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Unilever Policy & Approach
Safe & Sustainable Products without Animal Testing
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40+ years of developing
non-animal safety
science

« Every Unilever product must be safe
for people and our environment

 Animaltestingis not neededto
assess ingredient & product safety
- there are a wide range of non-
animal alternatives grounded in
modern science and new technology

70+ collaborations

+
/0

600+ publications
https://tt21c.org




A paradigm shiftis underway as use of non-animal safety science
increases & safety assessment frameworks evolve to embed NGRA

Non-animal safety science is increasingly being used to make decisions on:
1. safety of consumers exposed to chemicals in products
2. safety of workers exposed to chemicals during product manufacture

3. safety of non-human species if exposed to chemicals in the environment

‘Traditional’ Risk Assessment ‘Next Generation’ Risk Assessment
Exposure models Exposure estimation:
(PBK, free/total Plasma C_,,

concentration)

= Calculation of Margin of
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... animal testing for DART endpoints under REACH

* Inthe European Union, selling cosmetic products tested on animals is prohibited. The
ban applies to both the final formulation and the ingredients of the product (Cosmetics
Regulation No 1223/2009)

 Those same chemicalingredients may, however, also need to beregistered under
REACH or their dossiers updated, which may involve animal testing.

Study Annex VII | Annex VIII Annex IX Annex X
10-100 tpa 100-1000 tpa 1000+ tpa
Screening test for Required Strongly
= reproductive recommended if no
/developmental higher tier fertility
[ﬂ E ‘ H A ; toxicity (OECD TG study (such as OECD
Va Agrochemicals 421 or 422) 443) is/will be
EUROPEAN CHEMICALS AGENCY ,Tvegg]fé?/gggg) Artlcle 54 Council available
EU REACH Regulaﬂon < Directive 2001/83/EC Prenatal May be proposed in | Required in one Required in
G developmental case of (serious) species; second two species
y toxicity study (EU concern® for prenatal | species may be
B.31, OECD TG 414) developmental triggered?
toxicity. However, it is
strongly

Industrial A fecammendec to
% T consider conducting a
chemicals BIOG-IdeS Pharmaceuticals screening study ing
: Regulation (EC) addition to the
Regulation (EC) No 528/2012 prenatal
No 1907/2006 developmental
toxicity® study
Extended one- Recommended Required if triggered® | Required
generation instead of the
reproductive toxicity screening study in
study (EU B.56, case of serious
QECD TG for prenatal developmental toxicity (OECD 414) ICH Guidelines S5(R2) and OECD TG 443)° concern’ for fertility
two generation reproductive toxicity (OECD 416) S5(R3) on detection of toxicity
reproduction/developmental screening test (OECD 422/421) to reproduction for human Draft Guidance document (europa.eu)
one generation reproductive foxicity (OECD 415/443) pharmaceuticals
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harmonisation for better health

! @) OECD " ICH

s BETTER POLICIES FOR BETTER LIVES
Unilover



Unilever’s approach: science-based safety

« Plans to address information requirements for REACH using science-based
safety approach that is not based on the generation of new animal data:

> Strengthen the existing read-across submissions

> Exposure-led safety assessment that also includes worker exposure
assessment from all facilities

> Generation of new in vitro data, including NAMs for DART using the Next
Generation Risk Assessment (NGRA) Framework
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to predict the results of high

The hypothesis underpinning
NGRA is that if no bioactivity is
observed at consumer-relevant
concentrations, therecanbe no
At no point does NGRA attempt
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US EPA Next Generation Blueprint Tiered Testing Framework

/ : Tier 1 \

(Chemical Structure Broad Coverage, Multiple cell types
and Properties High Cantent Assay(s) +/- metabolic competence

r— 2
No Defined Biological Defined Biological Target
| Target or Pathway J or Pathway J

Y

1 Tier 2

Select In Vitro Orthogonal confirmation

L I >
/ l 1 Tier 3 \

l Existing AOP l | No AOP J
~ In Vitro Organotypic Assays and Identify Likely Tissue,
Assays for other KEs Microphysiological Organ, or Organism Effect
and Systems Modeling Systems and Susceptible Populations
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 ADP

Figure 2. Tiered testing framework for hazard characterization. Tier 1 uses both chemical structure and broad coverage, high content assays across multiple cell types
for comprehensively evaluating the potential effects of chemicals and grouping them based on similarity in potential hazards. For chemicals from Tier 1 without a de-
fined biclogical target [ pathway, a quantitative point-of-departure for hazard is estimated based on the absence of biclogical pathway or cellular phenotype perturba-
tion. Chemicals from Tier 1 with a predicted biclogical target or pathway are evaluated Tier 2 using targeted follow-up assays. In Tier 3, the likely tissue, organ, or
organism-level effects are considered based on either existing adverse outcome pathways (AOF) or more complex culture systems. Quantitative points-of-departure
far hazard are estimated based on the AOF or responses in the complex culture system.
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FP7 (€200 mil) - Ab initio chemical safety assessment: Tiered
testing to support human health safety assessment

1. IDENTIFY USE SCENARIO

|
TIER O: ipentiry Y
USE SCENARIO, 2. IDENTIFY MOLECULAR STRUCTURE J
CHEMICAL OF CONCERN \
\& ﬂ - Exit TTC -_/
AND COLLECT EXISTING 3_ COU.ECT EXISTING DATA l e ———

INFORMATION \ !

