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« Nuclear receptors
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« Nuclear receptors
« Stress response
« Summary
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- ToxCast/Tox21 :High-Throughput Screening (HTS):
<EPA Hazard Predictions for Prioritization
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Agency
Chemical Exposure
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ToxCast Assays (>800 endpoints)

Environmental Protection

Agency

/~ Assay Provider \
ACEA
Apredica
Attagene
BioReliance
BioSeek
CeeTox
CellzDirect
Tox21/NCATS
NHEERL MESC
NHEERL Zebrafish
NovaScreen (Perkin Elmer)

6iological Responsg

Odyssey Thera
\ Vala Sciences /
4 N
Readout Type
single

multiplexed
\_Mmultiparametric

(" Cell Format )

cell free
cell lines
primary cells
complex cultures
\_ freeembryos /

_ Office of Research and Development
National Center for Computational Toxicology

List of assays and related information at: http://www.epa.gov/ncct/

/Target Family )

cell proliferation and death response Element
cell differentiation transpgrter
Enzymatic activity cytcokmes
mitochondrial depolarization kinases
protein stabilization nuclear receptor
oxidative phosphorylation CYP4FO/ADME
reporter gene activation cholinesterase
gene expression (qNPA) phosphatases
receptor binding proteases.
receptor activity XME metabolism
steroidogenesis GPCRs
ion channels
(" Species ) /Tissue Source\
human Lung Breast
rat Liver Vascular
mouse Skin Kidney
zebrafish Cervix Testis
sheep Uterus Brain
boar Intestinal  Spleen
rabbit Bladder Ovary
cattle Pancreas Prostate
guinea pig

wﬂammatory Bony

[ Assay Design \

viability reporter
morphology reporter
conformation reporter
enzyme reporter
membrane potential reporter
binding reporter
\ inducible reporter /

gNPA and ELISA
Fluorescence & Luminescence
Alamar Blue Reduction
Arrayscan / Microscopy
Reporter gene activation
Spectrophotometry
Radioactivity
HPLC and HPEC
TR-FRET
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ToxCast & Tox21:
Chemicals, Data and Release Timelines

Set Chemicals | Assays | Endpoints | Completion Available
ToxCast Phase | _| 293 | ~600 ~700 2011 Now
ToxCast Phase I ' | 767| ~600 ~700 03/2013 Now
ToxCast E1K N 800 ~50 ~120 03/2013 Now
ToxCast Phase Il |_| ~900 ~300 ~300 In progress 2016
Tox21 |__| ~9000 ~80 ~150 In progress ongoing

A
~800

Assays

Pesticides , antimicrobials, food additives, green alternatives, HPV, MPV,
endocrine reference cmpds, tox reference cmpds, NTP in vivo, FDA GRAS,
FDA PAFA, EDSP, water contaminants, exposure data, industrial, failed drugs,
marketed drugs, fragrances, flame retardants, etc.

Chemicals > ~9000
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Tested Chemical Classes
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Eu
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Ag-

In —

Li

M Inorganic

Alan Wood: Pesticide

Source Inventory

Tox21 Metals Cross-Referenced with
Food-Relevant Chemical Inventories

Chemical Name

Direct Food Additive

Food Contact Substance

Pesticide

FDA Everything Added to Food in the United States

FDA GRAS

FDA Inventory of Effective Food Contact Substance

FDA List of Indirect Additives Used in Food Contact Substances
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Aluminum monostearate 1
Alumi tributoxjde 1
ArSenidi 1
Bis(tribygtykiayoxide 1
Cobalt cétat
C%Pe"jiﬂeWWithﬁ@aﬁ@&ﬁ UfAAA" vvvrANntAriac 1
Co'ppeﬂ aifUlIU Ul'l TUUU 1TIVCTIWWIITCO
Dibutyltin diacetate 1
Dibutyltin dichloride 1
1
Dichloro(diogty|)stan V) By 1
DimetHytarsinic-acid AL = 1
Ferban Hg Ti 3 1
Ferricghloridgg 11 Ag 2 2
Iron(ll)sulfate A n.... a 1
Mane re 9 Uy Z 1
Manganese(d)racetate 9 Gd 2 1
I I I I I Mercunicchlcg'ﬂe 8 Dh 2 1
[ | I [ | | I | I I [ | I Pheny ||clLuL(ﬁ|i-du:Ldtc : s 1
W EC C 0TS O0OT ¥ ONOUVC S ——>0c - Phenylmerc chloride r Z 1
§§§§Zzn_g_ﬂ-m_8mmmm'_'_ S Potassium digigomate 7 Tl 2 1
= Tetrachlorostannane = DA
B Organometallic Thimerosal— - — 1
& Tin(ll) ¢hloride 7 Eu
Tributyltin chigfide g In/A< 1
Triphenyltin gcetate '_ ; 1
Triphe nyltin tHoride 5 LI 1
Triphenyltin Bglroxide 4 Mn/Zn 1
Vitamin B12 ~ 4 N MA
Zinc acktate—— = i
Zinc chlorideN! 4 Nd
Zinc dibutyldphiocarbamateq Pd 1
Zinc diethyldithiocarbamate -~ 1
. . . Zinc octanoate” = e 1
Karmaus et al. (2015) Food & Chemical Toxicology, in press. Zinc pyrithion@ 3 vV 1
Zinc salicylafeno 2 vh 1
Ziram ——— — 1 1
Grand Total 14 19 14




