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JaCVAM statement on
Direct Peptide Reactivity Assay for Skin Sensitisation Testing

At a meeting held on 17 December 2014 at the National Institute of Health Sciences (NIHS)
in Tokyo, Japan, the Japanese Center for the Validation of Alternative Methods (JaCVAM)
Regulatory Acceptance Board unanimously endorsed the following statement:

Proposal: When using the Direct Peptide Reactivity Assay (DPRA) in a regulatory context,
it is reasonable for substances that give positive results to be classified as a strong
sensitiser, i.e., a Category 1 substance under the Globally Harmonized System of
Classification and Labelling of Chemicals (GHS). It is, however, necessary to bear
in mind that this assay occasionally yields false positive results for certain
substances. Conversely, it is quite possible that the DPRA will yield false negative
results for some chemicals, which means that it would be unreasonable to use this
assay as a standalone test for assessing skin sensitisation potency. We therefore
conclude that the use of the DRPA in a regulatory context requires that the
assessment also take into account information from other sources.

This statement was prepared following a review of OECD TG No. 442C “In Chemico Skin
Sensitisation: Direct Peptide Reactivity Assay (DPRA)” as well as a JRC Scientific and Policy
Report “EURL ECVAM Recommendation on the Direct Peptide Reactivity Assay (DPRA) for
Skin Sensitisation Testing”. The JaCVAM Regulatory Acceptance Board acknowledges that
the results of this review as well as of a study of materials prepared by the JaCVAM Editorial
Committee indicate that this assay is useful in a regulatory context.

Based on the above, we propose that regulatory agencies performing safety assessment of skin
sensitisation potency consider using the DPRA Assay as an alternative to testing with
laboratory animals.

S i L T 3 - - A =
m'( w "l ™
Yasuo Ohno Akiyoshi Nishikawa
Chairperson Chairperson
JaCVAM Regulatory Acceptance Board JaCVAM Steering Committee

20 March 2015
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The JaCVAM Regulatory Acceptance Board was established by the JaCVAM Steering
Committee, and is composed of nominees from the industry and academia.

This statement was endorsed by the following members of the JaCVAM Regulatory
Acceptance Board:

. Yasuo Ohno (nominee by JaCVAM Steering Committee): Chairperson

. Hideaki Hiraga (Pharmaceuticals and Medical Devices Agency)

. Tsutomu Ichiki (Japan Chemical Industry Association)

. Yoshiaki Ikarashi (National Institute of Health Sciences: NIHS)

. Eiji Maki (Japanese Society of Immunotoxicology)

. Mitsuteru Masuda (nominee by Chairperson)

. Takeshi Morita (Japanese Environmental Mutagen Society)

. Akiyoshi Nishikawa (NIHS)

. Kazutoshi Shinoda (Pharmaceuticals and Medical Devices Agency)

. Mariko Sugiyama (Japan Cosmetic Industry Association)

. Koko Tanigawa (Japanese Society for Alternatives to Animal Experiments)
. Takashi Yamada (National Institute of Technology and Evaluation)

. Hiroo Yokozeki (Japanese Society for Dermatoallergology and Contact Dermatitis)
. Midori Yoshida (NIHS)

. Takemi Yoshida (Japanese Society of Toxicology)

. Isao Yoshimura (nominee by Chairperson)

. Kazuto Watanabe (Japan Pharmaceutical Manufacturers Association)

Term: From 1st April 2014 to 31st March 2016



This statement was endorsed by the following members of the JaACVAM steering Committee
after receiving the report from JaCVAM Regulatory Acceptance Board:

Mr. Akiyoshi Nishikawa (BSRC, NIHS): Chairperson

Mr. Toru Kawanishi (NIHS)

Mr. Mitsuru Hida (Ministry of Health, Labour and Welfare)

Mr. Akihiko Hirose (Division of Risk Assessment, BSRC, NIHS)

Mr. Masamitsu Honma (Division of Genetics and Mutagenesis, BSRC, NIHS)

Mr. Jun Kanno (Division of Cellular and Molecular Toxicology, BSRC, NIHS)

Mr. Kenji Kuramochi (Ministry of Health, Labour and Welfare)

Mr. Takatoshi Nakamura (Pharmaceutical & Medical Devices Agency)

Ms. Kumiko Ogawa (Division of Pathology, BSRC, NIHS)

Ms. Yuko Sekino (Division of Pharmacology, BSRC, NIHS)

Mr. Atsuya Takagi (Animal Management Section of the Division of Cellular and
Molecular Toxicology, BSRC, NIHS)

Mr. Masaaki Tsukano (Ministry of Health, Labour and Welfare)

Mr. Nobuo Uemura (Ministry of Health, Labour and Welfare)

Mr. Hajime Kojima (Section for the Evaluation of Novel Methods, Division of
Pharmacology, BSRC, NIHS): Secretary
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N7 F FEEE B : Direct Peptide Reactivity Assay
(DPRA)

OECD GUIDELINE FOR THE TESTING OF CHEMICALS,
In Chemico Skin Sensitisation: Direct Peptide Reactivity Assay (DPRA)

JRC SCIENTIFIC AND POLICY REPORTS,
EURL ECVAM Recommendation on the Direct Peptide Reactivity Assay
(DPRA) for Skin Sensitisation Testing --------===-====-===--=-==-=--s-zcscncomoneneene
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AT F FfESMRER (Direct Peptide Reactivity Assay : DPRA) (%, {L5%'E O B & RAEM: 2 TH)
TORBIETHY . WERDOENE Y FOREREIEMRAE (OECD TG406) . ~ 7 ZADJFFT Y >/ i
#5% (Local Lymph Node Assay: LLNA, OECD TG429) 35 X OV LLNA OZ{EToh 5 LLNA:DA (OECD
TG442A)72 & ONZ LLNA:BrdU-ELISA (OECD TG442B) & b B FH 7 &0 9 B a2 4 5,
DPRA 1%, GRS OISO S TH o NTT o & 2 R EOBEMETRD Z LI
X0 REEEEOA L T3 53 E1%E T 5, European Union Reference Laboratory for
Alternatives to Animal Testing (EURL ECVAM)IZ X /3 Y 77— 3 U458 % £61Z L 7= ESAC (ECVAM
Scientific Advisory Committee) (2 % 25 =F FHMA3 & T L OECD 12 X 5 HFE %%/ T, OECD
TG442C £ LT 201542 A 5 AICERR &N 72 Y, JaCVAM Al & %13. G RIEM ARG BHR S E
BaiE, FERERZ S & ITHER L7z B RAEMERBRFEN 5 35 & F VT, DPRA D24 PEIZ SN T
Rt Lz,

1. RBRIEDER
W RTTF RiEATERER (Direct Peptide Reactivity Assay : DPRA)

KRBT D3 RFEERER . EE Y FORERIEERER (OECD TG406) B LU~ U ADFEATY »
/] Hi7Bk [Local Lymph Node Assay: LLNA (OECD TG429), LLNA:DA (OECD TG442A).
LLNA:BrdU-ELISA (OECD TG442B)]

AERVEDOMENE © DPRA VL. AEMKRIZH T 2 BERAEMRBLE COMBROILFWE L 2 IV EED
LEIFEW DI % JH M35 “B¥ % VN 72\ in chemico iABR” T %, DPRA TlX, KJ§
NOZ L R7BORDOVIZTEDOT I VBN DRDEGHRANT T ROVATA LV EFXTTF R E
U UEARTF RO 2FE (WTib TR AT L, (LFME E ENEORTTF K i
BRETDHZEICL 0SS, BA 24 BZICB T D RKEDRTF KE% HPLC THEEE &
T %, BN AME2 07 LTAL - ORISR, IE Z & 07T RN D EE R
H L. THIET VIZHE > T High, Moderate, Low 35 X T Minimal @ 4 B2 S b, £ 0
fE . BUSHEAY Low, Moderate 3 K O High (2538 S 2L F W E LB EAEME S ¥ . Minimal
(B SN DAL BT R R EME e L & Tl S D,

2. FHMEIZ W2 &R X UGN A O R Fr) 2 4 v

DPRA %, EURL ECVAM T DY F—3 g3 Uik & 2 ilki < ESAC IC K DM L5 =4
FHGIZ W TR S v, RERBRIE L L TRFPRICR Y TH D LEINTND Y, AFICTBNT
IX. JaCVAM R8N EME R BHR R B2 08, DPRA O R JBIRIEMERBR L & L CoORMENZ
WPEIZ DWW T, OECD  TG442C"Y | EURL ECVAM O F—3 g ViEEID L7 5 FHMEE T



ARSI TV DIER V2 JEICHGE LTz, BEEDFE R Y, DPRA IZITAEMER B BT 20D
BHEIRA R N THDLH LRI B AW E DR AL R T 2 E WO RRERH Y | in
chemico D FZJERBAEMERBRAEEIEE L TRYTHI EEZ BN,

3. ARBRIEOA MM & RS

DPRA (%, #¥%& H\N720> in chemico DFRERIE T, 3Rs DFEFICAK L TWD, Fi2, 17 vk
A M7= OfRE L LLNA & HEE LT /10 FRE CEMARETH V. BRI LLNA X 0 B
ThdHZEnn, ARBRIKIIEEER L ORFEEOEN LA E V2D, BT, DPRA X, EEIEME
BT BT DO EEA R N ThDHH I E EALEME OB A NRISERET 5 50
Thy ., (LFHEOBEEAZ T 5 ECEEREFERY 525,

L2 L7273 5, DPRA Ot N FFELMEIZFU T, United Nations (UN)  Globally Harmonized System of
Classification and Labelling of Chemicals (GHS) X477 1B O¥)E (95 WVEAIEMEWE) TITFHBMER SO
IR o T2 T OTFERIENE (85%) %7~ 9. DPRA TIIFHVVEMEMEM IR L CIXHIEZR D&
DD, iz, MRFFEBMEICBWTIL, XTTF RELAREGEZAEL O 2 EREZRZRVWSEIE
ZERS Z K0 BIMEIL 82% & 70 . AT (80%) % EAlD, - T, DPRA IZBWTA&R
WIS & T & TH D, DPRA VTR CTRUSZAT 9 72, ALFWEITHEE S V7o Bt
DR 20PN H 0 | UKD ESVMEFWEIZIE L HE S NRWATRER D H, £,
DPRA DRRGERBRIZIS T 2L, RBREMAN L BEZ SN ERBEEZRVTZHE TS 75% TH D |
DPRA TREMEDFER NG SN HEIL, BRREOFREMEZBE L, #ise LIS 5o ERE & DA
ALY CTHERTLIMLERD D, ZNETOREND, RERAEMED Moderate £ 7213 Weak D58
B BAEHEOERIAGHI D 2 WIFEHGEHIEM LA B E L T2 7o nT T o H L 0T LT T
v BIOBUKMED @ E TR 2 R RR e m 0 T2 L BB R ORI ITEE 2
EHThD

4. B ETH2WE TS OFMEZ I T 23 BRiE L Lo, TR EOFIH B XL U250 A
N AHEM:

&= T AUE -

DPRA %, HPLC 3423 Al REZefitiik CHIVEH L ICER TE HBRiETH Y . £/ mE &
DRSNS 2FEO G AT F RSN TE Y . AFICHIFRIZZ2 VY, DPRA O FEfEIZ Y
oo TE, ALFEWEOMWE % AR, o ROMRICEREZL O LERH S, L,
DPRA [ 3R BAENE ST DO I EEBE DAL & 7 v 7 B ORI ERH L TR Y ALY
BORENEEZEZ D ECEHEEREREG A TWNDH I &, iz, BENOZl7eABETH D Z &
725, DPRA DB T AV WS D EFE 2 D,
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1TBCEOFI M

DPRA TIGMEDRE BT bNThE. £ DL FWE % UN GHS X5 1120 (GRUVVEIEMEME)
THZLITH EATRETH D, LLen b, EAUTHBBBMEORERNEL L Z LICHELRTHIE
2B, —J7, DPRA ORRMERERDGONTHE . & OILFWE O BREIRAEIE RSB arefk
238 0 . DPRA B TZ O EERAEMEZHET 5 Z & 13 LV, Integrated Approaches to Testing and
Assessment: IATA)* Z RS 5 Z OMOTERIR & HAEDOE TS 5 Z L 12X W, DPRA 134T
FIZFIHAIRE CH D L ERX D,

*:OECD |2 THA X v ARG

255 3CHR
1) OECD Test Guideline 442C, In Chemico Skin Sensitisation, Direct Peptide Reactivity Assay (DPRA)
(2015)

http://www.oecd-ilibrary.org/environment/test-no-442c-in-chemico-skin-sensitisation 97892642297
09-en;jsessionid=2d30155etbl8v.x-oecd-live-02
2) EC EURL-ECVAM (2013). Recommendation on the Direct Peptide Reactivity Assay (DPRA) for skin
sensitization testing.
3) EUROPEAN COMMISSION (2012) Direct Peptide Reactivity Assay (DPRA) , ECVAM Validation
Study Report
http://ihcp.jrc.ec.europa.eu/our_labs/eurl-ecvam/eurl-ecvam-recommendations/files-dpra/DPRA %20V

alidation%20Study%20Report.pdf

4) Gerberick GF, Vassallo JD, Foertsch LM, Price BB, Chaney, JG, Lepoittevin JP. (2007).
Quantification of chemical peptide reactivity for screening contact allergens: A classification tree
model approach. Toxicol. Sci. 97(2), 417-427

5) JaCVAM KRS IMEMERBRE BHREE R B 2 - B REMERBRGEG# 52  Direct Peptide
Reactivity Assay (DPRA) (CEAk 27 -2 H 6 H)
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HE

B G RAEME I AL P E O L AMFHIIC B W CEHEZRFIEE TH Y | ik, ELEY b
R~ U A% W8 FERIC L - TRl S 70T & 72, IT4E BU 21T 2 BN b F S T,
AR = o — 2 —Z2 W& mAREETE MRS (Quantitative Structure-Activity
Relationship: QSAR) &7 /LR in vitro R OMNRENHERE S TR Y | B FERICL VL2
PERFAM S AL72 iy 2 B T bHE S O AR TE S EE I S 7o 2 & s (2013 4 3 A R HEfT) |
B2 N2 in vitro SABRIEDBRFE DR LE N T 5, Direct Peptide Reactivity Assay

(DPRA : X7 F R G MEaER) (ARSI RS O FOR Td 5 2 /X7 E LA E
DiEE OGS AR IS K> TRl 2 FETH D, ABEFIZ, 2D DPRA (ZOWT,
Z O FNALH HTE & RS % The European Union Reference Laboratory for Alternatives to Animal
Testing (EURL ECVAM) 2 XV Ehis 7=V 75— a & EKR O EURL ECVAM
Scientific Advisory Committee (ESAC) #H =&kl (7 Lt =2—) #iEE &% EIT/ERk
L72bDTh D,

DPRA LV AT A VEHNTF K (Ac-RFAACAA-COOH) & BB LYY Vv &~
7'F I (Ac-RFAAKAA-COOH) L#RME % thZiRE - RO S, 24 FFRICE T 5
REIEDRTF REZ BRI E O RK)SEE T2 FETHY . mEREk a~ ~7
7 7 4 — (HPLC) s vlRE72 Mgk CHIUIR ST T H 2 LN TE D, ARBRiEDE
173) 7= a VRBRIZB T D s N EPEE 73%-100% T 0 (3 s h 1 fisk (280,
GHS X773 1B (J9\WVEIEMEME) OWE THIMENMED o 727D ZAUELEE (85%) IZEEL
TELT, FHOVREEWE TITHEN SN LDBEN D o1z, —77, MxMEERMEL 75%T
B EREE (80%) Alii/c S7ero7ohy i HELS O 4 R HE 2 BN 7o 5 G IS Rl
Wz bElo7z,

R DY 27 2@ T TTRIT 2BRiEE LTmbnTnWad v~y 22 W5 RTY
>R HiiEER (Local Lymph Node Assay: LLNA) OFBRFERA SR L, TNV 77— a UK
BRIZI T D IEMEEE (Accuracy) 13 78%. J&FE (Sensitivity) (X 71%. FFEEE (Specificity) 1
2% EHE SN TV D, ARBREANDO @B ZRNTZHEICTHIREITK 75%TH Y,
PEYEDORERN G O NTGE I, B REEEZ BIE L, M5 LS D2 MORBRIEIC LV i
LRI b 7uy,

DPRA [LEAEIERE BT ICB1T DI OEE IR A R N Th D Z "7 E A WED
e Ut L TR0 | ALFWE OB/ L W5 L TEHERFERE 52 T D,
LLNA @ 1/10 FREORE TEMEAIRETH V. BZ M2\ in chemico FRBRIETH S Z L
o AREEZEV. LLARn6, KEFREHREZ X ALFRRBRIETH D | EHERIC
RSP ITEMAL 2 LB & 2 BAREE . 99V BRI E &R, BUKED
WIVE e EITIE L ZOEEES RN SR WATREER S 5, LEOFEFEELEEE 2 B
2 B3, SELO BT ORERE (LLNA, E/40E v b & V5 B IRAEMERUER)
LA DE T ORN Z HELE S 5,
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1. #&
FEJERAENME A2 3 95 Z L 13 P E O Z 2B W TEETH S, (LFWEDK
JECOEMBZERO Y A7 28 TTHT 2RBREE LTEALE Y &AW D B8 EIEN
Bk (OECD TG406) <°~ 7 A% A% Rt U v 73HiikBk (Local Lymph Node Assay: LLNA,
OECD TG429) 3% %, Z ®[*H-Methyl]-thymidine BUA £ % &3 % LLNA LI PER
N (R % M9 ATP 8% 95 LLNA:DA (OECD TG442A) <° Bromodeoxyuridine
% 7 % LLNA:BrdU-ELISA (OECD TG442B) 2% 5, Z® X 512, BIIE OECD /5
HARTA & LTRRSNTWDRBRIEIL, & T invivo DFRBRIEDHTH 5,

EU 2B 1F 2B b= M I (Registration, Evaluation, Authorization and Restriction of

Chemicals: REACH) Tlif, ZaMFEMIZ T v & o — & — % V72 8 W8 & 15 8 B

(Quantitative Structure-Activity Relationship: QSAR) “E 7 /X in vitro iR X DAV IE N HE
"IN TERY ., BFERIC I LZEMERTHE ST iisy 2 & A T2 ARRES Ol A K ORIED
ik &tz (2013 4F 3 A &WEEfT), =07, ALFEWE O R FERAEM: %2 73 2 WED
BRE DR KO BTN D,

