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A thyroid adverse outcome pathway network as a guide

Public screening data is available
for many MIEs in the AOP

network.

*  Green boxes indicate MIEs with HTS data in
ToxCast or soon to be in ToxCast

* TRHR and IYD added since publication;

*  Assays exist for TBG and TTR binding, but not in
ToxCast (yet);

*  Yellow box: Some indication of liver transporters
from HepaRG data recently released (LTEA) and
from primary hepatocyte data (CellzDirect).

Ongoing challenges

*  Would be great to add high-throughput
transcriptomics

*  What about the need for
redundancy/confirmation at assay targets?

*  What about quantitative key event
relationships?
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Research progress in EPA-ORD for thyroid tiered bioactivity screening

Broad and Targeted (Tier 1-2) NAMs for bioactivity Tier 2-3 NAMs to confirm bioactivity and connect to KEs

TOXICOLOGICAL SCIENCES, 174(1), 2020, 63-78
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High-throughput
toxicokinetic models

PBTK-TH kinetics

Connecting KEs to
AOs

Research progress in EPA-ORD for thyroid tiered bioactivity screening

In silico NAMs for toxicokinetics, TH kinetics, and models to link screening to KEs and adverse outcomes

Amaternal-fetal HTTK model, [ ] Additional and ongoing research

Kapraun, Wambaugh, et al. in e . .
preparation; goal is to be able Prioritizing substances with exposures during
to understand how to critical windows of susceptibility

prioritize chemicals based on
exposure during critical
windows of susceptibility for
thyroid

Understand if the bioactive concentration in vitro Orthogonal and Cheminformatics,
corresponds to internal exposures in humans confirmatory approaches bioinformatics, etc. (e.g.,

ongoing work on TRHR
using a cheminformatics
approach) can be useful
when a single screening
assay is available

SOT s
Toxicology
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Mechanistic Computational Model for Extrapolating
In Vitro Thyroid Peroxidase (TPO) Inhibition Data to
Predict Serum Thyroid Hormone Levels in Rats
Sakshi Handa,* Iman Hassan ®," Mary Gilbert,* and Hisham El-Masri**

Connecting MIEs to critical key events in the AOP Combining all of the MIE What is our confidence
network (e.g., TPO inhibition to serum thyroid . .. q
FS— - data to prioritize for Tier 2 [liFls ch.anges at the MIE
models screening level translate to

I tissue level or serum TH

outcomes?
Connecting MIEs/KEs to adverse outcomes

*Center for Computational Toxicology and Exposure, Office of D u

Protection Agency, Research Triangle Park, North Carolina 27711, USA; 'Office of Air Quality Planning and

Standards, U.S. Environmental Protection Agency, Research Triangle Park, North Carolina 27711, USA; and
d Office of Research and Development, USS.

ncy, Research Triangle Park, North Carolina 27711, USA

Integration How to use all screening
data (ToxCast and
international) for specific
use cases?
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&5l academic.oup.com/toxsci

Targeted Pathway-based In Vivo Testing Using
Thyroperoxidase Inhibition to Evaluate Plasma
Thyroxine as a Surrogate Metric of Metamorphic
Success in Model Amphibian Xenopus laevis

Jonathan T. Haselman @,** Jennifer H. Olker ®," Patricia A. Kosian,*
Joseph J. Korte,"? Joseph A. Swintek,' Jeffrey S. Denny,* John W. Nichols,*
Joseph E. Tietge,’ Michael W. Hornung ©," and Sigmund J. Degitz"

Confirmatory screening in Tier 2-3 NAMs and these

integrative models with available MIE screening data will be
valuable for translating the data into information to evaluate
the utility of screening data for use in weight-of-evidence,

IATAs, DAs, etc.
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And now for something completely different...in another session of the
OECD EDTA meeting

SOMETHING "' :
COMPLETELY
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ToxCast HT-HT295R assay and model: evolution of a
tool for potential regulatory applications N

Assay development
(Karmaus et al., 2016)

Further evaluation of the model and QSAR approaches for HT-H295R

demonstration of prioritization bioactivity prediction
(Foster et al., in prep)