Matrix of All Testing Results

rotection

All Data Tested

172 Metals
819 Assays
White = not tested
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SEPA ToxPrint Chemotype Analysis
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 Fingerprinting of chemical structures against chemotypes
— Developed by Altamira for FDA
— 729 chemotypes
A single chemical may have multiple chemotype signatures

« Used odds ratio analysis to find chemotype enrichment across all ToxCast/Tox21 assays

Chemical fingerprints that are _

positively correlated with activity: - .element_metal poor_metal

388 - -metal _group 111 _other _generic
-metal _group 11l _other_Sn generic
-metal _group 111 _other_Sn_organo

60
|

Freguency
40

.C..0.N_carbamate_dithio

- element_metal transistion metal
. : chain.aromaticAlkane Ph.C1.Ph
[ e dmnn o 0 n n

: bond.X.any .C. halide i1norganic
- bond.quatN_alkyl acyclic

20
|

0 20 40 60 g0 100 120

# pos. enriched assays per chemotype, Q=0.7



< EPA Cytotoxicity & Potency
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« Cytotoxicity measured GRAS 5 r -1 11 89
through a variety of
technologies in a variety of

cell lines and primary cells Direct Food Additives o ® o o r--[Jk--4 o 57 882
« Metals show high ‘
.. Food Contact Substances 0O ®o GDD|~ —————————— -I 117 529
cytotoxicity, analogous to
pesticides, but with even
greater potency » ‘
Pesticides @ oo 00 GD|~———— ————4‘0 180 579
« Question: is promiscuous
and potent activity assay Metals |- ------- ‘ ---1 51 171
interference or are relevant
biological/toxicological
responses included?
| | | | | 1
0.01 0.1 1 10 100 N Total

_ Office of Research and Development o
National Center for Computational Toxicology Cytotoxicity Center (uM)



SEPA Attagene Technology: Multiplexed Reporter
ok N— Gene Assays seay.  AmIDIO2 (a7 seme c1s up

Agency HAME: Lactofen
CHID: 24160 CASRN: T7E01-53-4
SPID(S): TVODD397
- L4ID: 3681717
Multiplexed Reporter Gene Assay -
RE1 RTUA .
Library of RTUs {— r— » HepG2 cells with enhanced 5 o
= A CYP P450 activity g
Cell Transfection é . T f /ﬂ
re1 P RTUA )  Unique reporter genes £ d_&y/
Transcription —_—t controlled by transcription § °1
RNA Isolation | — 3 factor response elements 4 .
Reverse transcription E : - i - D-(3:c::|]n:-_|3:|]tr:tj.c.'ﬂ':mll:l[,ulunngl:I -
SR amofifcat ‘ x o x | « Cis and trans formats
amplification | — L — } . 1 iz
i x i x | —cis: endogenous TFs (52) ROREE REIRASS (RES FRARs SRS
Labeli ! X ¥ & X ‘
aneing » : ey : » —trans: Gal4-LBD NRs (30) .

* H?:I | [e]
Processing {(Hpa I) | — A .-

B
Separation and detection f% M 7 //—w

Log2 (Fold Inductionm)
1
1

(capiliary electrophoresis) e z 1
© 40
_ Office of Research and Development o
National Center for Computational Toxicology YT I I I I I 1

9 0.1 0.3 1 3 10 30 100

Concentration (UM)
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Hierarchical Clustering
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PC #29.53%

Principle Components Analysis of Transcription Factor Activation Assay
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%n
12 A HTTTT i . I
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L alnorganic _
66 - HHT] Trib}LtyItip benzoate ¢ Organometallic
| « ¢
sl Aributyltin chloride
| A Fa
93 — 1 F
12 = S
110 1) 1 1 1 1 1 ) ] 1) 1
ilpe -17.4 -14 .8 -122 -96 -7 -4.4 -1.8 0.8 34 6

pc #3%.82%
PC #1 30%

PPARg, PPRE, RXRa, RXRb, Nurrl, NRF2, other stress -



< EPA Expected Stress Pathways:

United States

ey Metal Response Element and Heat Shock Element

« Obvious effects on /T”;ge”y'“n chloride
6.6 . , Metal
many stress pathways rlbutyltlnpr;;:zz;ylate - 'ﬁt'
| ]
||ke|y related to the 623 Copper(l) iodide D dichioride - Aﬁ
cytotoxicity p 4 =B
586 %‘
r
= Cu
« Many samples limited 549 1 Phenylmercuric etate Triphenylbismythine dichloride - 25
. — 4-C, ercuribgnzoic acid Triethyltin bromide -e
by cytotoxicity (no/poo 3 <1 | ” = =Hg
RNA) ;() nay”rg"e;gém ] >_/ R/As
= 475 ndium trichloride Mn
s ' A u w(erZn
- Metal and heat shock m 438 Ni
=

|
are known stress - | Ay il rsinic act g
; , tat Sc
pathways activated by 401 Z~. e i Sn
|

metals / =Yb
364 =/n
« 21 of 49 active in one . Triphenylbismuth Tetrabutyltin Form .
Cé alnorganic |
or both - - ¢ Organometall
29 33 37 4.1 45 49 53 57 6.1 65 6.9

HSE_cis (-log AC50)
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<EPA Oxidative Stress (NRF2) and Cell Death
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Agency
Metal
Tributyltin benzoate | 5 Al
’ M any metals o0 riphenyltin chlg : ﬁlsj
associated with 5.99... Tribut ::;..m@@ .Ei
oxidative stress . e o
- Zing pyrithiong }—/ =Ly
a 5681 @ Tribttyitin-chioride " §g
Q
; ; = H
. 25 of 49 active in 564 , ad i
o N/AS
N R F2 Phenylmerguric acetate >_/ /A
E o ’ Triphenylbijsmuthine dichloride [ VlR/Zn
- S Trigth mide tl“d
; o D
- Good correlation 3 o8 7_4&@@1@} =5b
£ Y
fOI’ Sn, Hg o St Me@zrka—cm}oride %In
between NRF2 0. I =yb
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and cytotox e Coppgr(l) iodide Gold t{Form
al i
- > ® O @ A B e
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trans: ERa
(GAL4-LBD)

cis: full-length
ERa

Size by EMAX
(fold-induction)

Sn, Bi, B active

Some affect of
LBD vs full-
length receptor

_ Office of Research and Develog.
National Center for Computationa

ERE_CIS
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Estrogen Receptor Effects
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H
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ﬁil Ehe,}:bul af
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@

£

s

Form
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o
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+ Qrganic _
» Organometallic

ERa_trans_ EMAX

29 2.27
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3.84

4.31 478
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ERa_TRANS
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Peroxisome Proliferator-Activated Receptor y Activity

Triphenyltin hydroxidd Metal

<ZEPA

United States

i 8.3
Environmental : - .
Agency Triphenyltin ributyltin ben : ﬁ|s
7.76 : é\u
Tributyltin methacrylate u %I
722 Dibutyitiredi 1t - [,I
=thydti i )

Cis: endogenous -

Trid
PPARy | g;if e

H|n
« Trans: GAL4-LBD 0 o /7<Tetrabutyltin iig
. Size by EMAX ¥ 6 D -$Zn
. o b
(fold- increase) = 5 06 Pd
_ =Sb
[ ] I S
OrganOtlnS . 450 Triphenylborane %ﬁ
strongly active - < -\Zflb
0 . n
« Triphenyl borane 3'93 Fom__
only other active 344 B L B + Organometallic
TriphenylbDiphenylmerd Triphgnylbismuthine dichloride PPA‘Rg frans EMAX
yo | G qi!iil <) 03
29 3.4 39 44 49 54 59 6.4 6.9 7.4 129
H6.1

PPARg_TRANS

17 34Inactives
b in both

Harada, Shusaku, et al.
"Structural basis for PPARy
transactivation by endocrine-
disrupting organotin
compounds." Scientific
reports 5 (2015).

286 307 a1 83 a4 as4 i a7

_ Office of Research and Development
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S EPA Structural Features of Agonists
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Inactive Active Weakly active

Cl—Sn—Cl

HaC CHy
CH3 CHy
| o e §
| CH; .
PN
CH 3 Cl © HsC O/Sn CH;
| 5 oM @5:2

CI——Sln—— CH3 H3c\_/_ K/\
CH

c' C
Cl
I CHs
Sn—cl QSn—CI Br )
vy @ (r %,

_ Office of Research and Development
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S EPA Biochemical Assays (NVS)