BE, _X7F K& OFEA S %FIH L7z Direct Peptide Reactivity Assay (DPRA : ~X7'F K
fE A PERER) . HERCRAMNLOTEME(L 2 FIH L 72 human Cell Line Activation Test (h-CLAT) K&
Y Myeloid U937 Skin Sensitization Test (MUSST). # 7 F /A iR OENE ST % H
U7z ARE-Nrf2 Luciferase Test Method (KeratinoSens™{%) 7¢ & @ Rz G RAEM:RER D Ehi 2 H
W7 WER Y EBRCRRIE PR R S LT VW . The European Union Reference Laboratory for
Alternatives to Animal Testing (EURL ECVAM) 2|23\ THAT/NY 77— a3 VAFSEA T4 T
W5,

DPRA [T ALFME N STF FEIFHREG LARESE 2o S 23 & 22 5 WEE 25 H]
L. REIEDY AT A VENF ) Vv 2de~7F Femiihksrn~< 777 4 —

(HPLC) THIET 2RI TH 5, KIEDFEATNY 7 — a VRO RERIZ OV T,
EURL ECVAM Scientific Advisory Committee (ESAC) (2 X255 =F7Hli (E7 L E=2—) 2
FET LTS,

JaCVAM R EIEABE B Z B2 (BUF, ZEAR) 7% DPRA OB RAEIERERC
BIEL LTORFRZUMECHONT, BEE TICA SN TV AERE b & IZFHE L7z o
T, TOfMREWMET D,

il

2. AREDRE
BOERAEMEL, & M CIIEEA A E K. B (BJE) TIXBAMBUE S L Tmboi sk
FWEDOEEDO—D>TH S, OECD 23 F & 7= Adverse Outcome Pathway (AOP) TiX, b
FWEI X D R SERRAEIE IR D 4 DD Key event DD & STV 5 Y,
D) ALFWEE B RTBDVAT A VEIED DT VU L oS
2) T F YA MIBIT D RIENEISE &Y Antioxidant/electrophile response element
(ARE)-dependent pathway (2 & % &5 15581



3) BRI OTEMA (BRI R~ — D — DR, rEDA YA M A L DpEA)
4) VU REICBIT A T o

DPRA 1T, Eilt U7= R FEAEMED AOP (2811 5 T{bEmE L % v R BodaREE] 12
st U7z8h) % F N 720y in chemico iRBRToH 5, M2 b in chemico D Rz G REAEMERBR 23 <
OPHEINTND 29,

DPRA Tl KIEND X L XV EORDVICERRTF RThHHVAT A VERXTT K

(Ac-RFAACAA-COOH) &V U EHTF K (Ac-RFAAKAA-COOH) @ 2 FlfH %
Do ALFWEEZNENDOXTTF RERE L, CSE, IBE 24 K% IZHB T 2 REED
RTF FaEEEdEkEs v~ s 777 — (HPLC) THEfERET 5, TORMREEREIZ, b
FWE OO E 4 BeE (High, Moderate, Low, Minimal) (273383 5,

3. RBRFIEHIES
3-1. AT DT TF REB X O R o7l
CVATA VERNRT T RN CBREEEIR (VAT A CERRT T REIR)
VAT A VEFRTF K (Ac-RFAACAA-COOH, #E/E : 90-95%) 1%, U v FEHEME IR
(pH7.5) 12 0.667 mM DIRFLIT/2 D X 9IRS HE D,
DV UERXRTT NEERT =T MEEEIK (VYU ERRT T NER)
VYU ERRTTF K (Ac-RFAAKAA-COOH, ML : 90-95%) (X, WEfgT v & =17 LfE
#i (pH10.2) 12 0.667 mM DIEFEIZR2 5 & 5 IR S5,
- B5ExfH : Cinnamic Aldehyde (CAS No:104-55-2, #iifE =95%)
Cinnamic Aldehyde %, Acetonitrile |Z 100 mM D2 TR S, ZOBBERYE & |7
FRICH 7' F REEIR EIRET 5,

3-2. Gk
UTFD7 v —F v — MRV, FEiid 5,

11



1. HBRE % 100mM DIRE TLL T OWT I OBHRIZIEE S 2 (BRWERIR)
[i£1K] Acetonitrile, Water, Acetonitrile : Water(1:1), Isopropanol, Acetone,
Acetone : Acetonitrile(1:1), DMSO: Acetonitrile(1:9).
DMSO: Acetonitrile(1:1)

2. WESRWEIRIREN TN WK EIRAET D

2-A. WBRMVEIRNE & VATV E AN 77 F W 2 10:1 TRA (0=3)
* Sample: BRI BIRIE +VATAVEB/N 7" F RERIK
+ Co-elusion Control: % BV ELVATR + )/ R FEE IR
« Reference Control: iR + VA7 &4~ 7" F RIEIK

2-BABRIEIRIR & )Y v EAN T N IR % 50:1 TR A (n=3)
« Sample: R EIRIE + )V Vv ERAN 7 F RIRK
+ Co-clusion Control: #% BR4E VTR + BERET / E=0 METETIR
+ Reference Control: MK 41V v &HN 7" F RIEIK

3. RIRE TR A 24 2R an —b (SR, 25+25°C) 45
4, HPLCTHO#Trd % *

5. RN 77 TN OPeakififln 6, LLFORIZLY
A7 FI 3 (Percent Peptide Depletion) ZHH 92

Peptide Peak Area in Sample } } X100

Percent Peptide Depletion= {1_ [Mean Peptide Peak Area in Reference Controls

TR (HELE)
HELE D 7 I ¢ Zorbax SB-C18 (3.5 pm,2.1mmx100mm) %5
JEE : 30°C
UV fE K : 220 nm
Pk : 0.35 mL/min
BaEitH 0 (A) 0.1% b U 7 vA4 aFEfgK
(B) 0.085% ~ VU 7L A a7 =K VUL

i (99) A% B%
0 90 10
10 75 25
11 10 90
13 10 90
13.5 90 10

3-3. ABRBAZ O S
1) BBRAALICIE, LT OFRMEAN T2 S /2T UTR 6720,
VAT AVEERTFRBIRI D UEAENTF RO ERE W T,
0.0167~0.534mM D HIFHD 6 I TIEMEMBROIER 21TV, Z OFBEREDY 099 LV
RELBRITFHIT R B0,
- [ BR T d 5 Cinnamic aldehyde D FIX, AT A VEH LT F R TIL 3 [EOHY K
LIZ X 2 T F R 1T 60.8%~100% T, ARHER 2T 149% L 0 /ha< VU E



AARTF RT3 B IR LIS KD EHRTF PRI 40.2%~69.0% T, FEAER AT
11.6% & W /&< T T b7,
cFNFENDRTF R & 3 FFED Reference Control (A, B, C) Z %} 5, Reference Control
A (n=3) %, Z RO HPLC ¥ A7 LA EPEDHERD T2 D H D, Reference Control B
(n=6) XTI D Reference Control DZEMEE R T D728 D H D, Reference
Control C (n=3) 13f f SNIEEENR T F ROBNTHEL 2\ L 2R T 57200
H D ToH D, Reference Control A D FHJTF FREIL 0.5020.05mM L7220, 9 DD
Reference Control B35 X ONC TIlI~7'F R &°— 7 WD E BRI 15.0% L 0 /& < 7pld
LR B 720,
2) HERWE % & e Sample OFEHRTIX, LA FOSERMN 72 SNRITHUXR B 720
* MRV IR L TAT O TMEDORKIFER AL, VAT A VEH~TF FEAHRTIE 14.9% X
DS, VYUV ERATT RBAETIE 11.6%E /S RiFhudie b7,
* 3 2 ® Reference Control C DR IE 0.50+0.05mM T2RIFIUIX /e H 7200,

3-4. ¥

BERWE OFROGHEX, JE Z & D7 F R # (Percent Peptide Depletion) 7225, )
fExHH L, LLFO DPRA 3 THIET L (R D) 1T TRUSEESFT 5 Y, ROGHED
77T, Low, Moderate 3 X O High IZ 0 & LW E X, No or Minimal (25730 &
WA EITRENE L FRIT 2 O, BRARIC, XTTF N EPRWE O HRERNER - 7235
& (Co-elution) , ~X7'F R/ »# (Percent Peptide Depletion) DFHNRA[REL 72523, &
OEHIFRIOEZZ VB, VPV ERXTTF RTORBDEHEIL, VATA v EHXT
F ROFERNS [ AT A2 110 DBOTRET V)T, ISHEZSE L, THIT 5,

#£1 HETHET NV
VATAY LI0BLIY V150 O FHIET L

VAT A U DORLRE ) D DOF RO TEE FSHED 5348 DPRA T
0% =B L OV =6.38% No or Minimal [EYES
6.38%<I /D 2R DI =22.62% Low (18
22.62%<{Ri/A RO YIE <42.47% Moderate
42 47%<ID # D) = 100% High
VATA Y 1110 DHEDOTRIET IV

VAT A DD F B D 5358 DPRA T
0% =% <13.89% No or Minimal (=2
13.89%<J3/) % =23.09% Low [Z1kR
23.09%<J8/) 3 < 98.24% Moderate
98.24%< V¥RV #E = 100% High
7

13
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4. BE

AiElE. EURL ECVAM IZEBWT, £ 2R T 24 WEAHWTHRITANY 77— 3 Uil
SFENE S AV, BANREERME, Fiak NP EE & O R I AR BME S5 -l S T B,
4-1. stk

16 98 % W CEEf% D P&G £E2> 5 Ricerca £k & IVMU (EURL ECVAM Offf9g— =
v B) ~OEWBEMEIC SOV TEHMER T T\ 5, ZORR, &N FE-> Tl s
NT=AZ sy 70 EUL3 B O hL—=227"T P&G 15 Ricerca f: & IVMU ~® DPRA
DEANBERNATRE Td o 72, £72, DPRA (T#E U WEFNAAZ L2 &7 SEE ORI
AFRETH 0 | EUEHETFIAZE (Standard Operating Procedure: SOP) DFEHICA/ERK ST D
e, BESIT, A TITIAM HPLC KONV O 2 57A 7 D gk T& 52 Ehit Al ig
EBEZD,

4-2. Mg NEELE (R 3-1)

15 W8 & Tz 3 sk DRis N T O BERAEME (S) & IRREMEM: (NS) o —E X, P&G
1 1 73.3%, Ricerca £t : 100%, IVMU : 86.7% Cd - 7z, ZERKIEHEIT 85%ICFRE INTEY |
P&G thid = DfE% Flal- 7=, P&G i, GHS K43 1A @ 6 WL T X CHIAM O H D5 R
ThHo7=23, 1B DO 3IWET 2 ¥'E (Benzyl Salicylate & U8 R(+)Limonene) TH-EIMENTE 54
Ipinodolzdh, ERIENEL TRl>7- & X bz, F72. Minimal, Low, Moderate, High @ 4
7T AD—EEIL P&G t : 66.7%. Ricerca £t : 100%., IVMU : 73.3% Cdh - 7=,

4-3. Jux R EELME (3% 3-2)

24 WG O 3 Mgk DR FI B LR ERAENE (S) L IREENME (NS) O —FUE TiX 75%
LR FERIEHED 80%% Flal-> 7=, 24 WEOHIZIT4)EEE TH D Beryllium sulfate &z OY
Nickel chloride 3 & £ THY | @BEITHETTF FEOLEHEGEAEL 2 D ERRELFF
ol N2 e D REOEMFEFN LB SN D7D, 2D 2 WE E ROV TZI5E Ofiax H
HHMEL 2% Th o7z, F7=. 24 ¥'E T?® Minimal, Low, Moderate, High @ 4 7 7 ATl
Max [ FEEBMEIL 62.5% TH - 7,

5. EMEE (REXVOBRE)

FEHE & RIRRIC, 2 2 1239 24 W % I\ 7= EURL ECVAM D780 57— 3 il
AR A BRI BERN D LLNA DR & O—F08E JREE K OV R EE 3Gl S 41T D,

24 WME R TORMEE KIZFHE 21T > 72356, FEl 3 s O pMAE O R IC K 5 A

(Sensitivity) (% 70.8%. HF¥LE (Specificity) 1% 91.7%. IEMEE (Accuracy) X 77.8%CTdH -
fo, B RO IL, Rk 1 (P&G) TIXEEIL 68.8%., FFRELIT 100%, EMEE
1% 79.2%. BRftE% 2 (Ricerca) TILIEEEIL 68.8%., FFHEEEIL 100%. EFEREIX 79.2%., &
Bl 3 (IVMU) TIFREEEIL 75%., FRREIL 75%. EFEEIX 715% ThoTo, Flo, Kik
DOIEMEFEIZE L CRZ iR Th D P&G Ot Szt 2 MY LT — 2 Tid 86%., Bk



TIE 80%~89% & #iE STV D,

24 WVE ORBRYE O W13 4B T3 % Beryllium sulfate X O8 Nickel chloride 73% £ C
B, BBREIIRNRXTF FEDOHAHEEZAEL I DERELZR -2V 06, KED
I S S D7, ZUH 2R 22 MEIZ X A5 21T - 72556, FEhu 3 sk
DREFE DRI L DRI 76.2%, FFREIE 91.7%, IEMEREIL 81.8% & 7 %,

HEHFFHAN B ONLEBELZHBALTELAETH, 2 THLIWNI MO T 5 WE

(Dihydroeugenol, Chlorpromazine HCI, Benzylsalicylate, Benzylcinnamate, R (+) -Limonene)
DMAREVE LRI S D2, 24D OWE O H T Dihydroeugenol & OF Limonene (X7 7 /77
YHDZNEITNT T LTHLNTEY , ARBRMMUEHREZA S W EHR LR
ISR 2RBRR TH D Z LBt L b —KE Bbn s,

2B BTEWII—H O RiR TlAk2ME & HE 415 Chlorpromazine HCI, Benzylsalicylate
&% Benzylcinnamate @ 3 ¥, —H DNk TEBE & CHIE X415 Benzyl alcohol K& Y
Methylsalicylate ® 2 'EIZ DWW T, NU T — 3 UREETIEL, ZOBEBIZ OV CHIfERR
HIZZR STy, Ll ZRH 0P THEMESHIESND 3 WED cLogP OfEIEV
TNE 32U LETHY | ZOBUKMEDE SRR TORNE LI L T OAETHIEMELEL 0D
— 3R L HEER S5, — 7 T 2-Mercaptobenzothiazole (cLogP : 3.42) (BRI & hwndb
SFELSIHIELHESNTODDY, ZIUIAWEOFFS SHEER U ¥ 5k & o RUctE
AT LI EICERT D EEDbND,

15



#2 EAMEY X L9

LLNA GHS
No. Chemical Name CAS State | cLogP* | LLNA [ potency potency
category** | category
1 |Benzoquinone 106-51-4 Solid 0.96 4 extreme 1A
2 |4-Phenylenediamine 106-50-3 Solid 0.43 4 strong 1A
3 |Kathon CG (1.2% CMI) 26172-55-4 | Liquid - “F extreme 1A
4 |Beryllium sulfate 7787-56-6 Solid - A extreme 1A
5 |Formaldehyde 50-00-0 Liquid [ -0.69 4 strong 1A
6 |Chloramine T 127-65-1 Solid - A strong 1A
7 |Chlorpromazine HCI1 69-09-0 Solid 4.89 4 strong 1A
8 |2-Mercaptobenzothiazole |[149-30-4 Solid 3.42 4 moderate 1A
9 |Dihydroeugenol 2785-87-7 | Liquid 2.84 4 moderate 1B
10 [1-Thioglycerol 96-27-5 Liquid -0.5 4 moderate 1B
11 [Imidazolidiny lurea 39236-46-9 | Solid -1.28 4 weak 1B
12 [Methylmethacrylate 80-62-6 Liquid 1.14 4 weak 1B
13 [Benzylsalicylate 118-58-1 Liquid 32 A moderate 1B
14 [Nickel chloride 7718-54-9 Solid - - no category 1B
15 [Benzylcinnamate 103-41-3 Solid 3.89 A weak 1B
16 |R(+)-Limonene 5989-27-5 Liquid 3.01 F weak 1B
17 [Glycerol 56-81-5 Liquid | -1.33 - no category NC
18 |[2.,4-Dichloronitrobenzene |611-06-3 Solid 3.06 - no category NC
19 [Benzyl alcohol 100-51-6 Liquid 1.02 - no category NC
20 [Methylsalicylate 119-36-8 Liquid 1.46 - no category NC
21 |Isopropanol 67-63-0 Liquid 0.38 - no category NC
22 [Dimethylisophthalate 1459-93-4 Solid 2.12 - no category NC
23 [4-Aminobenzoic acid 150-13-0 Solid 0.78 - no category NC
24 |Xylene 1330-20-7 Liquid 3.01 4 weak NC

+: LLNA 5P, - : LLNA 28, NC : GHS X534%,

* . ChemBio Draw Ultra 11.0 (Cambridge Soft) % H\THH,

## : ECETOC Technical Report #87 D73 ¥HIZ K %,

Direct Peptide Reactivity Assay (DPRA) , ECVAM Validation Study Report (EUROPEAN
COMMISSION, 2012) FEHL O & 2 2tk

10



F3-1 MBI SR A ©

Chemical Reference result P&G Ricerca IVMU

(GHS category) | Exp1 | Exp2 | Exp3 | Exp1 | Exp2 | Exp3| Exp1 | Exp2 | Exp3
Kathon CG (1.2% CMI) +(1A) Stys | Stys | Siys S S S S S S
Beryllium sulfate +(1A) S S S NS NS NS NS NS NS
Formaldehyde +(1A) S S S S S S S S S
Chloramine T +(1A) Stys Siys Stys | Siys | Stvs | Sivs S S S
Chlorpromazine HCI +(1A) NS NS NS NS NS NS NS NS NS
2-M ercaptobenzothiazole +(1A) Sivs | Stys | Siys S S S S S S
Benzylsalicylate +(1B) NS NS NS S S S NS NS NS
Nickel chloride +(1B) NS NS S NS NS NS S NS S
BenzyIcinnamate +(1B) NS NS NS NS NS NS S NS NS
R(+)-Limonene +(1B) S NS S S S S S S S
M ethy Isalicy late -(NC) NS NS S NS NS NS S S S
Isopropanol -(NC) NS NS NS NS NS NS NS NS NS
Dimethylisop hthalate -(NO) NSiys| NSiys| NS ys| NS NS NS | NSiys | NSiys | NS;ys
4-Aminobenzoic acid -(NC) NS NS NS NS NS NS NS NS NS
Xylene -(NC) NS NS S NS NS NS NS NS NS

+: LLNA B, - @ LLNA [21%, NC : GHS X534k,

Stys BEUWME NSiys ¢ U PV & AT F RIZT Co-elution AU 72720, VAT A U EHHT
F ROFERDHNG, HE

SE MRS U &FIE, NSIBERIENE7e L & HIE

Direct Peptide Reactivity Assay (DPRA) , ECVAM Validation Study Report (EUROPEAN
COMMISSION, 2012) Gl 2 B fR e,

11



18

# 32 faax B SRR ©

Reference result
Chemical P&G Ricerca IVMU
(GHS category)

+: LLNA Bk, - : LLNA [&1%, NC : GHS X434k,

LYS B\ M CL : Co-elution 23E U722 & 2R,

SHRFEAEMED 0 L HIE, NSRRI EMEZR L &HIE

* KO AR LRI O MR N FBNET — 2 OZ B HEIC LV IRES T b D,

Direct Peptide Reactivity Assay (DPRA) , ECVAM Validation Study Report (EUROPEAN
COMMISSION, 2012) Gk D1 % Kl HRk,

12



6.

