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QSAR TOOLBOX

Background
AOP concept and description

AThe OECD has developed the AOP concept as a means of
providing transparent mechanistic justification and weight -of-
evidence to reduce uncertainty In the predictions for complex
toxicological endpoints and it is considered to be the focal point of

the future development of the Toolbox* .

PHASE 3 ACTIVITIES FOR THE

(Q)SAR APPLICATION TOOLBOX

*Slide presented on last MG WebEx (April 2013)

Scientific Development
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QSAR TOOLBOX

Background
AOP concept and description (contd.)

A A proof -of-concept AOP for skin sensitization is implemented in
Toolbox

A The AOP scheme is a directed graph including a sequence of roots
A The AOP workflow uses filtered Toolbox functionalities

ANew endpoint -specific AOP databases and profilers are
implemented in Toolbox

A The implemented AOP scheme is used only to demonstrate two
examples using AOP functionalities based on data rich chemicals
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QSAR TOOLBOX

Objectives

This presentation demonstrates a number of functionalities of
the Toolbox*

A‘Simulating skin metabolism for the target chemical

Aldentifying analogues of the active metabolite

APredicting sensitization potential for potentially active metabolites
AAssigning of the prediction for the metabolite to the parent chemical

APredict skin sensitization potential using implemented AOP

*Demonstrated examples are obtained with Toolbox v3.2

Disclaimer - for the purposes of the tutorial on the use of the workflow and do not represent a guidance on the prediction for the
particular chemicals which are rich in data in each node of the workflow
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QSAR TOOLBOX

Overview of implemented AOP scheme

Key node Key event

@ Protein binding alerts Protein bindingg in
- silico/theoretical

Vv

in chemicdeptide depletion assay DPRA (Cys)

in chemicdeptide depletion assay DPRA (Lys) Protein binding

potency in chemico

@ in chemicdGlutathione depletion assay GSH (RC50)

in chemiccAdduct formation assay @S
@ in vitroKeratinocyte ARE (EC1.5, EC2, EC3)
in vitro Dendritic cell activity assay®LAT (expression of CD54 and CDg¢) —>  Cellular response

in vitro Dendritic cell activity assay MUSST (expression of CD86)

Organ response

Vv

@ in vivoOrgan response (LLNA)

Vv

@ in vivoOrganism response (GPMT) Organism response
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QSAR TOOLBOX

Overview of the AOP scheme as implemented in Toolbox
Details of AOP window

Panel with
predictions/measured data
assigned to the selected node

] o
—

eictions bucket
M: Strong sensitizer

Panel with full
names of nodes

Full names

1 - Protein binding alerts

2a - in chemico Peptide depletion assay DPRA (Cys)

2b - in chemico Peptide depletion assay DPRA (Lys)

2c - in chemico Glutathione depletion assay GSH (RC50)

2d - in chemico Adduct formation assay LC-MS

3 - in vitro Keratinocyte ARE (ECL.5, EC2, EC3)

4a - in vitro Dendritic cell activity assay h-CLAT (expression of CD54 and CD8¢t
4b - in vitro Dendritic cell activity assay MUSST (expression of CD86)

5 - in vive Organ response (LLNA
6 - in vivo Organism resp

Indication for
assigned prediction

AOP tree scheme

Target chemical Info panel Color |egend % About Unassigned predictions budket
Node short name: 6 -
NH; Node full name: in vive Organism response (GPMT) I —
Relevant databases:

Skin sensitization

Skin sensitization ECETOC

Associated endpoint tree positions:
Human Health Hazards#Sensitisation

O

Panel with

. . Panel with
information for

N2 Encpont=S M/ 1 ected nod unassigned
553y = . .
Type of method=In Vivo selected node predictions
Organ=35kin

Target
chemical

Associated profiles: — Short description oy
1: Protein binding alerts for skin sensitization by OASIS v1.1 o

A - Na Donat
1: —r_[:Etsidishzn seﬁﬁzaﬁon y 15 15 The ::;evse outcome pathway for skin sensitisation elicited by covalent binding to proteins " 0r(s‘)l'he Organization for Economic Co-Operation and Development (OECD)

Scale type 'Ordinal'

The OECD QSAR Toolbox for Grouping Chemicals into Categories

2: Scale name 'Skin sensitisation IV (GPMT)

Passed: Strong sensitizer [Moderate sensitizer
Mot passed: Weak sensitizer |Non sensitizer

