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Conception and background of Integrated Testing Strategy
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ITS for safety
= DHROTA R A P g
ITS for efficacy
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Prospect of application
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ITS: RIMAWHE, BRATNEFIEIER, LA & EMR Ui 0K
NI RIETH G, DA RN R = pl ) Eos AskAs AH 14 T e 3 8L
RSk 4= B, ITS can be described as combinations of test

batteries covering relevant mechanistic steps and organized in a

logical, hypothesis-driven decision scheme, which is required to

make efficient use of generated data and to gain a comprehensive

iInformation basis for making decisions regarding hazard or risk.
ANET 497 |7 77 #itiered approach
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BHE£IRZH science driven L S AR
- Toxicity pathway — New strategies Pragmatism

The Transatlantic Divide

5= Top-down development
------ B of new toxicological tools

SEACERN

Tox-21¢c /&

3Rs=Alternative

Bottom-up support to
alternative methods and
legislative pressure

BUENEHERE) policy driven

Cosmetics/chemicals —EU/OECD individual methods
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EE B =P E (NAS Report)
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Toxicity Testing in the 21st Century: A Vision and Strategy
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Science and Decisions: Advancing Risk Assessment
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Integrated testing strategy for cosmetics safety and efficacy

REHELRE

Eye irritation BRHI¥: HET-
CAM+BCOP+RBC+Epiocular
Skin irritation lZ BRI : TER+
Bz FR AR Y

phototoxicity ¢ #: 3T3 NRU
Skin Sensitization Bz kg 8 :
LLNA-BRDU

Percutaneous absorption fZik
RWC: in vitrod Hiit
Genotoxicity testingiB &R :
Oral toxicityZs Ot
cytoxicity screendfl ik i

embryotoxicity BEa I & B 34

EST
Endocrine distrupt 4 W3k
fER

TR TR L

A R GEin vitrd

S LA AT,

Whitening 3& A 1EH
Nutrition 3240 f1E
Anti-oxidant Hi&4L1E
Anti-ageing i Z/EH
Anti-inflammation¥i % 1E
angiogenesis {54 X,

\ Hair growing &2 R & RIEH

i adipose JRJE/EH

Basic cytomicsZA 40 ffE

Repair in vitro & 4MeR1EH

Patch testBENERY:

Photo patch testy6HE Rk

SPF test instrument assay and

human test BiF#EBR
(iR Ah AT A A2 )
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New and Legacy Chemicals with
Minimal Toxicity Data

I ’ ]

Tier 1 Tesling\

In Vitro Assays for In Vitro Assays for
Genotoxicity Bioactivity
| I Human In Vitro
v \ ' Pharmacokinetic Assays
Nonselective, Nonselective, Selective-Acting and IVIVE Modeling
MNongenotoxic Chemicals Genotoxic Chemicals Chemicals

Conservative First
Order Human Exposure
Characterization

: I

) = 0.435 x log (IC,,,) + 0.625

(n =347
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Alternatives for skin irritation tests

Transcutaneous Electrical Resistance
Assay (TER) (OECD430)

Positive threshold level (5kQ)

Skin model testing Bk OECD 431,439

EpiSkin, Epiderm



HIR R 5 25 0 X SR s

BCOP-437,ICE-438,FL-460

7= i EC T B R

ingredients/formula

AP mE T
Products safety
monitoring

IRE,RBC,CAMVA,HET-CAM,NRR
Bl&scientific

A Rvalid
#Rreplace
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BEJRENE Chorio-allantois membrane (CAM)

Hen’s Egg Test Chorioallantoic
Membrane (HET-CAM)

W R 256 PR 3 FE AL

Chorioallantoic Membrane Vascular
Assay (CAMVA)

286 b 2 R I A

£ R Fi 24451



W IERTE REBIMERK (CAMVA)

CAMVAETHERC50ME, HEXEMT:
RC50 > 3.0% = TRIEE
RC5021.0%<3.0% = &4
RC50<1.0% =  RREEE
SRR I B S AR, SRR /R ) R B K P TA 30%-40%

CAMVATGTYERIBI £ -
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Bovine Cornea Opacity and Permeability

A sy =2 NSNS

215 14114@ (BCOP)

RIS N FESpecialized Protocols:

~ A REIEMER] . 10%F -, 208605050 RE, 60 4G RE
(EE A5 9%/35%1& G D)

- ZHE R B, 300 RE, 12008 5RE Ga
M E VSRR
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skin sensitization AAT methods

AOP

Chemical (hapten) penetrates skin
, and reacts with protein(s)

A\

Bz k%1% Skin penetration
N5 1%

GP Tests, HRIPT

IR AEAR
9

\E-'E 145 & Protein binding

g

Invitro?

