=
\

Beyond AOPs: A Mechanistic
Evaluation of NAMs in DART Testing ~Z8WJ2 °

Dr Predrag Kukic

Science Lead
Unilever Safety and Environmental Assurance Centre (SEAC)

ESTIV, 22/11/2022



Outline

> Unilever’s approach: science-based safety
> Overview of Unilever’'s NGRA Framework for DART
> Biological coverage of the NGRA Framework for DART

> Next steps, case studies / fit for purpose validation




Unilever Policy & Approach
Safe & Sustainable Products without Animal Testing .

40+ years of developing
non-animal safety
science

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

 Non-animal testing to assess
ingredient & product safety - there
are a wide range of non-animal
alternatives grounded in modern
science and new technology

70+ collaborations

600+ publications
https://tt21c.org
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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

uoxo-soyduAdiojyo
soAlo|yo1q
uoxozelq
10]y20339y
Jojyoely
v-louaydsig
uipiueiyjo|p
soydiweuaq
1hdozery |
uojawipel |
uiznquisiy
soydojouoig

Ha auiphoena)hxo
ujj0zojouIp
aplinsuag
uoinig
aplwexoz
pudiwejaoy
ajojnjjexosj
luipoadAd
auoudjoy
ueso|ol ]
uolyjesed |Ayjay
uoJnuapojysio4
qaeshAxouay
|19eWoOIg
auizesyy

MO
uliyajjeolg-s
av'e
soydwejadoid
auozejuag
wnipos-oeqolyiufid
uagexos|
uolyjered
uiqosisojorihd
ajejeysyd 1finqig
uizajoadng
ujoswewy
ajozexo}g

8
Safety margin

Actual Exposure (est. max.)

Qo
-

I

1

|

1

1
L

Cl
o]
o
o
tart

1

|
L

Distributions of Oral Equivalent Values and Predicted Chronic Exposures

6

8

T
0

1

)

i

215t century science to assure safety - NGRA

rrrrrrr1rrr1r1rrrrrrrrit T T T T

-] @ Estimated Exposure
o
I
1
1
H

70+91 c0+9L 00+31L c0-°1L ¥0-91
(Abp/63/6w) 6o)

Us

Graph from Rusty Thomas EPA, with thanks. Rotroff et al (2010) Toxicological Sciences, 117, 348-358




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.”
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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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Unilever’s Framework for NGRA DART




Unilever's NGRA Framework for DART - tiered approach
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Unilever's NGRA Framework for DART - exposure

PODin vi!\'u

Plasma C,.,

- o e - - -

“ FOF N \ In Vitro inati ici
/ Exposure Estimates Bloloalcal Determination Sufficient YES Risk
\_ /I\o :?g_ltcya of BiOactiVity- Data & Assessment
(G (\Y] : i :
M exposure ratio High Conclusion
EE);pos:J_re : Characterization Certainty?
stimation <
1 —— o = ————
; e R .
I | / Initial PoD \ ( Lowrisk |
| Identification 1 |  conclusion I
1 1 | In vitro pharmacological profiling 1 I b?ase:_l ?tn |
1 I ) ioactivity-
I | I | Refinement | exposureratio |
| Cell Stress Panel (CSP) I (Hazard & \ calculations
I I | I Exposure) — -
I Problem I | High-Throughput transcriptomics | \
I Formulation \ (HTTr) Increased
] | « / Certainty in PoD |
Collation of | = el B I and IVIVE I
Existing
\ Information 1 l 3D Models/ MPS I
1 o o o o et o] 1 |
\ 7 N
| Mechanistic Testin |
| Expanded pharmacological safety \ e
I screening, including MIE defined | | |
I from existing DART AOPs or other | e 1
known receptors affecting 1 \ P EDmbnYo Foetatl
i evelopment =
1 development and reproduction I T 7/ (Organs & Systems Gametogenesis
| | Development)
1 Including NAMs covering |
developmental toxicity screening
I (Repm‘l'.rakc;(e?, thﬁ\)/TOX 1 Embryo Foetal
quickPredic Development TPty
\ N, V4 (Germ Layer Fertilization
———————— - Formation)