The first key event is the molecular interaction with skin proteins, the site of
action. Specifically, the target chemical or a metabolite o abiotic transformation
product of the target chemical covalently binds to cysteine and/or lysine
residues. The second key event takes place in the keratinocyte. This includes
nenA Avnressinn assnriatad with narticular rell sianallinn nathwas (-
Disclaimer
“This in siico method examined the potential for direct- and indirect-acting electrophiles to covalently
reactive with skin proteins containing both a cysteine and lysine residue. Relevance to skin
sensitization of the different in chemica or in vitro method is inferred from the foct that each
represents a wel establsh intermediate event related to the Local Lymph Node Assay or other in
vivo assays for skin sensitisation,

- 4 . . . . Short description
2: TIMES: Skin sensitization v. 16. 16 with autoxidation Author(s)
h Lona :t” ch"”sef "”tm"’”f R‘a‘“”a‘f (AQP) is t"fa bt g of a“’ezf f’”’;‘ fha chemical ~ | 6een (2012), The adverse outcome pathway for skin sensitization initiated by covalent binding to
Thres] ructure of a target chemical or group of similar chemicals through the proteins. Part 1 scientific evidence. OECD Environment, Health and Safety Publications Series on
- . . molecular initiating event to an in vive outcome of interest. Each AOF represents i o -
1: Scale name 'Skin sensitisation II (ECETOC) the existing knowledge concerning the linkage(s) between a molecular initiating TS
. " event, intermediate events and an adverse outcome at the individual or E
Scale type 'Ordinal
population level.
. Knawledge of the AOP for skin sensitisation elicited by covalent binding of
Passed: Positive substances to proteins, especially thiol (-SH) and primary amine (-NHz) moisties =
i has evolved rapidly over the past decade and may be summarised as eleven Detal
Mot passed: Negative SerE e ol vl o eonils o oy e I ——
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QSAR TOOLBOX

Overview of the AOP scheme as implemented in Toolbox

—@r

|G

[ AOP: skin sensitisation ]

e

\

MIE: protein binding ]

In chemico : protein binding potency h
Meptide depletion assay DPRA (  Cys)
Aeptide depletion assay DPRA (Lys)
AGlutathione depletion assay GSH (RC50)
\ Andduct formation assay LC -MS )

) Invitro : gene expressionin  keratinocytes ARE

(In vitro : cytokine profiles in dendritic cells )
Mendritic cell activity assay h  -CLAT
(expression of CD54 and CD86)

Mendritic  cell activity assay MUSST
\_ (expression of CD86) )

Invivo : Organ response (LLNA)

In vivo : Organism response (GPMT)
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QSAR TOOLBOX

Overview of the AOP scheme as implemented in Toolbox

Implemented thresholds for the AOP nodes

A Thresholds are implemented for each AOP node
A Each threshold is indicated within description panel of the AOP node
A Threshold are identified based on assay data related to the corresponding node

A The status of the each node (passed/not passed) depends on the implemented
thresholds

A Thresholds of the AOP nodes determined by expert group are provided on the
slide 15:

rhresholds:
1: Scale name 'Keratinocytes gene expression EC (ordinal)’
Scale type 'Ordinal’
Passed: Very High |High|Moderate |Low
Mot passed: MNegative
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QSAR TOOLBOX

Overview of the AOP scheme as implemented in Toolbox

Implemented thresholds for the AOP nodes

Data thresholds Node status: Pass Node status: Not pass

1- Protein binding alerts

2aand 2b in chemico DPRA Cys
and Lys

2c - in chemico Glutathione
depletion assay GSH (RC50)

2d - in chemico Adduct
formation assay LC -MS

3 - invitro Keratinocyte ARE
(EC1.5, EC2, EC3)

4a and 4b invitro Dendritic cell
activity assay h -CLAT and
MUSST (expression of CD54 and
CD86)

5 - invivo Organ response
(LLNA)

6 - invivo Organism response
(GPMT)

Peptide depletion, PD (%) > 80 - High

40%0 PD Oi8Ndderate
5%0 PD O4 Qow
5%< PD 71 Not reactive

RC50 (mmol /L) O 0 . Oi 9EStremely reactive

0. 1 RCB0 O 0 . i9Mighly reactive
1 @c50 O 1i5 Moderately reactive
16 RC50 O 7i0Slightly reactive
70.1 O RC50 O 1 3i5Suspect
RC50 > 135 i Not reactive

Adduct formation (%) O 3 0 %Positive
Adduct formation (%) <30% - Negative

EC3 ( %) iO/ergHigh

20 > EC3i Bigh50

50 > EC3 Oi Wdérate
100 > EC3 iOLo®@0O0O
EC3 >2000 - Negative

expression of CD54 and CD86
Positive
Negative

00 EC3 ( %)i Peshi@
EC3 >50 - Negative

Data provided:
Strong sensitizer; Moderate sensitizer;
Weak sensitizer; Non sensitizer

