithKline, Novartis and Pfizer) share
their knowledge and experiences of the
innovative application of existing screening
technologies to detect off-target interactions
of compounds. The objective of this article
is to describe the rationale and main advan-
tages for the use of in vitro pharmacological
rofiling, to discuss best practices and to

Nuclear
receptor
panel

GPCR panel

lon Channel
panel

Transporter
panel

Enzyme panel

NGRA for 0.1% coumarin in face cream: In vitro biological activity
characterisation: In vitro binding and enzymatic assays: Eurofins SafetyScreen44

94 Inhibition of Control Specific Binding
<30 20 -10 4 0 20 30 40 50 & J0 8O0 S0 100

BIA) (agonistradioligand)
1AM (@Nfagenist radiol gans)

@2AIN (antagonist radinliganc)

P (agonist radinligand)

E2(M (antagonistrad aligand)

BZD (zentral) (aganist radioligand)
CBI{) (agonist radinliganc)

€B2() (agonistradioligand)

GG (GEHA] () (aganIstradiolgand)
D1hi (antagonist rad oligand)

DI (agonist radialigand)

ETA(N) (agonist radioligand)

MDA (antagonist radialigand)

H(hi (antaganist radioligand)

H2(hi (aniaganist radioligand)

WAD-# (anfaganist radiollgand)

111hi (antagonist rad oligand)

M2 ihh (@nfagonist radiolipand)

W3 (aniagonistradioligand)

1 newronal a4B2 () (anan st radiolinanc)
51DOP] () (agenist radioliganc)

¥ (KOF) (aganist rad inligand)

1 MOP] (1) (aganist radiolligand)

& HT1A(R) (agonist radiollgand)

5-HT1B (anfagonist radiolipand)

SHT2A) (agonist rad allgan:)

5-HTZB() (agonist radialgand)
SHTaIh (antanonist radiolioand)

OR () (agonist radioligand)

AR () {agonist radialigand)

Vialn (agenist radioliganc)

a2+ channzl (L. cifvdropyidin sitz) (antagon st radjeliganc)

Patassium Channl hERG (human)- [3H] Dofetilid=

kY enannsl (antagan st radjoloana)

Har channel (site 2) (antagen st rad oligand)

(antaganist

(antaganist

Results:

All binding and enzymatic assay
results were negative at 10 yM e



NGRA for 0.1% coumarin in face cream: In vitro biological activity characterisation:
Immunomodulatory screening assay: BioMap Diversity 8 Panel

To investigate possible effects on vascular
inflammation, immune activation and tissue

L]
remodelling
LPS SAg BE3C CASM3C HDF3CGF KF3CT
i bl
I T R W I R dth
2.0 ‘ ; A
LOEL=18.5yM | LOEL= | LOEL> SooluM LOEL> 50“1 UM | LOEL=167 um ‘LOEI‘.= 1617 uM LOEL= ‘r‘,s um LOEL= 500 puM D ata s u g g eSte t at
500 uyMm M
= — coumarin has no
[72] °
oE- 56 M immunomodulatory
‘é ‘g g 1ig ® 167 uM ff l
2 35 ® 500 uM e ects at re evant
14209 o o
g concentrations and is not
! an anti-inflammatory
0.5 T
g @’iiyﬁ-jﬁ{‘”%”*ﬁw R w« LIS SR e o compound

<9

QX 6)"‘& 0‘\00 Q‘c\Q
Oxggg:’gf‘;l 00}6’(9"
Readout parameters (Biomarkers)

https://www.discoverx.com/services/drug-discovery-development-services/primary-cell-phenotypic-profiling/diversity-plus



https://www.discoverx.com/services/drug-discovery-development-services/primary-cell-phenotypic-profiling/diversity-plus

- NGRA for 0.1% coumarin in face cream: In vitro biological activity characterisation:

B B3

In vitro cell stress panel

ntrol

Fold-change from co

Fold-change from control

1L0£Z

0.54

10 Jemm

0.5 4

0.25 4

0.125 4

To characterize non-specific biological activity which is not mediated via a specific
protein/receptor interaction - covering ~10 cell stress pathways using high content imaging

Coumarin Cellular ATP
HepG2 24 hours
CDS: 1.00

T T T T
0.01 0.1 1 10

Concentration (uM)

Coumarin OCR
NHEK 1 hour

CDS: 0.61

T
100

x x

01 1 10

Concentration (uM)