—) EXiT READ-ACROSS
| 4. IDENTIFY ANALOGUES, SUITABILITY ASSESSMENT AND EXITING DATA j _— \\_____’//

=

>

5. SYSTEMIC BIOAVAILABILITY (PARENT VS. METABOLITE(S), TARGET

. ! EXIT
TIER 1: Hyporwesis ORGANS, INTERNAL CONCENTRATION) -—> INTERNAL TTC
FORMULATION FOR AB "~ S = 4 NNE :
INITIO APPROACH 6. MOA HYPOTHESIS GENERATION
(WEIGHT OF EVIDENCE BASED ON AVAILABLE TOOLS) J
b4
1§
TIER 2: 7A. TARGETED 7B. BIOKINETIC REFINEMENT
. \ TESTING T’ (IN VIVO CLEARANCE, POPULATION,
APPLICATION OF AB IN VITRO STABILITY, PARTITION)

INITIO APPROACH

8. POINTS OF DEPARTURE, IN VITRO IN VIVO EXTRAPOLATION,

UNCERTAINTY ESTIMATION, MARGIN OF SAFETY J EXIT
\ ) ‘“ﬂ",/

.

9. FINAL RISK ASSESSMENT OR SUMMARY ON INSUFFICIENT
L INFORMATION APPROACH J

Berggren et al., (2017) Computational Toxicology 4: 31-44
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Read across
Exposure-based waiving

In silico tools

Metabolism and metabolite identification
Physiologically-based kinetic modelling
In chemico assays

‘Omics

Reporter gene assays

In vitro pharmacological profiling

3D culture systems
Organ-on-chip
Zebrafish larva assays
Pathways modelling

Human studies



Unilever’'s NGRA Framework for DART
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Unilever's NGRA Framework for DART - tiered approach
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Unilever's NGRA Framework for DART - tiered approach
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Systemic exposure estimates - PBK modelling

PBK modellini Framework

Level 0:

Characterise exposure scenario (who, where,
how often, and how much )

Product & chemical information

Level 1:
Predictions from in silico only

parameterisation & sensitivity

Level 2:

PBK modelling based on in
vitro parameterisation

Level 3

Generating human PK data for validation or/and
calibration

Is it a novel
chemical?

Level 0

Check for Pi( analogues |

Collecting existing data on ADME
parameters, human clinical PK data
and PK analogues, etc. if available

[ Identify use scenario |«
[2

and practices based on available use data

Estimate consumer exposure by assuming worst case consumer habits

* The progression between levels is closely related to
the risk assessment process

» Use tools that are as complex as necessary to make the
decision

* Move to more complex tools if more data is needed

A

| Use expert judgement to prioritise parameters

| Generate in silico parameter and

s output from
QSARs in the

apply ECCS classification

Run PBK model for prediction |
¥

same space as

Perform uncertainty and variability
analysis to obtain the possible prediction
output, e.g. distribution of Cmax

Perform sensitivity analysis to
determine the influential parameters

ompare with in vitro
PoD to derive BER.

Risk assessor: is there
enough precision to

make decision?

Generate in vitro data for highly

sensitive & uncertain parameters

[ Run PBK model with new parameters |
v

Perform uncertainty and variability
analysis to obtain the possible prediction
output, e.g. distribution of Cmax

ompare with in vitro
PoD to derive BER.

Level 2 Risk assessor: is there
- : enough precision to
No Is it feasible to mail; Ic)iecision”
generate human y
PK data?
Yes
| Generate clinical PK data and calibrate the model
Level 3 with human PK data

| Rerun PBK model for prediction |

Li, Hequn et al. "PBK modelling of topical application and characterisation of the uncertainty of Cmax
estimate: A case study approach” Toxicology and Applied Pharmacology, vol. 442, 2022, p. 11599.