~ T reaction
Chemicalis recognised in vitro?

Langerhans cells|which
then migrate from the skin

to the draining lymph node

chemical to T cells

zmﬂ@iiymﬂ%z

cells released into the systemic circulation
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Adverse Outcome Pathway (AOP) for Skin Sensitization

PlAds = b

Organism

2 F4EfEMolecular T Eh e 4K R B UK % B
properties Molecular Initiating Cellular Organ
Event Response D
Penetration o Covalent Exes 0 °l Proliferation
. ; Electrophilic . : cell surface :
into the viable VB interaction of T-cells in
) : reactivity ] : markers and
epidermis with proteins cytokines lymph nodes
Cl O
‘ “‘xJNtH*?O
,;f

DPRA
OECD 442C

KeratinoSens
OECD442D

h-CLAT

Dermal
inflammation
(after
challenge)

LLNA 442AB



http://www.google.de/imgres?imgurl=http://typesofdermatitis.com/images/dermatitis_contact_dermatitis.jpg&imgrefurl=http://typesofdermatitis.com/&usg=__3Ucaj2etesI_IH75EnJVY7QNbFE=&h=550&w=550&sz=141&hl=de&start=2&zoom=1&tbnid=Ln64ankWHtbw1M:&tbnh=133&tbnw=133&prev=/images?q=allergic+contact+dermatitis&um=1&hl=de&tbs=isch:1&um=1&itbs=1�

In Vitro Test Strategy

Direct Peptide Reactivity
Assay
(DPRA)OECD442C,2015

KeratinoSens,OECD442D,2
15

N & P05 5 Human ce
line activation test (h-CLAT)
B REUIS7 4N iy Bz IRk A 56
MUSST - Myeloid U937 skir
sensitization test

Development of AOP-based
Integrated testing Strategy
(ITS) for hazard identificatio

OECD Test Guidelines on th
3 methods

Epi conc

0.3501

TIMES Metabolites

0.0609 ﬁ
LLNA 0.3496
Dendritic cells

Reactivity

0.6122

Lysine

O

Cysteine

0.2364

IL-8

@

ARE luciferase

O

cD86
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Cysteine 1:10/Lysine 1:50 Prediction Model

Mean of
Cys & Lys
% depletion

Avg Score < 22.62%

Mean of Mean of
Cys & Lys Cys & Lys
% depletion % depletion

7/ Avg Score > 6.38% /\/\
Avg Score < 6.38% Avg Score > 42.47%

\ Avg Score < 42.47%
/ / AN

Avg Score > 22.62%

Low Reactivity
Minimal Reactivity Moderate Reactivity High Reactivity

Non Sensitisers

Centre

Casati, S. Non-animal Tests and their Validation Status, The EURL-ECVAM Strategy for Skin Sensitisation.
European Commission Joint Research Center. Skin Sensitization Training Workshop, February 2013
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KeratinoSens Assay

Induced state o JEE: Nrf-2-55HIEK: Keaplss A+ixH+
Electrophilic o] Nrfz"'%ﬁﬁ’ﬁt&&fﬁ/ﬁ: (ARE)

skin sensitizers x
(e.g. Cinnamal) WH Nuclear

accumulation

@w/@i‘;‘é?fﬂi’;tﬁon of Nrf2 in in- \ Heterodimer of Nrf2 with small Maf binds
o]

H  of Keapf duced state to consensus ARE/EpRE sequence

'@'. — Maf e
@A/g’ﬁgi?ﬁon @ |
modified Keap1 | ARE/EpRE | | Nrf2-target genes |
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I Il
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ARE-element
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human Cell Line Activation Test (h-CLAT

® Prediction Model

Viability = 50% by Propidium Iodide (PI)
Positive criteria: CD86 RFI > 150% and/or CD54 RFI > 200%
Positive: 2 of 3 independent data at any dose should exceed the positive criteria

» &__FITC labeled-
, anti-body

24h
Chemical Exposure gReo LA Flow cytometry
to THP-1 cells CD86/CD54

Slide courtesy of Kao Corporation


http://designpocket.jp/sozaijiten.aspx?view=2&prev=1&pn=HR-SJ55&dn=CF151&ip=8�

Overview of h-CLAT

s 24h
o oo ./
THP-1 Culture with chemicals, ' Flow cytometric analysis
1x108 cells /mL 8 doses based on CV75 cell sta/n/ng (6085 & CD54)

