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WE MAKE MANY OF THE WORLD'S FAVOURITE
BRANDS

Many products means many ingredients=

potential forimpact on the health of consumers &
environment=

Need for robust safety assessment of ingredients
in consumer products

« More than 300 new patent applications filed each year
o A portfolio of more than 20,000 patents and patent applications
%é%? - Total> 400 Brands
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Increasing numbers of global consumers want their

consumer products not tested on animals+ transparency

v Scientific, societal, regulatory and

ethical reasons are demanding
change; calls for non-animal, next
generation risk assessments

#ﬂBGE'M
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3 8 ¢ ¢
ruelty -Free “tapen NOT TESTED
/ and Vegan J Cruelty-Free veEGAN ~ OVANMALS

Ingredients Essy-Peasy.
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RISK ASSESSMENT GOAL: Can we use a new ingredient safely?

Can we safely use X% of ingredient Y in product Z?

Risk Assessment

= Consumer /w
gl SRESY | Exposure

» 4 Potential hazards
s==lll . Y. of the ingredients




Maximising use of existing information and non-animal
approaches
OECD test methods

OECD TG442C

1. Allavailable safety data - pisia

2. Insilico predictions Vi sees
. OECD TG437 © OECD T6430/431
3. Exposure-based waiving approaches OECD 6439
. e o . OECD TG442D
4. History of safe use* Skin and eye irritation Skin
5. Read across sensitisation
— OECD TG473
6. Use of existing OECD in vitro approaches S05 OECD TG432

(Skin and eye irritation; skin sensitization;

phototoxicity; mutagenicity)

%gé Phototoxicity Genotoxicity
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What about systemic toxicity?

Is the molecule
safe?

Adverse Organism response

Conc. of ingredient due to exposure

Amount/Conc.

. . Adverse
i |gg;e::;em Organism
exposure Reponse

Safe Dose
in Humans

Targeted Testing NOAEL

+10-1000

e.g. ‘90 day repeat dose study’ Uncertainty Factors

W
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2007-2018: using 215t century science
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2007 - Toxicity testing in the 215t century (TT21C)

Tox21/ToxCast
~700 HTS Biological

Pathways Assays

Perturbation of ‘toxicity
pathways’ and stress

responses

0§\\1ED ST4,,

/
0
¥ agenct

A

741 protE”

“Advances in toxicogenomics,
bioinformatics, systems biology,
and computational toxicology could
transform toxicity testing from a
system based on whole-animal
testing to one founded primarily on
in vitro methods that evaluate

changes in biologic processes using
cells, cell lines, or cellular

components, preferably of human
origin.” 2007




Based on perturbation of ‘toxicity pathways’
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Uniloves Krewski. J Toxicol Environ Health B Crit Rev. 2010 Feb;13(2-4):51-138



http://www.ncbi.nlm.nih.gov/pubmed/20574894

Based on perturbation of ‘toxicity pathways’

Exposure
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Tissue Dose
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Based on perturbation of ‘toxicity pathways’

Exposure

. B

Tissue Dose
i B

Biologic Interaction

. B

Perturbation

1 Normal

— — — — > Biologic
Function

Higher yet

Biologic
Inputs

E 8.
Ichwcni‘u

Adaptive Stress Morbidit
Responses ) nd y
Mortality

W

Unilover- Krewski. J Toxicol Environ Health B Crit Rev. 2010 Feb;13(2-4):51-138
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Example of a tiered testing framework for hazard characterization-
US EPA

P

Tier 1 \

Chemic xmcmm ~ Bro d@overage, _ Multiple cell types
and Properties High Content Assay(s) +/- metabolic competence

No Defined Biological Defined Biological Target

Target or Pathway l or Pathway
@ v Tier 2 0

} Orthogonal confirmation
. 5/
/ Tier 3 \
l Existing AOP l No AOP

ogical Organ, or Organism Effect

Organotypic Assays and } Identify Likely Tissue,

and Susceptible Populations

IED S7T4q
\ ) 0$\ 76&

v v v g -{)
= =
Estimate Point-of-Departure Estimate Point-of-Departure Estimate Point-of-Departure 3 e
Based on Biological Pathway or Based on AOP Based on Likely Tissue- or z,é >
-~ Cellular Phenotype Perturbation Organ-level Effect without AOP “‘4,, o«\o
%%-g 4L protE

