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Outline

> Overview of Unilever’'s NGRA Framework for DART testing
> Biological coverage of the NGRA Framework for DART testing

> Case studies / fit for purpose validation, next steps
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A paradigm shift is underway as use of non-animal safety science
increases & safety assessment frameworks evolve to embed NGRA

Opportunities: postnatal and

multigeneration

gametogenesis

> Human-relevant

» Safe and sustainable chemicals by design embryonic

development fertilisation

» High throughput

implantation

DART endpoint
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Unilever’s approach: use of 215t century science to assure safety

Distributions of Oral Equivalent Values and Predicted Chronic Exposures
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Graph from Rusty Thomas EPA, with thanks. Rotroff et al (2010) Toxicological Sciences, 117, 348-358
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NGRA Framework for DART - tiered approach
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NGRA Framework for DART - exposure module
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NGRA Framework for DART - exposure module (see P08-18 - Gopal Pawar)

Parameterisation

» Physiological parameters

Clinical Nonpregnant PBK model « Chemical specific parameters (ADME and physiochemical
properties

data Model validation

 against available human PK data

Parameterisation

» Changes in physiological parameters: GFR, body weight,
plasma volume, cardiac output, enzyme expression, etc.

Pregnant PBK model « Verified chemical specific parameters from nonpregnant
model

Model validation

 against available human PK data

Maternal Cmax
Cord Blood Cmax

Foetal exposure

After gestation week 6

Before gestation week 6 PBK model for pregnant women
and foetus
Use of maternal concentrations as embryonic Parameterisation
concentration » Placental-Foetal physiological parameters: volume of foetal tissue and foetal blood,
placental blood flow, placental and foetal weight, foetal cardiac output, etc.
%g » Placental transfer parameters
Unilovor Rajagopal et al., Front. Toxicol., 07 March 2022 Model validation
https://doi.org/10.3389/ftox.2022.838466 * againstavailable human PK data
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NGRA Framework for DART - bioactivity module
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NGRA Framework for DART - bioactivity module
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High-throughput Transcriptomics (HTTr)

~E8-HepaRG 2D

~&-HepG2

Biological
oxidations

Xenobiotics

Cytochrome P450 -
arranged by substrate type
Phase | -

Functionalization of
compounds

10 20 30 4 S0 60 70 8090100
Calculated BMD mean value (uM)

y&@

N

pe

at

7

® ~ ———
Reducing safety-related drug

pharmacological profiling

In vitro Pharmacological Profiling (IPP) ﬁ

PERSPECTIVES

Nuclear
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trition: the use of in vitro

Transporter
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lon Channel
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Enzyme panel
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Cell Stress Panel (CSP)

ﬂ3 chemicals, 36 Biomarkers; 3 Timepoints; 8 Concentrations; ~1
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NGRA Framework for DART - Scientific and Technical challenges

> Metabolic capacity of the framework (cell models, MPS, alginate technology, etc.)

> Short duration exposures and extrapolation to chronic effects

> Complex datainterpretation and uncertainty analysis

> Spatio-temporal complexity of developmental and reproductive processes

> Coverage of important cellular and intercellular processes

» Chemical domain of applicability / case studies - need for a flexible and fit for purpose

validation
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Coverage of important cellular and intercellular processes for DART
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Mining of important DART biomarkers using Literature Search

» Morphological and physiological processes are underpinned by cellular events
» These cellular events in turn are orchestrated by molecular signalling events

» Hypothesis : Gathering the cellular and molecular information pertaining to embryonic development

is a useful approach for developing a master list of biological markers of significance

Extraction of Using the

Llssttaoi;lgey Iﬁgrgaizeri key biomarker Pooling all master content,
mor hc? e;ietic search for terms for each biomarker evaluation of
eveﬁts gor an cellular and stage, including terms to biological
or o’r aﬁ molecular any related to generate coverage of the
. stegms mechanisms xenobiotic master content NAMs and
¥ stress otential gaps
Query run: (“CNS") AND (embryonic
development OR fetal development) AND 34,308 articles on key stages 69,299 articles on organs and
(cell physiology OR nervous system and morphogenetic events organ systems development
physiology) OR (signalling OR pathway OR
gene OR protein) AND (human OR \ }
s Mammalian) NOT (infections) Y
g@%ﬁj 103,607 total articles
Unilewer~ Rajagopal et al., Front. Toxicol., 07 March 2022

https://doi.org/10.3389/ftox.2022.838466
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Coverage of important DART biomarkers using Literature Search

* HepG2, MCF-7, HepaRG, hiPSCs 14,225 genes in total

A

NGRA Framework

C

NGRA Framework

o

{

2319

Expectation versus Reality

Size of each list

| Differentiated hiPSCs not included in this
LR study but in scope for future work

%’g > Filling the gaps - work in progress: placenta transfer measurements, DNT, DIT, studying epigenetics in

Unillover germline development, advanced cell models for refinement.
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Is the NGRA Framework protective - fit for purpose validation

> Aim: evaluate protectiveness of the NGRA Framework for DART for a given chemical-exposure scenario
» Each chemical-exposure scenario is classified as “high” or “low” risk for pregnancy

» For each chemical-exposure scenario we generate NAM data using NGRA Framework

iPSC based tools
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GPCR panel

Are Non-animal Systemic Safety Assessments
Protective? A Toolbox and Workflow
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Is the NGRA Framework protective - fit for purpose validation