P AT RE 72 M B D #

Gerberick & D 82 {LFEME & FIWVT=Z3 M Tl, £ 4 1R T8 Y | #Ex A L2WE O 12 &

YEMED T

SA[RETH D T DR

I TWA, 7272 L., LLNA T Weak sensitizer IZ0FH S

% 5 W& (o-Hexylcinnamaldehyde, o-Amylcinnamaldehyde, Oxalic acid, Benzyl benzoate,
& Modelate sensitizer (2573415 1 #%'E  (Nonanoyl
EPEIC I TWD, LIzhi> T,

2,2,6,6-Tetramethyl-3,5-heptanedione)

chloride) IX. DPRA TiX Minimal & 720 .

TV L DOFHEE T,
—E DT LT T (i,

B L HE SN D56
4-Phenylenediamine) 1E1E L < HiE S 41503,

NoHZ &l

N7 aNnT T o OFTXTEHMOATEEZ2WE & T DRI+

TV AT A VER) UL N T DLW E 2 xtG L T 5,

a2 AT S e mBE, Al T RE R E OFLPH ) AL D,

F£4 RAFEWE

DAl R 7

=R

BT OLERD

MWET

fVAf?y&
F 72 ARRERIEIT,

—J5. AR E ERAL

. ‘ LINA Reactivity based on . LINA Reactivity based on
Chemical Name EC3 value categoly Cys(1:10) and Chemical Name EC3 value categoly Cys(1:10) and
Lys(1:50) data Lys(1:50) data

Dipheny Icy clopropenone 0.0003] _ Extreme High Onalic acid 15 Weak Minimal
Oxazolone 0.003 Extreme High Benzyl benzoate 17 ‘Weak M inimal
Benzoyl peroxide 0.004]  Extreme High 4-Allylanisole 13 Weak Low
Kathon CG 0.008| Extreme High Lilial 19 ‘Weak Low
Bandrowski's base 0.008] Extreme High Cyclamen aldehyde 22 Weak Low
5-Chloro-2-methyI-4-isothiazolin-3-one 0.009] Extreme High Imidazolidiny | urea 24| Weak Moderate
[p-Benzoquinone 0.0099  Extreme High 5-Methyl-2,3-hexanedione 26 Weak Low
Tetrachlorosalicy lanilide 0.04 Extreme Moderate 2,2,6,6-Tetramethyl-3,5-heptanedione 27 Weak M inimal
2,4-Dinitrochlorobenzene 0.05]  Extreme High Ethy lencgly col dimethacry late 28 Weak High
Glutaraldehy de 0.1 Strong High Ethy 1 acrylate 28 Weak High
Fluorescein isothiocy nate 0.14 Strong High Hy droxy citronellal 33 Weak Low
Phthalic anhy dride 0.16, Strong M oderate Glycerol Not calculated | Non sensitizer Minimal
Lauryl gallate 0.3 Strong High Hexane Not calculated | Non sensitizer Minimal
Propy] gallate 0.32 Strong High Diethy] phthalate Not calculated | Non sensitizer Minimal
CD3 0.6] Strong High Octanoic acid Not calculated | Non sensitizer M inimal
Trimellitic anhy dride 0.6 Strong Low 2-Hydroxypropyl methacrylate Not calculated | Non sensitizer Low
Formaldehy de 0.61 Strong M oderate 1-Butanol Not calculated | Non sensitizer M inimal
Metol 0.8] Strong High 4-Hy droxy benzoic acid Not calculated | Non sensitizer M inimal
2-Hydroxy ethy] acrylate 14| Moderate High 6-M cthy] coumarin Not Non sensitizer Minimal
Glyoxal 1.4]  Moderate High Methy| salicy late Not calculated | Non sensitizer M inimal
Vinyl pyridine 1.6]  Moderate Moderate Chlorobenzene Not calculated | Non sensitizer M inimal
2-Mercaptobenzothiazole 1.7  Moderate High Lactic acid Not calculated | Non sensitizer M inimal
Nonanoy] chloride 1.8]  Moderate M inimal 1-Bromobutane Not calculated | Non sensitizer Low
2-Methyl-2H-isothiazol-3-one 1.9]  Moderate High 2-Acetylcy clohexanone Not calculated | Non sensitizer Low
1,2-Benzisothiazolin-3-one 2.3]  Moderate High 4-M ethoxy acetophenone Not calculated | Non sensitizer M inimal
Methy1-2-nony noate 2.5  Moderate High Ethylbenzoy lacetate Not calculated | Non sensitizer M inimal
Cil Idehy d 3| Moderate High Ethy! vanillin Not calculated | Non sensitizer M inimal
Pheny lacetaldehy de 3| Moderate Moderate Isopropanol Not calculated | Non sensitizer M inimal
Benzy lideneacetone 3.7 Moderate High Propylene glycol Not calculated | Non sensitizer M inimal
2,4-Heptadienal 4| Moderate High Ifanilamid Not calculated | Non sensitizer M inimal
Squaric acid 4.3]  Moderate Moderate Isopropyl myristate Not calculated | Non sensitizer M inimal
Trans-2-hexanal 5.5] Moderate High Benzaldehy de Not calculated | Non sensitizer M inimal
Diethy| maleate 5.8] Moderate High M ethy Iparaben Not calculated | Non sensitizer M inimal
2-PhenyIpropionaldehy de 6.3]  Moderate Moderate Nonanoic acid 21 (False +)| Non sensitizer M inimal
Perillaldehy de 8.1 Moderate Moderate Propy! paraben Not calculated | Non sensitizer M inimal
Palmitoy] chloride 8.8] Moderate Moderate Rsorcinol Not calculated | Non sensitizer M inimal
1-(4-M ethoxy pheny l) 1-penten-3-one 9.3]  Moderate Low Salicy lic acid Not calculated | Non sensitizer -
a-Hexy d 11 Weak M inimal Sulphanilic acid Not calculated | Non sensitizer M inimal
a-Amy ci dehy de 11 Weak M inimal Vanillin Not calculated | Non sensitizer M inimal
2,3-Butanedione 11 Weak High Coumarin Not calculated | Non sensitizer M inimal
Farnesal 12] Weak Low Vinylidene dichloride Not calculated | Non sensitizer Minimal

7. BRtEERR

AYEIFILA HPLC KOV OHAN 2R AT 5 itk
#hi) % F\N2 N in chemico DFETH Y . BRI B H‘J@f:éf)éi

X TR

MirTRETH D, £z, KB

ES) RSV AR UL/ ES A

ZRIL.

(B DZHER OVEFICET A1EH] KON 3Rs DM E AL TWA, 512 DPRA KX

LLNA [ZHOW T % ke

RELZEZA,

13

1 7 wvEeA 4720 OWHELE L LLNA
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TH110 T T&H D DI L, DPRA TIEA 1 T E /10 BREORE TEMEARERTHY | %
B S LLNA XV B CTEMAETH D Z Lnn, BRIE S L THEEENE « Rt omm
NoFEHEEDbND,

LIALen S, KRBT TOMSELE L T 5720, #RMEITD72< L bt
VA (Acetonitrile, Water, Acetonitrile:Water (1:1), Isopropanol, Acetone, Acetone:Acetonitrile
(1:1). DMSO:Acetonitrile (1:9) . DMSO:Acetonitrile (1:1)) (2 100mM D& CYEfiE9 2% 5
W5, o, REOREITHRBEHIIEZZ 6N @RBELZRVTZHETHH 75% Th
V. 14 DILEWHMARENE LTS N D720, 2 ORBRIERM CRIGRIFMEORZEL LT
BEZDDITH L, R FRROLEWIMAIENE & 72 2 TREMED @\ T2 DRk SR O RIR I
TEEPRLELEZZ bND,

1) LLNA T moderate ¥ 72 1% weak D{LEY)

LLNA T weak sensitizer |Z 43 1 & #L 5 5 # H ( a-Hexylcinnamaldehyde,
a-Amylcinnamaldehyde, Oxalic acid, Benzyl benzoate, 2,2,6,6-Tetramethyl-3,5-heptanedione) &
Modelate sensitizer {24730 X415 1 #& (Nonanoyl chloride) id, DPRA “Ci Minimal & 72 0 |
ErEC I D,

2) TanTrFr TLnTTr

AARBRRIINH R LA SR WHEMAMEFROCE RN T 2BRTH L Z &b, BYEME

DREFFITAH BN IFERBRTE R 2 LB LT DT AT T VBN T LT T
(f5] : Dihydroeugenol } OF Limonene) 1XfAFEME & 3HM S 05 AIREMED 8 5,
3) BRI m R

IEREREE (RREE R OVRRREE) Tk~ 7o &30 | KR TORIGE B L3 2 AR5 TIRER KM
DiEmWPE (B : Chlorpromazine HCI) 13&2ME L HE SN DL ENHDH, SHIZVATA
PRV VLSO T I R EBEICIST D L) RREFEREEAT OMEICEHL T
ELSHE SR WATEEVED B 5,

PLEDZ &6 DPRA IZ X 0 EAEMERENE &I S V235613, £ 0w X0 (AR
ERB AR EEE L, M LISOMMORBIEIC LV MERT 20 ENRH 5,

FAT Y T = a UBROGRED D DPRA 1T L0 5 &l S 580%. BB
CHIMTT D Z LITFTRE L B A D0, KIEOFFREITK 90% TH Y | M IBEIEDRE R4
CHAREMERNH D Z LICOEBETHLERD D, 728, AEIIHEEGIEE % Minimal, Low,
Moderate, High @ 4 7 7 ZAD 53T 5 HIEBRE I AL TN DA, sk M FFBLMEIE 62.5% & K
<. MABREOSEIITE I RN EEX D,

—7J7. DPRA [TEANEMIBMEFIZ BT WO EE A X N ThDHH X7 H b
WEOREARISZHRE L TR . {LEWEORIEM 2 k5 ETEERAEREY 525 2
LMD FEHLO BT RO OFRERTE & A DE TOFME 2 HESRE T 2,

14
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mmAi\%@@-ﬁ%ﬁ@ﬁﬂ%ﬁ%@@%%%ﬁﬂﬁﬁ%éo

ARRFIEDOFATNY 7 — v a2 VRBRIC BT DM N BRI, 3 fiskH 1 fskicds T,
GHS X%y m(%“m¢$%g)@%gfﬁﬁiﬂﬁ%ﬂﬁﬂoﬁt@%ﬁﬁﬁLLLT%
53, BFHUVEEEE CITHENSNDBEN S D, —J7, Maex oL, &
D&RBEZ RV T SA I ER L B - 72,

ARARBIEHE RS ORI Z RN TG G DO KAT Y 7 — 3 a3 VRBRIZHE T DR 75%
ThoHrid, BYEOHKRNGONTIGAIL. BREOREELZBE L, M5 LS5 Mo
BRIEIZ X 0 R L7272 572 < . DPRA OB CTREFEIEM 2 2 L HET H 2 LI1X T
720N,

AT N T — 3 VRBRIC Téﬁ&@# E;ﬁ%%fkwx%@@%%ﬁ%EMK
ek, BB & T2 2 &I RTRe TS BT DRE R DA U D etk & 5
ZEITHELRITIE R B0,

70k, AVEITHE A 98 E 2 Minimal, Low, Moderate, High @ 4 7 5 A |23 T 5 HiE LS
SNTWDN, MEaxk I FFBNEIL 62.5% &K< FEATRE ORI I S 720,

DPRA [FENEMERBE T IR DWW OEE R A X N ThHZ T EH L FMED
FABOSERIE L TR Y | AL FEME ORIEMEZ ¥ 2 ECEERFERE 52 T d,
LLNA @ /10 FREDORE CHEMAIRETH Y . BE 720N in chemico #BRIETH H Z &
o ARAMEEE, Lo L, REEERZ K ALFERBRETH O | 15T
REERCHAEMANE AL LEE & T D AEEME . 55V EMEMECSBIE, Bkt
WIE 72 EIXIE L ZORMEMER R SN WrTEEERH 5, Ul EoFEEE2EE X, £E
2%, FELO BRI ORERE (LLNA, €4 v N2 A0 D FBERIENERR) &
HOETORbZHELET 5,
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OECD/OCDE TG 442C

Adopted: 4 February 2015

OECD GUIDELINE FOR THE TESTING OF CHEMICALS

In Chemico Skin Sensitisation: Direct Peptide Reactivity Assay (DPRA)

INTRODUCTION

1. A skin sensitiser refers to a substance that will lead to an allergic response following skin contact
as defined by the United Nations Globally Harmonized System of Classification and Labelling of
Chemicals (UN GHS) (1). This Test Guideline (TG) provides an in chemico procedure (Direct Peptide
Reactivity Assay — DPRA) to be used for supporting the discrimination between skin sensitisers and non-
sensitisers in accordance with the UN GHS (1).

2. There is general agreement regarding the key biological events underlying skin sensitisation. The
existing knowledge of the chemical and biological mechanisms associated with skin sensitisation has been
summarised in the form of an Adverse Outcome Pathway (AOP) (2), from the molecular initiating event
through the intermediate events to the adverse effect namely allergic contact dermatitis in humans or
contact hypersensitivity in rodents. Within the skin sensitisation AOP, the molecular initiating event is the
covalent binding of electrophilic substances to nucleophilic centres in skin proteins.

3. The assessment of skin sensitisation has typically involved the use of laboratory animals. The
classical methods based on guinea-pigs, the Magnusson Kligman Guinea Pig Maximisation Test (GMPT)
and the Buehler Test - TG 406 (3), study both the induction and elicitation phases of skin sensitisation. A
murine test, the Local Lymph Node Assay (LLNA) - TG 429 (4) and its two non-radioactive
modifications, LLNA: DA -TG 442 A (5) and LLNA: BrdU-ELISA - TG 442 B (6), which all assess the
induction response exclusively, have also gained acceptance since they provide an advantage over the
guinea pig tests in terms of animal welfare and an objective measurement of the induction phase of skin
sensitisation.

4. More recently mechanistically based in chemico and in vitro test methods have been considered
scientifically valid for the evaluation of the skin sensitisation hazard of chemicals. However, combinations
of non-animal methods (in silico, in chemico, in vitro) within Integrated Approaches to Testing and
Assessment (IATA) will be needed to be able to fully substitute for the animal tests currently in use given
the restricted AOP mechanistic coverage of each of the currently available non-animal test methods (2) (7).

5. The DPRA is proposed to address the molecular initiating event of the skin sensitisation AOP,
namely protein reactivity, by quantifying the reactivity of test chemicals towards model synthetic peptides
containing either lysine or cysteine (8). Cysteine and lysine percent peptide depletion values are then used
to categorise a substance in one of four classes of reactivity for supporting the discrimination between skin
sensitisers and non-sensitisers (9).
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6. The DPRA has been evaluated in a European Union Reference Laboratory for Alternatives to
Animal Testing (EURL ECVAM)-lead validation study and subsequent independent peer review by the
EURL ECVAM Scientific Advisory Committee (ESAC) and was considered scientifically valid (10) to be
used as part of an IATA to support the discrimination between skin sensitisers and non-sensitisers for the
purpose of hazard classification and labelling. Examples on the use of DPRA data in combination with
other information are reported in the literature (11) (12) (13) (14).

7. Definitions are provided in Annex I.
INITIAL CONSIDERATIONS, APPLICABILITY AND LIMITATIONS

8. The correlation of protein reactivity with skin sensitisation potential is well established (15) (16)
(17). Nevertheless, since protein binding represents only one key event, albeit the molecular initiating
event of the skin sensitisation AOP, protein reactivity information generated with testing and non-testing
methods may not be sufficient on its own to conclude on the absence of skin sensitisation potential of
chemicals. Therefore, data generated with this Test Guideline should be considered in the context of
integrated approaches such as IATA, combining them with other complementary information e.g., derived
from in vitro assays addressing other key events of the skin sensitisation AOP as well as non-testing
methods including read-across from chemical analogues.

9. The test method described in this Test Guideline can be used, in combination with other
complementary information, to support the discrimination between skin sensitisers (i.e. UN GHS Category
1) and non-sensitisers in the context of IATA. This Test Guideline cannot be used on its own, neither to
sub-categorise skin sensitisers into subcategories 1A and 1B as defined by UN GHS (1), for authorities
implementing these two optional subcategories, nor to predict potency for safety assessment decisions.
However, depending on the regulatory framework, a positive result with the DPRA may be used on its own
to classify a chemical into UN GHS category 1.

