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The Cosmetics Europe Systemic Toxicity Task Force has led the Pharmacology Profiling project, which aims to provide a screening approach using in vitro binding and enzymatic
assays to identify and predict potential bioactivity of cosmetic-relevant chemicals. This approach is based on the knowledge that various targets of pharmacological interest
have been linked to human adverse drug reactions (ADRs), and the screening of these has helped the pharma industry in identifying drug candidates, as well as off-target and
potential adverse effects. In a feasibility study, a set of 100 cosmetically relevant chemicals will be profiled in the assays to develop a benchmark dataset. The aim of this work is
to contribute to a practical, initial resource for Next Generation Risk Assessment (NGRA) to inform a possibly relevant systemic toxicity Mode of Action (MoA) of the cosmetic
ingredient. Here, we describe the selection of chemicals and targets.

Example of a novel target selected (outside the Bowes 44 list) and all information collated: Estrogen Receptor (ER)

Whitebread : : o : : :
ot al. 2006 Collective experience from the Literature ewdenge: Estroggn can cause hepatotoxuuty. the extent and severllty of hepatlc damage are o_Iqse and time dependent (Pandey et ql.,
! P 2011). ERa(-/-) mice are resistant to synthetic estrogen, 17alpha-ethynylestradiol (EE2)-induced hepatotoxicity (Yamamoto et al., 2006). DDT and its
_ cosmetics industry isomers and metabolites, exhibit hormonal activity by binding and activating the ER. The mechanisms are associated with steroidogenic pathway,
Whitebrea Bowes et * Addition of targets outside the safety receptor mediated changes in protein synthesis or estrogenic actions. Studies in adult mice showed that DDT induced a dose-dependent effect on
detal., al. 2012 pharmacology core battery that are estrogen receptor activity in liver (Mrema et al., 2013). An epidemiological study also showed an increasing risk of liver cancer among individuals

2005 - often flagged for cosmetics but not with values in the highest vs the lowest quintile of serum DDT concentration adjusted for DDE level
Ta rget 1. Ta rget candidates with Secondary previously mapped in the core battery

] R pharmacology Examples:
possible safety liabilities review «  Nuclear receptors (endocrine

2 lllEts disruption, development, metabolism,
Lynch Il et Smit et al., immune function, reproduction, etc.)
al., 2017 2020 Targets from the DART and LIVT
framework (development, reproduction,

hepatotoxicity)
Letswaart Aromatase CYP19, Salpha reductase Expression: ERa expression continued to be an independent predicting factor of liver fibrosis in patients infected with chronic HCV genotype 1b

et al., 2020 neurokinin NK2, etc. (Cengiz et al. Hepat Mon. 2014 Sep; 14(9): e21885). higher mRNA expression of ERa in HCV-related HCC liver tissues as compared to normals (P < 0.05)
and ERB in livers of HCV-related cirrhosis and HCV-related HCC subjects (P < 0.05). (lyer et al., 2017). The embryotoxicity and teratogenicity of estradiol
were reviewed by a working group convened by IARC (1979), which concluded that "Oestradiol-17R has teratogenic actions on the genital tract and
possibly on other organs and impairs fertility.

selection

Literature types and curation
* Toxicology studies - time/dose response
* Invivo safety pharmacology studies
* Human clinical and post marketing adverse drug reactions
* Literature review undertaken to determine and summarise the most likely pathological and AOP exists:
physiological outcomes of the targets using:
* Articles cited in secondary pharmacology reviews
* PubMed search using key terms: agonist, agonism, activator, activation, antagonist,
antagonism, inhibitor, inhibition, toxicity, null, knockout, adverse, safety
pharmacology, toxicity

2. Literature curation
based on in vivo and
clinical evidence

N.B. Various other AOPs mention estrogen and ER but are not sub-type specific

Selection of a
set of
pharmacology
targets known
to be linked to
human adverse
effects of
pharmaceuticals

Final In Vitro Pharmacological Profiling Panel

44 targets from Bowes et al. (2012), which contains sufficient evidence
to be included in the safety panel

A literature review carried out for 78 additional targets found in at least
Questions to qualify target two separate sources (secondary pharmacology reviews, legacy data

Toxicity pathways and tissue expression
Mechanism-based linkage of targets to
established toxicities (AOPs)

Tissue expression (Human Protein Atlas)
Pharmacological promiscuity, evidence
from Eurofins

Cross reactivity within subfamilies

* How is the tissue expression profile related to from companies)

frequently reported adverse reactions and pathological 33 out of the 78 targets were included in the final panel
effects? Additional enzyme targets (kinases) were included to broaden proposed