Model and comparison to OECD
validation study results

(Haggard et al., 2018 )

(Haggard et al., 2019)
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Figure 5, Haggard et al. (2018)

Research Status
Preparing a manuscript now on how to apply structure-activity relationships,

This HT-H295R assay implementation in ToxCast, and the model (using

Mahalanobis distance), with comparison to OECD H295R assay
validation study, were all presented to a FIFRA SAP in November 2017.

https://www.regulations.gov/docket/EPA-HQ-OPP-2017-0214

including a machine learning approach and nearest neighbor approaches, to predict
HT-H295R bioactivity for the rest of the EDSP Universe of chemicals
ORD Lead: Katie Paul Friedman, ORD-CCTE




. EPA Comparison to the OECD interlaboratory validation exercise
N\ suggests that the HT-H295R assay performed well.

interlaboratory trial Haggard et al. (2018)

HT-H295R performance compared to OECD
Plate Cells 10 puM FSK Chemical Media to
(overnight) (48 hrs) (48 hrs) OpAns

Revised Sensitivity Revised Specificity Revised Accuracy

H295R cells pre-treatment: 100 pM Cell viability HPLC-MS/MS
1.00 0.89 0.90
seeded to stl_mulate ; chemical 270% quantification
~50% steroidogenesis treatment else: 10x dilution of 13 hormones 0.67 0.e2 0.82
confluency 0.75 0.83 0.80
Testosterone up revised Testosterone dn revised | 0.80 1.00 085

01 0 01
o - E OECD interlaboratory trial reproducibility
1 2 1 1 Chemical set % concordance among labs
OECD OECD
Estradiol up revised Estradiol dn revised 12 core 0.88

16 0.84 0.91
supplemental
Total 0.89 0.90

aggard et al.

Desplte experimental differences to make the assay hlgher throughput, comparison of the HT-H295R E2 and T
outcomes shows balanced accuracy similar to the maximum interlaboratory trial reproducibility.



HT-H295R statistical model for prioritization: the
maximum mean Mahalanobis distance (maxmMd)

OHPREG PROG OHPROG
"""""""""""""" 003 1 oosd T TTTTTTTTTTTT
0.034
. s . 002 0051
0029 M 0.01 ¢ 0047 ¢ R . .
0014 . gobesz=sesmsctacoctonssannaas| 0O3f--------o- g ¥--------
0.01 0.10 0.01 0.10 1.00 0.01 010 1.00
DoC CORTIC 11DCORT
& 0.0100 [ 1B fF======="== §- """ TTTTTmS
0.091 H b3 00075 ¥ 1001 e ¢ *
L] ' .
o 0% 0.0050 0757 ®
3 003 . ¢ 00025 k8 mm e e L
Y E#zzc%ooooooooooooozzzoio: e EEEPEPT P 4 0254 i . +
‘;‘ 0.01 0.10 1.00 0.01 0.10 1.00 0.01 0.10 1.00
©
[
< CORTISOL ANDR TESTO
T fFree=ssessesmss-e-esmm--====-= 06Fccccc=ccc==c==============9  Fe=========s===============
£ oo * 0.015+
3 b : 0ty
® 0069 s ® 00101 ® e o ___
5} « 02 . .
= 0.034 N . 0.0054 * -
0.00 3 00 * + 0.000 * e
0.01 0.10 1.00 0.01 0.10 1.00 0.01 0.10 1.00
ESTRONE ESTRADIOL C M lf p ri n
ootsd TTTTTTTTTTTTTTTTTT ooozoq ~ T TTTTTTTTTTTTTTTITTT - e Sto e
ool : . coots L, s
--------------- B 00010 = === e mm e g oo
0.0054 0.0005 50
0.000+ * 4 0.0000 L4 s
0.01 a.10 1.00 0.01 0.10 1.00
. 25 E1
Concentration (uM)
TOXICOLOGICAL SCIENCES, 162(2), 2018, 509-534 0.0
Society of i oi: 10,1098/ toxsci/kfx2
SOT Ricar, TaxSei  smowmesens ., .
RASRR  www.toxsci.oxfordjournals.org B0 Years  nmernrencs TESTO
-50
High-Throughput H295R Steroidogenesis Assay: Utility
as an Alternative and a Statistical Approach to
Characterize Effects on Steroidogenesis ANDR

Derik E. Haggard,*! Agnes L. Karmaus,*'! Matthew T. Martin,?
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*Oak Ridge Institute for Science and Education Postdoctoral Fellow, Oak Ridge, TN. 37831; and 'National
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B2

Reduced an 11-dimensional question to a single dimension.