100

10’00

analysis
Concentration
Biomarkers Cell type Effect dependency
score (CDS)
ATP (6h) HepG2 794 (363-977) down 0.98
cell health
ATP (24h) 617 (282-891) down 1
Phospholipidosis (24h) HepG2 cell health 759 (437-977) down 0.93
GSH (24h) HepG2 oxidative 851 (301-1000) up 0.92
stress
IL-8 (24h) HepG2 inflammation | 912 (575-1000)§ down 0.61
OCR (1h) 62 (2.6-776) 0.6
OCR (6h) NHEK ~ Mitochondrial |y kg 514.704) | down 1
toxicity
OCR (24h) 309 (138-1000) 0.52
1
Reserve capacity (1h) 44 (23-96)
i i 0.9
Reserve capacity (6h) NHEK m'ti’g;z;s”al 759 (302-1000) § down
0.55
Reserve capacity (24h) 794 (295-1000)

Hatherell et al., 2020, Identifying and characterizing stress pathways of concern for consumer safety in next generation risk assessment, Tox. Sci. in
Press. https://doi.org/10.1093/toxsci/kfaa054

48


https://doi.org/10.1093/toxsci/kfaa054

NGRA for 0.1% coumarin in face cream: In vitro biological activity characterisation:
In vitro cell stress panel

Phenoxyethanol - I |
MNiacinamide - I i
Coumarin _-II
Caffeine i - |
Diclofenac | . '.|--|'—"
DEM { No Cmax available oL e H Results:
BHO | .. ="} -3 Coumarin not very active
Triclosan | N B in comparison to known
ol | - g I " ] “high risk compounds”
glitazone L.t e o o oheeum . o o
- _ - . like doxorubicin
Pioglitazone hydrochloride - . o . I _-d
. —— Max. conc. tested °
Sulforaphane - | N ® e |-_--i — Cmax estimate POlDS ShOWﬂ fOI" HepGZ
Rosiglitazone - i . -I"l R (p— m-i:}nrhgﬁztrﬂxmw onty
ma . . ’ ® 1 hour PoDs
cobo-te ©r ° '| - _II - ® 6 hour PoDs
Doxorubicin - . L) _:_: :‘:-:-:I | ® 24 hour PoDs
10* 1{.‘;-2 1{I.‘l”' 1:|.‘|2 1{I.‘l4

Concentration (umM)

Hatherell et al., 2020, Identifying and characterizing stress pathways of concern for consumer safety in next generation risk assessment, Tox. Sci. in
Press. https://doi.org/10.1093/toxsci/kfaa054 49
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NGRA for 0.1% coumarin in face cream: In vitro biological activity characterisation:
High-Throughput Transcriptomics (HTTr) using TempO-SEQ technology

Transcriptomics was applied as a broad nontargeted biological screen

Differential expression analysis
using DESeqg2 analysis

1200

mHepG2 1081
o 7| =HepaRG 2D Results:
3 = HepaRG 3D .
A Across the cell lines, treatment
c with coumarin resulted in limited
3 @ gene-expression changes at
= concentrations below 100 uM,
g suggesting limited cellular
5 effects at lower concentrations
2 200 - o

. 2‘1”(490??i 0000 Jooo 1°°7 0
0.

|
001 0.01 0.1 1 10 100

Coumarin Concentration (uM)

50



- NGRA for 0.1% coumarin in face cream: In vitro biological activity characterisation:
High-Throughput Transcriptomics (HTTr), TempO-SEQ technology

e

if

Unilever

Transcriptomics was applied as a broad nontargeted biological screen

PoD determination

Cell model HepG2 MCF7 HepaRG 2D
(308
Pathway level tests PoD; (UM) (0 pathways) (17 pathways)
pathways)

20 pathways with the lowest p value

70 NA 58*
Reactome
20 pathways with the lowest BMD

44 NA 58*
Reactome
BMD of Reactome pathway with lowest
BMD that meets significance threshold 31 NA 38
criteria

(1570
Gene level tests PoD; (UM) (47 genes) (87 genes)
genes)

Mean BMD of 20 genes with largest fold

6 3 54
change
Mean BMD of genes between 25t and 75t

17 1 59

percentile

Results:

 The MCF7 PoD;were not
considered to be sufficiently
robust to derive a MoS

e The lowest PoDT for each cell
model was selected for the MoS
calculation

Farmahin, R., Williams, A., Kuo, B. et al. Recommended approaches in

the application of toxicogenomics to derive points of departure for
chemical risk assessment. Arch Toxicol 91, 2045-2065 (2017).
https://doi.org/10.1007/s00204-016-1886-5 51



- NGRA for 0.1% coumarin in face cream: Key results

/
/ Exposure

— . S S S S S e . .y

o TmlamlemNem e

e

Unilever

/= Total plasma Cmax values
obtained from PBK model: 0.002
MM (mean), 0.005 pM (99th
percentile)
» Stability assays indicated
coumarin rapidly metabolized
\_ mainly via CYP2A6

\

Collate

Existing
Information

KGenotoxicity and protein binding
alerts for parent compound

» Hydroxylation predicted as main
route of biotransformation

» Reactive metabolites (e.g. epoxides)
predicted.

» Low bioactivity in ToxCast and
Pubchem: binding to Carbonic
Anhydrases and MAO-A/B reported

» Lowest PoD was 3 puM for carbonic

Kanhydrase | (Figure 7)
\

\

%

|
!
!
!
!
!
!
!
!
!
!
!
!
!
!
I
I
|
I
|
I
I
|
/

In Vitro Biological

Activity
Characterisation

/-ToxTracker negative; weak\

activation of DNA damage
reporters (only +S9)

* The probability of coumarin
inducing skin sensitisation
at the consumer exposure
is low

= No immunomodulation
potential

* Low bioactivity confirmed
by binding/enzymatic
assays, HTTr and cell stress
panel.

K-POD range: 6-912 uM /




NGRA for 0.1% coumarin in face cream: Preliminary Margin of Safety - How
MoS is calculated

iExposure = Bioactivity : Exposure < Bioactivity

Exposure > Bioactivity

PoD / Cypay Croax PoD

A AL

. 1
Concentration 1

Density
Density

Density

Concentration

______________________________________
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Preliminary Margin of Safety

Cell line/
Enzyme/Biomarker

Technology

Cell stress panel HepG2 (ATP, 24h)
Cell stress panel NHEK (OCR 1h)

HTTr HepG2 (24h)

HTTr HepaRG (24h)

Toxcast MAOQO B (rat brain)
PubChem IColrbonlc Anhydrase Type
PubChem ICIZOlrbonlc Anhydrase Type
PubChem Carbonic Anhydrase Type

VI

Face cream  PoD provided
Min. 5th as

percentile MoS distribution?
96738 Yes
1330 Yes
7223 No
8864 No
3711 No
706 No
2140 No
14652 No

Based on total concentrations for both C,,,,, and PoDs

« The lowest MoS across all assays was derived using the PoD (represented by Ki) for the

inhibition of carbonic anhydrase |

« AllPoD are higher than predicted exposure



- NGRA for 0.1% coumarin in face cream: Key results

/ N\
I \
: Estimation : In Vitro Biological Determine
I < Total plasma Cmax values N Activity Margin of
I obtained from PBK model: 0.002 | Characterisation Safety
MM (mean), 0.005 pM (99th
I percentile) I
| = Stability assays indicated ' / ToxTracker negative; WGGN
| coumarin rapidly metabolized I activation of DNA damage
I  \_ mainlyvia CYP2A6 1 reporters (only +S9)
' Collate : » The probability of coumarin
' Existing | inducing skin sensitisation
el Gl |—> gtlthe consumer exposure
, is low
ﬁcenotoxicity and protein binding \ I * No immunomodulation i
alerts for parent compound I potential
) Hydtrox¥lbqti?n pr?diCteg as main l » Low bioactivity confirmed
route of biotransformation . .
* Reactive metabolites (e.g. epoxides) I by binding/enzymatic Prel-lmmary MoS
predicted. . | assays, HTTr and cell stress
= e | pane. 706-96738
| » Low bioactivity in ToxCast and | " PoDrange: 6-912 UM
| Pubchem: binding to Carbonic | » Potential metabolite-driven
| Anhydrases and MAO-A/B reported | Kbioactivity not addressed/
\ KLowest PoD was 3 pM for carbonic /I
?f(r»“i g‘%’% \\_ anhydrase | (Figure 7) 7
Y -~ _______ —
Unilover






Breakout group questions

1. Do you agree with the interpretation of the data/information? (Pollin

menti, yes/no/not sure)

2. What other data/information would you like to generate/see to increase

your confidence in the conclusions? (please add your comment in Menti)