The OECD QSAR Toolbox for Grouping Chemicals into Categories

presence of alert

High |Moderate | Low

Extremely Reactive| Highly
Reactive | Moderately
Reactive | Slightly Reactive

Positive

Very High [High| Moderate
Low

Positive

Positive

Strong sensitizer [Moderate
sensitizer

28.01.2014

absence of alert

Not Reactive

Suspect | Not Reactive | Not
reactive at saturation

Negative

Negative

Negative

Negative

Weak sensitizer [Non
sensitizer
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QSAR TOOLBOX

Outlook
A Background

A Objectives
A Overview of AOP scheme as implemented in the Toolbox
A The exercise

AExampIe 1: 3,7 -dimethyl -7-hydroxy -octanal (CAS 107 -75-5)

Alnput
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QSAR TOOLBOX

Chemical Input
Input Screen

AOpen the Toolbox.

AThe six modules in the workflow are seen listed next to
NQSAR TOOLBOXo titl e.

ACIickon Al nput o (see next screen
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QSAR TOOLBOX

Chemical Input
Input target chemical by CAS#

[~ QSAR Toolbox 3.20

7
QSAR TOI @ 13 E

} Input ¥ Profiling

Document Single Chemical

D Enter chemical by CAS # (F4)

Enters a single chemical by its
CAS number.

If the number is not a valid CAS
number the content of the field
will be colored in red.

& Press F1 for more help.
Physical Chemical Properties
EHEnvironmental Fate and Transport

cotoxicological Information
FHHuman Health Hazards

1. Click on CAS#
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QSAR TOOLBOX

Chemical Input
Enter CAS# 107-75-5

The Toolbox now searches the databases to find out if the CAS# you entered is linked

to a molecular structure stored in the Toolbox. It is displayed as a 2 -demensional depiction
107-75-5 =  |°] Tautomeric sets | ] Search | E " OK i [ X Cancel ]
N\
[ selectan | Clear! 1 Wert Selection 5elected10ﬁ 2 3
Selected  Cas SMES Depiction EEs CAS/Name 2D/Name CAS[2D
e T g
1 C-h 1 F’-h'
2: De 2: Sk
3: ke 3 ME
4:ME 4:US
we. CF 1:3,7-di 5:Ph 50 Ch g
) an 2: hydros 6: Sk 6: De
 107-75-5 ce{ceee o 3: 7-hydt  7:5k 7:iKe
Yes y 4+ gctan: 8. Us g: sk
° S: 7-hydi 3: High ¢ 3: High ¢
1:EC  1:RE
2:RE  2:EC
4: High € 4: High

1. Enter

the CAS# In the blank field; 2. Click Search button ; 3. Press OK

The OECD QSAR Toolbox for Grouping Chemicals into Categories 28.01.2014
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QSAR TOOLBOX

Chemical Input
Target chemical identity

ADoubIe cick i Subst daddeat dsplagys the chemical
identification  information

AThe user should note that existing names of the target
chemical are presented in different colours. This
indicates the reliability of relation CAS-Name for the
target chemical(see next screen shots) .

AThe workflow on the first module is now complete, and
the user can proceed to the next module .
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QSAR TOOLBOX

|7 QSAR Toolbox 3.20.72
Q Ibox 3.

QSAR TOOLBOX

Document

««0 SElECE filter fype .. Create

Apply

The OECD QSAR Toolbox for Grouping Chemicals into Categories

Chemical Input
Target chemical identity

i I
(o
» Profiling

Filter endpaint tree. ..

£, & e

10100
» Endpoint » Category Definition  » Data Gap Filling

Chemical List

Structure

Substance |dentity
CAS Number
Chemical IDs

Chemical Name

Structural Formula
EPhysical Chemical Properties

[HEnvironmental Fate and Transport

EHEcotoxicological Information
[MHHuman Health Hazards

Einecs Number:20.\
3, 7-dimethyl-T-hyd..
T-hydroxycitronellal
octanal, 7-hydroxy...
T-hydroxy-3,7-dim....
CC{CCCC(C)C)0).

28.01.2014
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QSAR TOOLBOX

Chemical Input
Target chemical identity

The colour code indicates the reliability of the chemical identifier

AGreen . There is a high consistency between the identifier and
the structure . This colour is applied if the identifier is the same in
several quality assured databases .

There is only a moderate consistency between the
identifier and the structure . The colour is applied if the identifier
Is the same in several databases for which the quality assurance
could not be established .