< Russell S Thomas et al,, 2019. The Next Generation Blueprint of Computational Toxicology at the U.S. Environmental
Unillover Protection Agency. Tox Sci 169(2):317-332.
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Distributions of Oral Equivalent Values and Predicted Chronic Exposures
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Slide from Dr Rusty Thomas,

EPA, with thanks

O Estimated Exposure
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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

i &l
Ve | S AVATH 7
EPA, NTP, HC, A*STAR, ECHA, EFSA, JRC, RIVM... G~ A
¢ ._' ..-. &fé}; t‘ .
e o4,
Bty
ASTAR HIPPTox ToxCast AC50 X ,'- '—% P43
EC10 (pM) (rM) L s '_-&_‘ 7 ,\5' . Accelerating the Pace of Chemical Risk Assessment
T
Iyt 5t | APCRA 2.
o !, oty @ * Eae ° .
Apply high- AR £so) | .? ~ Q.ﬁ.@.:d{o'..p.
th hput - : ° ° e
tox:c:a‘:(‘ln::cs W) ; ‘ . @ Dy " .6 ¢ .
(httk) to get ! 2 " IR ¢ g o P . i
mg/kg-bw/day e | L “5:.‘254{\
a1 ¢ e O
AP Y )
R < '.; 414/448 chemicals =
s = Sy 8 .
ot g X 92% of the time this
; [o]s };\;‘f’ naive approach appears
Bio-etlv::::xposurc POD,,q : PODyyap ratio .'"-'. _' | ’-“—f_*g‘% conservative
- “‘ ‘JJ? e,
 RAPSRL
O~
.:U"‘l '._4
. ). . -:. ':

%ﬁé Katie Paul-Friedman et al. 2019 Tox Sci 173(1): 202-225 Fe,

4 7 4 H 4 9 2 4 0V 2 3 4 B

10010 mg/kg-bwiday
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Distributions of Oral Equivalent Values and Predicted Chronic Exposures

-] @ Estimated Exposure
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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 The MosS is defined as the
concentration) ratio the PoD and the

: " relevant plasma C_ .,
‘ estimate

max

|
o
s DY : ==K
8 E.,;h..w
¢ ot

UHI..EWW L1 eimination L - 1 7



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

Unillever 18
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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 o Cosments hepoton
The assessment is designed to prevent harm

ICCR Principles describe how a NGRA should be conducted:
- Following an appropriate appraisal of existing information
9 principles of NGRA Using a tiered and iterative approach

Using robust and relevant methods and strategies

Principles for documenting NGRA:

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

%‘B‘
Q%§ Dent et al 2018. Computational Toxicology Volume
Unillerres 7, August 2018, Pages 20-26
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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)

\
Assumed that: E I l
O O

- 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

20



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

Insufficient PoDipvins Sufficient
data and

In Vitro Determine Risk

. . . Metabolism .
e DBiological Activity Margin of Assessment
refinement

Exposure

: : Characterisation Safety Conclusion
Estimation
P - = ———— P \
Initial PoD identification \ | Increased certainty ¥ Lowrisk |

| in PoD and IVIVE | : conclusion I
I | based on the
I | calculations. |
| [ 3DModes | \

Y

|
|
/

—-— e o .

Problem Formulation

Collate
Existing

|
|
|
|
|
|
|
|
I

= —

Information

S

B 9 Baltazar et al., (2020) Tox Sci (in press)
%%-é https://doi.org/10.1093/toxsci/kfaa048
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NGRA: The assessment is exposure-led

« Route of exposure

« Consumer use (Habits
&Practices)

« Applied dose (external
concentration)

ADME parameters

Formulation

- o

»

=

=]
Ololfs
€« e >

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 for 0.1% coumarin in face cream: exposure estimation