3. Any other questions? (please add to the chat)

10 min breakout discussion

15 min plenary discussion




Metabolism refinement & Margin of Safety
determination & Risk assessment conclusion
(10 min)

i

Unilever



Next-Generation Risk Assessment case study workflow for 0.1%
coumarin in face cream

LPIasma Crnax
AT EEEEEEEEEEEE =~ PoD.. .
7 N Insufficj€ht \ " o Sufficient
/ Local and systemic \ . data add data and
exposure estimates In Vitro high Determine LLA Risk
Biological uncerthinty S\ FYE] o] [114] certainty

Margin of Assessment
Safety Conclusion
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Characterization

Exposure

Estimation

Initial PoD \
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identification certainty in PoD conclusion
and IVIVE based on the
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safety
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NGRA for 0.1% coumarin in face cream: Next steps for refinement

1. Coumarin metabolism in primary human hepatocytes- investigation of

metabolites formed in human in vitro liver models

2. Short and long-term exposure in 3D tissues- longer exposure durations in a
3D HepaRG model with potentially higher metabolic capacity and in vivo-

like physiology than HepG2 cells




NGRA for 0.1% coumarin in face cream: Coumarin metabolism in primary

human hepatocytes

-

Metabolite profiling in pooled human
cryopreserved primary hepatocytes

In silico
biotransformation

------------------------ > on P M
Epoxidation & M3
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mo ADH T > Oi)&u
M21 M
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Predicted 22 metabolite pathway (Meteor)

In vitro stability assays: CYP2A6 driven metabolism

>

Human /n vitro
metabolism

Two approaches:

1.

A high (1 mM) concentration of coumarin
was used to saturate the CYP2A6 pathway.

2. Alower concentration of coumarin (10 pM)
was used, both with and without inhibition of
CYP2AG6 (using either 0.5 or 2 uM
tranylcypromine)

Metabolic stability Metabolite profiling
eIt Sl ,..: )'.':L',.'- P-—'-_—‘
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NGRA for 0.1% coumarin in face cream: Coumarin metabolism in primary

human hepatocytes

Metabolism study to investigate if reactive metabolites are likely to be formed at
consumer relevant concentrations

Human In vitro
metabolism

OH OH
@ij Qij
Coumarin Hydroxycoumarin (4 lsorners)
HO s}

o Hydroxycoumarins
o-HydroxyPhenylacetic acid o-HydroxyPhenylacetaldehdye
Seen as fragment of m/z 107 Seen as fragment of m/z 119

o-HPAA o-HPA

HO\S //O
0// ™

0\/ o] o]
QLI

Hydroxycoumarin sulphate

Hydroxycoumarin glucuronide

Coumarin’s proposed metabolic pathway based on the in vitro experiments.

Results:

Coumarin is preferentially
detoxified to hydroxycoumarins
and respective glucuronides

Reactive metabolites such as
the epoxide, o-HPAA and o-HPA
were only detected at the
highest concentration (1mM)

Not expected to be formed in
vivo for our consumer exposure
scenario



Short and long-term exposure in 3D

tissues
To increase our confidence in the initial PoDs from
the 2D cell models
. Face cream  PoD provided
Technology Enz rgeblBl;gfr{ark " Min. 5th as
yme € percentile MoS distribution?
Cell stress panel HepG2 (ATP, 24h) 96738 Yes
Cell stress panel NHEK (OCR 1h) 1330 Yes
HTTr HepG2 (24h) 7223 No
HTTr HepaRG (24h) 8864 No
Toxcast MAO B (rat brain) 3711 No
PubChem ICowbonlc Anhydrase Type 206 No
PubChem ICIZOlrbonlc Anhydrase Type 2140 No
PubChem \(;Iarbonlc Anhydrase Type 14652 No
HepaRG_3D Yes
Cell stress panel (cell mem perm 168h) 9601
-1 HTTr HepaRG_3D_24h 9538 No

Q?‘g G‘:_’_.@d
Unillover



- NGRA for 0.1% coumarin in face cream: Key results

GEH
e

Unilever

— . S S S S S e . .y

\ KLowest PoD was 3 uM for carbonic
\

ﬁGenotoxicity and protein binding

\
Exposure
Estimation

/

* Plasma Cmax obtained (range
0.002- 0.02 pM) from PBK models
(Table 2)