ARed: There iIs a poor consistency between the identifier and the
structure . The colour is applied if the identifier is allocated to
different structures in different databases .
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QSAR TOOLBOX

Outlook
A Background

A Objectives
A Overview of AOP scheme as implemented in the Toolbox

A The exercise
AExampIe 1. 3,7 -dimethyl -7-hydroxy -octanal (CAS 107 -75-5)
Alnput

AActivate AOP and set target
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QSAR TOOLBOX

Activate AOP
Set target chemical for AOP

—
. QSAR Toolbox 3.2.0.74 alpha

& S
QSAR TDOLBOX 10100

» Profiling » Endpoint » Category Definition » Data Gap Filling

Document Single Chemical Chemical List
N

New Name Structure

Documents.

-Documen

Structure

EHSubstance |dentity 3 Skin Sensitizatio [E=E

Full
EHuman Health Hazards ull names

1 - Protein binding alerts

Hlrmitation / Corrosion 2a - in chemico Peptide depletion assay DPRA (Cys)
) 2b - in chemico Peptide depletion assay DFRA (Lys)
HSensitisation 2¢- in chemico Glutathione depletion assay GSH (RC50)
2d - in chemico Adduct formation assay LC-MS
Hid I 3 - in vitro Keratinocyte ARE (EC1.5, EC2, EC3)
e 4a - in vitro Dendritic cell activity assay h-CLAT (expression
. 4b - in vitro Dendritic cell activity assay MUSST (expression
Show hidden 5 - in vivo Organ response (LLNA)
6 - in vivo Organism response (GPMT)
Collapse all
. v
Sort (targets priority) SR  about ) Unassigned predictons bucket
Sort ’ I
Function... L4
Set tree hierarchy... QQ( ‘]
- = ——————)|
|4 Export CAS list 5
ccfccco(o){c)oicc=0 @
Export 4
Copy path
Activate AOP

1. Filter endpoint tree i write skin in the green filed

2. Expand the tree 71 open the tree to the Sensitization node
3. Right click near the AOP label Continued on the
4. Select activate AOP 5. AOP window appears next slide
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QSAR TOOLBOX

Activate AOP
Set target chemical for AOP

[~ QSAR Toolbox 32.

w5
QSAR TOOLBOX @ E

}» Input » Profiling » Endpoint } Category Definition ) Data Gap Filling

Document Single Chemical Chemical List
ALY ] . 3 2

Structure 3 C ; ChemIDs 0B

1 [target]

e

e
Structure j_F)( Erais
b

ElSubstance Identity

Add to Study Pad Skin Sensitization
[FHuman Health Hazards Ful names
‘ 1 Select all as targets 1 - Protein binding alerts
Irmitation / Corrosion . 9
FSensitisation B2 ! Remareallosflaget 2 n chmics Popid deplton asso DPRQS%y&)CW)
- - c - in chemico Glutathione depletion assay
Skin % Editand add target 2d - in chemico Adduct formation assay LC-MS

3 - in vitro Keratinocyte ARE (EC1.5, EC2, EC3)

Add target 4 43 - in vitro Dendritic cell activity assay h-CLAT (expressiy
. 4b - in vitro Dendritic cell activity assay MUSST (expressii
Add in category L4 5 - in vivo Organ response (LLNA)

|22 - in chemico Peptide depletion assay DPRA (Cys) \\

6 - in vivo Oraanism response (GPMT)

X Delete

X Delete all except current

Info panel (—About ) Unassigned predictions bucket

H Save to SMIfile (DayLight format)
[ Saveto SMifile
& Print structures
- Export data for targets
| Export CAS list

' Query tool matrix Ctrl+F:

1. Right click over the structure and select A SeAOPt ar get o
2. The target chemical appears in the AOP window
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QSAR TOOLBOX

Outlook
A Background

A Objectives
A Overview of AOP scheme as implemented in the Toolbox

A The exercise
AExampIe 1. 3,7 -dimethyl -7-hydroxy -octanal (CAS 107 -75-5)
Alnput

AActivate AOP and set target
AWorkrow process
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QSAR TOOLBOX

Workflow process

A Workflow process start from molecular initiating event to the in
vivo organism respond

MIE: In chemico:

protein In vitro In vitro - In vivo : In vivo :
protgln binding gene cy';(_)lkm_e Organ Organism
binding expression protiles In

potency dendritic response response

assays assay cells (LLNA) (GPMT)
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QSAR TOOLBOX