Selection of the maxmMd appeared to provide a sensitive, reproducible,
and quantitative approximation of the magnitude of effect on

steroidogenesis.
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OECD interlaboratory validation reference chemicals
typically affected 2+ hormones in the system

maxmMd

Haggard et al. (2018)

Steroid Hit Count

OECD Reference Chemicals
Il Prochloraz @ Letrozole

@ Ketoconazole % Bisphenol A Rep 2

A Forskolin W Piperonyl butoxide

@ Danazol Rep 1 @ Finasteride

%K, Danazol Rep 2 Aminoglutethimide
Fenarimol \/ EDS

@ Atrazine Il Molinate

A Prometon @ Bisphenol A Rep 1

@ Di(2-ethylhexyl phthalate A Benomyl

% Spironolactone © Nonoxynol 9

I Genistein Mifepristone
Bisphenol A Rep 3 M Butylparaben

A Tricresyl phosphate % Dimethoate

Reinforced the idea that the
H295R steroid biosynthesis is a
dynamic and interdependent
system.

lllustrated that the maxmMd
could distinguish chemicals with
greater magnitude of effect
(and potency) despite the count
of hormones affected.

Presentation to a Federal
Insecticide, Fungicide, and
Rodenticide Act (FIFRA)
Scientific Advisory Panel in Nov
2017 led to further investigation
and demonstration of the
approach.

10



Data simulation aimed to address the

stability of the statistical approach.

Regulatory Toxicology and Pharmacology 109 (2019} 104510

Power

F ‘2 and 2.5 fold changes were =0.999

Covariance Type (Fold Change)

D lower (1.1) lower (1.5)
® global {(1.1) & global (1.5)
upper (1.1} upper (1.5}

Haggard et al. (2019)

* Evaluated the robustness,

reproducibility, and power of the
HT-H295R statistical model per
feedback received at Scientific
Advisory Panel review.

Considered a case study: does the
HT-H295R assay and model detect
aromatase inhibitors?

Demonstrated the use of the HT-
H295R statistical model in a
selectivity-based prioritization
exercise.

11



\‘7EPA Parallel cytotoxicity (MTT assay) and cytotoxicity threshold

estimates may help rank positives by selectivity
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How can we extend information from about ~2000 substances in the
HT-H295R assay to larger chemical inventories of interest?

Foster et al. (in preparation) Evaluating structure-based activity in the high-throughput H295R assay for steroid biosynthesis.

I
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| I
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Estrogen dn 40 602 g | HT-H295R maxmMd I_ structural features | |
e
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HT-H295R summary

HT-H295R screening assay as an alternative for the OECD-validated, low throughput H295R assay
performed well.

 The ANOVA analysis and logic used herein for the HT-H295R dataset to determine effects on the steroid biosynthesis pathway
enabled a direct comparison of the OECD inter-laboratory validation data and the HT-H295R data.

Novel integration of 11 steroid hormone analytes for pathway-level analysis using the HT-H295R assay
data.
* A mean Mahalanobis distance (mMd) was computed for each chemical concentration screened.

« The mMd provided a set of unitless values from which the maximum mean Mahalanobis distance (maxmMd) could be
calculated across the concentration range screened.

 The maxmMd approach is reproducible in data simulations.
* This maxmMd may be a useful prioritization metric.

Structure-activity relationships may help identify chemicals of greatest interest for steroidogenesis
screening in available high-throughput assays.

Limitations: H295R assay results (LT or HT) are screening and on their own are unlikely to predict in vivo
endocrine or reproductive outcomes and CyproTex is no longer providing this contract service as HT.
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works
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