)"Creme

Table 2: E trnat d daily exposure levels for differ c produc! according
metics Europe data (sccmrwoanmo el ot al., 2007, 2011)
. Calculated O O
Estimstec | Relative Caleulated | ™ g/tive »
nnnnn t | Retention | daily
Product type daily amoun t | etor daily
applied applie exposure | O
(mafkg bw/d) (SR W et
Bathing, showering
Shower gel | 1867g [ 27920 [ 001 [ 013 [ 279 3
Handwashsoap 2 | 20.00g | - [ oot | 0207 333 < ¢
f
Hair care -
Shampoo 1046a | 001 | o1 [ 151
- l _

Amount of product used per day (g/day) using 90th 1.54
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 duration per OCCClSion 1 2 hours
Assessment s 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
S20 S9N °
0¥
Lﬁ; practlces data Systemic exposure per day (mg/kg) 0.02
o




NGRA framework: exposure estimation - PBK modelling

GastroPlus® (Simulations
Plus)

1. insilico predictions and in vitro data generation on critical parameters

i T
gu,m.’%
logP, ;. Rep :
4 AT e
.

ADME &
Physico-

(1.39,0.3,0.7)

Chemical Hepatic Clearance | Skin absorption study ‘
parameters to 1
generate
Hepatocyte only - ! 8 ¢

(929 L/h)
CYP Stability

Skin Penetration /
Stable in all but

PBK
Modelling

% Applid Dose

= Applied Dase
= w 8 B H g W -

s

is . -

B

8
= 8 B - -
E‘

CYP2AS
Face Cream
Face Cream
— ].GD
E Clearance
= 60 = in silico 98.57 L/h
S 10 [Ty, e Source e
E Data
= — in silico 40
—4
g 10 —— in vitro
5 20
O
10-6
0.0 25 5.0 7.5  10.0 0
%;%é Time (Days) 0.002 0.004 0.006

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

Unillerres \ PP
products. Toxicology in Vitro Volume 63



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

Insufficient PoDipvins Sufficient
data and

In Vitro Determine Risk

. . . Metabolism .
e DBiological Activity Margin of Assessment
refinement

Exposure

: : Characterisation Safety Conclusion
Estimation
P - = ———— P \
Initial PoD identification \ | Increased certainty ¥ Lowrisk |

| in PoD and IVIVE | : conclusion I
I | based on the
I | calculations. |
| [ 3DModes | \

Y

|
|
/

—-— e o .

e A B B

Problem Formulation \

Collate
Existing

|
|
|
|
|
|
|
|
I

= —

Information

B 9 Baltazar et al., (2020) Tox Sci (in press)
%%-é https://doi.org/10.1093/toxsci/kfaa048
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NGRA for 0.1% coumarin in face cream: in silico predictions

In silico tools

ToxTree

-

In silico models to predict
Molecular initiating events
(MIEs)

TOXICOLOGICAL SCIENCES, 165(1), 2018, 213-223
SOC.! of T sei doi: 10.1093/toxsci/kfy144
Tomw ogy ﬂx G Advance Access Publication Date: july 18, 2018
20 Years  research anicie

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

Meteor

nexus




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

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

0

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

v e *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

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

In silico

biotransformation o glucuronidation

o
- (s} 0O,
» o s
UGTs o
S Ho ) M39
* 0L A S0 JE;I °
/,‘ . & HO' \\c M3 s on
P h HO
" o Q (]

OH
o
0
o " oH
OH HO.
7 B """"""”) M46 0 T ) H M37
Coumarin S hydrolase . X
RN - A M6
A kN HO' o 0 CH o
5 N o . CH m
i 5 7OH-Coumarin 7o [ |
\ ' e 2 - > OH . HO S M183
Epoxidation . Il,, 259 &
"\ OH LH
N c

M21 M101
« oH
EH OH
Ofi Ao dl
M20 M7 M98

Predicted 22 metabolite pathway (Meteor)




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

wEPA

TOXCAST
TOXCAST: EPA ToxCast Screening
Library

DETALS
EXECUTIVE SUMMARY
ProPeRTIES
ENV. FATE/TRANSPORT
HAZARD

» aovE

» exposuRe

~ BIOACTIVITY

TOXCAST: SUMMARY

PUBCHEM

EDsP21

TOXCAST: MODELS

SIMILAR COMPOUNDS

GENRA (BETA)

RELATED SUBSTANCES

SrNoNYIS.

b UTERATURE

Home  Advanced Sea

s

COMMENTS

L0

ICSS ToxCast Dashboard

Coumarin

91-64-5 | DTXSID7020348

Searched by DSSTox Substance Id.