Systemic exposure estimates- pregnant PBK modelling

Parameterisation

+ Physiological parameters

Nonpregnant PBK model »  Chemical specific parameters (ADME and physiochemical
properties

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

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.
* Placental transfer parameters
Model validation

. . + against available human PK data
Rajagopal et al., Front. Toxicol., 07 March 2022

https://doi.org/10.3389/ftox.2022.838466
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Unilever's NGRA Framework for DART - tiered approach
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In vitro biological activity characterisation
-High throughput transcriptomics

Ziram
Thiram
Cycioheximide
Pyraclostrobin
Amiodarone hydrochloride

Cells treated for 24h with 7 concentrations of each chemical A
to generate dose-response data (5 biological replicates).
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In vitro biological activity characterisation
-in vitropharmacological profiling

Nuclear
receptor
panel

GPCR panel

> The IPP panel contains 63 targets with known safety liabilities
that were tested in binding, enzymatic, coactivator recruitment
and luciferase assays.

lon Channel
panel

Transporter
panel

> 44 of the targets have been associated with in vivo adverse drug
reactions (Bowes et al., 2012) and a further 19 targets implicated
in developmental and reproductive toxicity were added to the
panel based on a literature search.

PERSPECTIVES

Enzyme panel

<% eurofins
Cerep

Targets (gene) Hit rate* Main organ  Effects
Binding Functional or ElvEnon Agonism or activation Antagonism or inhibition
_ safety testing of drug candidates and are enzymatic system
@A cuUIDE TO DRUG DISCOVERY — OPINION designed to prevent serious ADRs from c . led .
occurring in clinical studies. protein-coupled receptors
i i The anly in vitro pharmacology assay Adenosine High Low(agonist)  CVS,CNS Coronary vasodilation; Potential for stimulation
RedUCI ng Safety related d rug that is absolutely required by regulatory receptor A 5 1 in BP and reflex; T in HR; of platelet aggregation;
(IR . H H authorities is one that measures the effects (ADORAZ, in platelet aggregation and in BP; nervousness
attrition: the use of in vitro vl ettnon o Gt mastodnanti ol
. . current of native (1,,) or heterologously activity: sleep induction arousal; insomnia
pharmacological profiling ebtied Bt Vol sl poeasi yeh
channel subfamily H member 2 (KCNH2; a,,-adrenergic High Low(agonist);  CVS,GL,CNS Smooth muscle contraction; L in smoath muscle tone;
also known as hERG)'. The mechanism by receptor (ADRA1A) high in BP; cardiac positive ionotropy: arthostatic hypotension and
Joanne Bowes, Andrew J. Brown, Jacques Hamon, Wolfgang Jarolimek, which blockade of KERG can elicit poten- (antagonist) potential for arrhythmia; mydriasis; T in HR; dizziness; impact
Arun Sridhar, Gareth Waldron and Steven Whitebread tially fatal cardiac arrhythmias (torsades Lininsulin release onvarious aspects of sexual
Abstract | In vitro pharmacological profiling is increasingly being used earlier in g.rp:::::ﬂlI:'r::tg:::fi:f:‘;‘_“:::'::: CHRCH O
the drug discovery process to identify undesirable off-target activity profiles that  criocnesc of this ADR is one reason why a,,-adrenergic High Low (agonist); CVS,CNS Linnoradrenaline release and T in Gl motility;
could hinder or halt the development of candidate drugs or evenlead to market  this assay is a mandatory regulatory require- receptor (ADRAZA) medium ?mpatrie_hc neuratransmission: Tininsulin secretion
withdrawal if discovered after a drug is approved. Here, for the first time, the  ment. Receptor binding studies are also {antaganist) inBP; 4 in HR; mydriasis; sedation
ional gies and methodologies for in vitro pharmacological profiling at ~ Fecommended as the first-tier approach for B,-adrenergic Medium  NA CvVs, Gl TinHR; T in cardiac contractility; LinBP;LinHR; L.inCO
four major pharmaceutical companies (AstraZeneca, GlaxoSmithKline, Novartis '}:' ““"I“:'“"' ”:;"‘“ _‘iFPf"""“" potential receptor (ADRB1) electrolyte disturbances;
vel ¢l C Lit] e i i . 2
and Pfizer) are presented and illustrated with examples of their impact on the L "k'{':‘:m?’:l\m:: rlv.':l:la(ury guidance ZD‘[(‘):E::\T:Ir:ées?)pief;;zl::?f‘;)oolryzifs
drug discovery process. We hope that this will enable other companies and  does not describe which targets should =
academic institutions to benefit from this knowledge and consider joiningusin  constitute an in vitro pharmacological pro- B,-adrenergic High Medium Pulmonary, T inHR; bronchodilation; peripheral L inBP
our collaborative knowledge sharing. filing panel and does not indicate the stage receptor (agonist); CVs vasodilation and skeletal muscle
of the discovery process at which in vitro medium tremor; T in glycogenolysis and

pharmacological profiling should occur.

({antagonist)

alucaqon release

Bowes J, et al., 2012 Reducing safety-related drug attrition: the use of in vitro pharmacological profiling. Nat Rev Drug Discov. 11(12):909-22.