» Stability assays indicated

coumarin rapidly metabolized

\_ mainly via CYP2A6 Y,

Collate

Existing
Information

alerts for parent compound
» Hydroxylation predicted as main
route of biotransformation
Reactive metabolites (e.g. epoxides)
predicted.
90-100% coumarin predicted to be
freely available in vitro
Low bioactivity in ToxCast and
Pubchem: binding to Carbonic
Anhydrases and MAO-A/B reported

anhydrase | (Figure 7)

%

In Vitro Biological

Activity

Characterisation

<

ToxTracker negative; \
weak activation of DNA
damage reporters (only
+S9)

The probability of
coumarin inducing skin
sensitisation at the
consumer exposure is
low

No immunomodulation
potential

Low bioactivity
confirmed by
binding/enzymatic
assays, HTTr and cell
stress panel.

PoD range: 6-912 uM
Potential metabolite-

Metabolism

refinement

K Hydroxylation

confirmed as main
route of
biotransformation at
10 uM

= Reactive metabolites
not formed at
consumer relevant
exposures

= Low bioactivity also
found in a metabolic
competent cell model
(HepaRG 3D)

= PoDsrange: 41-871

—

Determine

Margin of
Safety

O N
Updated MoS

9538-9601

/

A
o Preliminary
MoS

k MM (Table 4 and 5). /

driven bioactivity not
addressed /

. 706 -96738

A




- NGRA for 0.1% coumarin in face cream: Risk assessment conclusion

107 5 Face Cream
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« The predicted C_,, values for face cream were lower than all PoDs with a
MoS (the 5t percentile) higher than 100

« Coumarin is not genotoxic, does not cause skin sensitisation, does not bind
to any of the 44 targets and does not show any immunomodulatory effects
at consumer relevant exposures

« Weight of evidence suggests that the inclusion of 0.1% coumarin in these
products is safe for the consumer

v
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Discussion questions

1. Do you agree with the low risk decision? (Menti Poll: yes/no/not sure)

2. What additional data/information would you like to generate/see to

increase your confidence in the decision? (Menti: post it note)

3. Has this case study increased your confidence in non animal approaches?

(Menti Poll: yes/no/not sure)

10 min breakout

15 min discussion




Concluding remarks

1.

Available tools can be integrated to make a safety decision; multidisciplinary team needed!

NGRA is a framework of non-standard, bespoke data-generation, driven by the risk assessment

questions

Need to ensure quality/robustness of the non-standard (non-TG) work and to characterise

uncertainty to allow informed decision-making

Rethinking MoS/MoE - future evaluation of the approach to infer a low risk space

Shortcomings will be addressed by current and future research

More research, creativity and examples needed to land this successfully across the community

Progress is only possible with a change in mindset (protection not prediction)
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Recent research has shown that for 417 out of 448 chemicals tested the

point of departure derived (PoD) from NAMS was more conservative than
the in vivo PoD
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Backup slides- Toxtracker

Reporter
Bscl2
Srxn1
Btg2
Rtkn
Blvrb
Ddit3

w

N

—

0 250 500 750 1000 O 250 500 750 1000
Concentration (JuM) Concentration (JuM)

GFP Fold Induction

$44444

—o

—_—




NGRA: dose-response analysis and PoD derivation

Example dose response data
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1. Fit different parametric models to the data
2. ldentify the one with the ‘best’ fit
3. Use this to calculate the PoD...

Candidate dose-response models

Hill function

Exponential

Gain-loss model

Biomarker level (AU)
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NGRA: dose-response analysis and PoD derivation

Example dose response data
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1. Fit different parametric models to the data
2. Identify the one with the ‘best’ fit
3. Use this to calculate the PoD...
4. Different PoDs exist, e.g:
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NGRA: dose-response analysis and PoD derivation

1. Challenges with this can arise when e.g. none of the

candidate models provide a good fit, or noise (e.g.

outliers) in the data leads to spurious PoD estimates.

2. In NGRA it is important to quantify the uncertainty in a)

whether there is a concentration-dependent response

and b) the PoD estimate, if there is one.