Exposure Scenario: Oral 0.5 mg tablet daily Exposure Scenario: Daily dermal application of 0.1%
during pregnancy = risk for pregnancy

caffeine in a body lotion = low risk for pregnancy
Diethylstilbesterol

Caffeine

20

log10 pM

log10 uM

0 W PP

@® HTTr-MCF-7
. @ HTTr-HepG2
A Cell Stress

@ HTTr-HepaRG

Outcome: Bioactivity detected at or below the
plasma Cmax = risk for pregnancy

Outcome: Bioactivity across the DART toolbox

occurring at much higher concentrations than the
plasmacC,,, = lowrisk for pregnancy

@% ' The lowest PoD is coming from HTTR data from MCF7
ol

=2

e cells expressing the Estrogen receptor, and from IPP (ER
Unillover . .
binding)

The lowest PoD coming from IPP ADORA2A
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Is the NGRA Framework protective - fit for purpose validation

50mg oral application of Thalidomide,
high risk, causing dev. toxicity.

5mg oral application of DES,
high risk, causing estrogen activity/ED

50mg oral application of Dolutegravir,
high risk, causing dev. toxicity

Dermal application of 0.1% caffeine in
body lotion (lower Cmax), or oral uptake
at recommended TDI of 200mg per days
(higher Cmax) of caffeine, both low risk
risk.

Uptake of vitamin A/retinolor retinol
equivalentsin normaldiet, low risk.
Cmax concentration of retinol and all-
trans retinoic acid (metabolite of retinol)
were measured in blood of adult,
pregnant and parturient woman as well
as in newborns?.

~ 3O

Unilever

Thalidomide

Diethylstilbestrol

Dolutegravir

Caffeine

Retinol

All-trans retinoic acid

)

\V4 ? o0 A
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25 0.0 25
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HTTr - HepaRG
HTTr - HepG2

HTTr - MCF-7

Cell Stress

IPP

Stemina - dTP
Stemina - viability
Reprotracker - Heart
Reprotracker - Liver
Reprotracker - Neural
Assay top conc
Cmax - Pregnant
Cmax - Adult

Cmax - Partruient
Cmax - New born

Lowest PoD for Thalidomide is below Cmax value, the toolbox has correctly
identified Thalidomide as high risk with lowest PoD coming from ReproTracker ®
assay.

Lowest PoD for DES is below Cmax value, the toolbox has correctly identified DES as
high risk, lowest POD coming from MCF7 HTTr and estrogen receptor binding (IPP).

Lowest PoD for Dolutegravir is below Cmax value of exposure scenario, the toolbox
has correctly identified it as high risk. Refinement for hazard classification as dev.
Toxicant would be needed, if requested, as there are indications on dev. tox. but
above Cmax values. Cell models like gastroloid systems can detect effects at
relevant conc.*

Cmax for dermal application of caffeine is below lowest PoD, the toolbox has
correctly identified it as low risk. For oral uptake of caffeine, the lowest PoD is below
Cmax values indicating risk. Refinement for risk assessment would be needed.

Lowest PoD for retinol as well as all-trans retinoic acid is below Cmax values
indicating high risk. Further tools would be needed to refine between bioactivity
versus adversity of the compound.
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Is the NGRA Framework protective - fit for purpose validation

50mg oral application of Thalidomide,
high risk, causing dev. toxicity.

5mg oral application of DES,
high risk, causing estrogen activity/ED

50mg oral application of Dolutegravir,
high risk, causing dev. toxicity

Dermal application of 0.1% caffeine in
body lotion (lower Cmax), or oral uptake
at recommended TDI of 200mg per days
(higher Cmax) of caffeine, both low risk
risk.

Uptake of vitamin A/retinolor retinol
equivalentsin normaldiet, low risk.
Cmax concentration of retinol and all-
trans retinoic acid (metabolite of retinol)
were measured in blood of adult,
pregnant and parturient woman as well
as in newborns?.
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Thalidomide

Diethylstilbestrol
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Lowest PoD for Thalidomide is below Cmax value, the toolbox has correctly
identified Thalidomide as high risk with lowest PoD coming from ReproTracker ®
assay.

@ HTTr-HepaRG

Lowest PoD for DES is below Cmax value, the toolbox has correctly identified DES as

Preliminary data is encouraging, we are protective for
some key known high risk exposure scenarios. Lots

more data to analyse (40 compounds total, ~60+ i
different exposure scenarios) but a promising start!

All-trans retinoic acid

DeA

log10 uM

0.0

OD coming from MCF7 HTTr and estrogen receptor binding (IPP).

lutegraviris below Cmax value of exposure scenario, the toolbox
ified it as high risk. Refinement for hazard classification as dev.
needed, if requested, as there are indications on dev. tox. but

s. Cell models like gastroloid systems can detect effects at

it as low risk. For oral uptake of caffeine, the lowest PoD is below

pplication of caffeine is below lowest PoD, the toolbox has
ating risk. Refinement for risk assessment would be needed.

mrOWeSTPEBTOrTEtinol as well as all-trans retinoic acid is below Cmax values
indicating high risk. Further tools would be needed to refine between bioactivity
versus adversity of the compound.
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