10. The DPRA test method proved to be transferable to laboratories experienced in high-performance
liquid chromatography (HPLC) analysis. The level of reproducibility in predictions that can be expected
from the test method is in the order of 85% within laboratories and 80% between laboratories (10). Results
generated in the validation study (18) and published studies (19) overall indicate that the accuracy of the
DPRA in discriminating sensitisers (i.e. UN GHS Cat. 1) from non-sensitisers is 80% (N=157) with a
sensitivity of 80% (88/109) and specificity of 77% (37/48) when compared to LLNA results. The DPRA is
more likely to under predict chemicals showing a low to moderate skin sensitisation potency (i.e. UN GHS
subcategory 1B) than chemicals showing a high skin sensitisation potency (i.e. UN GHS subcategory 1A)
(18) (19). However, the accuracy values given here for the DPRA as a stand-alone test method are only
indicative since the test method should be considered in combination with other sources of information in
the context of an IATA and in accordance with the provisions of paragraph 9 above. Furthermore when
evaluating non-animal methods for skin sensitisation, it should be kept in mind that the LLNA test as well
as other animal tests may not fully reflect the situation in the species of interest, i.e. humans. On the basis
of the overall data available, the DPRA was shown to be applicable to test chemicals covering a variety of
organic functional groups, reaction mechanisms, skin sensitisation potency (as determined in in vivo
studies) and physico-chemical properties (8) (9) (10) (19). Taken together, this information indicates the
usefulness of the DPRA to contribute to the identification of skin sensitisation hazard.

11. The term "test chemical" is used in this Test Guideline to refer to what is being tested' and is not
related to the applicability of the DPRA to the testing of substances and/or mixtures. This Test Guideline is

" In June 2013, the Joint Meeting agreed that where possible, a more consistent use of the term “test chemical” describing what is
being tested should now be applied in new and updated Test Guidelines.
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not applicable for the testing of metal compounds since they are known to react with proteins with
mechanisms other than covalent binding. A test chemical should be soluble in an appropriate solvent at a
final concentration of 100 mM (see paragraph 18). However, test chemicals that are not soluble at this
concentration may still be tested at lower soluble concentrations. In such a case, a positive result could still
be used to support the identification of the test chemical as a skin sensitiser but no firm conclusion on the
lack of reactivity should be drawn from a negative result. Limited information is currently available on the
applicability of the DPRA to mixtures of known composition (18) (19). The DPRA is nevertheless
considered to be technically applicable to the testing of multi-constituent substances and mixtures of
known composition (see paragraph 18). Before use of this Test Guideline on a mixture for generating data
for an intended regulatory purpose, it should be considered whether, and if so why, it may provide
adequate results for that purpose. Such considerations are not needed when there is a regulatory
requirement for testing of the mixture. The current prediction model cannot be used for complex mixtures
of unknown composition or for substances of unknown or variable composition, complex reaction products
or biological materials (i.e. UVCB substances) due to the defined molar ratio of test chemical and peptide.
For this purpose a new prediction model based on a gravimetric approach will need to be developed. In
cases where evidence can be demonstrated on the non-applicability of the Test Guideline to other specific
categories of chemicals, the test method should not be used for those specific categories of chemicals.

12. The test method described in this Test Guideline is an in chemico method that does not
encompass a metabolic system. Chemicals that require enzymatic bioactivation to exert their skin
sensitisation potential (i.e. pro-haptens) cannot be detected by the test method. Chemicals that become
sensitisers after abiotic transformation (i.e. pre-haptens) are reported to be in some cases correctly detected
by the test method (18). In the light of the above, negative results obtained with the test method should be
interpreted in the context of the stated limitations and in the connection with other information sources
within the framework of an IATA. Test chemicals that do not covalently bind to the peptide but promote its
oxidation (i.e. cysteine dimerisation) could lead to a potential over estimation of peptide depletion,
resulting in possible false positive predictions and/or assignement to a higher reactivity class (see
paragraphs 29 and 30).

13. As described, the DPRA assay supports the discrimination between skin sensitisers and non-
sensitisers. However, it may also potentially contribute to the assessment of sensitising potency (11) when
used in integrated approaches such as IATA. However further work, preferably based on human data, is
required to determine how DPRA results may possibly inform potency assessment.

PRINCIPLE OF THE TEST

14. The DPRA is an in chemico method which quantifies the remaining concentration of cysteine- or
lysine-containing peptide following 24 hours incubation with the test chemical at 25+2.5°C. The synthetic
peptides contain phenylalanine to aid in the detection. Relative peptide concentration is measured by high-
performance liquid chromatography (HPLC) with gradient elution and UV detection at 220 nm. Cysteine-
and lysine peptide percent depletion values are then calculated and used in a prediction model (see
paragraph 29) which allows assigning the test chemical to one of four reactivity classes used to support the
discrimination between sensitisers and non-sensitisers.

15. Prior to routine use of the method described in this Test Guideline, laboratories should
demonstrate technical proficiency, using the ten proficiency substances listed in Annex 2.

PROCEDURE

16. This Test Guideline is based on the DPRA DB-ALM protocol n° 154 (20) which represents the
protocol used for the EURL ECVAM-coordinated validation study. It is recommended that this protocol is
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used when implementing and using the method in the laboratory. The following is a description of the
main components and procedures for the DPRA. If an alternative HPLC set-up is used, its equivalence to
the validated set-up described in the DB-ALM protocol should be demonstrated (e.g. by testing the
proficiency substances in Annex 2).

Preparation of the cysteine or lysine-containing peptides

17. Stock solutions of cysteine (Ac-RFAACAA-COOH) and lysine (Ac-RFAAKAA-COOH)
containing synthetic peptides of purity higher than 85% and preferably in the range of 90-95%, should be
freshly prepared just before their incubation with the test chemical. The final concentration of the cysteine
peptide should be 0.667 mM in pH 7.5 phosphate buffer whereas the final concentration of the lysine
peptide should be 0.667 mM in pH 10.2 ammonium acetate buffer. The HPLC run sequence should be set
up in order to keep the HPLC analysis time less than 30 hours. For the HPLC set up used in the validation
study and described in this Test Guideline, up to 26 analysis samples (which include the test chemical, the
positive control and the appropriate number of solvent controls based on the number of individual solvents
used in the test, each tested in triplicate), can be accommodated in a single HPLC run. All of the replicates
analysed in the same run should use the identical cysteine and lysine peptide stock solutions. It is
recommended to prove individual peptide batches for proper solubility prior to their use.

Preparation of the test chemical

18. Solubility of the test chemical in an appropriate solvent should be assessed before performing the
assay following the solubilisation procedure described in the DPRA DB-ALM protocol (20). An
appropriate solvent will dissolve the test chemical completely. Since in the DPRA the test chemical is
incubated in large excess with either the cysteine or the lysine peptides, visual inspection of the forming of
a clear solution is considered sufficient to ascertain that the test chemical (and all of its components in the
case of testing a multi-constituent substance or a mixture) is dissolved. Suitable solvents are, acetonitrile,
water, 1:1 mixture water:acetonitrile, isopropanol, acetone or 1:1 mixture acetone:acetonitrile. Other
solvents can be used as long as they do not impact on the stability of the peptide as monitored with
reference controls C (i.e. samples constituted by the peptide alone dissolved in the appropriate solvent; see
Annex 3). As a last option if the test chemical is not soluble in any of these solvents attempts should be
made to solubilise it in 300 uL. of DMSO and dilute the resulting solution with 2700 pL of acetonitrile and
if the test chemical is not soluble in this mixture attempts should be made to solubilise the same amount of
test chemicals in 1500 pL. of DMSO and dilute the resulting solution with 1500 pL of acetonitrile. The test
chemical should be pre-weighed into glass vials and dissolved immediately before testing in an appropriate
solvent to prepare a 100 mM solution. For mixtures and multi-constituent substances of known
composition, a single purity should be determined by the sum of the proportion of its constituents
(excluding water), and a single apparent molecular weight should be determined by considering the
individual molecular weights of each component in the mixture (excluding water) and their individual
proportions. The resulting purity and apparent molecular weight should then be used to calculate the
weight of test chemical necessary to prepare a 100 mM solution. For polymers for which a predominant
molecular weight cannot be determined, the molecular weight of the monomer (or the apparent molecular
weight of the various monomers constituting the polymer) may be considered to prepare a 100 mM
solution. However, when testing mixtures, multi-constituent substances or polymers of known
composition, it should be considered to also test the neat chemical. For liquids, the neat chemical should be
tested as such without any prior dilution by incubating it at 1:10 and 1:50 ratio with the cysteine and lysine
peptides, respectively. For solids, the test chemical should be dissolved to its maximum soluble
concentration in the same solvent used to prepare the apparent 100 mM solution. It should then be tested as
such without any further dilution by incubating it at 1:10 and 1:50 ratio with the cysteine and lysine
peptides, respectively. Concordant results (reactive or non-reactive) between the apparent 100 mM solution
and the neat chemical should allow for a firm conclusion on the result.

© OECD, (2015) 4
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Preparation of the positive control, reference controls and coelution controls

19. Cinnamic aldehyde (CAS 104-55-2; >95% food-grade purity) should be used as positive control
(PC) at a concentration of 100 mM in acetonitrile. Other suitable positive controls preferentially providing
mid-range depletion values may be used if historical data are available to derive comparable run
acceptance criteria. In addition reference controls (i.e. samples containing only the peptide dissolved in the
appropriate solvent) should also be included in the HPLC run sequence and these are used to verify the
HPLC system suitability prior to the analysis (reference controls A), the stability of the reference controls
over time (reference control B) and to verify that the solvent used to dissolve the test chemical does not
impact the percent peptide depletion (reference control C) (see Annex 3). The appropriate reference control
for each substance is used to calculate the percent peptide depletion for that substance (see paragraph 26).
In addition a co-elution control constituted by the test chemical alone for each of the test chemicals
analysed should be included in the run sequence to detect possible co-elution of the test chemical with
either the lysine or the cysteine peptide.

Incubation of the test chemical with the cysteine and lysine peptide solutions

20. Cysteine and lysine peptide solutions should be incubated in glass autosampler vials with the test
chemical at 1:10 and 1:50 ratio respectively. If a precipitate is observed immediately upon addition of the
test chemical solution to the peptide solution, due to low aqueous solubility of the test chemical, in this
case one cannot be sure how much test chemical remained in the solution to react with the peptide.
Therefore, in such a case, a positive result could still be used, but a negative result is uncertain and should
be interpreted with due care (see also provisions in paragraph 11 for the testing of chemicals not soluble up
to a concentration of 100 mM). The reaction solution should be left in the dark at 25+2.5°C for 24£2 hours
before running the HPLC analysis. Each test chemical should be analysed in triplicate for both peptides.
Samples have to be visually inspected prior to HPLC analysis. If a precipitate or phase separation is
observed, samples may be centrifuged at low speed (100-400xg) to force precipitate to the bottom of the
vial as a precaution since large amounts of precipitate may clog the HPLC tubing or columns. If a
precipitation or phase separation is observed after the incubation period, peptide depletion may be
underestimated and a conclusion on the lack of reactivity cannot be drawn with sufficient confidence in
case of a negative result.

Preparation of the HPLC standard calibration curve

21. A standard calibration curve should be generated for both the cysteine and the lysine peptides.
Peptide standards should be prepared in a solution of 20% or 25% acetonitrile:buffer using phosphate
buffer (pH 7.5) for the cysteine peptide and ammonium acetate buffer (pH 10.2) for the lysine peptide.
Using serial dilution standards of the peptide stock solution (0.667 mM), 6 calibration solutions should be
prepared to cover the range from 0.534 to 0.0167 mM. A blank of the dilution buffer should also be
included in the standard calibration curve. Suitable calibration curves should have an r*>0.99.

HPLC preparation and analysis

22. The suitability of the HPLC system should be verified before conducting the analysis. Peptide
depletion is monitored by HPLC coupled with an UV detector (photodiode array detector or fixed
wavelength absorbance detector with 220 nm signal). The appropriate column is installed in the HPLC
system. The HPLC set-up described in the validated protocol uses a Zorbax SB-C-18 2.1 mm x 100 mm x
3.5 micron as preferred column. With this reversed-phase HPLC column, the entire system should be
equilibrated at 30°C with 50% phase A (0.1% (v/v) trifluoroacetic acid in water) and 50% phase B
(0.085% (v/v) trifluoroacetic acid in acetonitrile) for at least 2 hours before running. The HPLC analysis
should be performed using a flow rate of 0.35 mL/min and a linear gradient from 10% to 25% acetonitrile
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over 10 minutes, followed by a rapid increase to 90% acetonitrile to remove other materials. Equal
volumes of each standard, sample and control should be injected. The column should be re-equilibrated
under initial conditions for 7 minutes between injections. If a different reversed-phase HPLC column is
used, the set-up parameters described above may need to be adjusted to guarantee an appropriate elution
and integration of the cysteine and lysine peptides, including the injection volume, which may vary
according to the system used (typically in the range from 3-10 puL). Importantly, if an alternative HPLC
set-up is used, its equivalence to the validated set-up described above should be demonstrated (e.g., by
testing the proficiency substances in Annex 2). Absorbance is monitored at 220 nm. If a photodiode array
detector is used, absorbance at 258 nm should also be recorded. It should be noted that some supplies of
acetonitrile could have a negative impact on peptide stability and this has to be assessed when a new batch
of acetonitrile is used. The ratio of the 220 peak area and the 258 peak area can be used as an indicator of
co-elution. For each sample a ratio in the range of 90%<mean’ area ratio of control samples<100% would
give a good indication that co-elution has not occurred.

23. There may be test chemicals which could promote the oxidation of the cysteine peptide. The peak
of the dimerised cysteine peptide may be visually monitored. If dimerisation appears to have occurred, this
should be noted as percent peptide depletion may be over-estimated leading to false positive predictions
and/or assignment to a higher reactivity class (see paragraphs 29 and 30).

24, HPLC analysis for the cysteine and lysine peptides can be performed concurrently (if two HPLC
systems are available) or on separate days. If analysis is conducted on separate days then all test chemical
solutions should be freshly prepared for both assays on each day. The analysis should be timed to assure
that the injection of the first sample starts 22 to 26 hours after the test chemical was mixed with the peptide
solution. The HPLC run sequence should be set up in order to keep the HPLC analysis time less than 30
hours. For the HPLC set up used in the validation study and described in this Test Guideline, up to 26
analysis samples can be accommodated in a single HPLC run (see also paragraph 17). An example of
HPLC analysis sequence is provided in Annex 3.

DATA AND REPORTING
Data evaluation

25. The concentration of cysteine or lysine peptide is photometrically determined at 220 nm in each
sample by measuring the peak area (area under the curve, AUC) of the appropriate peaks and by
calculating the concentration of peptide using the linear calibration curve derived from the standards.

26. The percent peptide depletion is determined in each sample by measuring the peak area and
dividing it by the mean peak area of the relevant reference controls C (see Annex 3) according to the
formula described below.

Percent peptidedepletion = { 1 _( Peptidepeak area in replicate injection ﬂ <100

Mean peptidepeak area in reference controls C

? For mean it is meant arithmetic mean throughout the document.
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Acceptance criteria

217. The following criteria should be met for a run to be considered valid: a) the standard calibration
curve should have an 1">0.99, b) the mean percent peptide depletion value of the three replicates for the
positive control cinnamic aldehyde should be between 60.8% and 100% for the cysteine peptide and
between 40.2% and 69.0% for the lysine peptide and the maximum standard deviation (SD) for the positive
control replicates should be <14.9% for the percent cysteine depletion and <11.6% for the percent lysine
depletion and c) the mean peptide concentration of reference controls A should be 0.50+0.05 mM and the
coefficient of variation (CV) of peptide peak areas for the nine reference controls B and C in acetonitrile
should be <15.0%. If one or more of these criteria is not met the run should be repeated.

28. The following criteria should be met for a test chemical’s results to be considered valid: a) the
maximum standard deviation for the test chemical replicates should be <14.9% for the percent cysteine
depletion and <11.6% for the percent lysine depletion, b) the mean peptide concentration of the three
reference controls C in the appropriate solvent should be 0.50+0.05 mM. If these criteria are not met the
data should be rejected and the run should be repeated for that specific test chemical.

Prediction model

29. The mean percent cysteine and percent lysine depletion value is calculated for each test chemical.
Negative depletion is considered as “0” when calculating the mean. By using the cysteine 1:10/lysine 1:50
prediction model shown in Tablel, the threshold of 6.38% average peptide depletion should be used to
support the discrimination between skin sensitisers and non-sensitisers in the framework of an IATA.
Application of the prediction model for assigning a test chemical to a reactivity class (i.e. low, moderate
and high reactivity) may perhaps prove useful to inform potency assessment within the framework of an
IATA.

Tablel: Cysteine 1:10/lysine 1:50 prediction model'

Mean of cysteine and lysine % depletion Reactivity Class DPRA Prediction’
0% < mean % depletion < 6.38% No or minimal reactivity Negative
6.38% < mean % depletion < 22.62% Low reactivity
22.62% < mean % depletion < 42.47% Moderate reactivity Positive
42.47% < mean % depletion < 100% High reactivity

' The numbers refer to statistically generated threshold values and are not related to the precision of the measurement.
2 A DPRA prediction should be considered in the framework of an IATA and in accordance with the provisions of
paragraphs 9 and 12.

30. There might be cases where the test chemical (the substance or one or several of the components
of a multi-constituent substance or a mixture) absorbs significantly at 220 nm and has the same retention
time of the peptide (co-elution). Co-elution may be resolved by slightly adjusting the HPLC set-up in order
to further separate the elution time of the test chemical and the peptide. If an alternative HPLC set-up is
used to try to resolve co-elution, its equivalence to the validated set-up should be demonstrated (e.g., by
testing the proficiency substances in Annex 2). When co-elution occurs the peak of the peptide cannot be
integrated and the calculation of the percent peptide depletion is not possible. If co-elution of such test
chemicals occurs with both the cysteine and the lysine peptides then the analysis should be reported as
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“inconclusive”. In cases where co-elution occurs only with the lysine peptide, then the cysteine 1:10
prediction model reported in Table 2 can be used.

© OECD, (2015) 8
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Table2: Cysteine 1:10 prediction model'

Cysteine (Cys) % depletion Reactivity class DPRA prediction®
0% < Cys % depletion < 13.89% No or minimal reactivity Negative
13.89% < Cys % depletion < 23.09% Low reactivity
23.09% < Cys % depletion < 98.24% Moderate reactivity Positive
98.24% < Cys % depletion < 100% High reactivity

' The numbers refer to statistically generated threshold values and are not related to the precision of the measurement.
2 A DPRA prediction should be considered in the framework of an IATA and in accordance with the provisions of
paragraphs 9 and 12.