 Toxicity pathways - are there any well-established AOPs target panel
associated with the target?
Is there high homology and reported cross reactivity
within the subfamily (e.g. Carbonic Anhydrase, Enzyme (heme peroxidase)
Dopamine receptors D4-D2, D5-D1, kinases, etc.)? Enzyme (hydrolase)
Hit rate in binding and functional assays Enzyme (metalloproteinase)

Enzyme (oxidoreductase)

Number of targets in superfamily

3. (a) Toxicity pathways
and (b) qualification of
target

Enzyme (reductase)

Welcome to the Collaborative Adverse Outcome Pathway Wiki (AOP-Wiki) GPCR

Adverse ion channel

(o) .
@ Igta‘im:y .» 1 Kinase
*Y samno WIKI OECD e Nuclear hormone receptor
Transporter

This wiki is hosted by the Society for the Advancement of Adverse Outcome Pathways (SAAOP) and serves as one component of a TerS| ne k| nase rece pto r
larger OECD-sponsored AOP Knowledgebase (AOP-KB) effort. The AOP-KB represents the central repository for all AOPs developed as

part of the OECD AOP Development Effort by the Extended Advisory Group on Molecular Screening and Toxicogenomics. All AOPs from

the AOP Knowledgebase are available via the e AOP.Portal, which is the primary entry point for the AOP-KB. More information about the

AOP-KB efforts, the organizations supporting these efforts, and the other modules of the AOP-KB are available on the About page.

Benchmark
chemicals 4. ~250 cosmetic-

relevant chemicals

Confirm feasibility and note:

Cosmetic-relevant chemicals:
* Preservatives, fragrances, hair dyes, UV filters, masking agents, conditioners, buffers, antioxidants * In absence of NOAEL divide LOEL by three (according to Yang et al., 2017)

* Wide range of physicochemical properties and organ toxicities * Pricing and availability (e.g. start with Sigma-Aldrich and/or other suppliers)

* NO(A)EL and LO(A)EL values only (not DEL, LD, etc)

Benchmark chemical selection criteria

Include: Exclude:

Chemicals with NO(A)EL and LO(A)EL values Botanicals and extracts Chemical distribution: even spread with respect to specific organ effects vs no
or non-specific toxicity and with respect to the NOAELs within each category

5. Filter according to
Selection of a selection criteria to 100
representative chemicals
set of 100 test

compounds, for

target assay
benchmarking

Study duration >14 days, unless no data available Genotoxic compounds - MoA would be captured by other
otherwise assays

Preference for 90-day studies over a cancer bioassay Chemicals with biokinetic problems expected from 13 with NOAEL <50 mg/kg

Oral preferred but i.v. and i.p. if not available physicochemical properties 48 chemicals with no

/unknown effects 11 with NOAEL >50 and <250 mg/kg

Rat and mouse data preferred over other species Chemicals producing only local effects (e.g. hydrogen

Include chemicals with ToxCast data peroxide)
Skin sensitisers e.g. hair dyes included (for systemic, not |* Chemicals with no effect at highest dose lower than 250

local effects) mg/kg

Positive controls (drugs) used in toxicogenomics assays Chemicals without data on repeated dose toxicity

CMR chemicals (mentioned in SCCS annexes) Avoid chemicals that might be hazardous to researchers in
considered the laboratory e.g. explosive

24 with NOAEL 2250 mg/kg

100 Chemicals

29 with NOAEL <50 mg/kg

6. Confirm feasibility

52 chemicals with

SRt @ iwad 12 with NOAEL >50 and <250 mg/kg

11 with NOAEL >250 mg/kg

Stability and solubility tests S u m m a ry

* Confirm that the test chemicals are stable under the assay conditions

Feasibility
study 7. Stability &

N * Confirm that the test chemicals are soluble at 10 uM -> If not, consider lower test
solubility test

concentration if feasible.

Testing
* Initial test at 10 uM nominal
concentration.
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* When activity observed, potency
quantified in follow-up dose-response
testing

Testing of

benchmark
chemicals in
target assays

% Inhibition of

control specific binding

8. Two-step testing of
chemicals in target assays

Log 22 (M)

Next Steps

* This panel of 83 target assays will be used to complement other data streams used in
NGRA. These include in silico MoA tools to assess Structure Activity Relationships and
support read-across, as well High Throughput Transcriptomics (HTTr) to assess biological

Case O. Test LRSS Case Study

study chemicals plus relevant effects in cells in vitro.
h ical chemical analogues We anticipate that use of these different approaches will enable identification of
chemicais (n=26) systemic toxicity relevant MoA in a comprehensive manner that is consistent with

current scientific knowledge
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