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Avian reproduction study
(OPPTS 850.2300; OECD 206)

$>250,000
>30 weeks to perform
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High throughput toxicology
* > 600 in vitro assays

* days

*=$20,000
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ToxCast

> 600 assays, >2000 chemicals,
01

| ~500 Total Endpoints |

wEPA ToxCast HTS Assays

United States

ir;\::::msma\ Protection Ce"ularAssayS = 1 536 Wel' HTS
Biochemical Assays Cell lines .
. HepG2 human hepatoblastoma * 1 0,000 Chem|Ca|S
Protein families A549 human lung carcinoma
it -

Eitas HEK 293 human embryonic kidney 25 assays per year

NB Primary cells

Kinase Human endothelial cells

Phosphatase Human monocytes

Protease Human keratinocytes

Other enzyme Human fibroblasts

Human proximal tubule kidney cells

ahaL L, Human small airway epithelial cells
Transporter Rat hepatocytes
Mouse embryonic stem cells (Sid Hunter)
Assay formats - =

Radioligand binding Biotransformation competent cells A e

Primary rat hepatocytes
Enzyme activity M petecy

Primary human hepatocytes United States
Co-activator recruitment i P y &E A‘;"ﬂ:y“'“""" Frotection @‘ % uNlE“su I\IC( \Q;c : Ilmiy'ﬁ!
v, 'lﬂ‘ﬂ I'"“.m..“l. P
¢ ™~

v ealth
Assay formats N e —
Primarily Human / Rat Cytotoxicity
Exception: Zebrafish development (Stephanie Padilla) Reporter gene
Gene expression 13
Office of Research and Development Biomarker production

Computational Toxicology Research Program i 1 i
High-content imaging for cellular phenotype
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Assay Explorer:

HEMIC

g

HOME

Assay Endpoint

cox

WS _ENZ_oCOR1_Ackivator
WYS_ENZ_oCO%2

YS_ENZ_0CORZ_Activatar

CASRN Chernical Mamme Activity Call Q EMAZ logacso B T M

53-86-1 Indomethacin Active equals 100 -1.23 -10 91.7 1.02

15307-79-6 Diclofenac sodium Active equals 0.1%6 100 -0.808 -4.34 101 1.17
6153646 Quytetracycling difydrate Active &quals 0,733 95.6 -0,135 10 96,4 2
54-62-6 4-Aminofolic acid Active equals 1.54 105 0.188 -0.0936 108 1.41
41481-66-7 4,4-5ulfonylbis[2-{prop-2-en-...  Active equals 1.65 6.7 0.219 377 626 1
194-42-7 &-Thioguanine Active &quals 1.86 93,5 0,263 367 94,9 1
105624-86-0 SHPP-33 Active equals 1.96 97.4 0.292 1.94 98.2 1
59-05-2 Methotrexate Active equals 219 a7 0.34 -1.19 102 1.09
41372-08-1 Methyldopa sesquihydrate Active equals 2.23 100 0.349 7.05 104 1
122-66-7 1,2-Diphenylhydrazine Active equals 2.49 100 0,395 0,376 105 1.22
80-15-9 Cumene hydroperoxide Active equals 2.78 86.5 0.441 -3.98 §9.9 1.08
1401-55-4 Tannic acid Active equals 2,89 101 0.461 -2.49 107 1.34
7487-94-7 Mercuric chloride Active equals 2.95 83.9 0.469 0.0811 81.5 1.78
27323-41-7 Dodecylbenzene sulfonate trie Active equals 2.99 65.1 0.476 5.35 65.2 1
1143380 Anthralin Active equals 3.23 100 0.509 2.93 103 1.24
13292-46-1 Rif ampicin Active equals 3.4
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PXRE_CIS
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NVS_NR_hAR -
NVS_IC_| rNaCh site2 4
0x21_AhR
Tox21_Aromatnse_lnhlbmon 1
NVS_OR_gSIGMA_NonSelective -
OT _AR_ARSRC1_0960 4
ATG_NRF2, ARE CIS 4