Show i

oL pois.

Coumarin
e 91-64-5 | DTXSID7020348

Searched by DSSTox Substance Id.

PUBCHEM > COUMARIN > BIOASSAY RESULTS

BioAssay Results

https://comptox.epa.gov/dashboard/dsstoxdb

/results?abbreviation=TOXCAST&search=DTXS

ID7020348#bioactivity

e < | e < | e I

Chemical Activity Summary €

@ TOXCAST DATA

@ ASSAY DETAILS

ACS0 (M 16343
L | scateatop 121
‘Assay Endpoint Name: ATG TCF_b_cat_CIs cn
Gene Symbo TCFT
Organism: humzn
Tissues ver
Assay Format Type: ce-sses
Biological Process Target: guiaton of transcription factor
Detection Technology: RT->CR and Capilary electrophores
Analysis Direction: negative

activity
s

Only few active assays among multiple assays (= 5000)

 Coumarin inhibited both Monoamine oxidases and Carbonic

anhydrases at concentrations between 3 uM- 40 uM

PubChem Biological Activities

@

Page 2 of 4,327 items View More Rows & Details [/

Ac

Activity Value, uM

[Active]

tivity
e

[Actve
[actve]

Active

074

» PubChem

40738

Activity Type

Ics0

12.0226 Ic50

Inhibition

Target Name

Maoa - monoamine oxidase A (Norway rat)
Maob - monoamine oxidase B (Norway rat)
SIR2 - NAD-dependent histone deacetylase SIR2 (Saccharomyces cerevisiae S288C)

< Previous 1 2 3

4 .

SORT BY

BioAssay Name

DSSTox (CPDBAS) Carcinogenic Potency Database Summary Rat Bioassay Results
DSSTox (CPDBAS) Carcinogenic Potency Database Summary MultiCellCall Resuilts
Inhibitory effect on monoamine oxidase A, SD on IC50 values < 10%

Inhibitory effect on Monoamine oxidase 8 SD an ICS0 values < 10%

In vitro inhibition of sirtuin 2 was evaluated using yeast whole cell ysates at 75 uM

866 Next >

“ Activity
BioAssay AID
1208
1205
126348
127186

204972

¥ pownload
v

Substance SID
48413487
48413487
103164854
103164854

103164854

\(ED STy
N %

o L]
& 3
= &
S i
% N
), <
4L proT®
£ "7 Nvs_ENZ_MAOEC i i
= 1 1
E HITCALL: ACTIVE = !
s Coumarin (91-64-5) 'E :
= NTYSINTN2N342 L :
i
1
1
1
1
Loe
1
1
1
1
1
1
o 1
i
i
1
1
__________________________ e S
° o 1 1
@ : @:
1 @
1 wil
1 =1
1
i 21
1 Q1
1 Ll
-50 T T T T T T 1
-5 -4 -3 -1 o 1 2 3
Log Concentration (ul)
[ Constant Model B Gain-Loss Model B i vodel
Winning Model Model AIC RMSE Top AC50 Slope
Constant 814 35.91 - - -
Gain-Loss 66.07 717 95.63 15.77 123
v Hill 62.07 747 95.63 15.78 123
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Next-Generation Risk Assessment case study
workflow for 0.1% coumarin in face cream

Exposure
Estimation

Problem Formulation

Collate
Existing
Information

e
Initial PoD) identification

T o -

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

P ODJ:H‘ vitre

Determine
Margin of
Safety

Metabolism
refinement

| Increased certainty \
[ inPoD and IVIVE |

I

I
| I
| 3DModes | \
Sy

|
|
/

—-— e o .