In vitro biological activity characterisation
-Cell stress panel
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Unilever's NGRA Framework for DART - tiered approach
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Induced pluripotent stem cells (iPSCs) to detect developmental
toxicity

Induced Pluripotent Stem Cell Differentiation Protocols | Sigma-Aldrich

Human developmental time
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» iPSCs can be used as a surrogate for embryonic stem cells
» Assays have been developed to either use iPSCs directly (devToxquickPredict™ platform; Stemina) or the
differentiation into heart, liver and neuronal cells (ReproTracker®; Toxys) as NAMs for developmental

toxicity



Invitro biological activity characterisation
- devTOX quickPredict™
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> 1065 chemicals tested, 19% showed a positive biomarker response
> biomarker performance in general reached accuracies of 79% to 82% with excellent to outstanding
specificity (> 84%) but modest sensitivity (< 67%) when compared with in vivo animal models of human

= prenatal developmental toxicity

Unillover summarised from Zurlinden et al., (2020) Toxicol Sci. Apr 1;174(2):189-209



In vitro biological activity characterisation
- ReproTracker® assay
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Refinement of Biological Activity and Exposure
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> Tex-Val: public-private collaboration established for testing of
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Scientific and Technical Challenges associated with NGRA

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

> Short duration exposures and extrapolation to chronic effects

» Complex data interpretation 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

> etc.



Biological coverage of the NGRA Framework for DART




Whatis the biological coverage of the NGRA DART Framework?
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Baseline expression of the cell lines within the NGRA DART
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Key Biomarkers for DART - Systematic literature search

Chemicals & assays based

approach

* ReproTect (10
chemicals, 14 assays)

* ChemScreen (12
chemicals, 31 assays)

* ReproTracker®

* devTOXquickPredict™

* ToxCast

AOPs based approach

* Eleven DART-related
Adverse Outcome
Pathways (AOPs)
published in 2015

* Over 90 AOPs in
AOPWiki related to
DART

* Network AOPs

List of key Targeted
stages, literature
morphogenetic search for
events, organ cellular and
or organ molecular
systems

Mechanisms in
reproduction &
development

DART MIEs and AOPs

. mechanisms

" Extraction of

key biomarker
terms for each
stage, including
any related to
xenobiotic
stress

Using the

Pooling all master content,
biomarker evaluation of
terms to biological
generate coverage of the
master content NAMs and

otential gaps




Key Stages, Morphogenetic Events and Derivatives Organs & Systems
in Human Reproduction and Development
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rZygote formation ] * Reproductive system — testis

N\

* Reproductive system — ovary

\ Implantation o Skeletal system

N\

Blastulation elimhs
s - < [Endoderm formation and its derivatives J
Gastrulation _
. 2 ¢ Digestive system
\ Placenta formation ] e Respiratory system
(Neurulation ] " Thymus .
> J e Parathyroid
Ectoderm formation and its derivatives * Thyroid
e Central nervous system ’ [Structures developing from mesenchyme or multiple germ layers ]
* Peripheral nervous system ¢ Adrenal glands
e Autonomous nervous system e Eyes
o * Integumentary system e Ears
s@»ﬁg e Face and neck
Unileves [Intrauterine growth ]




Overview of Literature Search and Extraction of Key Markers
Information

. Pooling extractions,
Central nervous system: 6,755 . .
Literature search Feriizaton: 5,526 Thresholding of hit counts

Reproductive system — Testis: 6,078
MeSH Ontology
37 million ArtiCleS Implantation: 5,786

Limbs: 6,061 I
Integumentary system: 4,282 .

Hematopoiesis: 5,157

Spleen: 2,935 ||
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Mesoderm formation and its derivatives: 6,445

° ° ° R 5 L .
re s u lts; fl n all s I n g Ectoderm formation and its derivatives: 2,272 SR
Q Somitogenesis: 1,389
t h e q rt I C le s Endoderm formation and its derivatives: 2,901 I

Adrenal glands: 2,193

Ears: 2,733 [
Gastrulation: 1,410
> Heart and circulatory system: 1,711
Intrauterine growth: 2,044 I Immune system: 2,212 I
Urinary system: 1,470
Zygote formation: 1,828 l Peripheral nervous system: 831

sweasmemrism- == AbStracts extracted and
Respiratory system: 2,012
Sex determination: 941 [ Parathyroid: 910 == Cco | | ate d
Neurulation: 425 == Face and neck: 868
Blastulation: 181 Thyroid: 1,002

Placenta formation: 737 Il

| sum mary
PAXIP1 Potentiates the Combination of WEE1 Inhibitor AZD1775 and Platinum Agents in Lung Cancer.
The BNAdamage response (DDR) involves a complex network of signaling events mediated by modular
protein domains such as the BREAT C-terminal (BRCT) domain. Thus, proteins that interact with BRCT
° ° domains and are a part of the DDR constitute potential targets for Sensitization to DNA-damaging