Tox27_Aromatase_|nhibition_via |
NVS_GPCR_.
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Tox21_AR_LUC MDAKEZ Anwgo ist -

ACEA_T47D_80hr_Negative -

APR_MitoMembPot_24h_dn -

APR CellLoss, ;Zh dn

up 4

821 out of 821 assays selected 1858 out of 1858 chemicals selected

Data Type
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Percent Activity
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Percent Activity

Percent Activity

~
N

T T T
N IS
ACS50 (M)

21t ¢d D E

Bl =M FELTRIEM(C
pathway-based/Z T —4%

HTMEOEREZHED
pathways|ZFE &85

—RICEHDNATWSMEDX
F(X10FETHERAIGEEE DN




Assay

-
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BSK_LPS_PGE2_down -
NVS_ENZ oCOX1 -]
BSK_CASM3C_MCSF _up 'y Hf:]
BSK_CASM3C_IL6_down - Y
Tox21_PPARg_BLA_Agonist_ratio 4 +
BSK_BE3C_MMP1_up - L
ATG_PPARg_TRANS_up [ |
BSK_hDFCGF_Proliferation_down 4 &
NVS_ADME_hCYP3A4 4 v
ATG_PPRE_CIS_up 1 ! 2
NVS_TR_hDAT A *
+
+
x

OH

BSK_hDFCGF_Collagenlll_down -
BSK_SAg_Proliferation_down -

*Can we expect
ATG_SREBP_CIS_up -

OT_PPARg_PPARgSRC1_0480 - ® this perturbation
APR_HepG2_CellCycleArrest_24h_ - [ |
ATG_PPARa_TRANS_up . lead to an adverse
APR_HepG2_CellCycleArrest_T2h_ - e "E e Outcome?
g‘?-‘h o N SRS @@

AC50 (M)
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Mo TLyBMolecular initiating event &adverse outcomeZ . EEBEIE TH
HbHh L THHEYEHA (Ankley et al. 2010, Environ. Toxicol. Chem., 29: 730-741.)
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BSK_LPS_PGE2_down -
NVS_ENZ_oCOX1 -
BSK_CASM3C_MCSF_up 4
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ATG_PPARg_TRANS_up 4
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BSK_SAg_Proliferation_down -
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APR_HepG2_CellCycleArrest_24h_ -
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*Biomarkers

*Omics

*QSAR and Read-Across

*High content imaging

*In vitro
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BIOMARKERS
Biochemical,
Physiological, and
Histological Markers

of Anthropogenic Stress

SETAC Pellston workshop on biomarkers — identified need for linkages

1992 across levels of organization to support use of biomarkers in ERA.

Mid 90s Schmieder, Bradbury, Veith, others in ecotox community — concept to
support application of QSARs and biomarkers in ERA.

Meeting the Scientific

Needs of log

2 entina
Regulatory Context

Bradbury et al. (ES&T Dec. 1, 2004) — publication of the concept as a
2004 means to support greater use of in silico and in vitro approaches in risk
assessment — termed “Toxicity Pathway”

2004 Schmieder et al. (ES&T 38:6333-6342) — published a “toxicity pathway”
linking ER binding to potential population-level consequences.

2007 NRC report on Toxicity Testing in the 21t Century — advocated paradigm

similar to Bradbury et al — defined “toxicity pathway” as “cellular response
pathways that, when sufficiently perturbed, are expected to result in adverse health effects”

2009, Use of AOP term at McKim conferences — introduction of AOP terminology into mmf;m'
2010 OECD QSAR tool-box discussions

MED working group published definition of “Adverse®mss
2010 Outcome Pathways”, describe application in Ecotox and ——
Ecological Risk Assessment. ET&C 2010.  SUPPORT ECOTOXICOLOGY KESEARCH AND RISK ASSESSMENT
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* AOP: BEDELEICDIENHIEYFHNLEEH T, TANEDLSIC
RedhaHoHT,