FCcR blocking

® Relative Fluorescence Intensity (RFI)

MFI of chemical treated cells - MFI of chemical treated Isotype control cells
RFI = X 100
MFI of vehicle control cells - MFI of vehicle Isotype control cells

*MFI = geometric mean fluorescence intensity

® Prediction Model

Viability = 50% by Propidium Iodide (PI)
Positive criteria: CD86 RFI = 150% and/or CD54 RFI = 200%
Positive: 2 of 3 independent data at any dose should exceed the positive criteria

*: Ashikaga et al., 2006 Toxicol In Vitro 767-73., Sakaguchi et al., 2006 Toxicol In Vitro 774-84.

Slide courtesy of Kao Corporation
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ngh Throughput Cell-Based Assays

High Content Analysis

o B E AR
o 0 B KT H b

EEE A AT
ARG )

il EENABT967LER, FER 20-30 min
(200 M x 96 FL x 10 & Ai/4H 1 = 192,000 iﬁﬁ)


http://ibdev.com/Merchant2/merchant.mv?Screen=PROD&Product_Code=MP96&Category_Code=Multiwellplates&Store_Code=PS01�

RAHLARNARRNEN : BizREK

NS-1 Cells (Clonal PC12 cells)

o FALEDRIBI AR AERIEN (WINGP)

o 4K Ja [ E MG

« 30 minH s

o ZMELRRITOEhRIL: CY3RALE, FITCR-Hil
B H, DAPI
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1

Total Neurite Length
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N B
o o
[ ] [ ]
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0.01 0.1 1 10 100 1000
NGF (ng/ml)

NGF Concentration Response
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Human and Animal Only
Data Animal Data
amphetamine acrylamide
chlordiazepoxide benzene
cocaine cadmium
diphenylhydantion chlorpyrifos (oxon)
hexachlorophene dieldrin
ethanol ketamine
lead methadone
methylmercury methamidazole
PCBs methanol
terbutaline methylazoxymethanol
thalidomide propylthiouracil

trans-retinoic acid

trichloroethylene
triethyltin
trimethyltin
valproic acid




< i Computational

ARBIFT LS

Toxicology

"'-ﬁutomation of
in vitro methods
HTS/HCA

tissue models

FTI NHIFER
6§MERG|NG TECHNOLOGIES

PBBK Models

genomics,
proteomics,
metabonomics

stem cells

3D in vitro



Pathway Testing — toxicogenomics, etc.

The Multi-Organ-Chip (MOC) technology

Laboratory bioreactor

#= two peristaltic micro-pumps per chip
# two media perfusion circuits per chip
= adopted to use of Transwell-inserts

= two MOC s (4 circiuts) per bioreactor

MOC s of microscopic slide-format

{3 - penstaltic micro-pump
D - Trarcwell incerts

3 -injection port



Innovation alternatives methods
2015-2016

1. Integrated testing strategy for skin and ocular irritation
2. AAT for children skin care products

--more rigorous evaluation and classification standard

--more specific testing endpoint and time

IL-1ra/IL-1a, TRPV1 (VR-1) +Ca 2*

3. AAT anti eczema of health care products

-- CD4+ T Th-2

--sensory neuron Ca2+ mobilization and CGRP release
4. Oral Irritation and Anti-inflammation predictive

-- related to BCOP model

--K3/K67,P63 biomarker

--imagine fluorescence



Standardization

«OECD TG
431,432,437,439,442A,442B,442C,
460

1SO 10993.5-10,

SN/T 2285, 2328, 2329, 2330,
3898, 3899

GB/T 21769, 21757,21804,21826,
ECVAM DB-ALM:INVITTOX n
3,47,54,78,96,100,109,108,113,127
,139,...