31. There might be other cases where the overlap in retention time between the test chemical and
either of the peptides is incomplete. In such cases percent peptide depletion values can be estimated and
used in the cysteine 1:10/lysine 1:50 prediction model, however assignment of the test chemical to a
reactivity class cannot be made with accuracy.

32. A single HPLC analysis for both the cysteine and the lysine peptide should be sufficient for a test
chemical when the result is unequivocal. However, in cases of results close to the threshold used to
discriminate between positive and negative results (i.e. borderline results), additional testing may be
necessary. If situations where the mean percent depletion falls in the range of 3% to 10% for the cysteine
1:10/lysine 1:50 prediction model or the cysteine percent depletion falls in the range of 9% to 17% for the
cysteine 1:10 prediction model, a second run should be considered, as well as a third one in case of
discordant results between the first two runs.

Test report
33. The test report should include the following information

Test chemical
e Mono-constituent substance

o Chemical identification, such as [IUPAC or CAS name(s), CAS number(s), SMILES or
InChl code, structural formula, and/or other identifiers;

o Physical appearance, water solubility, molecular weight, and additional relevant
physicochemical properties, to the extent available;

o Purity, chemical identity of impurities as appropriate and practically feasible, etc;
o Treatment prior to testing, if applicable (e.g., warming, grinding);
o Concentration(s) tested;
o Storage conditions and stability to the extent available.
e  Multi-constituent substance, UVCB and mixture:

o Characterisation as far as possible by e.g., chemical identity (see above), purity,
quantitative occurrence and relevant physicochemical properties (see above) of the
constituents, to the extent available;

© OECD, (2015) 9
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Controls

Physical appearance, water solubility and additional relevant physicochemical properties,
to the extent available;

Molecular weight or apparent molecular weight in case of mixtures/polymers of known
compositions or other information relevant for the conduct of the study;

Treatment prior to testing, if applicable (e.g., warming, grinding);
Concentration(s) tested;

Storage conditions and stability to the extent available.

e Positive control

O

Chemical identification, such as IUPAC or CAS name(s), CAS number(s), SMILES or
InChl code, structural formula, and/or other identifiers;

Physical appearance, water solubility, molecular weight, and additional relevant
physicochemical properties, to the extent available;

Purity, chemical identity of impurities as appropriate and practically feasible, etc;
Treatment prior to testing, if applicable (e.g., warming, grinding);
Concentration(s) tested;

Storage conditions and stability to the extent available;

Reference to historical positive control results demonstrating suitable run acceptance
criteria, if applicable.

e Solvent/vehicle

Solvent/vehicle used and ratio of its constituents, if applicable;

Chemical identification(s), such as [IUPAC or CAS name(s), CAS number(s), and/or other
identifiers;

Purity, chemical identity of impurities as appropriate and practically feasible, etc;

Physical appearance, molecular weight, and additional relevant physicochemical properties
in the case other solvents / vehicles than those mentioned in the Test Guideline are used
and to the extent available;

Storage conditions and stability to the extent available;
Justification for choice of solvent for each test chemical;

For acetonitrile, results of test of impact on peptide stability.

Preparation of peptides, positive control and test chemical

e Characterisation of peptide solutions (supplier, lot, exact weight of peptide, volume added for the
stock solution);

e Characterisation of positive control solution (exact weight of positive control substance, volume
added for the test solution);

© OECD, (2015) 10
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e Characterisation of test chemical solutions (exact weight of test chemical, volume added for the
test solution).

HPLC instrument setting and analysis
e Type of HPLC instrument, HPLC and guard columns, detector, autosampler;

e Parameters relevant for the HPLC analysis such as column temperature, injection volumes, flow
rate and gradient.

System suitability
e Peptide peak area at 220 nm of each standard and reference control A replicate;
e Linear calibration curve graphically represented and the r* reported;
e Peptide concentration of each reference control A replicate;
e Mean peptide concentration (mM) of the three reference controls A, SD and CV;

e Peptide concentration of reference controls A and C.

Analysis sequence
e For reference controls:
o Peptide peak area at 220 nm of each B and C replicate;

o Mean peptide peak area at 220 nm of the nine reference controls B and C in acetonitrile,
SD an CV (for stability of reference controls over analysis time);

o For each solvent used, the mean peptide peak area at 220 nm of the three appropriate
reference controls C (for the calculation of percent peptide depletion);

o For each solvent used, the peptide concentration (mM) of the three appropriate reference
controls C;

o For each solvent used, the mean peptide concentration (mM) of the three appropriate
reference controls C, SD and CV.

e For positive control:

o Peptide peak area at 220 nm of each replicate;

o Percent peptide depletion of each replicate;

o Mean percent peptide depletion of the three replicates, SD and CV.
e For each test chemical:

o Appearance of precipitate in the reaction mixture at the end of the incubation time, if
observed. If precipitate was re-solubilised or centrifuged;

o Presence of co-elution;
o Description of any other relevant observations, if applicable;
o Peptide peak area at 220 nm of each replicate;

o Percent peptide depletion of each replicate;
© OECD, (2015) 11
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o Mean of percent peptide depletion of the three replicate, SD and CV;
o Mean of percent cysteine and percent lysine depletion values;

o Prediction model used and DPRA prediction.

Proficiency testing

e If applicable, the procedure used to demonstrate proficiency of the laboratory in performing the
test method (e.g. by testing of proficiency substances) or to demonstrate reproducible performance
of the test method over time.

Discussion of the results
e Discussion of the results obtained with the DPRA test method;

e Discussion of the test method results in the context of an IATA if other relevant information is
available.

Conclusion
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ANNEX 1

DEFINITIONS

Accuracy: The closeness of agreement between test method results and accepted reference values. It is a
measure of test method performance and one aspect of “relevance.” The term is often used interchangeably
with “concordance”, to mean the proportion of correct outcomes of a test method (21).

AOQOP (Adverse Outcome Pathway): sequence of events from the chemical structure of a target chemical
or group of similar chemicals through the molecular initiating event to an in vivo outcome of interest (2).

Calibration curve: The relationship between the experimental response value and the analytical
concentration (also called standard curve) of a known substance.

Coefficient of variation: a measure of variability that is calculated for a group of replicate data by
dividing the standard deviation by the mean. It can be multiplied by 100 for expression as a percentage.

Hazard: Inherent property of an agent or situation having the potential to cause adverse effects when an
organism, system or (sub) population is exposed to that agent.

IATA (Integrated Approach to Testing and Assessment): A structured approach used for hazard
identification (potential), hazard characterisation (potency) and/or safety assessment (potential/potency and
exposure) of a chemical or group of chemicals, which strategically integrates and weights all relevant data
to inform regulatory decision regarding potential hazard and/or risk and/or the need for further targeted and
therefore minimal testing.

Molecular Initiating Event: Chemical-induced perturbation of a biological system at the molecular level
identified to be the starting event in the adverse outcome pathway.

Mixture: A mixture or a solution composed of two or more substances in which they do not react (1).

Mono-constituent substance: A substance, defined by its quantitative composition, in which one main
constituent is present to at least 80% (w/w).

Multi-constituent substance: A substance, defined by its quantitative composition, in which more than
one main constituent is present in a concentration > 10% (w/w) and < 80% (w/w). A multi-constituent
substance is the result of a manufacturing process. The difference between mixture and multi-constituent
substance is that a mixture is obtained by blending of two or more substances without chemical reaction. A
multi-constituent substance is the result of a chemical reaction.

Positive control: A replicate containing all components of a test system and treated with a substance

known to induce a positive response. To ensure that variability in the positive control response across time
can be assessed, the magnitude of the positive response should not be excessive.

© OECD, (2015) 15
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Reference control: An untreated sample containing all components of a test system, including the solvent
or vehicle that is processed with the test chemical treated and other control samples to establish the
baseline response for the samples treated with the test chemical dissolved in the same solvent or vehicle.
When tested with a concurrent negative control, this sample also demonstrates whether the solvent or
vehicle interacts with the test system.

Relevance: Description of relationship of the test to the effect of interest and whether it is meaningful and
useful for a particular purpose. It is the extent to which the test correctly measures or predicts the
biological effect of interest. Relevance incorporates consideration of the accuracy (concordance) of a test
method (21).

Reliability: Measures of the extent that a test method can be performed reproducibly within and between
laboratories over time, when performed using the same protocol. It is assessed by calculating intra- and
inter-laboratory reproducibility and intra-laboratory repeatability (21).

Reproducibility: The agreement among results obtained from testing the same substance using the same
test protocol (see reliability) (21).

Sensitivity: The proportion of all positive/active chemicals that are correctly classified by the test method.
It is a measure of accuracy for a test method that produces categorical results, and is an important
consideration in assessing the relevance of a test method (21).

Specificity: The proportion of all negative/inactive chemicals that are correctly classified by the test
method. It is a measure of accuracy for a test method that produces categorical results and is an important
consideration in assessing the relevance of a test method (21).

Substance: Chemical elements and their compounds in the natural state or obtained by any production
process, including any additive necessary to preserve the stability of the product and any impurities
deriving from the process used, but excluding any solvent which may be separated without affecting the
stability of the substance or changing its composition (1).

System suitability: Determination of instrument performance (e.g., sensitivity) by analysis of a reference
standard prior to running the analytical batch (22).

Test chemical: The term "test chemical" is used to refer to what is being tested.

United Nations Globally Harmonized System of Classification and Labelling of Chemicals (UN
GHS): A system proposing the classification of chemicals (substances and mixtures) according to
standardised types and levels of physical, health and environmental hazards, and addressing corresponding
communication elements, such as pictograms, signal words, hazard statements, precautionary statements
and safety data sheets, so that to convey information on their adverse effects with a view to protect people
(including employers, workers, transporters, consumers and emergency responders) and the environment

(1.
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UVCB: substances of unknown or variable composition, complex reaction products or biological
materials.

Valid test method: A test method considered to have sufficient relevance and reliability for a specific
purpose and which is based on scientifically sound principles. A test method is never valid in an absolute
sense, but only in relation to a defined purpose (21).
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ANNEX 2

PROFICIENCY SUBSTANCES
In Chemico Skin Sensitisation: Direct Peptide Reactivity Assay

Prior to routine use of the test method described in this Test Guideline, laboratories should demonstrate
technical proficiency by correctly obtaining the expected DPRA prediction for the 10 proficiency
substances recommended in Table 1 and by obtaining cysteine and lysine depletion values that fall within
the respective reference range for 8 out of the 10 proficiency substances for each peptide. These
proficiency substances were selected to represent the range of responses for skin sensitisation hazards.
Other selection criteria were that they are commercially available, that high quality in vivo reference data
and high quality in vitro data generated with the DPRA are available, and that they were used in the EURL
ECVAM-coordinated validation study to demonstrate successful implementation of the test method in the
laboratories participating in the study.

Table 1: Recommended proficiency substances for demonstrating technical proficiency with the Direct
Peptide Reactivity Assay

Proficiency substances | CASRN | Physical In vivo DPRA Range’ of % Range’ of %
state prediction’ prediction’ cysteine peptide lysine peptide
depletion depletion
2,4-Dinitrochlorobenzene| 97-00-7 Solid Sensitiser Positive 90-100 15-45
(extreme)
Oxazolone 15646-46-5| Solid Sensitiser Positive 60-80 10-55
(extreme)
Formaldehyde 50-00-0 | Liquid Sensitiser Positive 30-60 0-24
(strong)
Benzylideneacetone 122-57-6 | Solid Sensitiser Positive 80-100 0-7
(moderate)
Farnesal 19317-11-4| Liquid Sensitiser Positive 15-55 0-25
(weak)
2,3-Butanedione 431-03-8 | Liquid Sensitiser Positive 60-100 10-45
(weak)
1-Butanol 71-36-3 | Liquid |Non-sensitiser Negative 0-7 0-5.5
6-Methylcoumarin 92-48-8 Solid | Non-sensitiser Negative 0-7 0-5.5
Lactic Acid 50-21-5 | Liquid |Non-sensitiser Negative 0-7 0-5.5
#-Methoxyacetophenone | 100-06-1 Solid Non-sensitiser Negative 0-7 0-5.5

'"The in vivo hazard and (potency) predictions are based on LLNA data (19). The in vivo potency is derived using the
criteria proposed by ECETOC (23).

> A DPRA prediction should be considered in the framework of an IATA and in accordance with the provisions of
paragraphs 9 and 11.

? Ranges determined on the basis of at least 10 depletion values generated by 6 independent laboratories.
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ANNEX 3

EXAMPLES OF ANALYSIS SEQUENCE

Calibration standards and reference controls STD1

STD2

STD3

STD4

STD5

STD6

Dilution buffer

Reference control A, rep 1
Reference control A, rep 2
Reference control A, rep 3

Co-elution controls Co-elution control 1 for test
chemical 1
Co-elution control 2 for test
chemical 2

Reference controls Reference control B, rep 1

Reference control B, rep 2
Reference control B, rep 3

First set of replicates Reference control C, rep 1
Cinnamic aldehyde, rep 1
Sample 1, rep 1
Sample 2, rep 1

Second set of replicates Reference control C, rep 2
Cinnamic aldehyde, rep 2
Sample 1, rep 2
Sample 2, rep 2

Third set of replicates Reference control C, rep 3
Cinnamic aldehyde, rep 3
Sample 1, rep 3
Sample 2, rep 3

Reference controls Reference control B, rep 4
Reference control B, rep 5
Reference control B, rep 6

Three sets of reference controls (i.e. samples constituted only by the peptide dissolved in the appropriate
solvent) should be included in the analysis sequence:

Reference control A: used to verify the suitability of the HPLC system.

Reference control B: included at the beginning and at the end of the analysis sequence to verify stability of
reference controls over the analysis time.

Reference control C: included in the analysis sequence to verify that the solvent used to dissolve the test
chemical does not impact the percent peptide depletion.
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BACKGROUND TO EURL ECVAM RECOMMENDATIONS

The aim of a EURL ECVAM Recommendation is to provide EURL ECVAM views on the validity of
the test method in question, to advise on possible regulatory applicability, limitations and
proper scientific use of the test method, and to suggest possible follow-up activities in view of
addressing knowledge gaps.

During the development of its Recommendation, EURL ECVAM consults with its advisory body
for Preliminary Assessment of Regulatory Relevance (PARERE) and its EURL ECVAM Stakeholder
Forum (ESTAF). Moreover, EURL ECVAM consults with other Commission services and its
international validation partner organisations of the International Cooperation on Alternative
Test Methods (ICATM). Before finalising its recommendations, EURL ECVAM also invites
comments from the general public and, if applicable, from the test method submitter.
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EXECUTIVE SUMMARY

EURL ECVAM fully endorses the ESAC opinion (Annex |) on the ECVAM-coordinated validation
study of the Direct Peptide Reactivity Assay (DPRA) that assessed mainly protocol transferability
and within- and between-laboratory reproducibility. The study was conducted in view of the
DPRA's possible use as a component of an integrated approach for testing the potential of
chemicals to cause skin sensitisation resulting in Allergic Contact Dermatitis (ACD). On the basis
of the ESAC Opinion on the DPRA study, EURL ECVAM makes the following Recommendations:

(1) Haptenation, i.e. the covalent binding of low-molecular weight substances ("haptens") to
proteins present in skin is considered a prominent mechanism through which chemicals or
their metabolites become antigenic. Haptenation has been described as a "molecular
initiating event" in the OECD Adverse Outcome Pathway (AOP) for skin sensitisation which
summarises the key events known to be involved in chemically-induced ACD (OECD, 2012).
Therefore, information from peptide reactivity assays such as the DPRA is relevant for the
assessment of the skin sensitisation potential of chemicals.

(2) The EURL ECVAM study showed that the DPRA is transferable to suitably equipped
laboratories that are proficient in high performance liquid chromatography (HPLC) analysis
and the results obtained demonstrated within- and between-laboratory reproducibility of
87% and 75%, respectively.

(3) Full evaluation of the predictive capacity and applicability domain of the DPRA were outside
the scope of the EURL ECVAM study. However, based on the study results and excluding
metal compounds for which the test is not applicable, the accuracy of the DPRA for
distinguishing sensitisers from non-sensitisers was 82% (sensitivity of 76%, specificity of
92%) which is in agreement with published information from previous studies (Gerberick et
al., 2007; Bauch et al., 2012; Natsch et al., 2013).

(4) In addition to supporting identification of sensitisers/non-sensitisers, the DPRA may also be
able to contribute to the assessment of sensitising potency, e.g. by supporting, within an
integrated approach, the subcategorisation of sensitisers according to the United Nations
Globally Harmonised System of Classification and Labelling of Chemicals (UN GHS; UN,
2011). More work however is required to determine to which extent DPRA results relate to
potency categories.

(5) As the DPRA is an in chemico test method lacking metabolic capacity, substances that
require metabolic (pro-haptens) or abiotic activation (pre-haptens) may not be detected by
the DPRA. In addition, the DPRA specifically detects peptide reactivity associated with lysine
and cysteine amino acids. These factors should be taken into account when considering
negative results.

(6) In view of the mechanistic complexity of skin sensitisation, DPRA data should always be
considered in combination with other information in the context of integrated approaches
such as Weight of Evidence (WoE) or Integrated Testing Strategies (ITS). Complementary
information may be derived from test methods addressing other key events involved in skin
sensitisation (OECD 2012) as well as non-testing methods including read-across information.
Thus, EURL ECVAM recommends the development of integrated approaches for identifying
and characterising skin sensitisation hazard (EURL ECVAM 2013) and potency. These
approaches should be tailored to specific needs (e.g. depending on various sectorial and
regulatory requirements).



(7) To support development of integrated approaches employing peptide reactivity assays

(8)

(such as DPRA) and other sources of information, the applicability of the DPRA should be
further characterised, e.g. through a retrospective analysis of existing data and, in case of
identified data gaps, by generating additional information through targeted prospective
testing. In particular, as pre-haptens are not consistently misclassified by the DPRA, the
assay's applicability to these substances should be further investigated. Additionally,
attention should be given to substances with electrophilic residues that react preferentially
with amino acids other than cysteine or lysine.