Implantation

Rajagopal et al., Front. Toxicol., 07 March 2022
https://doi.org/10.3389/ftox.2022.838466




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




Unilever's NGRA Framework for DART - exposure
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Unilever's NGRA Framework for DART - biological activity

IPP+ Csp

Ziram

A Thiam

HTTr * oo
Pyraciastiodin

Amiodarone hydrochioride

Imazalil
4-Nonyiphenal, branched
PFOA

Bisphenol A
Cladribine

Nilutamide

Maneb

Rotenone

Butafenaci

Simvastatin

Bisphencl B

Vindozolin

Bilenthrin

Clofibrate

Lactofen

g Fenpyroximate (ZE)
3 Cyproterane acetate
i Triloxystronin
&

DEG Accumulation
oo Nuclear

receptor GPCR panel
panel

el Upid
mpton sccxmutation

Mechanism Stimulus

A
000 Transporter / lon Channel
panel panel

N\

Prochioraz
Cyproconazole
4-Cumyiphenol
Propiconazole
Clomiphene cirate (1:1)
yanazne

Resarpine
d-Hydroxytamoxfen
Fargltazar

Molecular marker

353 Triodathyronine / '
Fulvestrant y nzyme pane
Trogitazene : y zy! P
Cypermeth
Ferclbraie I oo
Flutamide
Tetrac
Fomesater
Lovastatin

= <¥ eurofins

003 0.1 OJ 1 3 10 30 100 Cel’ep

noectraion (M)

Exposure Range Exposure Range
Non-Developmental Developmental
Toxicant Toxicant

Repro  nepatocytes  Cardiomyocytes  Neural rosettes de\.lTox s B
Tracker  (AFP) (MYH6) (PAX6) quickPredict™ T

\

s §
E g 104 ===
L
Sg
=
z3
E =
S E Developmental Toxicity |
23 0.5 Potential:
z ofc Ratio
"IN AR NS ™ W PAB MY W 0.
L m v R L T s tsgn e L0 0.1 1 10 100 1000

Unillewer [Test Article], uM




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




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

Rajagopal et al., Front. Toxicol., 07 March 2022
https://doi.org/10.3389/ftox.2022.838466

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

[Mesoderm formation and its derivatives ]
e Somitogenesis
( ... ) * Hematopoiesis
Sex determination _
. J ¢ Heart and circulatory system
Gametogenesis e Immune system
> el as 3 e Spleen
\Fertlllzatlon J e Urinary system and urethra
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

Literature search
MeSH Ontology
37 million Articles

Validation and
quality check of
results; finalising
the articles

Query run: (“CNS") AND (embryonic
development OR fetal development)

AND (cell physiology OR nervous system

physiology) OR (signalling OR pathway
OR gene OR protein) AND (human OR
mammalian) NOT (infections)

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

34,308 articles on key
stages and
morphogenetic events

\

Central nervous system: 6,755 I
Reproductive system — Testis: 6,078

Limbs: 6,061 I

Integumentary system: 4,282 .
Hematopoiesis: 5,157

Spleen: 2,935 ||

Reproductive system — Ovary: 5,575

Derivative organs & organ systems: 69’4Eyes‘ 5612 I

Thymus: 4,087 [l
Autonomic nervous system: 2,119
Digestive system: 2,244
Somitogenesis: 1,389
Adrenal glands: 2,193
Ears: 2,733 [
Heart and circulatory system: 1,711
Immune system: 2,212 Il
Urinary system: 1,470