34.308 articles on key 69.299 articles on IR o0 e pertormed apharmacolgic sreen o vatuate 17 G, dentiti n &

I 4 BRCT-mediated interaction network as targets to enhance Platinum:based chemotherapy i IUng
cancer. Inhibition of mitotic kinase WEE? was found to have the most effective response in combination

stages and organs and organ

was found in complex with PAXIPA, a protein containing six BRCT domains involved in franseription and
h M d l in the cellular response to DNA damage. We show that PAXIP1 BRCT domains regulate WEEA-mediated
morphogenetic events systems development R o G e oo coretr o D v oo SRR
mediated APOpLOsis in cells treated with WEET inhibitoF AZD1775 (formerly, MK-1775) and cisplatin
\ } compared with cells treated with AZD1775 alone, Celllifes and patient-derived xenograft models
expressing both PAXIPA and WEE exhibited synergistic effects of AZD1775 and cisplatin. In summary,
Y PAXIP1 is involved in sensitizing lung cancer cells to the WEE1 inhibitor AZD1775 in combination with
platinum-based treatment. We propose that WEE] and PAXIPY levels may be used as mechanism-based

1 0 3 0 7 t t l t ° l Biomarkers of response when WEET inhibitor AZD1775 is combined with DNA-damaging agents.
,6 otai articies
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Download standard list of genes

Overview of Literature Search and Extraction of Key Markers

A B &
1 |Gene symbol |Name HitCount
2 |GFAP Elialfib llary acidic protein 554
3 |SHH sonic hedgehog 505
4 |WNTL Wit family member 1 441
5 |BDNF brain derived neurotrophic factor 379
6 (AQP1 aquaporin 1 (Colton blood group) 360
7 [NES nestin 346
8 |FGF2 fibroblast growth factor 2 345
9 |IGF1L insulin like growth factor 1 341
|I 10 |GNRHL |gonadotropin releasing hormone 1 334
11|TH tyrosine hydroxylase 329,
12 |NGF nerve growth factor 327,
13 |CSPG4 chondroitin sulfate proteoglycan 4 295
Vocabulary based on Hugo Gene CEE e =
15 |PAX6 paired box 6 238|
. 16 |TGFB1 transforming growth factor beta 1 267
Nomenclature Committee 17 [eaF epidermal growth factor 22
18 |TP53 tumor protein p53 193
19 [INS insulin 189,
20 [INSR insulin receptor 186
21 [NCAM1 neural cell adhesion molecule 1 182
22 |TNF tumor necrosis factor 180
23 |CDKN2A cyclin dependent kinase inhibitor 24 176
24 |apPp amyloid beta precursor protein 173
25 |TNC tenascin C 166
26 |0LIG2 oligodendrocyte transcription factor 2 163
27 [Sox2 SRY-box 2 163
28 |[CTNNBL catenin betal 158
29 |IL6 interleukin 6 154
30 |RTN4 reticulon 4 142
31 |vIP wasoactive intestinal peptide 142

902 genes

I FDR < 0.05 FDR > 0.05

Somatic mutation

Neoplasm of the central nervous system
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Neoplasm by histology
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Morphological abnormality of the central nervous...
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Pooled List of DARS biomarkers

Fertilization: 5,526

Implantation: 5,786

Mesoderm formation and its derivatives: 6,445

Key stages & morphogenetic events results: 34,282
Gametogenesis: 3,786

Ectoderm formation and its derivatives: 2,272

Endoderm formation and its derivatives: 2,901 I

Gastrulation: 1,410
Intrauterine growth: 2,044 I

Zygote formation: 1,828 I

Placenta formation: 737 il
Sex determination: 941 ']

Neurulation: 425 ==
Blastulation: 181

Central nervous system: 6,755 I

Reproductive system — Testis: 6,078
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Hematopoiesis: 5,157
Spleen: 2,935 [
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Immune system: 2,212
Urinary system: 1,470

Peripheral nervous system: 831
Skeletal system: 1,175 w=

Respiratory system: 2,012
Parathyroid: 910 ==

Face and neck: 868
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[ |
Key stages & morphogenetic events: 5,316 Pooled Gene: 3,551
Gene: 8,604
DrBP: 1,722:mm Gene: 12,667
DrBP: 2,628
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Pooled miRNA: 338 1
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Rajagopal et al., Front. Toxicol., 2022
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Pooled List of DARS biomarkers

A

3551 DARS Genes

B

474 DARS Biological Processes

338 DARS miRNA

1 |Gene symbol Name HitCount A b < = =

2 |cea glycoprotein hormones, alpha polypeptide 11924 1 [HitlD Name HitCount 1 HitlD HitCount