3. Instead we used a non-parametric model (Gaussian

processes) within a Bayesian statistical framework to

model to data. ~ Concentration

Hatherell et al., 2020, Identifying and characterizing stress pathways of concern for consumer safety in next generation risk assessment, Tox. Sci. in
Press. https://doi.org/10.1093/toxsci/kfaa054
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NGRA: dose-response analysis and PoD derivation

A Doxorubicin ATF4 (24 hours) B Troglitazone MMP (24 hours) C Sulforaphane IL-8 (24 hours)

Fold-change from control
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Hatherell et al., 2020, Identifying and characterizing stress pathways of concern for consumer safety in next generation risk assessment, Tox. Sci. in
Press. https://doi.org/10.1093/toxsci/kfaa054
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NGRA for 0.1% coumarin in face cream: In vitro biological activity characterisation:
High-Throughput Transcriptomics (HTTr)

« Transcriptomics was applied as a broad nontargeted biological screen of in vitro cellular perturbation

following coumarin treatment

Generation of HTTr using the TempO-
SEQ technology

Data analysis: Differential expression analysis, pathway
analysis and PoD determination

« TempO-SEQ technology advantages
include simple sample preparation,
high throughput, high accuracy and
sensitivity, simplified bioinformatics
analysis

« HepG2, MCF, and HepaRG 2D cell
lines

« 24h exposure

« 7 concentrations

- Differential expression analysis was performed using
DESeq2 analysis

- Concentration response analysis using BMDexpress2

« PoD was determined based on a subset of methods
(1,3,4,5,9) outlined in (Farmahin et al. 2017

Arch Toxicol (2017) 91:2045-2065 G e ra— b
DOI 10.1007/500204-016-1886-5 : (’
REGULATORY TOXICOLOGY : ;

- /’ I |
¥ 1 #
Recommended approaches in the application of toxicogenomics Etrb 12 i
. . . . | 1 <
to derive points of departure for chemical risk assessment W 5 .I
Reza Farmahin' - Andrew Williams' - Byron Kuo' - Nikolai L. Chepelev' - u j
Russell S. Thomas® - Tara S. Barton-Maclaren® - Ivan H. Curran* - Andy Nong' -
Michael G. Wade' - Carole L. Yauk'




NGRA for 0.1% coumarin in face cream: In vitro biological activity characterisation:
In vitro cell stress panel

 Cellular stress response assays are useful to characterize non-specific biological
activity which is not mediated via a specific protein/receptor interaction

« Measures arange of biomarkers covering ~10 cell stress pathways
« Single exposure; 8 concentrations; 1h, 6h & 24hr timepoints; HepG2 & NHEK cells

W8 uM

- Mitochondrial Toxicity: MitoSOX, PGC1a, i {]

MMP, ATP, Glu/Gal O/ s

- DNA damage: pH2AX, p53 e 2 .xsn—> 52.:;’:;:,,

- Inflammation: TNFAIP3, ICAM1, NFkB 1 s ;;; ‘2’35’532“

- ER Stress: PERK, ATF4, CHOP, XBP1, BiP, g HeD prralilel T B

ER Tracker : .@Mm

- Metal Stress: MTF-1, Metallothionein 5 DL T e — N 7\ S—

- Osmotic Stress (NFAT5); Heat Shock \"\ st Z"“dg'"ng’:"
(HSP70); Hypoxia (HIF1a) s o w

- Cell Health: LDH, Phospholipidosis, %i;é/ /.

Steatosis, pHrodo indicator, apoptosis o Geara) "5” gscia
(Cas pase'3/7) & neC rOSiS (TO P r0'3) Mitochondrial biogenesi;/ e 25 MAZE @ o e S
Antioxidant defence 4 SR KESY O NS e m 5
Increased metabolism 'm Osmotic stress
M ' Osmotic stress LA fespofise

Plasma membrane

b?&%g Hatherell et al., 2020, Identifying and characterizing stress pathways of concern for consumer safety in next generation risk assessment, Tox. Sci. in
Unilover Press. https://doi.org/10.1093/toxsci/kfaa054
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NGRA for 0.1% coumarin in face cream: Short and long-term exposure in 3D
tissues

PoD for cell stress biomarkers single dose up HTTrin a HepaRG 3D model where cells

to 7 days in HepaRG 3D:

were exposed to coumarin for 24h

Early signs of cell damage were observed
at low concentrations (PoD= 56 uM) after
168h incubation.

ATP decrease at 72 and 168h (PoD= 190
and 144 uM)

At concentrations =700 uM) a mixture of
biomarkers related to mitochondrial
toxicity, oxidative stress and cell health
were affected

The response observed was very limited
for DeSeqg2 with only 4 genes meeting the
padj value of 0.05, all seen at the top
dose (200 pM)

Lowest PoD across all methods was 41
MM