ICCVAM/ NIH: No 02-4502,04-
4510,07-4618

Customization

*Ocular: CAMVA,
CAMVA+BCOP

* Skin Irritation: Monolayer cell
+3D Skin Model

* oral mucous membrane
irritation
* Establishing an in vitro

screening test for developmental
neurotoxicity

* Personal care products in vitro
test based

*TRP channels family at infant
skin development and
mechanism of mediated skin
sensitization

sAnti-irritation study by 3D skin
model




In Vitro Skin Corrosion-MTT (Episkin-C)

In Vitro Skin Irritation-MTT (Episkin-M)

In Vitro Skin Irritation -MTT+ILa (Episkin-I)

Keratinocyte testing for skin irritation for ingredients — cytokines

In Vitro Skin Irritation Inhibition Assay by skin model-MTT+ILa (SDS)
In Vitro Skin Irritation Inhibition Assay by skin model-MTT+ IL-8+PGE2
(PMA)

Keratinocyte anti chemoline/ cytokine assay(IL-8\CXCL-1\PGE?2)
Antimicrobial peptide assay p-defensin release



Epidermal Protection Against UV and free radical

NHK anti-oxidant assay induced by UVB--MTT, lipid peroxide (C11-Fluor probe)
NHK anti-oxidant assay induced by UVB or chemical ---JNK1/2 phosphorylation
Skin model(Episkin) sunburn cell assay-histology

3D Human skin model anti-oxidant assay induced by UVB or H,0O, -- MTT,MDA

4 h 24 h 48 h Post exposure

— }pSS

2.5+
¢ 2]
2 ] uv

1.5 -
§ 1g |pJ;>/ N
S 14
5 ] 75uM
g 1 U\/f
EDS:

o] —xls_DEMJ_,/"{atmpM

250 300 350 400
Wavelength (nm)




Keratinocytes, structure and function of epidermal barrier

NHK migration or proliferation -imaging and /or maker expression

Epidermis to dermis migration-imaging

NHK differentiation-- marker expression and ECIS

Skin model(Episkin) differentiation--marker expression

NHK or Skin model/ Episkin Hyaluronic acid synthesis or hyaluronidase inhibition
Proteoglycan of ECM by NHK or Skin model/ Episkin by fluorescence

Cell adhesion and cell junction by NHK or Skin model/Episkin--fluorescence

Anti-aging assay

Aged fibroblast prevention by inhibition $-galactosidase

Aged fibroblast tropoelastin synthesis

Aged fibroblast ECM assay or procollagen synthesis by staining
MMPS release assay by chemicals stimulation
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MRIEIVIE Anti inflammation assay

21 A0 —
0 mJ/cm’ UVB -
_ -ID . 3.1
=
3 30 mJ/fcm’ UVB 0
s .l O )
& 25
g E -
. - - 1
;E : & % &% E 0
U al e o 15—
1 r-l_l Al
0 ] ] ] 0 : ] - :
0O 1000 2000 4000 pg/mL sLs O GRI TG + sLa 0.5%

Keratinocytes were pretreated with different concentrations of test substance
for 24h, then exposed to UVB, PGE2 secreted were quantified by ELISA.

Test substance with or without SLS is applied for 24h on Episkin. After
exposure, collected medium and assay the IL-1a by ELISA.
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ISMERNEN SR

B 22 2\ j=Na
AETELT R . .
i=fia a b a+b
UERia C d c+d
Bt a+c b+d a+b+c+d

Bl 4Reproducibility, #ffitE:Accuracy, {f&BH4:False positive

R BH 4 Z False positive rate, %[ 4:False negative,

R H % False negative rate, &4 Repeatability,

oM Predictivity, 7] FETEReliability, U Sensitivity

Ky 714 Specificity, JE &% Prevalence, il % Prediction models
& 14 B AT 7 A% 1 Transferability



Procedure of Validation

IR RIPRE: Atk AR A B GRS 5V
WUERA R HFE (SN/T 3898)
Guideline for the Validation and

Acceptance of Cosmetics
Altarnative Tectinn Mathndc in vitrn

Industry

Research

Academia
Deve.'opment_

Industry

Regulators,
OECD

optimization

Pre-Validation Validation
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1 ERFEFRFEE
Chinese Center for Alternatives Research & Evaluation (CCARE)
http://www.vitrotox.com

2. RNEFE

(Lo sh B FEREE N #F22 H et:,2006-2010
(BRAMZZEHEN )Y 2014

A EBHE 5 )Y 648548, 2014—2016

(Y s 2 5 5B R ) |, 2010-2015

B
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in vitro Phototoxicity-Test EU = In the year 2000 for the first time in vitro toxicity test accepted by the EU into
1992-1998 Annex V of Directive 67/548/EEC on the Classification, Packaging and Labelling
of Dangerous Substances.
OECD = 2004 worldwide acceptance of the 3T3NRU PT test
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-=Validation of in vitro Skin Irritation Testing Method Using EpiSkin Model
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