3 [SHH sonic hedgehog 6622 2 |GO_0023052 |signaling 21733 SNl LET7 155

4 |WNT1 Wnt family member 1 6428 3 |GO_0007049 cell cycle 3278 3 |MIR-21 127

5 |TGFB1 transforming growth factor beta 1 6056

6 [IGF1 insulin like growth factor 1 asss 4 |GO_0008219 |cell death 2514 4 |MIR-145 85

7 [INS insulin 4395 5 |GO_0006306 |DNA methylation 2440 5 MIR-125B 73

EH|GNRHL gonadotropinireleasing hormone:1 3943 6 |GO_0001837 |epithelial to mesenchymal transition 2422 6 MIR-17 73

9 |CTNNB1 catenin beta 1 3912 R

10 | VEGFA vascular endothelial growth factor A 3777 7 |GO_0016310 |phosphorylation 2372 7 MIR-17-92 65

11 |SRY sex determining region ¥ 3479 8 6070030154 cell differentiation 2262 8 MIR-1 64

12 |pOMC proopiomelanocortin 3454 9 |GO_0048468 |cell development 2248 9 MIR-302 62

- EetlcnaliEpuiyipi o — 8% 10 |GO_0001556 |oocyte maturation 1973

14 |KIT KIT proto-oncogene receptor tyrosine kinase 3380 10 MIR-124 56

15 |POUSF1 POU class 5 homeobox 1 307 11/GO 0022008 |neurogenesis 1567 11 MIR-29B 55

16|CD4 CD4 molecule 3152 12 |GO_0006412 |translation 1541

D LT N S0 43 NCIT C17741 |Oxidative Stress 1aq0] [EEMMIR-34C a2
, interleukin 6 family cytokine " i

19 |[BMP4 bone morphogenetic protein 4 3027 14 /GO_0048477 |oogenesis 1243 [ VIR-34A it

20|cpaa T 2027 15 GO_0001171 |reverse transcription 1235 14 MIR-1308 51

21|ESR1 estrogen receptor 1 2946 16 |GO 0016477 |cell migration 1209 15 IMIR-375 49

- (S0x9 SRYboxS 2599 17 GO_0007165 |[signal transduction 1146| 16 MIR-200C 46

23 |TNF tumor necrosis factor 2620

24 [TP53 tumor protein p53 2520 18 6070030218 e]'yth rocyte differentiation 1134 17 |[MIR-24 45

25 |PTHLH parathyroid hormone like hormone 2436 19 |GO_0016049 |cell growth 1041 18 [MIR-29A 44

EBIAMH anti-Mullerian hormone 251 20 /GO_0006914 |autophagy 1021] 19 MIR-429 41

27 |[NR5A1 nuclear receptor subfamily 5 group A member 1 2341

28 1GF2 insulin like growth factor 2 2290 20 |MIR-223 41

29 |LEP leptin 2058

30 [AKTL AKT serine/threonine kinase 1 1977

31 |FGF2 fibroblast growth factor 2 1912

Rajagopal et al., Front. Toxicol., 2022



Protein classes and signalling pathways over-represented in
DARS biomarkers WikiPathway
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Unifever DARS miRNA: LET-7, MIR-21 and MIR-145 Rajagopal et al., Front. Toxicol., 2022









Biological coverage of the DARS biomarkers by the DART NGRA

Coverage

Gaps

Gaps - Panther Protein Classes

G-protein coupled receptor

helix-turn-helix transcription factor —
821

intercellular signal molecule

o

10 20 30 40 50 60 70 80 90

B DARS not covered M expected

* 41 GPCRs (6 present in IPP)

HTH transcription factors (mainly homeobox transcription factors)
Intercellular signal molecules (chemokines, cytokines, growth
factors, neurotropic factors, peptide hormones)

Size of each list

°
14225

A

DARS

Rajagopal et al., Front. Toxicol., 2022



ww» Coverage

General cellular & functional
processes- cell survival,
cytotoxicity

Receptor or enzyme activity-
IPP covers about 13%

Signalling pathways- DARS
genes

Specific differentiation-
ReproTracker®

Specific cellular processes-
devTOXQuickPredict™

Cellular stress- Cell stress
panel assays

Gaps

Specific cellular processes-
E.g. cytokine secretion or
myelination or androgen
biosynthesis

Specific functional
processes- E.g. sperm
motility or axon guidance or
lymphocyte migration

Receptor or enzyme activity-
E.g. receptor tyrosine
kinases or receptor
serine/threonine kinases or
GPCRs

Biological coverage of the DARS biomarkers by the DART NGRA

‘Weight of evidence

Integrating data from
different NAMs

MIE -> KEs -> Adverse effects
E.g. ADORA 2A binding,
inhibition of PI3Kinase-AKT
signalling, T cell
development

Rajagopal et al., Front. Toxicol., 2022



Case studies - flexible and fit for purpose validation of

NGRA DART

Unilover



DART NGRA Framework evaluation - decision making
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How PODs from NAMs compare to PODs coming from animal studies
-including chronic, developmental/reproductive studies

APCRA

ACCELERATING THE PACE OF
CHEMICAL RISK ASSESSMENT

448 chemicals

“The primary conclusion of our work is that for
89% of the chemicals in this case study, the HTS
approach to derivation of a PODy,, o5 for
screening and prioritization purposes
produced a value less than or equal to the
POD;, . ditionat from in vivotoxicology studies.”