Workflow process
Step 1. MIE: protein binding

Example 1

Start with profiling of target chemical

-
 QSAR Toolbax 3.2.0.74 alpha [Documel
0 4 DLEBO & ) é

i | Skin Sensitization 2

1 Full names
Prote i d J ale

[ skin W‘ 2a - in chemico Peptide depletion assay DFRA (Cys)
I 2b - in chemico Peptide depletion assay DPRA (Lys)
=——— = — = 2c - in chemico Glutathione depletion assay GSH (RC50)

e 2d - in chemico Adduct formation assay LC-MS E
Structure 3 - in vitro Keratinocyte ARE (EC1.5, EC2, EC3)
4a - in vitro Dendritic cell activity assay h-CLAT (expressis
v 4b - in vitro Dendritic cell activity assay MUSST (expressil

5 - in vivo Organ response (LLMA)

HSubstance Identity Invi :
HHuman Health Hazards . 6 - in vivo Organism response (GPMT)
Target chemical Info panel [ About ] Unassigned predictions bucket

Hirritation / Corrosion
Node short name: 1

L woé
HSensitisation . _ HNode full name: Protein binding alerts
Relevant databases:

Skin
e == Associated profiles:
1: Protein binding alerts for skin sensitization by OASIS v1.2
2: Protein binding by OECD

- Associated simulators:
1: Autoxidation simulator

0100

(0

m. | »

v | Protein binding alerts for.skin sensitization

1. Open Profiling
———— 2. Select node #1 related to MIE.
arr - pmammml | | 3. Relevant profilers are highlighted, select highlighted profilers

W simulated
u

widation simulator (alkaline medium) 4 . Ap p Iy Se I ected p rOfI I e rS

[ I
]
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QSAR TOOLBOX

Workflow process
Step 1. MIE: protein binding

Example 1

Start with profiling of target chemical

Full names

L=nnen g‘
Predictions bucket

prof, res: "Schiff Base Formers™,’
prof, res: "Schiff base formation’

- in chemico Peptide depletion assay DPRA (Cys)
2b - in chemico Peptide depletion assay DPRA (Lys)
- 2c - in chemico Glutathione depletion assay GSH (RC50)
QSAR TOOLBOX i L‘I‘l 2d - in chemico Adduct formation assay LC-MS

} Profiling » Endpoint [WOTTRREr IS | 3 - in vitro Keratinocyte ARE (ECL.5, EC2, EC3)

- in vitro Dendritic cell activity assay h-CLAT (expressii
- in vitro Dendritic cell activity assay MUSST (expressi| ||
3 - in vivo Organ response (LLNA) :
6 - in vivo Organism response (GPMT) i

m

Profiing Profiing Schemes

¥

Apply

a7 I ] v |« [ k

Unassigned predictions bucket

Target chemical Info panel

Node short name: 1
Node full name: Protein binding alerts
mo, T Relevant databases:
i =" Associated profiles:
1: Protein binding alerts for skin sensitization by OASIS v1.2
2: Protein binding by OECD
Associated simulators:
1: Autoxidation simulator -

? filtering :Filter endpoint tree...

Profiling methods

Select All Unselect All

General Mechanistic

Structure

0,

[HSubstance ldentity
[HPhysical Chemical Properties
[HEnvironmental Fate and Transport
[HEcotoxicological Information
EHuman Health Hazards

ElACute Toxicit _ _ 1.The target chemical has protein binding alert according

remcacinf momaton [ to both protein binding profilers

) The nodes satus s ben aomatclly changed 0 2.The node is automatically changed to passed based on

B both profiling outcome results and implemented thresholds (see
2 o] slide #14-15). Click OK

skin sensitization by QASL|

| = 3. Prediction assigned to the selected node appears in
HEToxicity to Reproduction the panel n p re d | lm m (1% lo €@ t (0}
“HToxicokinetics, Metabolism and Distribution

Metabolism/Transformations OProfile
General Mechanistic
M simulated A‘i Schiff Base Formers
Protein binding by OECD Schiff Base Formers == Direct Acting Schiff Base Formers
M Autnsidation simulator (alkaline medium) Schiff Base Formers >> Direct Acting Schiff Base Formers >> Mono-carbonyls
Endpoint Specific

i Schiff base formation

Protein binding alerts for skin sensitization by O4 .. Schiff base formation >> Schiff base formation with carbonyl compounds
Schiff base formation = Schiff base formation with carbonyl compounds == Aldehydes

29
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QSAR TOOLBOX

Workflow process
Molecular initiating events

Example 1

AThe node MIE is passed due to the presence of protein
binding alert identiflied for the target chemical by the two
protein binding profilers

AThe workflow should move further to the in chemico assays
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