« MOA: BBBEDT—ARIZEY., COAOPHEFENMELEET I &
=Y,

« AOPDHDKEs L, FETETHAIUVFRA2CTHY., TOWEIC
K OTAOPMHEIETRBCINDACEZTHIAT HAE=-OHICHERATINS,

« MOA DEITIZEY . BEDAOPsHNEREDMEOREEMNIIHTE S

T. HOYEINRLC &S GTEYENLGEEERECTIFERICIEET
DKEDBITZET S &<, TDAOPHICHATE S,




AOPs (It EVEFENTELD TIELLY
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EBRELI-MIEZVESECL. TRRICEMFNLGELEERIZITLIZOENRBZETD
MBICHTITEDI LD THS L,

*AOPZEHLH T [CIXMEFRNTIRRIDELL,

* Applying those motifs in a predictive context requires understanding chemical-specific

properties (e.g., potency, ADME) that dictate the magnitude and duration of perturbation
at the MIE

Predictive linkages based on biologically-based dose-response models

———————————————————————————————— -

Y v
Decreased Cenftral and Decreased
Chiorpyrifios ACHE axonal growin peripheral Suppressed locomotor
(CPF) mnition [P ana aisruptionof [P]  nevous [P locomotor [ activity ana
neuronal cell system activity cognitive
signaling disruption function

Established linkages based on experimental data

Volz et al. 2011. Toxicol. Sci. 123: 349-358
Russom et al. 2014. Environ. Toxicol. Chem. 33: 2157-2169
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*Molecular initiating event (MIE) 1B D EERAZRT .
EMAERNTORIDIFERNGS FREXF—ARUITE
S B(ZDIEMS, AOPDIRFEY,

Adverse Outcome (AQ) - BEMGF—ARUITHY ., R
HICAVWSEMHREBRTERITANSA TSIV RFRAU
TEEEERT,




AOPs [FEDa1—IL

Two Primary Building Blocks

8OO .

Key Event ) BH;ET% (KERs)

Key Key event
event ,, down

*Functional unit of inference/extrapolation

*Define a directed relationship
*State of KE,,, provides some ability to predict or infer state of KE,,,, .
*Supported by plausibility and evidence
*Quantitative understanding



Modified BH Considerations

Conclusions

Biological Plausibility

KER (FIREDEYPFHGERBLE—BLTNS &

— plausible.

Essentiality of Key events

ALy —D0 G GhlEEEIERFER
(e.g., Villeneuve et al. 2009; EHP 117: 624-631)

Concordance of Empirical
Observations

Dose response — X—A RN MNMIEEBLEET HEE LR CHEL
BETRIZ TSV

Temporality - F—A R FIWFEE L THTHIBIZBRRTESHV?

Incidence - EENB ZHHEIXF—A RV FOEEL Y ELH?

Consistency

RN —2DEEIIHEBEORBREYM TR EN D (e.g., fathead

minnow, zebrafish, medaka)

Analogy

L OEEIIRMNEEN7TOT Y —FFHEER RIS
(FAD, LET, PRO)

Adapted from Meek et al. 2014, J. Appl. Toxicol.
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Assay Explorer

Assay Endpoint
o CASRMN Chemical Mame Activity Call Q | EMax logacsa | B T e Data Type

53-86-1 Indomethacin Active equals 0.0558 100 -1.23 -10 91.7 1.02 Percent Activity -
NYS_ENZ_nCOX1_Ackivatar 15307-79-6 Diclofenac sodium Active equals 0.156 100 -0.808 -4, 54 101 1.17 Percent Activity
VS _ENZ_oCOXZ 6153-64-6 Oytetracycling dihydrate Active equals 0.733 95.6 -0.135 10 96.4 z Percent Ackivity
NVS_ENZ_oCOXZ_Activator S4-52-5 4-aminofolic acid Active equals 1.54 105 0,138 -0.0938 108 1.41 Percent Ackivity

41481-66-7 4,4"-Sulfonlbis[2-(prop-2-en-...  Active equals 1.65 66,7 0.219 -3.77 62,6 1 Percent Activity

154-42-7 &-Thioguanine Active equals 1.86 93.5 0.269 3.67 94,9 1 Percent Activity