Chemical
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Toxicol Sci, Volume 173, Issue 1, January 2020, Pages 202—-225,
https://doi.org/10.1093/toxsci/kfz201
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How PODs from NAMs compare to PODs coming from animal studies

>85 scenarios

Pilot + Full study 46 compounds 30 compounds >22 compounds
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Bobgltazins. Oval Madical, & mg - P A :- .:
oo st = . [2:2: ] EUTOXRISK
Sudforaphane. Oral, Tablet. 60 mgiday Bloactivity Ratlo: . EU-Taxfisk
OO A e Application In Priority Setting and Risk Assessmant Dnclalled Englh . O Englnh [ —
1 ckbir 2401 g vyttt s ek A

Cattesne. Gral, Food & Drnk - 11

| ENVIRONMENT DIRECTORATE
CHEMICALS AND BIOTECHNOLOGY COMMITTEE Case Study 16 Reporting Template

Nacsrarracdn. Ol Food § Drsk. L1 5 g bty
Oybanzone, Derwal, Sunscren. 1%

Thalstamede, Crat Tablt, 55 - 106 mg
Caffwine. Dermmal. Cinical Hoalth Canada
Team: 2
Thaldsmede, Cral, Tablet, 30 =g

Henybesorcingl. Oral Theeat Losinge. 24 15

Bnncaghon bana usm Anaves Wiae,

Duyberanne, Damal Budy Lotien. 0.6%
Herylressrond, Darmal. Face Sarum, 0.5%
Neainarmide. Darmal. Hody Lotior., 1%
Cowmarin. Darmal. Bady Latien, 0.39%

March 2021

Wiacinumide, Oval. Foess & Diink. 22 3 mtay

Case Study on e of an Integrated Approach for Testiag and Aswessment
(IATA) for Systemic Tosicity of Phenoxyethancl when inchaded at 1% in a bedy

Wesryresort res, O, 10od reiideet, © 0033 mg/hg bwidiey

Butylated hyceoythoms, Dwsmal, Sady Lossen, £ 5%

Sallocaphane. Oual, food & Drnk. 39 ingiday -

Caftaine. Dermal, Shempoa, §.1%

= letinn
~ F
Coumann, Oral, Food. 4 1 mgday 2 "
Caumann, Oral 0§ mplhg bty - m' Tk (9 (:osr.-r m'.:\

Miacinamide, Dwmal. Har Conditionar, &1% — = : = .- Health e

1o W w W B‘:::‘;"" :w'";l:.m w 1 U -Q Ca I'\ada { "k IT_I |||‘1 .i‘._- I“ '__IIT ll W
Benchmark BER against risk category l CERTARA® 7% g vreren
for each exposure scenario Simcyp oo S e

“The purpose of this SciAD is to demonstrate that PODBioactivity can provide a lower bound estimate for in vivo based
effect levels derived from oral repeat-dose, developmental, and reproductive studies considered under the Chemicals

Management Plan (CMP). The PODBioactivity was lower than the lowest PODTraditional cited in the risk assessment for 43

of the 46 of the chemicals examined. These findings are consistent with other published case studies using similar
- methodology. This was done to demonstrate confidence in using in vitro bioactivity as a surrogate lower bound estimate

Unllver o f in vivo adverse effect levels.”From Health Canada



Next Steps

> Evaluation of DART NGRA across many
chemistries
> ReproTracker assay
= Development and evaluation of an

osteoblast differentiation protocol

i i

i
f
i

__________

Rajagopal et al., Front. Toxicol., 2022

> ldentification and filling of existing gaps (PBPK modelling e.g placenta

transfer measurements, DNT, DIT, endocrine disruptors, multigenerational

effects, studying epigenetics in germline development, advanced cell models

for refinement)
> CLP/GHS hazard classification

> Use for regulatory purposes (REACH submission)



Unilover

Conclusions - Regulatory challenge: Meeting requirements of
REACH without compromising our stance on non-animal testing

« A paradigm shift is underway as use of non-animal safety science increases & safety
assessment frameworks evolve to embed NAMs & NGRA

- Translation of NGRA concepts into chemical regulatory frameworks, strategic plans