—_———— 7

Risk
Assessment
Conclusion

Lowrisk |
conclusion
based on the I
margin of safety |
calculations. |
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NGRA for 0.1% coumarin in face cream: In vitro biological activity
characterisation: Genotoxicity assessment: ToxTracker

6 GFP reporter mouse embryonic stem (mES) cells

mEScells  Toxicogenomics  Signaling pathways :gg:;apsg;gfccieﬁlfs DNA damage ' p53 activation ' Oxidative slress' Protein damage'

e, ® — ] - 9«;\,%&% ® ®

Bscl2-GFP Rtkn-GEP Btg2-GFP Srxn1-GFP Blvrb-GFP Ddit3-GFP

) @ - I Mutagenic  DNA double Oxidative stress, ROS Protein
. DNA strand breaks production damage

CompoundC ‘ >I Common tan et network )@ lesions
lll Specific transcription factor networks

Standard ToxTracker assay +59

DNA damage p53 Ox. stress UPR
Bscl2 Rtkn Btg2 Srxnl Blvrb Ddit3 X .

Standard ToxTracker assay -S9

PR
Example of results: ®
DNA damage p53 Ox. stress UPR O X S
Bscl2 Rtkn Btg2 Blvrb Ddit3

Srxnl

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

To investigate possible PERSPECTIVES
interactions between coumarin

@~ GuiDE TO DRUG DISCOVERY — OPINION
(]
and the 44 key targets involved  redurng sareryreited ang L s
attrition: the use of in vitro
i N d ru g att riti 0 n pharmacological profiling AR (e
Joanne Bowes, Andrew J. Brown, Jacques Hamon, Wolfgang Jarolimet,
Arun Sridhar, Gareth Waldron and Steven Whitebread
| Abstract| I vitro gical profiling i gl - ’
FAMILY BSSAY FORMAT  ITEM # FAMILY ASSAY FORMAT  ITEM #
m GPCR NOFEPINEPHRINE narepinaphrine i 0355
ADENOSINE Ho * i Qood transparter O —
ADREMERGIC alpha,, . 2338 SEROTONIN 5-HT transparter ; 0439 ot
alpha,, i o1z oes)
beta) LI o018 m |ON CHAMNELS N:;"‘(:’mm
H’! b i unzu mm m{w b unEE H1[hy (antaponist radioligancd
CANMNABINDID {:ﬂl - i Qo3& GLUTAMATE CHANNELS NMDA QoGS H2{hi (aniagonist radioligan )
CB, . g 0037 NICOTINIC CHANNELS N neuronal a4fz . 4 3029 z
CHOLECYSTOKININ CCK, (CCK) . 0039 SEROTONIN CHANNELS ~ 6-HT, ‘ 0411 wonan
DOPAMINE D, i 0044 Ca™ CHANNELS Ca® channel 0161 L——
D, . & 1322 (L, ditydropyridine site) R
ENDOTHELIN ], . 0054 K+ CHANNELS hERG (membrane M 1868 5 008 st
HISTAMIME H, i 0870 preparation]  KOF) (agor "
H, i 1208 K, channel 0166 B
MUSCARINIC M, + ooal Ma CHANNELS Na* channdl (site 2) 0169 oo
M, i ooz 40
M, i o0as m  NUCLEAR RECEFTORS SHTIBT) (agon
OPIOID & OFOID-LKE delta, (DOF) . | 0114 STEROID MUCLEAR AR . 3 0933 -
kappa [KOF) . 1971 RECEFTORS GR . 0463 “o
mu mﬂ - ' o118 Viat
SERCTCHIN E_Iﬂ'm ™ i 0131 m  KIMASES Caz+ ehannzl (L. dimdrooyriding site) an i
E_“'I'Il ulaz m mhm ' Egm Fofassium Channel hERG (human)- [3H] Dofetilide
E-HT,, ¢ 4 047l o e s
B-HT,, 3§ 1333 m  (OTHER NOMN-KINASE ENZYMES
VASOPRESSIN v, . 3§ 0159 A& METABOLSM COX, i 0726
Q‘N ,c,n,xi ' uer? S-HTTansparar
; m  TRANSPORTERS MONOAMINE 2 acetylcholinesterass § 0363
DOPAMINE dopamine i ons2 NEURCTRANSMITTER MAD-A 0443
Unilover transporter PHOSPHODIESTERASES PDE3A i 2432 32

FDEAD2 i 2434
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NGRA for 0.1% coumarin in face cream: In vitro biological activity characterisation:
Immunomodulatory screening assay: BioMap Diversity 8 Panel