Respecting the provision of Directive 2010/63/EU (EU, 2010) on the protection of animals
used for scientific purposes, before embarking on animal experiments to identify substances
with skin sensitisation potential, data from the DPRA test method should be considered in
combination with complementary information in order to reduce and possibly avoid animal
testing. In agreement with the provision of Annex Xl point 1.2 of the REACH Regulation (EU,
2006) data from non-standard testing methods, such as the DPRA, may be used to adapt the
standard information requirements in the context of Weight of Evidence judgments.
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1. Introduction

1)

2)

3)

4)

The assessment of skin sensitisation potential is an important component in the safety
evaluation of substances and represents a standard requirement of legislation on
chemicals in the EU. These include: the Classification Labelling and Packaging of substances
and mixtures (CLP) Regulation (EU, 2008a), the REACH Regulation (EU, 2006), the Plant
Protection Products (PPP) Regulation (EU, 2009a), the Biocides Regulation (EU, 2012) and
the Cosmetics Directive (EU, 2009b). As outlined in the EURL ECVAM Strategy for
Replacement of Animal Testing for Skin Sensitisation Hazard Identification and
Classification (EURL ECVAM, 2013), determining the skin sensitisation hazard properties of
substances is a key requirement satisfying already the majority of regulatory needs, e.g.
under the CLP and REACH Regulations in the EU. Other regulatory contexts can require an
understanding of the relative potency of skin sensitisers with regard to both induction as
well as elicitation of contact dermatitis in order to support a full risk assessment and
appropriate risk management measures (e.g. setting of appropriate thresholds).

Currently there are only in vivo regulatory accepted test methods to generate data
satisfying regulatory requirements on skin sensitisation. For instance, in the frameworks of
the Organisation for Economic Cooperation and Development (OECD) and the EU Test
Methods Regulation (EU, 2008b), there are four accepted guidelines, describing: the
Buehler Test and Guinea-pig Maximisation Test (GPMT), TG406 (OECD, 1992; EU test
method B.6), the Local Lymph Node Assay (LLNA), TG429 (OECD, 2010a; EU test method
B.42) and its non-radio-isotopic variants, the Local Lymph Node Assay: DA and the Local
Lymph Node Assay: BrdU Elisa , TG 422A and TG 422B respectively (OECD, 2010b; OECD
2010c).

The key mechanistic events underpinning the skin sensitisation process that leads to
Allergic Contact Dermatitis (ACD) in humans are well understood and have been recently
summarised in the OECD report on “The Adverse Outcome Pathway (AOP) for Skin
Sensitisation Initiated by Covalent Binding to Proteins“(OECD 2012). These include 1) the
covalent binding of the chemical to the skin protein (haptenation), 2) events in
keratinocytes including the production of danger signals and release of pro-inflammatory
mediators 3) the maturation and mobilisation of dendritic cells (DC), the immuno-
competent cells in the skin, and 5) the antigen presentation to naive T-cells and the
proliferation of memory T-cells. Considerable progress has been made in recent years
towards the development of alternative non-animal methods that address these key
events. It is plausible that the initial event of haptenation is the major determinant of the
skin sensitisation process and thus the protein-binding properties of a chemical should be
intrinsically linked to its sensitisation potential and potency (Roberts & Aptula, 2008).

There is general agreement within the scientific community that, in the near future, it is
unlikely that one single alternative method will be able to provide sufficient information to
replace the use of animals for this endpoint (Adler et al., 2011). Instead it is held that
information from different alternative testing and non-testing methods used in
combination will need to be integrated to address this health endpoint (Jowsey et al.,
2006; Adler et al., 2011). These methods should address different key events leading to
skin sensitisation thus covering the mechanistic complexity of this endpoint. Nevertheless,
it should not be ruled out a priori that skin sensitisation testing may, in the future, be
addressed by one single test method.



5)

6)

EURL ECVAM coordinated a validation study of DPRA following a modular approach
(Hartung et al., 2004) which had the following objectives:

e To fully assess the reliability of the DPRA protocol, i.e. its transferability and within-
and between-laboratory reproducibility.

e To conduct a preliminary evaluation of the ability of the DPRA to discriminate skin
sensitising from non-sensitising chemicals as defined by the Globally Harmonised
System (GHS) for the classification and labelling of substances for skin sensitisation
and as implemented in the European Union CLP Regulation concerning both
substances and mixtures. Characterisation of preliminary predictive capacity was
performed in view of determining the potential contribution of the method to
contribute to decisions on hazard within integrated approaches.

e To consider the ability of the DPRA to contribute to sub-categorisation of skin
sensitising chemicals, e.g. into Sub-category 1A and Sub-category 1B as adopted in
the 3rd revised version of the GHS.

After completion of the study and finalisation of the Validation Study Report (EC-ECVAM-
2012), EURL ECVAM requested the ECVAM Scientific Advisory Committee (ESAC) to provide
an ESAC Opinion on the study. An ESAC Working group (WG) was subsequently established
which drafted an ESAC WG report, which then formed the basis of the ESAC Opinion (see
annex) adopted by the ESAC on 17. 12. 2012.

2. Test Method definition

7)

8)

The correlation of protein reactivity with skin sensitisation potential is well recognised
(Landsteiner and Jacobs, 1936; Dupuis & Benezra, 1982; Lepottevin et al., 1998). Chemical
covalent binding to nucleophilic centres in skin proteins is regarded to be the molecular
initiating event in the skin sensitisation AOP (OECD, 2012) without which skin sensitisation
would not occur. Thus, chemicals capable of reacting with proteins either directly or after
biotic or abiotic transformation may have the potential to act as a contact allergen. It
should be noted that, in its current design, the DPRA does not provide a measure of
reaction rate constant.

The DPRA is an in chemico method which addresses peptide reactivity by measuring
depletion of synthetic heptapeptides containing either cysteine or lysine following 24
hours incubation with the test substance. Depletion of the peptide in the reaction mixture
is measured by HPLC using UV detection. Average peptide depletion data for cysteine and
lysine are then interpreted by using a classification model developed on the basis of a
dataset of chemicals with known reactivity properties, in which chemicals are classified as
having minimal, low, moderate or high reactivity. Substances with low to high reactivity are
associated with substances that have skin sensitisation potential while those categorised as
having minimal reactivity are considered to lack skin sensitisation potential. Due to the
absence of a metabolic competent system in the assay, the DPRA is not suitable for the
evaluation of pro-haptens, which require metabolic activation to act as sensitisers. The
ability of the DPRA to detect pre-haptens, which require abiotic activation (e.g. through
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oxidation by air), is not clear, although some pre-haptens are reported to be correctly
identified by the DPRA.

9) As a result of the ECVAM-coordinated study (EC EURL ECVAM, 2012), the standardised
protocol was found to be transferable and reproducible within and between laboratories
experienced in HPLC analysis. Some minor aspects of the protocol have been refined as a
result of the experienced gained in the validation study.

10) EURL ECVAM will publish in its DataBase service for AlLternative Methods (DB-ALM, see
http://ecvam-dbalm.jrc.ec.europa.eu), a comprehensive protocol including a detailed
description of the test method and all necessary technical details needed by an end-user
laboratory to implement it in a self-sufficient manner.

3. Overall performance of the Direct Peptide Reactivity Assay
Reference data

A key criterion employed for selecting the validation test chemicals was availability of high
quality in vivo testing data from the murine LLNA and the GPMT with concordant classification
from these two assays. The set of chemicals used in the study consisted of one third of non-
sensitisers and two thirds of sensitisers with a balanced representation of potency classes
(weak, moderate strong and extreme). Reference chemicals from the LLNA performance
standards (OECD 2010a) were included in the chemical set. Additional details can be found in
the Validation Study Report (EC EURL ECVAM, 2012).

When interpreting the data of alternative methods, such as the DPRA, that have been largely
developed and validated using animal reference data such as LLNA or GPMT the limitations of
the reference data should be kept in mind. For instance, the predictive relevance of reference
animal tests may not fully reflect the situation in the species of interest, i.e. humans. Notably,
an evaluation of the LLNA in comparison to human data has shown an accuracy of about 72%
(Anderson et al., 2011), i.e. there is a risk of false negative and false positive results. Moreover
there is indication that the LLNA is deficient in detecting low to moderate sensitisers as well as
metals and organometal compounds (EC, 2000).

Transferability and Reproducibility

11) On the basis of the results obtained during the study, it is evident that the DPRA can be
readily transferred to new laboratories that are properly equipped and experienced with
HPLC instruments and techniques.

12) The assessment of the reproducibility was performed on the basis of concordance in
classification (sensitiser/non-sensitiser). The experimental data generated in the study
indicate that the within-laboratory reproducibility (ranging from 73% in the lead laboratory
to 100% in one of the two naive laboratory) and the between-laboratory reproducibility
(75%) are acceptable for the proposed future use of the DPRA (i.e. in combination with
other complementary methods).



Preliminary evaluation of predictive capacity based on the ring trial data

13) Full evaluation of the predictive capacity of the DPRA was not within the scope of the EURL
ECVAM study. However, the accuracy of the DPRA for dichotomous classification
(sensitiser/non-sensitiser) on the basis of all 24 chemicals tested (including two metals,
one pro-hapten, dihydroeugenol, and two pre-haptens, 4-phenylendiamine and R(+)-
Limonene), was 79% (sensitivity=71%, specificity=92%). When excluding the two metal
compounds (which are considered outside the applicability domain and can be readily
excluded from testing during practical application of the assay), the accuracy was 82%
(76% sensitivity and 92% specificity). Thus, the predictive capacity determined in the study
is consistent with published information from a larger set of data (Gerberick et al., 2007).
Importantly, substances reported as false negatives in the EURL ECVAM study were
generally substances with a low sensitisation potency in vivo.

14) In relation to the ability of the DPRA to categorise substances in reactivity classes, data
from the validation study does not support the use of the DPRA as a standalone method
for potency categorisation. This is consistent with published information. However the
study results indicate that the assighment of a chemical to a DPRA reactivity category may
have the potential to contribute to the determination of its potency.

4, Limitations
4.1 Technical limitations

15) Solubility of test substances: Peptide depletion values for substances with limited
solubility in the solvents prescribed by the DPRA SOP cannot be derived with sufficient
accuracy. Despite the fact that all the chemicals selected for the EURL ECVAM study were
found to be compatible with the test system, limitations with the testing of insoluble
chemicals have been reported in the submission to ECVAM.

16) Co-elution: In those instances, mainly attributable to specific instrument settings, where
the test substance or the reaction products elute at the same time as the peptide (co-
elution), an accurate measurement of peptide depletion cannot be made. The DPRA SOP
provides instructions on how to approach different instances of co-elution, allowing in
certain cases an estimation of the peptide depletion and reactivity class assignment.
However there might be circumstances were this type of approximation is not appropriate.

17) Cysteine dimerisation: Accurate determination of peptide depletion can also be hampered
by substances promoting the oxidation of the thiol group in the cysteine peptide that leads
to the formation of the cystine dimer. In such cases depletion of the peptide would be
overestimated.

4.2 Limitations with regard to applicability
The following limitations of DPRA should be taken into consideration:
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18) Restriction to lysine and cysteine: The DPRA is designed to measure reactivity of the
electrophile towards two amino acids: the thiol group of cysteine and the primary amino
groups of lysine. As other amino acids are not present in the assay, chemicals with
preferential reactivity towards amino acids other than cysteine or lysine (e.g. nucleophilic
sites in histidine), may lead to false negative results when tested in the DPRA. However,
when considering this limitation, it should be also kept in mind that the relative
percentages of substances reacting preferably with amino acids other than cysteine and
lysine is at present unclear and that the cysteine and lysine peptides represent softer to
harder model nucleophiles (OECD, 2012; Schwoébel et al., 2011) which would cover
different reaction mechanisms

19) Metal compounds: DPRA is not designed to accommodate the spectrum of reaction
mechanisms considered to be associated with sensitising metals. For example Nickel, the
most important metal allergen, is postulated to form coordination bonds with nucleophilic
residues in histidine. However, metal compounds can be readily excluded from testing
based on chemical structure and, therefore, this limitation can be easily addressed by
simply avoiding the DPRA for the testing of metal compounds.

20) Pro-haptens and pre-haptens: The DPRA is not designed to detect the sensitising
properties of pro-haptens which require bioactivation, or pre-haptens which require
abiotic transformation. Nevertheless, pre-haptens are in some cases reported to be
correctly detected as sensitisers by the DPRA, as was the case in the EURL ECVAM study
(n=2). However, the reasons why specific pre-haptens are detected while others are not
remain unclear. To address the issue of pre- and pro-haptens, in silico expert systems such
as TIMES-SS (Patlewicz et al., 2007; Roberts et al., 2007) and the OECD QSAR toolbox
(www.gsartoolbox.org) could prove useful. Notably, a variation of the DPRA including an
additional protocol step which mimics oxidative activation (co-incubation with horseradish
peroxidase and hydrogen peroxide) to detect pre- and pro- haptens is under development.
(Gerberick et al., 2009).

21) Oxidation: Some substances that have oxidative properties (e.g. oxidative colourants)
without necessarily causing haptenation may lead to possible false positive results when
tested in the DPRA.

5. Suggested regulatory use

22) Due to the complexity of the mechanisms underlying skin sensitisation, it is likely that
information from different methods (in silico, in chemico, in vitro) is needed to reduce or
replace the need for animal testing, both for hazard identification and potency
characterisation purposes. The DPRA is a reliable test method that provides information on
peptide reactivity, which is considered to be the molecular initiating event of skin
sensitisation (OECD 2012). Therefore, peptide depletion values generated with the DPRA
could be used to support read-across from chemical analogues or combined with
information from other non-animal methods in the context of a Weight of Evidence (WoE)
approach or Integrated Testing Strategy (ITS). The extent of information needed to
complement a DPRA result will depend on the intended application (e.g. hazard
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identification, classification or potency assessment) and context (availability and quality of
other information).

23) For the purpose of hazard identification (i.e. identifying substances with sensitising
potential), it is plausible that an unequivocal depletion value in the DPRA combined with
the presence of a structural alert or positive QSAR prediction for skin sensitisation may
prove sufficient for decision making, thus justifying the waiving of an animal test. To
conclude on the absence of sensitising potential, additional information would be needed
to increase confidence, such as in vitro data on downstream events. In any case a negative
DPRA result should be interpreted with care, taking into consideration the possibility of
false negatives due to (1) possible reactivity with amino acid residues other than cysteine
and lysine, (2) the lack of metabolic capacity of the assay leading to possible
misclassification of pro-haptens as well as (3) the uncertain capacity of the DPRA to
correctly pick up pre-haptens. For hazard assessment purposes, possible uses of DPRA data
in the context of a WoE or ITS have been reported in several scientific publications (Ball et
al., 2011; Bauch et al., 2012).

24) Use of results generated with the DPRA for potency prediction has also been proposed
(Jaworska et al., 2011; Nukada et al., 2012). Results from the EURL ECVAM study showed
that the limited number of substances with high DPRA reactivity fell into Category 1A of
the UN GHS (UN, 2011), suggesting the potential application of DPRA results for potency
sub-categorisation. However, further efforts are required to explore how DPRA data may
support potency assessment, possibly in combination with data from other methods.

25) When employed within an integrated approach, the DPRA may be useful to satisfy
information requirements for Cosmetics (Regulation EC/1223/2009), Chemicals (Regulation
EC/1907/2006), Biocides (EC/528/2012) and Plant Protection Products (Regulation
EC/1107/2009).

12
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6. Follow-up activities recommended by EURL ECVAM

(1)

(2)

(3)

(4)

(5)

(6)

In view of further testing with the DPRA, EURL ECVAM recommends that the revised
protocol available at EURL ECVAM's DB-ALM  service (http://ecvam-
dbalm.jrc.ec.europa.eu) be used.

The predictive capacity of the DPRA for assessing the sensitisation potential of substances
should be further evaluated in the context of its use as part of integrated approaches to
testing and assessment.

DPRA data should be analysed to understand the potential of the method to contribute to
the potency assessment of substances, including sub-categorisation according to GHS (i.e.
categories 1A and 1B). Use of existing human data and data from the LLNA are likely to be
useful for this purpose. A study correlating DPRA data with potency categories derived
from LLNA has recently been published (Natsch et al., 2013).

To support ITS development and to increase confidence in the DPRA method, additional
prospective testing with the DPRA should be tailored towards better understanding of its
applicability domain to better define how the method performs with (a) weak sensitisers,
(b) pre-haptens and (c) chemicals that have selective reactivity towards amino acids other
than cysteine and lysine. The reason for false positive predictions also deserves further
investigation.

EURL ECVAM supports the development of an OECD Test Guideline for the DPRA. A
project proposal has already been submitted to the OECD and included in the OECD 2012
work program. As this test is best employed in combination with complementary
methods, it should be considered in the current initiative being undertaken at OECD to
develop a guidance document on Integrated Approaches for Testing and Assessment
(IATA) for skin sensitisation.

EURL ECVAM recommends continued investment in the development of the next
generation of peptide reactivity assays which can potentially address some of the
limitations of the DPRA method.
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ANNEX 1 ESAC OPINION

Annex1 ESAC Opinion

Opinion of the EURL ECVAM Scientific Advisory Committee (EASC) on the
ECVAM-led study of the Direct Peptide Reactivity Assay (DPRA)

Ispra, 17 December 2012
Summary of the ESAC Opinion

The ESAC was asked to provide an opinion on an EURL-ECVAM led prevalidation study assessing
the transferability and reproducibility (within- and between-laboratories) of the DPRA test
method (primary objective of the study) in view of its possible future use as part of a non-
animal testing strategy for skin sensitization. The study had also been designed to provide
preliminary information on a) the predictive capacity of the test method and b) its potential use
for contributing to sub categorisation of sensitizing chemicals.

The ESAC considered the scientific work presented of good quality. Overall, the conclusions
made by the working group (WG) correspond well with the conclusions formulated in the report
by the Validation Management Group (VMG).

e The within laboratory reproducibility (WLR) of the test method with respect to
concordance of classification (S/NS) was considered acceptable.

e The data were considered strong enough to support transferability of the test to
properly equipped, trained and staffed laboratories with the appropriate analytical
capabilities.

e The between laboratory reproducibility (BLR) of the test method with respect to
concordance of classification was considered sufficient when compounds outside
the applicability domain were excluded.

e The preliminary predictive capacity as evaluated in this study is consistent with the
published data (references 6, 7).

e The potential for use of DPRA reactivity information in potency sub-categorisation
requires further examination with a larger dataset.