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

Respiratory system: 2,012
Parathyroid: 910 ==

Face and neck: 868

Thyroid: 1,002

69,299 articles on
organs and organ
systems development

J

|

103,607 total articles

Pooling extractions,
Thresholding of hit counts

Semantic enrichment
using HGNC, miRNA and
biological processes
ontologies

—p Abstracts extracted and

collated

| Summary

PAXIP1 Potentiates the Combination of WEE1 Inhibitor AZD1775 and Platinum Agents in Lung Cancer.
The DNA damage response (DDR) involves a complex network of signaling events mediated by modular
protein domains such as the BRCAT 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
chemotherapy agents. We performed a pharmacologic screen to evaluate 17 kinases, identified in a
BRCT-mediated interaction network as targets to enhance platinum-based chemotherapy in lung
cancer. Inhibition of mitotic kifase WEE1 was found to have the most effective response in combination
with platinum compounds in lung cancer cell lines. In the BRCT-mediated interaction network, WEE]
was found in complex with PAXIP, a protein containing six BRCT domains involved in franscription and
in the cellular response to DNA damage. We show that PAXIP1 BRCT domains regulate WEET-mediated
Pphosphorylation of CDKI. Furthermore, ectopic expression of PAXIP1 promotes enhanced caspase-3-
mediated Bpoptosis in cells treated with WEEA inhibitor AZD1775 (formerly, MK-1775) and cisplatin
compared with cells treated with AZD1775 alone. Celllinés and patient-derived xenograft models
expressing both PAXIPY and WEET exhibited synergistic effects of AZD1775 and cisplatin. In summary,
PAXIP1 is involved in sensitizing lung cancer cells to the WEE1 inhibitor AZD1775 in combination with
platinum-based treatment. We propose that WEET and PAXIP1 levels may be used as mechanism-based

Biomarkers of response when WEET inhibitor AZD1775 is combined with DNA-damaging agents.
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Extract Genes

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
Neoplasm of the nervous system
Neoplasm by histology

Abnormality of the thyroid gland
Neoplasm by anatomical site

Neoplasm

Autosomal dominant inheritance
Abnormality of the gastrointestinal tract

Morphological abnormality of the central nervous...

0.0
Enrichment ratio

Human Phenotype Ontology



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

Rajagopal et al., Front. Toxicol., 07 March 2022
https://doi.org/10.3389/ftox.2022.838466

~_ . Gene: 4,063

N

MIRNA; 3470
DrBP: 906

Central nervous system: 6,755 I

Reproductive system — Testis: 6,078

Limbs: 6,061 I

Hematopoiesis: 5,157
Spleen: 2,935 [
Reproductive system — Ovary: 5,575

Derivative organs & organ systems: 69,4Eyes_ 5612 I

Thymus: 4,087 [l]
Autonomic nervous system: 2,119
Digestive system: 2,244
Somitogenesis: 1,389 w«
Adrenal glands: 2,193
Ears: 2,733 I
Heart and circulatory system: 1,711
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

Thyroid: 1,002

Key stages & morphogenetic events: 5,316 Pooled Gene: 3,551

Gene: 8,604
DrBP: 1,722:mm Gene: 12,667
miRNA: 398

DrBP: 2,628

Derivative organs & organ systems: 10,724
Pooled DrBP: 474 |

Pooled miRNA: 338 1
miRNA: 745

Rajagopal et al., Front. Toxicol., 07 March 2022
https://doi.org/10.3389/ftox.2022.838466




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
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Protein classes and signalling pathways over-represented in
DARS biomarkers WikiPathway

Differentiation Pathway

TGF-beta Receptor Signaling

Neural Crest Differentiation

ESC Pluripotency Pathways

PA N T H E R P R O T E I N c L A S s Hair Follicle Development: Cytodifferentiation (Part 3 of 3)
Adipogenesis