105624-66-0 SHPP-33 Active equals 1.96 97.4 0,292 1.94 95.2 1 Percent Activity

59-05-2 Methotrexate Active equals 2.19 a7 0,34 -1.19 102 1.09 Percent Ackivity

41372-08-1 Methyldopa sesquihvdrate Active equals 2.23 100 0.349 7.05 104 1 Percent Activity

122-66-7 1,2-Diphenylbrydrazine Active equals 249 100 0.396 0.376 105 1.2z Percent Activity

a0-15-9 Cumene hydroperoxide Active equals 276 86.5 0.441 -3.98 9.9 1.08 Percent Activity

1401-55-4 Tannic acid Active equals Z.89 101 0.461 -Z2.49 107 1.34 Percent Activity

T7487-94-7 Mercuric chloride Active equals 2,95 3.9 0,459 0.0811 315 1.78 Percent Ackivity

27323-41-7 Dodecvlbenzene sulfonate trie...  Active equals 2,99 65.1 0.476 5.35 65,2 1 Percent Activity

1143-35-0 Anthralin Active equals 3.23 100 0,509 2.93 103 1.24 Percent Activity

13292-46-1 Rif ampicin Active equals 3.4 57.6 0,532 -0.952 60.5 1.6 Percent Activity

-
fulinlnl el i b Eil L, AE £ OB =3 1 L, L Eissiks

BRMNALHG, BROFEZESISECTENFRTES—EDYME
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One set of directions from point A to point B,
not the map of all possible routes
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Chemicals with multiple
biological activities

CYP2A2 L]
CYP2B14 .
CYP2C19 .
CYP3A5+ .
CYP2C11 [
CYP3A1- .
CYP2C6 4 *
CYP2B6 .
CYP2C18 [
Opiate D1 .
CYP2C94 [
PERA .
CYP2D2 [
PXRA .
CYP2D1 4 [
Opiate Non-Selective 4
CYP19A1

Molecular Target

.

.

PAF 4 [

PER 1 [

GR [
Opiate-mu L]
CYP1A1+ [
NaCh-site2 4
Opiate-K 4
AR
SIGMA Non-Selective

PR [
CAR [

MMP1 4 [

o o

Propiconazole (AC50, pM)

AOPs [(XE—DME TITLL, HHELE.

KYSERRBIIZIL, AOP DRYRT—21XFRID =6 DREEER /T =y

Exposure to multiple chemicals

Diuron
Imidacloprid
Linuron
Terbuthylazine
2,4-D
. MCPP
Propachlor ESA
Butalbital
Diclofenac
Furosemide

Ibuprofen
Naproxen
Phenobarbital
Phenytoin
sSulfamethoxazole
Triclosan
Acebutolol
Albuterol
Amitriptyline
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https://aopkb.org/

AOPs must be accessible

AOPs are modular

*KEs and KERs are shared by multiple AOPs
*No need to re-write the same descriptions over and over
*Reusability (best practices)

AOPs are living documents

*KE and KER descriptions can be expected to evolve over time
* As descriptions are updated and expanded — all AOP descriptions
they link to update automatically

*AOP networks for prediction

*Entry of structured information in KB allows for de-facto
assembly of AOP networks.

Adverse Outcome Pathway Knowledge Base (AOP-KB)

| AOP-KB || Background || How to contribute ||

Effectopedia
AOP Xplorer

Development of

quantitative AOPsina

graphical environment alizes attribute

Intermediate
Effects DB

Shared chemical, biological and
toxicological ontologies

Please click on any of the AOP-KB elements you want to use.
Please note that the AOP-KB is work in progress and more elements will become available over time.



https://www.google.com/url?q=http://educationcareerarticles.com/education-articles/majors-overview/degree-overview-associate-science-s-computer-network-engineering/&sa=U&ei=27dhU6-2JLPCyAGGqYCABA&ved=0CC4Q9QEwAA&usg=AFQjCNG-6xs9dLnDdaOgTqmlR7BKLkVFCA
https://www.google.com/url?q=http://educationcareerarticles.com/education-articles/majors-overview/degree-overview-associate-science-s-computer-network-engineering/&sa=U&ei=27dhU6-2JLPCyAGGqYCABA&ved=0CC4Q9QEwAA&usg=AFQjCNG-6xs9dLnDdaOgTqmlR7BKLkVFCA
https://aopkb.org/
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http://wsbc.warwick.ac.uk/~richsavage/bioinformatics.html
http://wsbc.warwick.ac.uk/~richsavage/bioinformatics.html
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Key questions:

1) BEDBFRICEALFLMERH BN ? Exposure to multiple chemicals

Diuron
Imidacloprid
&L Linuron
S F % Terbuthylazine
S T 2,4-D
MCPP
Propachlor ESA
Butalbital
Diclofenac
— Furosemide
8§ Gemfibrozil
, Ibuprofen
©  Naproxen
Phenobarbital
Phenytoin
Sulfamethoxazc
e
Triclosan
Acebutolol
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Case Study

St. Louis River
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WLSSD WLSSD Rice’s ~ o8 - L,
D I A 4BAMaY ROy T LD
1,4-Dichlorobenzene <0.08 0.02 <0.08 <0.08 ﬁﬁ —_S .-ﬁ ﬁﬁ

0.01 0.02 0.02 0.02 t,T /L)\*LT_ X
0.01 <0.04 <0.04 <0.04
0.01 0.03 0.03 0.03
o2 o o2 on  $5150 PE O
0.2 1.1 1.7 <16 =
<16 028 <16 as o FAKUOEKPDIEEYME
<0.4 0.1 <0.4 <0.4 _ o

4tert-Octylphenol diethoxylate (OP1EO <0.2 0.2 0.1 <0.2 e« ATAOAFTRILEY
<0.6 0.1 <0.6 <0.6 =
<0.4 0.3 0.3 <0.4 ° E% AR
0.0032 <0.02 <0.02 <0.02
<0.04 0.04 <0.04 <0.04
0.06 0.19 0.11 <0.08
0.3 <4.8 0.9 0.6
<2 <2 <2 1
0.07 0.62 2.75 0.03
0.03 0.62 0.25 0.04
0.03 <0.08 <0.08 <0.08
0.3 0.4 0.6 0.6
0.03 0.18 <0.08 <0.08
0.7 0.7 <0.4 <0.4
0.01 <0.02 <0.02 <0.02
0.008 0.068 0.059 <0.050
| Menthol | <0.32 0.23 <0.32 <0.32
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AOP Knowledge-base
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ENTETA

Erie Pier # of Edges WLSSD Proximal # of Edges WLSSD Distal # of Edges Rice's Point # of Edges
AHR 5 ESR1 10 ESR1 8 ALB 6
AR 5 AR 8 PPARG 6 ESR1 5
ESR1 5 ESR2 6 ESR2 4 PPARG 5
ESR2 5 SHBG 6 AR 4 AR 5
ALR 4 PXR 6 AHR 4 ESR2 4
PPARG 4 PPARG 6 CAR 4 PAHRB 3
PPARA 3 ALB 5 RXR 3 RDARA, 3
RXRA 3 NCOA1 4 P4HB 3 TTR 3
RXRB 3 CHRNA4 4 PGR 3 ALB 6
CHRNA2 4 ALB 3
P4HB 4 PPARA 3
PPARA 4 TIR 3
TTR 4 RXRA 3
AHR 3 RXRB 3
CHRNA3 3 ESR1 5
CYP3A4 3
NFKB1 3
RELA 3
RXRA 3
RXRB 3
AFP 3
OPRM1 3

E2

REDE




1.12
Adverse outcome pathways linking aromatase inhibition, androgen
receptor agonism, estrogen receptor antagonism, or steroidogenesis
inhibition, to impaired reproduction in small repeat-spawning fish species.