BioMAP systems contain human primary cell types (or combinations) that are
stimulated to replicate complex cell and pathway interactions normally found in
disease physiology

3c 4H LPS SAg BE3C CASM3C HDF3CGF KF3CT
® ©®© @ @ 6 © @D 4
i B i 1 : g Fibroblasts Keratinocytes+Fibroblasts
Endothelial Endothelial  PBMC + Endothelial PBMC + Endothelial  Bronchial epithelial Coronary artery SMCs : IL-1B+TNFQ+IEN
2.0 (o i B i 19 i Y o] o TERTSEN,  CRRESRREY ESFJSSSFTSS'S?EB)_ +(EGFE;FGF(1+TGF\£;)
LOEL=185uM | LOEL= | LOEL>500uM |LOEL>500puM | LOEL=167 yM | LOEL=167 uM LOEL= 56 uM LOEL= 500 uM
500 uM

9 e 18.5uM
o E _ 56 uM
838, © 167 uM

(=

2 § S ® 500 uM
-

§

(&)

< MMP1 Data suggested that

. | I coumarin has no
XS \s NSO R D R §‘s~ Sk \0 o\:: 40#3‘\5‘:&’5% O avo\e\c;.‘\c«‘;pg\c {:9::&@@‘;'},@ IR PO \"9“&\3‘4‘)‘3‘;‘\5“49 > “\'\9\,”“’*qf(fg‘?"v\’\x“‘c}”?}y'\k”:»:q“‘?” Dsdeket .
S ;;:::‘f;*‘“ LB N G PR FETF S Pl gt T immunomodulatory effects
Q) 2 & &) & .
i il ¢ ‘ at relevant concentrations
< Readout parameters (Biomarkers) >

and is not an anti-
inflammatory compound

https://www.discoverx.com/services/drug-discovery-development-services/primary-cell-phenotypic-profiling/diversity-plus 33
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NGRA for 0.1% coumarin in face cream: In vitro biological activity characterisation:
In vitro cell stress panel

{]CYP].M
@’ <

Tral e.g.
ORXNI HIF1la,

S ER stress
Cell death

Oxidative stress

DNA damage

Cell death [
Cell cycle a ﬁ‘
DNA repai

Inflammation Apoptosi s
Apoptos s

DI mine respons: !
Metabolism s ome%‘ass

Apoptosis -gene regulation
-antioxidant defence

e s
ﬁGC]\a
Mitochondrial biogenesii/ el P38 MAPK ~‘
Antioxidant defence w
Increased metabolism Osmotic stre:
‘ | —
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

A Of doi: 10,1093 /tox=cl/kfaz054
T GEY Advance Access Publication Date: May &, 2030

bl academic.oup.com/toxsci Research article

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 RydEI,T Andrew White,*
Paul Walker @, and Alistair M. Middleton**

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



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

e
X

S

*
o

e
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.

B

A
36
Unillever

@,
LD

In vitro cell stress panel

@, Av EvoTEC cOMPANY

36 Biomarkers; 3 Timepoints; 8 Concentrations; ~10 Stress Pathways

Step 1

Selection of stress pathways

Step 2

]

Selection of chemicals according

to different classes and exposure

scenarios (based on typical use of
compound)

Mitochondrial Toxicity , Oxidative
Stress, DNA damage, Inflammation, ER
Stress, Metal Stress, Heat Shock,
Hypoxia, Cell Health

|

!

Selection of biomarkers, probes or
antibodies and optimisation of high-
contentimaging

Non-stress inducers

Caffeine (heverages, cosmetics)
Coumarin (food, cosmetics)
Niacinamide (food, cosmetics)
Phenoxyethanol (cosmetics)

!

Selection of cell line, exposure
scenario and timepoints

]

Stress inducers

® CDDO-Me (drug)
Sulforaphane (food)
DEM (industrial chemical)
tBHQ (antioxidant)
Doxorubicin (drug)
Diclofenac (drug)
Triclosan (antimicrobial)
Troglitazone (drug)
Pioglitazone (drug)
Rosiglitazone (drug)

Step 3

Selection of in vitro concentrations
based upon realistic human
exposures

!