Environmental Protection
Agency

e Protein super-families 179
— GPCR Metals Tested Matrix: Biochemical Assays
— Kinase
— Phosphatase
— Protease
— lon channel
— Nuclear receptor
— Other enzyme
— CYP P450 inhibition Blue = tested
— Transporters Gray = not tested
« 50 uM upper testing limit
- Many assay formats

50

65

/ 277 Assays

r T T T T T 1
0.03 0.3 1 3 10 30

Percent Activity

Concentration (uM)



Hierarchical Clustering of AC50’s
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n Principle Components Analysis of
SEPA Biochemical Assay AC50’s

Environmental Protection
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Triphenyl B/
Estrogen Receptor
NAME: Triphenylborane
CHID: 27345 CASRN: 960-71-4
: N <
. Conce.ntration (pM)
Triphenyl Pb/
Estrogen Receptor
NAME : Triphenyllead acetate
CHID: 47498  CASEN: 1162-06-7
0 -
Pb—O)LCH3 3 € /o

L] L] L) Ll 1 1
0.03 0.3 1 3 10 30

Concentration (uM)
Office of Research and bevelopment
National Center for Computational Toxicology
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Nuclear Receptor Radioligand Binding Assays

Organo Sn/
Glucocorticoid Receptor

ASSAY: AEIDT17 (NVS NR hGR) ASSAY:  AEIDT17 (NVS _NR hGR)
NAME : Tributylti th lat
NAME: Dibutyltin dichloride CHID. 35204  CASEN. 2155 70-6
CHID: 27282 CASREN: 683-18-1
(=]
O -
o
o
CH 2]
S
[} t"
= E: o
o 3 -
Hae” SN TN N, 8
| ")
o P 0 ol g
= s i — I H O - i i i iy i
0
H,C CHj o o ©
o
g 7 -
I /T T T T
! ! ' ! ! ! ! 0.03 0.3 1 3 10 30
0.03 0.3 1 3 10 30
Aranmantrardan [ETL" Al
Concentration (uM) ASSAY: AREIDT17 (NVS NR hGR)
ASSAY: AEIDT17 (NVS_NE_]:[GR)
NAME : Triphenyltin hydroxide
NAME : Tributvltin benzcate CHID: 21409 CASEN: T76-87-9
o
36-3 O -
S o |
g
B
b
g - _b 8 -
E o
©73n—0u > ©
Fuj
§
o - " Ry i Eo-ﬁ—o———————
0
1)
o
- o
| I -
T T T T T I —r— ——
0.03 0.3 1 3 10 30

0.03 0.3 1 3 10 30

Concentration (uM) Concentration (uM)



ZEPA

United States
Environmental Protection

Agency
:\: }‘c’ il
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ASSAY: AEID717 (NVS_NR hGR)
HAME : Mancozeb
CHID: 34695 CASRN: 8018-01-7
o
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Add

Percent Activity

CHy CHy
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ASSAY: AEID717 (NVS_NR_hGR)

NAME: Ziram
CHID: 21464 CASRN: 137-30-4

I T T T T 1
0.01 0.1 0.3 1 3 10

Concentration (uM)

Percent Activity

100

50

-50

itional GR Binders

| = ~Zn = |,
+
M _ M
= g o
ASona:  mousiis mve_ss s
NAME : Zinc pyrithione
CHID: 26314 CASRN: 13463-41-7

I T T T T T 1
0.01 0.1 0.3 1 3 10

Concentration (uM)

Mancozeb reported as an
immunomodulator in
humans: targets NFkB
activation which is also the
pathway of GR trans-
repression.
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Tox21 gHTS Assays
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SEPA Principal Components Analysis of All Tox21 Data
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DNA Damaging Compound

Damaged DNA

Increase in ATAD5-Luc
Protein Levels

Increase in Luciferase Activity
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Induction of ATADS/ELG1 by Cadmium

Jennifer T. Fox et al. PNAS

2012;109:5423-5428
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Hg Compounds in Tox21 Assays
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< EPA Estrogen Receptor Activity
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<EPA Summary

United States
Environmental Protection
Agency

»  Screening of metals in high-throughput assays if feasible
. Some evidence of chemical-specific assay interferences
. Cytotoxicity a frequent occurrence which can confound interpretation

» Analyzing data across many related structures increases confidence level
» Orthologous assay formats increase confidence in results

» Many known effects were captured

» Nuclear receptors and GPCR'’s particularly sensitive

»  Triphenyl groups + metal = increased likelihood of NR activity

» Novel effects need to be examined using the bigger picture to fully
appreciate biological significance

_ Office of Research and Development
National Center for Computational Toxicology
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Enter Sandman

Metallica

The 25th Anniversary Rock & Roll Hall Of Fame Concerts [Explicit], track 45/54, disc 1/1

2010

Rock

374.20667

eng - 
Amazon.com Song ID: 219816706
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