E expected in DARS  E present in DARS

Spinal Cord Injury

500 DNA Damage Response (only ATM dependent)
456 TGF-beta Signaling Pathway
® g Sudden Infant Death Syndrome (SIDS) Susceptibility Pathways
.E 400 B En’chdol i 02 DI4 0}6 0'8 1'0 1.2 1‘4 1:5 1'8 2'0 ZIZ ZI4 ZYS 2'8
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e
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S EEFF LT\ R SN N
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@ Q/ ‘\z (\0 ] (,\Q, e,\(\ PI3K/AKT Signaling in Cancer
é\("(\ Q%b ((\0 ,bf—} < Negative regulation of the PI3K/AKT network
‘O’b \‘;\(\ \6\ ® Diseases of signal transduction
Signaling by Receptor Tyrosine Kinases
PIP3 activates AKT signaling
Intracellular signaling by second messengers
DARS BP: Signalling, cell cycle, cell death, DNA methylation,
. . .. . Disease
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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
0 10 20 30 40 50 60 70 80 90
B DARS not covered M expected
* 41 GPCRs (6 present in IPP)
Size of each list * 60 HTH transcription factors (mainly homeobox transcription
o factors)
* Intercellular signal molecules (chemokines, cytokines, growth
, R factors, neurotropic factors, peptide hormones)
DARS :

i

Unilever

Rajagopal et al., Front. Toxicol., 07 March 2022

Rajagopal et al., Front. Toxicol., 2022
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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



How PODs from NAMs compare to PODs coming from animal studies

Doxorubicin, Intravenous. 75 mg/m?/day for 10 minutes
Paraquat dichloride, Oral, Pesticide poisoning, 35 mg/kg/day
Rosiglitazone, Oral, Medical, 8 mg/day

Caffeine, Oral, Overdose, 10g

Rosigiitazone; Oral, Medical, 1 mg/12 hours

Doxorubicin, Intravenous, 4.5 mgim’/day continuous infusion for four days
Caffeine. Oral. Food & Drink. 400 mg/day

Sulforaphane, Oral, Tablet, 60 mg/day

Miacinamide, Oral, Food & Drink, 12.5 mg/kg bw/day
Oxybanzone, Dermal, Sunscreen, 2%

Sulforaphane. Oral, Food & Drink. 3.9 mg/day

Oxybanzone. Dermal, Body Lotion, 0.5%

Hexylresorcinel, Oral, Throat Lozenge. 2.4 mg
Niacinamide, Dermal, Body Lotion, 3%

Hexylresorcinoi, Dermal, Face Serum. 0.5%

Coumarin, Dermal, Body Lotion, 0.38%

Niacinamide, Oral, Food & Drink. 22.2 mg/day

Butylated hydroxytoluene, Dermal, Body Lotion, 0 5%
Hexylresorcinol, Oral, Food residues, 0.0033 mg/kg bw/day
Caffeine, Dermal, 2 mgicm?, 25 cm®

Caffeine, Dermal, Shampoo, 0.2%

Coumarin, Oral, 0.1 mg/kg bw/day

Coumarin, Oral, Food, 4.1 mg/day

Niacinamide, Dermal, Hair Conditioner, 0 1%

>85 scenarios
Pilot + Full studv

46 compound

30 compounds

>22 compounds

-
———
——

10 10 107 107 107 10° 10! 107 107

Bioactivity exposure ratio

OUnilenver

Middleton et al. Tox Sci 189(1), 2022
https://doi.org/10.1093/toxsci/kfac068

Science Approach Document

Bloactivity Exposure Ratlo:
Application in Priority Setting and Risk Assessmant

Health Canada

March 2021
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Health Canada: “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 of 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 (PBK 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

Unilever NGRA frameworks for Consumer Safety decisions

Developmental & Reproductive Inhalation
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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.

EPA have been 1

Plan

protect consumers, workers and the environment.

= in devel identi the use of animal;
h 18 said H. Christopl 2 iy i i
. ith Unilever, our
to demonstrate the use of NAMs
K on NaMs. Such
risksto -based

methods and health

N chhonal oxicology Program

Department of Health and Human Services

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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