Information on human exposure
obtained from human clinical trials or
PBK modelling

!

Selection of 8 in vitro concentrations
(upper bound limited by ~20%
cytotoxicity

HepG2 cell line, single exposure,
1h, 6h and 24h

*now conducted in HepaRG/NHEK spheroids

F 3

Key

® Exposure scenario adopted for
chemical is ‘high risk’ (from
consumer goods perspective).

® Exposure scenario adopted for
chemical is ‘low risk’ (from
consumer goods perspective).

Mitochondrial Toxicity
Oxidative Stress
DNAdamage
Inflammation

ER Stress

Metal Stress

Osmotic Stress

Heat Shock

Hypoxia

Cell Health




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

Coumarin Cellular ATP
HepG2 24 hours
CDS: 1.00

R e e

Fold-change from control

0.54

T T T T T
0.01 0.1 1 10 100 1000
Concentration (M)

Coumarin OCR
NHEK 1 hour
CDS: 0.61

EEEEENENENENEENEENEEE EEEEEEEE
1.0 oo o e s A T L s anas s s s

0.5 4

0.25 A

Fold-change from control

0.125 4

T T T .
0.1 1 10 100 1000
Concentration (uM)

WG

¢ M
.t
Unillever

Biomarkers

Celltype

Stress
pathway

Effect

Concentration
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 ke 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 mlt?é:igﬂs rial 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
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NGRA for 0.1% coumatrin in face cream: In vitro biological activity characterisation:
In vitro cell stress panel

Interpreting the datain the
context of exposure

Phenoxyethanol
Niacinamide -
‘ Coumarin -
Caffeine
Diclofenac -

DEM -

tBHQ

Triclosan

[ ]
Mo Cmax available s @ H
[ ] [ ] [ ] [ _ _ ]
[ ]
[ ]

Troglitazone o’ I l -i
[ ] . & 8 + e
. . . - -
Pioglitazone hydrochloride R . I . -.4
. _A — Max. conc. tested
sulforaphane 1 — l'—'- — Cmax estimate
- - Min. cell health
Rosiglitazone . . -l . — piomarker
. @ 1 hour PoDs
CDDO-Me A -.I . .:J l—.l
® 6 hour PoDs
‘ Doxorubicin - |° & :'-'-:I | ® 24 hour PoDs
R e 8
T T T T
104 1072 107 102 104

Concentration (uM)

Results:

Coumarin not very active
in comparison to known
“high risk compounds”
like doxorubicin

« PoDs shown for HepG2
only



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

Subset by

Chemical + Normalize &
Gene Matching Tm[')';{ Z"" ) )
P — 462 Derive in vitro Compareto in vivo
°"V"°“"‘°!‘t‘[" chemicals bioactivity thresholds effectvalues
< L
> - A o
in vitro s i+’
CR Modeling / - Define Transcriptional P"QMWPIC P"Oﬂ""'s point-of -departure & &7
Identification of CRGs BPAC b g 2 ’ "
: I g
[ i (I *
2! : ; '
e\ =] o* %" oo
| 1300 % &
features ’ a . s
>
concentration in vivo
- Administered Dose
Equivalent (ADE)

Nyffeler J et al 2019. Bioactivity screening of environmental chemicals using imaging-
based high-throughput phenotypic profiling. Toxicol Appl Pharmacol. 2020;389:114876.

Database

= 'y

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

$

™ -

= Q
< ° Fre
S M F

] <>
W i i

o a
4
Unillever

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

15
1
105+
10+
3
2 95" pMR=5%
P 4

Point estimate of the BMD
BMDL BMDU

1. ™0
o

0 10

Figure 1 Open in figure viewer | PowerPoint

Key concepts for the BMD approach, illustrated using hypothetical continuous data.