The ESAC had some questions about the statistical calculations underlying the determination of
an adequate sample size to analyse reproducibility as a primary study goal. The ESAC was
concerned that possible limitations of the assay were not described in sufficient detail in the
validation study report.

The predictive capacity, applicability domain and limitations of the test are not defined yet, but
the available data suggest that the test is a useful tool for early decision making during product
development (screening) and a component in a weight-of-evidence (WoE) approach or
integrated testing strategy (ITS).

The ESAC recommends that the possible limitations of the DPRA should be further investigated
specifically in relation to pre-/pro-haptens, either by additional prospective testing or through
analysis of existing information as there may be a risk of false negative results associated with
these chemicals.

17



ANNEX 1 ESAC OPINION

1. Mandate of the ESAC

The opinion of ESAC should support ECVAM with respect to the development of
recommendations regarding the reliability (transferability, within and between laboratory
reproducibility) of the DPRA and the potential regulatory use of the test method.

(1) Study design — transferability, reliability and relevance

e The ESAC was requested to review whether the prevalidation study was conducted
appropriately in view of the objective of the study:

=  Reproducibility of the DPRA method within one laboratory (WLR);
= Transferability to other laboratories;
=  Reproducibility in other laboratories (BLR);

=  Predictive capacity of the test method.

e With respect to the design and conduct of the study, the following issues were to be
addressed:

= Clarity of the test definition (module 1)
=  Clarity of the definition of the study objective
=  Appropriateness of the study design in view of study objective
=  Appropriateness of the study execution:
= Appropriateness of the statistical analysis used for analysing WLR, transferability,
BLR and (preliminary) predictive capacity.
(2) Conclusions of the study

The ESAC was requested to assess the justification and plausibility of

=  Reproducibility (WLR and BLR) and transferability;
=  Preliminary predictive capacity;

=  Possible gaps between study design and study conclusions which remain to be
addressed in view of the suggested conclusions/use;

=  Applicability and possible limitations of the test method, in particular in view of its
potential use within an ITS for sensitisation.

(3) Possible contribution of test method to integrated approach

The ESAC is requested (a) to evaluate, on the basis of the data submitted in the validation study,
the possible use of the test method (also within a strategy) to identify skin sensitisers, (b) to
make additional recommendations (as required) on the proper scientific use of the test method
within such a strategy taking specific aspects of this method into account (e.g. applicability,
limitations etc.) and (c) to identify possible further information required (i.e. are there gaps) to
be able to conclude on the plausibility of the suggested use (including within an ITS).
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2. Detailed opinion of the ESAC

The ESAC was asked to provide an opinion on an EURL-ECVAM led study assessing the
transferability and reproducibility (within- and between-laboratories) of the DPRA (primary
objective of the study) in view of its possible future use as part of a non-animal testing strategy
for skin sensitization. The study had also been designed to provide preliminary information on a)
the predictive capacity of the test method and b) its potential use for contributing to sub-
categorisation of sensitizing chemicals.

(1) Study design — transferability, reliability and relevance.

The WLR was assessed at the level of concordance in prediction (S/NS). WLR for the three
laboratories was in the range from 73% to 100% . The lowest value derived from the lead
laboratory. The ESAC concluded that, in the context of the study, and in view of the fact that
both naive laboratories exceeded the target of 85% as chosen by the VMG, the WLR was

sufficient.

The definition of the reproducibility target (85%) was based upon i) the background
and specific objectives of the validation study; ii) the standards of performance that
can realistically be expected from an in vitro test and standards of performance
which have been considered acceptable in previous validation studies; iii) the
proposed used of the in vitro tests (i.e. as a partial replacement method to become
part of a toolbox of tests to be used in combination); and iv) the power of the
design of the validation study.

Transferability activities were divided into Training, Transferability and Qualification
Runs The WLR was formulated for each partner to include 1) concordance in
prediction, 2) depletion values for cysteine and lysine, as well as 3) control values.
The data were considered strong enough to support transferability of the test to
properly equipped, trained and staffed laboratories with the appropriate analytical
capabilities.

During the transfer and blind testing phase one laboratory had difficulties in
meeting the acceptance criteria defined in the SOP, due to the Reference Control C
being marginally outside the acceptance criteria. The cause of the problem could
not be identified. The ESAC recommends that these acceptance criteria should be
re-examined.

The BLR was assessed in terms of 1) concordance in prediction and 2) depletion
values for cysteine and lysine. Eighteen of the 24 chemicals were consistently
classified (S/NS) by the three laboratories resulting in a BLR reproducibility of 75%,
which is below the target (80%). The reproducibility assessment included 3
chemicals (beryllium sulphate, nickel chloride and dihydroeugenol) that were
considered by the VMG as outside the applicability domain of the test. The
exclusion of these three substances considered to fall outside the applicability
domain would lead to a BLR of 87.5%. For 15 out of the 24 chemicals the
laboratories assigned the same reactivity class resulting in a BLR of 62.5%. Data
variability was observed for results from chemicals with low or no reactivity.

The secondary goals included a preliminary evaluation of the ability of the test to
discriminate skin sensitizers from non-sensitizers, and a preliminary consideration
of the ability to contribute to sub-categorization of skin sensitising chemicals (GHS
sub-category 1A and 1B). The validation study report (VSR) did not present a
summary of the predictive capacity based on all 24 chemicals tested, since the VMG
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judged three of them (beryllium sulphate, nickel chloride, dihydroeugenol) to fall
outside the applicability domain. The two pre-haptens (4-phenylendeiamine and
R(+)-Limonene) were included in the analysis as the VMG felt that there was
insufficient evidence to exclude them from the evaluation of the predictive
performance. The predictive capacity for all 24 substances was 77.8% (sensitivity:
70.8%; specificity: 91,7%) while 82.4% (sensitivity: 73.5%; specificity: 91,7%) for the
19 substances (since the WG felt that other two substances would fall outside the
applicability domain, PPD and limonene).

The project was described and designed in clearly recognizable and well described
phases including Test Definition (Module 1), Transferability (Module 3), Within
Laboratory Reproducibility (WLR) (Module 2), Between Laboratory Reproducibility
(BLR) (Module 4) and Predictive Capacity (Module 5).

Overall, the chosen statistical approach was considered appropriate. In the
calculations of suitable sample size it was not clear for the ESAC why a power of
75% was chosen for the BLR, especially as a more conventional 80% power was
used for the WLR. However, since more chemicals than the minimum number were
tested in both cases the actual power of the study was considered sufficient.

(2) Conclusions of the study

Overall, the study design and the quality of the selected chemicals (N=24) were

considered appropriate for the purpose of addressing the first objective of the

study: Assessing the WLR and BLR of the DPRA.

Overall, the conclusions made by the WG correspond well with the conclusions

drawn by the VMG as described in the VSR, indicating that these conclusions are

supported by the results shown in the report.

= The WLR of the test method with respect to concordance of classification (S/NS)
met the target of 85% and was considered sufficient for the purpose of this
study.

= The data were considered strong enough to support transferability of the test to
properly equipped, trained and staffed laboratories with the appropriate
analytical capabilities.

e Inspite of a BLR (75%) below the target of 80%, the BLR of the test method with respect
to concordance of classification was considered sufficient after the removal of the
compounds outside the applicability domain. The potential for use of DPRA reactivity
information in potency sub-categorisation requires further examination with a larger
dataset.

= The number of chemicals (N=24) did not provide support for a firm conclusion
about the predictive capacity of the test method. The preliminary data were,
however, considered promising.

= The number of chemicals did not allow drawing a conclusion about the
applicability domain of the test. Empirically the applicability domain seems to
exclude pre-/pro-haptens and metal salts.

Chemicals that preferably react with amino acids other then cysteine and lysine
may fall outside the applicability domain. In addition, some pre-/pro-haptens were
reported as correctly identified. Finally, the data seem to indicate that the test
method has problems identifying weak sensitizers. The uncertainty about the
applicability domain may result in an unacceptable level of false negative results.
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(3) Possible use of the test method within an integrated approach

As outlined in the VSR and the ECVAM request for ESAC advice, the DPRA cannot be used as a
stand-alone test method in a regulatory context but should be considered for use in an
Integrated Testing Strategy (ITS). On the basis of the present report, especially negative
outcomes have to be considered with care.

e As pre-haptens are not consistently correctly predicted by the DPRA, there remains
uncertainty about whether to consider pre-haptens as part of the applicability
domain of the method or not.

e Unless there are sufficiently accurate assays available identifying chemicals as pre-
/pro-haptens in view of excluding them from routine testing using the DPRA, such
compounds will be tested in the DPRA and may cause false negative results.

e The selection of cysteine and lysine-containing peptides selects for the majority, but
not all, reactive chemicals.

Regarding reactivity class, the data obtained did not support the possibility to use DPRA as a
stand-alone test method for potency classification. This is in agreement with the statement of
the VMG that the assay should be further evaluated for its capacity to "contribute" to a potency
classification (VSR page 8).

Information generated by the DPRA can be used to support regulatory decision making when
used in the context of a weight-of-evidence approach or ITS. It is important to use the test in a
context that allows confident conclusions about the protein-reactivity of the chemical,
especially when the chemical in question is negative in the DPRA. As such the method may be
helpful to address testing requirements of e.g. the REACH legislation and the 7" Amendment of
the Cosmetic Directive.

Its inclusion into future ITSs can be considered for the purpose of an eventual full replacement
of current in vivo hazard identification assays.

Recommendations:

The DPRA addresses a key mechanism (haptenation) in the development of skin
sensitization/allergic contact dermatitis. Overall the provided data support transferability and
reproducibility of the test to qualified laboratories. The predictive capacity of the test is not
defined yet, but the preliminary data profiles the test as a useful tool for early decision making
during product development (screening) and a component in a weight-of-evidence approach or
ITS for safety/hazard assessment.

The ESAC recommends that the limitations of the DPRA (risk of false negative results) are

further investigated specifically in relation to pre-/pro-haptens either by additional prospective
testing or through analysis of existing information.
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3. Informative background to the Mandate and Opinion

Skin sensitizsation is the toxicological endpoint associated with substances that have the
intrinsic ability to cause Allergic Contact Dermatitis, ACD in humans. ACD represents the most
common manifestation of immunotoxicity in humans, i.e. adverse effects of xenobiotics
involving the immune system. The identification of the skin sensitization potential represents
an important component of the safety assessment of any new substance and especially for
those intended for topical application (e.g. cosmetics). Current regulatory predictive tests for
skin sensitization rely on the use of animals, these include:

a) the traditional guinea pig tests: Buehler Test and Guinea-pig Maximisation Test (OECD
TG 406, Ref.1),

b) the Local Lymph Node Assay (LLNA, OECD TG 429, Ref.2) and its recently OECD adopted
non-radioactive variants (OECD TG 422A, Ref.3 and OECD TG 422B, Ref.4).

Despite the progress that has been made in the development of alternative methods for skin
sensitisation hazard identification, there are currently no validated methods available. In
addition none of the tests currently under development/evaluation is able to fully characterise
the relative potency of sensitising substances and therefore, none of these assays is considered
a stand-alone method, capable of fully replacing current animal procedures, in particular as
regards to cosmetics.

The current view therefore is to combine different test methods in order to address different
key mechanisms of skin sensitisation: skin bioavailability, haptenation (the protein binding of
chemicals which triggers immunological responses), epidermal inflammation, dendritic cell
activation and migration, T cell proliferation. Test methods are currently under development
which have been specifically designed to address these key mechanistic steps involved in skin
sensitisation. Before these test methods can be routinely used, e.g. in ITSs, their capacity to
produce reproducible results needs to be demonstrated as a first step.

The Direct Peptide Reactivity Assay DPRA is addressing one of the key upstream events in the
cascade of mechanisms leading to the induction of skin sensitisation. It measures the ability of
chemicals to react with proteins (haptenation). There is good evidence that haptenation is a
determinant step in the induction of skin sensitisation. Chemical allergens are usually low
molecular weight chemicals which are not immunogenic per se. However, chemical allergens (or
their metabolites, oxidation products) have electrophilic properties that allow them to bind
covalently with the nucleophilic side chains of amino acids of skin proteins to form an
immunogenic conjugate. Already in 1936 this correlation between the reactivity of chemicals
with proteins and their skin sensitisation potential was described (Landsteiner and Jacobs,
Ref.5) and has in the meantime been extensively described in the literature. This knowledge is
being exploited for the development of several in chemico reactivity assays with relevance for
the testing of sensitisation potential, amongst these the DPRA assay.

The DPRA is designed to screen the sensitisation potential of chemicals by measuring peptide
depletion with UV-HPLC, following incubation of the test chemicals with synthetic
heptapeptides containing either cysteine (peptide/chemical ratio in the reaction mixture 1:10)
or lysine residues (peptide/chemical ratio in the reaction mixture 1:50) (Gerberick 2004, Ref.6).
The average of peptide depletion values for cysteine and lysine are used to classify chemicals
into four reactivity categories: minimal, low, moderate and high reactivity (Gerberick 2007,
Ref.7). Based on the known correlation between haptenation/chemical reactivity and
sensitisation potential, it is assumed that these reactivity classes as predicted by the DPRA may
contribute to the characterisation of sensitiser potency.

The possible predictive capacity of the DPRA is supported by the data of the original DPRA
submission. On the basis of 133 chemicals, the DPRA classified chemicals as sensitisers or non-
sensitisers (in relation to LLNA data) with an accuracy of 86% (87% sensitivity, 83% specificity).

22
65



66

ANNEX 1 ESAC OPINION

e

References
OECD, Organisation for Economic Cooperation and Development (1992) Skin Sensitisation
Guidelines for Testing of Chemicals No. 406, Paris

OECD, Organisation for Economic Cooperation and Development (2002) The Local Lymph
Node Assay. Guidelines for Testing of Chemicals No. 429, Paris

OECD, Organisation for Economic Cooperation and Development (2010a) Skin Sensitization:
Local Lymph Node Assay: DA, Guidelines for Testing of Chemicals No. 442A, Paris

OECD, Organisation for Economic Cooperation and Development  (2010b) Skin
Sensitization: Local Lymph Node Assay: BrdU-ELISA, Guidelines for Testing of Chemicals No.
4472B, Paris

Landsteiner K & Jacobs J (1936) Studies on the sensitisation of animals with simple
chemical compounds. Journal of Experimental Medicine 64, 625-639

Gerberick GF, Vassallo JD, Bailey RE, Chaney JG, Morrall SW, Lepoittevin JP, (2004)
Development of a peptide reactivity assay for screening contact allergens. Toxicol Sci. 81;
332-43.

Gerberick GF, Vassallo JD, Foertsch LM, Price BB, Chaney JG, Lepoittevin JP, (2007).
Quantification of chemical peptide reactivity for screening contact allergens: a classification
tree model approach. Toxicol Sci. 97, 417-27.

23



ANNEX 1 ESAC OPINION

EURL ECVAM Scientific Advisory Committee

e Dr. Nathalie ALEPEE

e Dr. David BASKETTER

e Dr. Neil CARMICHAEL

e Prof. Jacques R. CHRETIEN
e Prof. Lucio G. COSTA

e Dr. Rodger CURREN

e Prof. A. Wallace HAYES

e Prof. Coenraad HENDRIKSEN
e Dr. Dagmar JIROVA

e Prof. Walter PFALLER

e Dr. Erwin ROGGEN

e Prof. Vera ROGIERS

e Dr. Andrea SEILER

e Prof. Kristin SCHIRMER

e Prof. Ruud A. WOUTERSEN

ESAC Working Group Skin Sensitisation

e Dr. Erwin ROGGEN (ESAC member, Chair of ESAC WG and rapporteur)
e Prof. Walter PFALLER (ESAC member, ESAC Vice Chair)

e Prof. A. Wallace HAYES (ESAC member)

e Dr. Maja ALECSIC (external expert)

e Dr. Emanuela CORSINI (external expert)

e Dr. David LOVELL (external expert)

e Dr. Michael WOOLHISER (external expert)

e Prof. Yong HEO (external expert, ICATM nomination)

Coordination

e Dr. Claudius GRIESINGER (EURL ECVAM Coordinator for ESAC peer reviews and EURL ECVAM
recommendations)

e Dr. Alexandre ANGERS (specific support)

24

67



68

ANNEX 2 ECVAM REQUEST FOR ESAC ADVICE

Annex 2 EURL ECVAM request for ESAC advice

EURL ECVAM request for ESAC advice on an ECVAM-coordinated study
concerning the transferability and reliability of the Direct Peptide
Reactivity Assay (DPRA) for skin sensitisation testing

1. TYPE OF REQUEST

Request Type

Identify request ("YES")

1) ESAC Peer Review
of a Prevalidation Study or Validation Study

YES

If R1)applies please specify further:

PPrevalidation Study

YES

At present (January 2012) ECVAM is conducting a
study of three test methods for skin sensitisation
testing: 1) the Direct Peptide Reactivity Assay
(DPRA), 2) the human Cell Line Activation Test (h-
CLAT) and 3) the Myeloid U937 Skin Sensitisation
Test (MUSST).

The study assesses transferability and
reproducibility of these test methods in view of
their possible future use (e.g. as partial replacement
methods) within an integrated approach for skin
sensitisation hazard identification aiming at the full
replacement of the currently used regulatory in vivo
assays for this purpose. In addition the data
generated in this study will inform possible future
evaluations on the predictive capacity of these
assays.

While assessment of the h-CLAT and MUSST test
methods are foreseen to be completed in 2012, the
evaluation of the DPRA test method was finalised in
2011 and the adopted Validation Study Report is
foreseen to be available by January 2012. ESAC
review will commence in February 2012 employing
the same ESAC WG which is currently (January
2012) peer reviewing the KeratioSens submission.

Prospective Validation Study No

Retrospective Validation Study No

Validation Study based on Performance No

Standards

2) Scientific Advice on a test method submitted to ECVAM for No

validation
(e.g. the test method's biological relevance etc.)

3) Other Scientific Advice

No
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(e.g. on test methods, their use; on technical issues such as cell
culturing, stem cells etc.)