& guidance is moving forward steadily but needs to accelerate

* Plans to address current data gaps in REACH dossiers using non-animal approaches

based on the use of NAMs and NGRA

‘Traditional’ Risk Assessment

Safe Dose
in Humans

‘Next Generation’ Risk Assessment

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

Calculation of Margin of

| \ Safety (MoS) distribution

desived e Callular StmsSPmnl: of Departure
concentration- assays
response data

Pathway characterisation: I *
Point of departure

Transcriptomics Receptor
/ binding

ra

e.g. Margin of safety is the
fold difference between the
Cmax and the in vitro POD




Unilover

Unilever NGRA frameworks for Consumer Safety decisions

Developmental & Reproductive Inhalation

PODL. ke

Collate E:

Determine Point

ing Information

%
/ ! v 1
invira 1 | : ! o Risk '
1 Detaminstion | Problem Formulation i Data Generation [ ofDepartureand NONNE o cccment O
o1 Bl 1 i 1
h cxporar s L I [ o aano < EE concusion |
! | i AL Upper Airway ! L I
1 it (itaton romodaing dearanco | Exposure based ) &
¢ I ! sfuncton, I waiving | Risk decision |
! i H : inflammaton) i H : basedupon |
: 1 DNEL derivation Weight of I
y 1 Pl ALI Lower Aitway ! "1 Evidence 1
. ! 1 L (Lung Fibrosi,infammation) | [ﬁ 1y i
Formuin ores: N
Z== (e : — ! » -
: | mamve . : ! l
1 ' | | ! ! phieiner i Il I
10N | 1 | . |
I I ] 1 [—]
Microphysiological Systems AY 7
1| mictame | ; i x S E A T— =
1 1 i [N
1| [ | ! | SRS S
N . !
! 1
1
1
' 1

Rajagopal et al (2022) Frontiers in Toxicology, doi: 10.3389/ftox.2022.838466
Skin Sensitisation Systemic

Collate Existing Data Determine Point of

1 1
1 Local !
Infa i i | departure and Margin of !
[l Exposure fogmationl Generation P 9 Assessment ]
Il cotimation Problem (texistinginfois R exposurel Acceptable Conclusion I
1 Formulation CHCLETY ) exposure level i — Po,....
' I Local and systemi . " preogrg
' : | : exposure estimates | In Vitro
scenario n [N Slological
. e, viro data i i 1 : V Activity
Consumer Hebis' 1y 1 ' Characterization
1 Historical in vivo I
and Practices. 1 Risk decision based | 1 Inital Pol
! A N ! upon Weightof 1 1 i ]
! ‘ Evidonce taking nto | | L |
| : H | [Smsenie] |
1 ] t 1
1 I Problem 1 1
1 ' Formutation 1 : '
i ' | (] |
! i ) (.
' ! ;|
i : e
|
1
' i
i

Reynolds et al (2021) Reg Tox Pharmacol, 127, 105075 Baltazar et al (2020) Toxicol Sci, 176, 236-252

SAFETY &
ENVIRONMENTAL
ASSURANCE CENTRE

Scientific Excellence And Collaboration

Ongoing Evaluations

EPAgma Sutes
nironmental Protection
\7 o

Environmental Topics v Laws & Regulations v ReportaViolation v AboutEPA v

CONTACTUS

EPA and Unilever Announce Major Research
Collaboration to Advance Non-animal
Approaches for Chemical Risk Assessment

August 19,2021

Contact Information
EPA Press Office (press@epa.gou)

Today, the UsS. (EPA) and Unilever d to explore
better products. Th EPAand
Unilever regarding h Methods (NAMs), which are a I toricity testing that are intended

to reduce reliance on the use of animals.
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protect consumers, workers and the environment.
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In this Newsletter:

NICEATM to Collaborate with Unilever on Development of Predictive Model for Skin
Sensitization

NICEATM to Collaborate with Unilever on Development of Predictive Model for Skin
Sensitization

NICEATM has entered into an agreement with consumer products company Unilever to
collaboratively test and further develop their Skin Allergy Risk Assessment (SARA) predictive model.
SARA is a computational model that uses a variety of input data to estimate a probability that a
chemical will cause an allergic skin reaction in humans. NICEATM will test the SARA model using a
variety of chemical data sets, including chemicals of interest to U.S. and international regulatory
agencies, NICEATM and Unilever will also work together to expand the SARA model to include data
generated by NICEATM. The Intent is to make the SARA model openly available for public use along
with other NICEATM predictive models. Availability of the SARA model will help further reduce animal
use for the endpoint of skin sensitization, and will improve upon existing efforts by providing points
of departure for quantitative human risk assessment.

Information about other NICEATM projects to evaluate alternatives to animal use for skin
sensitization is available at hitps://ntp.niehs.nih.gov/qo/ACDtest.

Reference: Reynolds et al, Probabilistic prediction of human skin sensitizer potency for use in next
generation risk assessment, Comput Toxiol 9:36-49. hitps://doi.org/10.1016/j.comtox.2018.10.004
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