Dan Villeneuve, US EPA .a G'

p |

Androgen receptor antagonism leading to reproductive dysfunction (not completed)
Androgen receptor agonism leading to reproductive dysfunction

Aromatase inhibition leading to reproductive dysfunction (in fish)

Estrogen receptor agonism leading to reproductive dysfunction (still in progress)
Estrogen receptor antagonism leading to reproductive dysfunction

Taisen Iguchi (NIBB, Japan), Tom Knudsen (USEPA), Bette Meek (U. Ottawa, Canada)



833877 AR antagonism leading to foetal feminisation
Androgen receptor antagonism leading to adverse effects in the male foetus (mammals)

—— , Life Stage Applicability = Foetal
ot AOP Diagram ] ..
Organization Sex Applicability Male
Macro- ke
mOIeCU Ia r androgen receptor
------------- Wnt ~ Wnt/B-
Cell/Tissue i | |%E;ﬁ catenin
etc.
Organ/Organ Feminsation or incomplete
System a::v::::sn:xr:;m::g
---------------------------------- Androgen /
Individual it e
capacity ““ CO”SUtUUVe
___________________________________ Femals, active
k3 :
Population B-Catenln
Wnt A
___________________________________ inhibitor ~ — % >
. (Dkk2 etc.) ter 3
Community ”
Miyagawa et al., Mol. Endocrinol., 2009.
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AR agonism leading to reproductive dysfunction

0
Control 0005 005 05 50 50
Trenbolone (ug/l)

Exposure (d)

What evidence exists that these hazards are occurring

. -
Ankley et al. 2003 ET&C 22:1350-1360 in exposed populations®
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Phenotypic Marker of Androgen EXxposure

BREChEREICEALGEEE

AR TOGEHE
F U BB IR E AL

NRATWSEERIEH S ?
}/{ AR-IREFTED

17B-
FLoKOy i>l éﬁ, Vil e
(trb-acetate) =

= Unlabeled R1881
® Testosterone
A 17p -Trenbolone

T T T T T T T
0.001 0.01 01 1 10 100 1000 10000
Concentration (nM)

Ankley et al. 2003 ET&C 22:1350-1360

Trenbolone (ugl)
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Androgen receptor agonism leading to reproductive dysfunction
Life Stage

Adult, reproductively mature

Level of AOP Diagram
Organization

Taxonomic applicability

Androgen
Macro- Receptor Need to add
Agonism
_Mmolecular _ | ey o e -
I Theca cells | 4 Granulosa | Hepatocyte T
. Reduced T cells Reduced VTG 1 HH
E Reduced VTG
C@“/Tlssue synthesis Reduced _EZ expressior? and upt(:ak:,cfmpaired Sex alppllcablllty
e o e Female
Hypothalamus /pituitary
Circulation Circulation
Orga n/o rgan Reduced GtH secretion Reduced E2 Reduced VTG
due to negative feedback oncentratio __concentrations
_SXSIe_m _____ Y . - ——— - e e o it i o T e e e s i i Tl i B bt 7
\

(
1 Female
!Decreased spawning

Individual ~ and cumulative
[ Ppopulati
| opulation

Population e
{ Declining Trajectory

Community ‘
Food-web alterationsg

Community




Aromatase inhibition leading to reproductive dysfunction (in fish)

Level of
Organization

AOP Diagram

Macro-
molecular

System

Community

Aromatase ||
Inhibition

Oocytes
Reduced VTG

uptake, impaired
. development

Hepatocyte |
Reduced VTG

expression and
production

Circulation |
Reduced VTG
concentrations

Granulosa cells
Reduced E2
synthesis

Circulation
Reduced E2
concentrations

Female
Decreased
spawning and
cumulative
fecundity

Food-
alterations

Population K
Declining
Trajectory

Community
vseb

Taxo

Name
Meda

Zebrafish

Fathead minnow

Life Stage Applicability
Adult reproductively mature

Evidence
Strong

Sex applicability
Female

nomic Applicability

Scientific Name
ka Oryzias latipes
Danio rerio

Pimephales promelas

Evidence
Moderate
Moderate

Strong



Estrogen receptor antagonism leading to reproductive dysfunction

Level of
Organization

AOP Diagram

Macro-
molecular

Community

Estrogen

Receptor
Antagonism

Hepatocyte
Reduced VTG

protein synthesis

Hepatocyte
Reduced VTG

mRNA expression

Oocytes

Circulation
Reduced VTG
concentrations

Reduced VTG
uptake, impaired

Female
Decreased spawning
and cumulative

Population

Declining Trajectory

Life stage applicability
Adult, reproductively mature
(strong evidence)