Ao

HTTr analysed
by BMD Express2

BMD Median Accumulation Plot

POD - NOTEL value
15t meaningful gene

g s
| BMD Mean Accumulation Plot

Metabolism
I -
Biological oxidations
(s
Xenobiotics

Cytochrome P450 -
arranged

Respiratory C

Phase 1 — Functional \

el
>

BN R MWW N G T 4 M NN T HBHEE NE AN NN REK KRR R NN

of compounds B ———

‘L IEACTONE sl Lok AL Siungl. 5 k1 oS
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- NGRA for 0.1% coumatrin in face cream: In vitro biological activity characterisation:
High-Throughput Transcriptomics (HTTr), TempO-SEQ technology

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 25th and 75th
o] 17 1 59
@gé@ percentile
Uyd?:w Farmabhin, R., Williams, A., Kuo, B. et al. Recommended approaches in the application of toxicogenomics to derive points of departure for chemical risk assessment. Arch Toxicol91,2045- 40

2065 (2017). https://doi.org/10.1007/s00204-016-1886-5



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

Insufficient PoDjy viro |
data and

Determine Risk
Margin of Assessment

In Vitro
e DBiological Activity

Metabolism

Exposure . .. refinement . )
! . Characterisation Conclusion
Estimation
o ———— -, o ———— r \
Initial PoD identification | Increased certainty \ Lowrisk |

| in PoD and IVIVE | conclusion

|
| I
I | based on the
I margin of safety |
| | calculations. |
| [ 3DModels | \
Y

e !

Problem Formulation

Collate
Existing

|
|
|
|
|
|
|
|
I

= —

Information

S

B 9 Baltazar et al., (2020) Tox Sci (in press)
%%-é https://doi.org/10.1093/toxsci/kfaa048

Unilever 41



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

(MoS)

Technology

Cell stress panel
Cell stress panel
HTTr

HTTr

Toxcast

PubChem
PubChem
PubChem

Cell stress panel

HTTr

Determination of Margin of Safety

Cellline/
Enzyme/Biomarker

HepG2 (ATP, 24h)

NHEK (OCR 1h)

HepG2 (24h)

HepaRG (24h)

MAO B (rat brain)
Carbonic Anhydrase Type
I

Carbonic Anhydrase Type
]

Carbonic Anhydrase Type
Vi

HepaRG_3D

(cell mem perm 168h)

HepaRG_3D_24h

Facecream PoD provided
Min. 5th as

percentile MoS distribution?
96738 Yes
1330 Yes
7223 No
8864 No
3711 No
706 No
2140 No
14652 No
9601 ves
9538 No

s DY
528 295
G B
q%@%‘
Qi

Unilovor *Plasma Cmax expressed as distribution



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

PoDs and plasma C,,,, (MUM) are expressed as total concentration

101 —— Face Cream
g 1 SCIUEE B DA B I I 2 A
= - Yo b ‘e
S 10! u n.a® i
= : n
© 100
4 3
C _1:
g 1071
S 102
o
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NN QA 4 C K © ©@ © E© E @ e e O O NS 9 © © © 0‘\ & O 2 0 0
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e:\ AN S N K\ S AN ébv AT o BT o8 T oS > AT bq;o < oS W8 Q\QQ L
E o F Lol Ao N N AV N AV N N E AV NP EE KL
& F 070707 G L0700 067 € Lol § 067 S o
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ANTAS NI QAP R RX XL LD (ORI R
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S F S RS e & &£ & @'o"c’ RGO e;o(’
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27 @ AN
&
(JQ/
Cax €Xpressed as a distribution:
« Red line = median (50t percentile)
%jﬂ « Inner band = 25-75t% percentile
%ﬁ « Outer band = 2.5%-97.5t percentile Baltazar et al., (2020) Tox Sci (in press)

Unilover- (95th credible interval) https://doi.org/10.1093/toxsci/kfaa048
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Integrated Morphological and Molecular Responses with s
Microtissues- Long-term and repeated exposure i

A. 3D Microtissue Arrays B. 3D Confocal Imaging C. 3D Image Analysis D. Bioinformatics B ROW N

™
%@g brain cardiac liver breast lung prostate
<Y



Advances in organ-on-a-chip engineering...the
future of toxicology and personalised medicine?

Inside

Colon Tumor

Liver”

Body-on-a-chip

Liver-on-a-chip Gut

Kimura et al 2018, Organ/body-on-a-chip based on microfluidic technology
%;é%% for drug discover. Drug Metabolism and Pharmacokinetics Volume 33,

Issue 1, Pages 43-48
Unillever
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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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Any questions?

www.TT21C.org
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