2. TITLE OF STUDY OR PROJECT FOR WHICH SCIENTIFIC ADVICE OF THE ESACIS
REQUESTED

Prevalidation of the Direct Peptide Reactivity Assay (DPRA) for skin sensitisation testing

3. BRIEF DESCRIPTION OF THE STUDY OR PROJECT

1) Background to skin sensitization and current predictive tests

Skin sensitisation is the toxicological endpoint associated with substances that have the intrinsic
ability to cause Allergic Contact Dermatitis, ACD in humans. ACD represents the most common
manifestation of immunotoxicity in humans, i.e. adverse effects of xenobiotics involving the
immune system. The identification of the skin sensitization potential represents an important
component of the safety assessment of any new substance and especially for those intended for
topical application (e.g. cosmetics). Current regulatory predictive tests for skin sensitization rely
on the use of animals, these include:

a) the traditional guinea pig tests: Buehler Test and Guinea-pig Maximisation Test (OECD
TG 406, Ref.1),

b) the Local Lymph Node Assay (LLNA, OECD TG 429, Ref.2) and its recently OECD adopted
non-radioactive variants (OECD TG 422A, Ref.3 and OECD TG 422B, Ref.4).

Despite the progress that has been made in the development of alternative methods for skin
sensitisation hazard identification, there are currently no validated methods available. In
addition none of the tests currently under development/evaluation is able to fully characterise
the relative potency of sensitising substances and therefore, none of these assays is considered
a stand-alone method, capable of fully replacing current animal procedures, in particular as
regards to cosmetics.

The current view therefore is to combine different test methods in order to address different
key mechanisms of skin sensitisation: skin bioavailability, haptenation (the protein binding of
chemicals which triggers immunological responses), epidermal inflammation, dendritic cell
activation and migration, T cell proliferation. Test methods are currently under development
which have been specifically designed to address these key mechanistic steps involved in skin
sensitisation. Before these test methods can be routinely used, e.g. in integrated testing
strategies, their capacity to produce reproducible results needs to be demonstrated as a first
step.

2) Background to the DPRA, h-CLAT, MUSST
DPRA:

The Direct Peptide Reactivity Assay DPRA is addressing one of the key upstream events in the
cascade of mechanisms leading to the induction of skin sensitisation. It measures the ability of
chemicals to react with proteins (haptenation). There is good evidence that haptenation is a
determinant step in the induction of skin sensitisation. Chemical allergens are usually low
molecular weight chemicals which are not immunogenic per se. However, chemical allergens (or
their metabolites, oxidation products) have electrophilic properties that allow them to bind
covalently with the nucleophilic side chains of amino acids of skin proteins to form an
immunogenic conjugate. Already in 1936 this correlation between the reactivity of chemicals
with proteins and their skin sensitisation potential was described (Landsteiner and Jacobs,

26

69



70

ANNEX 2 ECVAM REQUEST FOR ESAC ADVICE

Ref.5) and has in the meantime been extensively described in the literature. This knowledge is
being exploited for the development of several in chemico reactivity assays with relevance for
the testing of sensitisation potential, amongst these the DPRA assay.

The DPRA is designed to screen the sensitisation potential of chemicals by measuring peptide
depletion with UV-HPLC, following incubation of the test chemicals with synthetic
heptapeptides containing either cysteine (peptide/chemical ratio in the reaction mixture 1:10)
or lysine residues (peptide/chemical ratio in the reaction mixture 1:50) (Gerberick 2004, Ref.6).
The average of peptide depletion values for cysteine and lysine are used to classify chemicals
into four reactivity categories: minimal, low, moderate and high reactivity (Gerberick 2007,
Ref.7). Based on the known correlation between haptenation/chemical reactivity and
sensitisation potential, it is assumed that these reactivity classes as predicted by the DPRA may
contribute to the characterisation of sensitiser potency.

The possible predictive capacity of the DPRA is supported by the data of the original DPRA
submission. On the basis of 133 chemicals, the DPRA classified chemicals as sensitisers or non-
sensitisers (in relation to LLNA data) with an accuracy of 86% (87% sensitivity, 83% specificity).

h-CLAT & MUSST

The h-CLAT and MUSST are based on the use of Dendritic Cell (DC)-like cell lines. Using flow
cytometry, these test methods monitor the induction of cell surface markers associated with DC
activation, following exposure to the chemical. In the MUSST, changes in CD86 expression in the
U937 cell line are detected; in the h-CLAT modulation of both CD86 and CD54 expression are
recorded in THP-1 cells.

3) Study goals and design

In the first quarter of 2009 the DPRA was formally submitted to ECVAM together with other two
test methods namely the human Cell Line Activation Test (h-CLAT) and the Myeloid U937 Skin
Sensitisation Test (MUSST), developed by companies associated with the European Cosmetics
Association (Colipa) and optimized within Colipa ring trials. Following detailed scientific
assessment of the information submitted, ECVAM judged the three methods to be mature
enough to enter the ECVAM validation process.

In September 2009 a formal study on the three above mentioned test methods was launched,
with the main overall objective to evaluate their transferability and reliability (reproducibility
within and between laboratories) when challenged with 24 coded chemicals.

As a secondary goal of the study, the experimental data will be used to perform:

a) A preliminary evaluation of the ability of each of the three tests to reliably discriminate skin
sensitising (S) from non-sensitising (NS) chemicals as defined by the Globally Harmonised
System (GHS, Ref. 6) for the classification and labelling of substances for skin sensitisation
(category 1; no category) and as implemented in the European Commission Regulation (EC) No
1272/2008 (Ref.8) on classification, labelling and packaging (CLP) of substances and mixtures.

b) Where possible, a preliminary consideration of the ability of each of the three tests to
contribute to sub-categorisation of skin sensitising chemicals, e.g. into Sub-category 1A (strong
sensitisers) and Sub-category 1B (other sensitisers) as adopted in the 3rd revised version of the
GHS.

The study experimental design foresees the testing of the 24 coded test items in each of the
three participating laboratories for the assessment of the between-laboratory reproducibility. A
subset of 15 of these chemicals are being tested two additional times in each laboratory for the
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evaluation of within-laboratory reproducibility.

With respect to ECVAM's modular approach of validation (Hartung et al., 2004, Ref.10) the
study will provide information on module 1) test definition, module 2) within laboratory
reproducibility, module 3) transferability and module 4) between laboratory reproducibility. In
addition, the data generated will provide preliminary information on module 5) predictive
capacity; however, the number of chemicals tested is based on statistical considerations related
to the evaluation of the reproducibility, and a larger sample size would be required for module
5 to be considered fulfilled.
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4.
4.1

OBIJECTIVES, QUESTIONS, TIMELINES
OBIJECTIVE

Objective

Why does ECVAM
require advice on
the current issue?

method.

The opinion of ESAC should support ECVAM with respect to the development of
recommendations regarding the reliability (transferability, within and between
laboratory reproducibility) of the DPRA and the potential regulatory use of the test
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In addition the ESAC should advice with regard to the possible necessary further
work required (in relation to predictive capacity, applicability, limitations of the
test method) to assess the potential contribution of the DPRA to a future (not yet
designed) testing strategy or test battery that would aim to achieve full
replacement of the currently used animal tests for skin sensitisation hazard
assessment.

Moreover, based on the evaluation of the data submitted, the ESAC should
provide advice on the potential usefulness of the DPRA test method within a
testing strategy for skin sensitisation testing and the proper scientific use of the
test method within such a testing strategy (e.g. with respect to its specific
applicability and limitations). It is explicitly noted that the ESAC is not requested to
suggest the precise placing of the submitted method in a hypothetical ITS, but
rather to provide advice on the characteristics of the method relevant for its
subsequent integration into an ITS at a later point in time (i.e. when other
buildings blocks of such an ITS are known).

4.2 QUESTION(

S) TO BE ADDRESSED

Questions

What are the
questions and
issues that should
be addressed in
view of achieving
the objective of
the advice?

1) DESIGN & CONDUCT OF STUDY: The ESAC is requested to review whether the
prevalidation study was conducted appropriately in view of the objective of the
study. The study objective was to assess

(1) the reproducibility of the DPRA method within one laboratory

(2) its transferability to other laboratories

(3) its reproducibility in other laboratories (BLR).

(4) Furthermore, the study aimed at assessing, in a preliminary manner, the
predictive capacity of the test method

When reviewing the design and conduct of the study, the following issues should
be addressed in particular:

Clarity of the test definition (module 1)

Clarity of the definition of the study objective

Appropriateness of the study design in view of study objective, inter alia:

Is the number of tested chemicals (24) sufficient for the purposes of the study?
Are the reference data used for assessing in particular the predictive capacity
appropriate and of good quality?

Was the identification of chemicals conducted in an appropriate manner (i.e.
presence or absence of selection criteria, justification etc.)?

Is the adverse effect range of the selected chemicals appropriate for the purpose
of the study

In case of gaps (chemical class etc.) — are these justified?

Is the number of laboratories sufficient?

Appropriateness of the study execution (e.g. were there pre-defined acceptance
criteria, were these respected? How were exceptions / deviations handled? Were
provisions specified for retesting? Was the number of repetitions sufficient? etc.)
Appropriateness of the statistical analysis used for analysing WLR, transferability,
BLR and (preliminary) predictive capacity.

2) CONCLUSIONS OF STUDY: The ESAC is requested to assess whether the
conclusions, as presented in the Validation Study Report, are substantiated by the
information generated in the study and are plausible with respect to existing
information and current views (e.g. literature).

In particular:
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Are the conclusions on reproducibility (WLR and BLR) as well as transferability
justified and plausible?

Are the conclusions on preliminary predictive capacity justified and plausible with
respect to existing information

Are there possible gaps between study design and study conclusions which
remain to be addressed in view of the suggested conclusions / use (see also point
3)?

Do the data generated with this defined set of chemicals and available existing
evidence provide sufficient information on applicability and possible limitations
of the test method, in particular in view of its potential use within an ITS for
sensitisation?

3) SUGGESTED USE OF THE TEST METHOD: The ESAC is requested (a) to evaluate,
on the basis of the data submitted in the validation study, the possible use of the
test method (also within a strategy) to identify skin sensitisers, (b) to make
additional recommendations (as required) on the proper scientific use of the test
method within such a strategy taking specific aspects of this method into account
(e.g. applicability, limitations etc.) and (c) to identify possible further information
required (i.e. are there gaps) to be able to conclude on the plausibility of the
suggested use (including within an ITS).
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4.3 TIMELINES

Timelines Timeline Indication
concerning this Finalised ESAC Opinion required by: ESAC 37, 6/7 October 2012 or before
request through written procedure
When does Request to be presented to ESAC by YES, before ESAC 36 (20/21 March
ECVAM require written procedure (e.g. due to 2012)
the advice? urgency) prior to the next ESAC
Request to be presented to ESAC at NO
ESAC plenary meeting
5. ECVAM PROPOSALS ON HOW TO ADDRESS THE REQUEST WITHIN ESAC

5.1 ECVAM PROPOSAL REGARDING REQUEST-RELATED STRUCTURES REQUIRED

Specific
structures
required within
ESAC to address
the request

Does the advice
require an ESAC
working group, an
ESAC rapporteur
etc.?

Structure(s) required

Required according to ECVAM? (YES/NO)

1) ESAC Rapporteur NO
2) ESAC Working Group YES
3) Invited Experts YES

Ad 3): If yes — list names and
dffiliations of suggested
experts to be invited and
specify whether these are
member of the EEP

If other than above (1-3):

5.2 DELIVERABLES AS PROPOSED BY ECVAM

Deliverables
What deliverables
(other than the
ESAC opinion) are
required for
addressing the
request?

Title of deliverable other than
ESAC opinion

Required? (YES/NO)

D1 ESAC Rapporteur Report NO
and draft opinion
D2 ESAC Peer Review Report YES
and draft opinion
If other than above (D1-D2): NO
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6.

LIST OF DOCUMENTS TO BE MADE AVAILABLE TO THE ESAC

Count

Description of document

Available (YES/NO)

File name

OECD, Organisation for Economic
Cooperation and Development
(1992) Skin Sensitisation Guidelines
for Testing of Chemicals No. 406,
Paris

YES

ER2011-03_TG 406

OECD, Organisation for Economic
Cooperation and Development
(2002) The Local Lymph Node Assay.
Guidelines for Testing of Chemicals
No. 429, Paris

YES

ER2011-03_TG 429

OECD, Organisation for Economic
Cooperation and Development
(2010a) Skin Sensitization: Local
Lymph Node Assay: DA, Guidelines
for Testing of Chemicals No. 442A,
Paris

YES

ER2011-03_TG 442A

OECD, Organisation for Economic
Cooperation and Development
(2010b) Skin Sensitization: Local
Lymph Node Assay: BrdU-ELISA,
Guidelines for Testing of Chemicals
No. 442B, Paris

YES

ER2011-03_TG 442B

Gerberick GF, Vassallo JD, Bailey RE,
Chaney JG, Morrall SW, Lepoittevin
JP, (2004) Development of a peptide
reactivity assay for screening contact
allergens. Toxicol Sci. 81; 332-43.

YES

ER2011-03_scientific
paper on DPRA

Gerberick GF, Vassallo JD, Foertsch
LM, Price BB, Chaney JG, Lepoittevin
JP, (2007). Quantification of chemical
peptide reactivity for screening
contact allergens: a classification
tree model approach. Toxicol Sci. 97,
417-27.

YES

ER201-03_DPRA
Classification Tree
Model
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7. TERMS OF REFERENCE OF THE ESAC WORKING GROUP

7.1 ESTABLISHMENT OF THE ESAC WORKING GROUP

During its 34™ meeting on March 22-23 the ESAC plenary unanimously decided to establish an
ESAC Working Group Sensitisation charged with the detailed scientific review of four test
methods for skin sensitisation.

7.2 TITLE OF THE ESAC WORKING GROUP

Full title:

ESAC Working Group on Skin Sensitisation Test Methods

Abbreviated title:

ESAC WG Sensitisation

73 MANDATE OF THE ESAC WG

The EWG is requested to conduct a scientific review of the relevant studies concerning four skin
sensitisation test methods (DPRA, MUSST, h-CLAT, Keratinosens). The review needs to address
the questions put forward to ESAC by ECVAM.

The review should focus on the appropriateness of design and conduct of the study in view of
the study objective and should provide an appraisal to which extent the conclusions of the
Validation Management Team (VMT) / test method submitter are substantiated by the
information generated during the study and how the information generated relates to the
scientific background available.

7.4 DELIVERABLE OF THE ESAC WG

The ESAC WG is requested to deliver to the chair of the ESAC and the ESAC Secretariat a
detailed ESAC Working Group Report outlining its analyses and conclusions. A reporting
template has been appended (Appendix 1) intended to facilitate the drafting of the report.
The conclusions drawn in the report should be based preferably on consensus. If no consensus
can be achieved, the report should clearly outline the differences in the appraisals and provide
appropriate scientific justifications.

The WG is further asked to prepare a draft ESAC opinion as basis for the discussions by the

entire ESAC, which shall adopt its opinion to the extent possible by consensus and on the basis
of the ESAC WG report as well as all documents that were made available to the WG as well as
to all ESAC members.

7.5

PROPOSED TIMELINES OF THE ESAC WG
The following timelines have been proposed by ECVAM. These should be agreed upon during
the face-to-face meeting (Item 1 in the table):

Item | Proposed date/time Action Deliverable
1 1-3 February Face to face meeting 1)Input on draft
mandate
2) Initial drafting of
report
2 20./21. March Progress report of WG Chair at Presentation / oral
ESAC36 summary
3 14 May Final report to be delivered to Final draft report
ESAC Coordinator/Secretariat.
4 8 June Feedback from ESAC to WG on Feedback on final draft
draft report (written procedure) report
5 29 June Final draft report available Final report
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7.6 QUESTIONS WHICH SHOULD BE ADDRESSED BY THE ESAC WG

The ESAC WG is requested to address the three questions posed to the ESAC which have been
broken down further in more specific questions by Secretariat (see section 4.2) and were
discussed with the ESAC WG and approved by the ESAC.

When preparing the final ESAC WG report to address these questions, the ESAC WG is
requested to use a pre-defined reporting template. This template (see appendix 1) follows
ECVAM's modular approach and addresses to which extent the standard information
requirements have been addressed by the study. In addition, the template allows for addressing
the specific questions outlined in section 4.2. The Secretariat will provide guidance if necessary.

APPENDIX 1 REPORTING STRUCTURE FOR THE ESAC WG REPORT

The following suggested structure follows the ECVAM information requirements ("modules") for
scientific review following validation and allows at the same time for the description of the
analysis and conclusions concerning more specific questions. A template has been created on
the basis of the structure below and this template will be made available to the ESAC.

The template can be used for various types of validation studies (e.g. prospective full studies,
retrospective studies, performance-based studies and prevalidation studies). Depending on the
study type and the objective of the study, not all sections may be applicable. However, for
reasons of consistency and to clearly identify which information requirements have not been
sufficiently addressed by a specific study, this template is uniformly used for the evaluation of
validation studies. The current template is version 5.

END OF EURL ECVAM RECOMMENDATION
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Abstract

Identification of the skin sensitisation hazard of chemicals has traditionally relied on the use of animals. Progress in the
development of alternative methods has been prompted by the increasing knowledge of the key biological mechanisms
underlying this human health effect, as documented by the OECD's recent report summarising the key biological events
leading to skin sensitisation ("Adverse Outcome Pathway" (AOP) for skin sensitisation). The molecular initiating event
defined within this AOP is the covalent binding of chemicals with skin proteins. Thus peptide reactivity assays may
provide valuable information in the context of integrated approaches such as Weight of Evidence (WoE) or Integrated
Testing Strategies (ITS) for skin sensitisation hazard and safety assessment. Based on these considerations, EURL ECVAM
coordinated a validation study on the Direct Peptide Reactivity Assay (DPRA) addressing mainly the test method's
transferability and within- and between-laboratory reproducibility. Following independent scientific peer review by the
EURL ECVAM's Scientific Advisory Committee (ESAC) and having considered the input from regulators, stakeholders,
international partners and the general public, EURL ECVAM concluded that the DPRA may prove a valuable component
of a WoE or ITS for skin sensitisation hazard assessment. In addition to this, the DPRA may also be able to contribute to
the assessment of sensitising potency, e.g. by supporting sub-categorisation of sensitisers according to UN GHS.
However it is recognised that further efforts are required to explore how DPRA data may contribute to potency
assessment.
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