Sex applicability
Female (strong evidence)



Estrogen receptor antagonism leading to reproductive dysfunction

Key Events
Event Support for Essentiality

Cumulative fecundity and spawning, Reduction 1
Plasma VTG concentrations, Reduction 1
Transcription and translation of VTG in liver, Reduction

VTG uptake into oocytes and oocyte growth/development, Reduction 1

Adverse Outcome

Population trajectory, Decrease 1



http://aopkb.org/aopwiki/index.php/Cumulative_fecundity_and_spawning,_Reduction
http://aopkb.org/aopwiki/index.php/Plasma_vitellogenin_concentrations,_Reduction
http://aopkb.org/aopwiki/index.php/Transcription_and_translation_of_vitellogenin_in_liver,_Reduction
http://aopkb.org/aopwiki/index.php/Vitellogenin_uptake_into_oocytes_and_oocyte_growth/development,_Reduction
http://aopkb.org/aopwiki/index.php/Population_trajectory,_Decrease
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Biochemical Assays

(Primarily Human / Rat)

Protein families
GPCR
NR
Kinase
Phosphatase
Protease
Other enzyme
lon channel
Transporter

Assay formats
Receptor binding
Enzyme activity

ToxCast™ Assays

Cellular Assays

Cell lines
° HepG2 human hepatoblastoma
A549 human lung carcinoma
HEK 293 human embryonic kidney
T47D human breast carcinoma
PC12 rat neuronal

e ee gL Primary cells
= - .
»_ 2 Human vascular endothelial cells
-~ s
.=, S Human monocytes
- e c @ ?

Human keratinocytes
Human fibroblasts

Human proximal tubule kidney cells
~600 Total Human small airway epithelial cells
Endpoints Rat hepatocytes

- Mouse embryonic stem cells
Model Organisms

Zebrafish embryo development Assay formats

C. elegans growth Cytotoxicity

Co-activator recruitment Reporter gene

Gene expression
Protein expression
High-content imaging

47



Attagene (Attagene Inc., Morrisville, NC)
Assay Battery

Factorial cellular biosensor system (HepG2 cell line)

Combined libraries of cis- and trans-regulated )
transcription factor reporter constructs

Multiplexed for simultaneous
evaluation of TF activities

81 different assay features
evaluated with 160 +

measurement endpoints

. .. Network in Profile

FACTORIAL

Gene Regulatory

48
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Complex mixture

Attagene battery
- of Toxcast Assays

81 EEDT7vEA
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(HepG2 cell line) —>

AOP Knowledge-base
(aopkb.org)

AOP Wiki

AOP Xplorer

quantitative AOPsin a
graphical environment

Intermediate
Effects DB

AOP components ina
regulatory context
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Fold Induction

Fold Induction

AAE MR TIEEER 8 5 LI R D B RMEM
EABNTF—FEBELTLSM?

ATG_CIS St. Louis River AOQOC Sites — Fall 2012
DSH fall 2012_Erie DSHfall 2012_Rice -+ TGFb PBREM - -
-0 o 1 .. Erie Rice’s WLSSD WLSSD
15 - " - P -~ HNFE g ap2 Transcription Factors Genes . ; ;
T s T Kribcse. o5 Pier Point Prox Distal
10 GRE =§m - AP o PPRE o X s L
g H - 2o Aryl hydrocarbon receptor (AhR) / Xenobiotic Response AHR 38.8 489 18.2 21.5
v El " PR — g - -
e é Teee Cae Ton
" o eonl w e PXERE 322 36.9 82 15.5
v Ve - ISRE & VDRE 4 7, Foyt ranr “ =-= - - -
T omcamrmoniannon T oo o e 3 Pregnane X receptor (PXR), Xenobiotic Pathway
-+ - M32
DSHfall 2012_Prox DSH fall 2012_Dist : ,E':m : ‘EE PER Q2 65 7 70 143
R e = o2 o rt Pregnane X receptor
R ks o - CW g caTA
. * e - “ :;2 - Xl o poF
g 4 AP L - A1 *i;*E -+ CEBP EFE 858 427 624
i w3 e S wwn Estrogen Feceptor (ER) pathway
H — reFaneE 2 R ~+ TA - SREBP
. = 2 N o ERE & p53
= - OdMP-& BRE E ERu 539 509
5 1 3 2 7 T 3 ) - DR4LXRE Paxs strogen receptor-o
Concantration (diluticn) Conoeniration fclion), -6 HSE & HFfa
ERp 636 800
Estrogen receptor-f
s e VDEE 3353 289 222
DSH fall 2012_Erle DSHfall2012_Rice Vitamin D receptor (WVDE) / vitamin D pathway
10 10
— PXR — PXR 2 g% 4 =%
8 &R . R ATG_trans Antioxidant B Pathwav NRFZ 524 521
5 - _ g oxidan esponse Pathway
g —fRa 36 — e - M06 -+ HNFda HIE1 76 9.4
54 = = PR ® PR L. . ) . a R =
2 £ + AR W VIR Hyvpoxia-inducible factor-la (HIF 1a) / hvpoxia pathway
2 2 4 J -
-~ RARg - PPARd1
T T T n T T T N GAL4 NURR1
o s o s T Ree = ol : . . PPARg 67 4 632
Concentration (1og diutior) Concentration (log 1/iltion) e e Peroxisome proliferator-activated receptor-d
a ReRD & DRD
DSH fall 2012_Prox i -+ RARa ¥ CAR MEE 789
DSHfal 2012 Dist & PPARg v PRARG Metal Response Pathway (MTF-13)
-+ ERRg -+ RORy =
10 — PR 10 - RORb # M-19
. = T rEe wuw : : . .
. - g s _pearg  wL®e W PR Phenobarbital responsive enhancer module /constitutive androstane PEEEM 359
— ERa 2 _ & ERRa
:° £ receptor (CAR) pathway
2 g
2 . . . RORE 631
o - - _.z o . - " Retinoic acid receptor -related orphan receptor proteins (ROR) ab.g

Concentration (log 1/dilution) Concentration (log 1/dilution)

All concentrations reported in pM
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ER-mediated Reproductive Impairment AOP
with 1IN vitro assay and QSAR focus areas
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Volz et al. 2011, Toxicol. Sci. 123(2): 349-358
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QSAR

Focus area

In vitro Assay

Xenobioti Focus area
. TISSUE/ORGAN INDIVIDUAL PCR’:SL:,'-DAH"S";S’N

MOLECULAR CELLULAR Responses Responses
Interactions Responses

ER chg. gene, h r(r::gr; ; chg. 2 sex; S(S)I:?;\Z?SS'
bindi —t MRNA, ] in%ucOV‘l?(SB" s decr. spawn; wr Ty oy

Inding protein V2 sex reversal - Y

expression ova-test|s/ class

—

Incr. Toxicological Incr. Risk Assessment

Understanding = Levels of Biological Organization Relevance

Schmieder et al. — case study; OECD Workshop on using mechanistic information in forming
chemical cateqgories....
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Exposure (dose uM)
Activity (AC50 uM)

EAR (unitless) =

Exposure (dose uM)
Activity (AC50 uM)

EAR mix (unitless) =

Becker et al. 2015, Regulat. Toxicol. Pharmacol. 398-408.
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Additional Information

Users’ handbook

supplement to OECD
guidance document for https://aopkb.org/common/AOP_Handbook.pdf

developing and
assessing AOPs.

Villeneuve et al. 2014. Adverse outcome pathway (AOP) development I: strategies and
principles. Toxicol. Sci. 142(2): 312-320. doi: 10.1093/toxsci/kfu199.

Villeneuve et al. 2014. Adverse outcome pathway (AOP) development Il: best practices.
Toxicol. Sci. 142(2): 321-330. doi: 10.1093/toxsci/kfu200.




