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Prenatal Developmental Toxicity

o Standard practice for assessing disruptions in embryogenesis involves testing
pregnant animals of two species, typically rats and rabbits, exposed during
major organogenesis and evaluated just prior to term.

o Under this design the major manifestations of developmental toxicity are
observed as one or more apical endpoints including intrauterine death, fetal
growth retardation, structural malformations and variations.

o Alternative approaches to traditional developmental toxicity testing have been
proposed in the form of in vitro data (e.g., embryonic stem cells, zebrafish
embryos, HTS assays) and in silico models (e.g., computational toxicology).

o To increase the diversity of assays used to assess developmental toxicity in
EPA’s ToxCast program, we tested the chemicals in Stemina’s metabolomics-
based platform that utilizes the H9 human embryonic stem cell line.



devTOXqP (quickPREDICT) platform
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O H9lineis a hESC line approved for federally-funded research and commercially
obtained from WiCell Research Institute, Inc (WAQ9).

O Considered a “gold standard” by stem cell researchers due to stability (normal
female karyotype) and long-standing use (hundreds of publications).

O H9 cells maintained in undifferentiated (pluripotent) state in a 96well format and

exposed to chemicals for 3-days; media from last 24h analyzed by LC-MS.
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So far ran 1065 ToxCast chemicals (Phase | and I, 1223 samples) in single
concentration (796) or 8-point concentration response (269), using a target
exposure range guided by the ToxCast ‘cytotoxicity point’ [Judson et al., submitted].

Individual plate controls used methotrexate (MTX) as a reference for negative- (5
nM) and positive- (1 uM) responses, and vehicle control (0.1% DMSO) for plate-
level normalization.

Media from last 24h exposure processed for metabolite analysis by HILC-HRMS
(high-resolution mass spectroscopy); C*3-labeled spike-in standards calibrate the
recovery of ORN and CYSS during processing.

ORN/CYSS ratio, is the main readout used in Stemina’s devTOXgP platform;
‘teratogen index’ (or dTP, developmental toxicity potential) is the chemical
concentration causing this ratio to fall below 0.88 [Palmer et al. 2013].
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Data Representation
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* Stemina trained the H9 devTOXqP model with 23 pharma compounds (96% accurate) and tested with

13 pharma compounds (77% accurate) [Palmer et al. 2013].
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Why does ORN/CYSS balance matter?
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o default model: ORN/CYSS falling below 0.88 in
the H9 hES cell line is predictive of dTP.



Individual Plate Controls

DMSO (0.1%, n>840)
MTX-negative (5 nM, n>420)
MTX-positive (1 uM, n>420)

B oc ratio

I normalized viability
1.2

O MTX in ToxCast
1 (3 nM and 1 uM)

0.8 Tl threshold 0.88
0.6
0.4
0.2

DMSO MTX- MTX+



INDIVIDUAL PLATE CONTROLS
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O/C RATIO

individual concentrations (8) across 284 samples and controls

0.1% DMSO

(neutral ref)
5nM MTX

(negative ref)

1 uM MTX
(positive ref)
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Cell Viability (normalized to DMSO controls)



269 ToxCast Compounds (284 samples)
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O/C RATIO

individual concentrations (8) across 284 samples and controls

0.1% DMSO

(neutral ref)
5nM MTX

(negative ref)

1 uM MTX
(positive ref)
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Cell Viability (normalized to DMSO controls)
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O/C RATIO

individual concentrations (8) across 284 samples and controls

0.1% DMSO

(neutral ref)
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individual concentrations (8) across 284 samples and controls
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CELL VIABILITY (normalized to DMSO controls)

Cell Viability (normalized to DMSO controls)




individual concentrations (8) across 284 samples and controls
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individual concentrations (8) across 284 samples and controls
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individual concentrations (8) across 284 samples and controls
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individual concentrations (8) across 284 samples and controls
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CELL VIABILITY (normalized to DMSO controls)

Cell Viability (normalized to DMSO controls)




individual concentrations (8) across 284 samples and controls
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CELL VIABILITY (normalized to DMSO controls)
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individual concentrations (8) across 284 samples and controls
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ToxCast Pipeline (TCPL) N4

LEE/QIURE " | STM_ORN_down | STM_CYSs_up STM_ORN/CYSS | STM_CellViability
v

a U B W N

individual metabolite values normalized to direct ratio RFUs normalized
DMSO control to DMSO control

removed entries flagged for poor well-quality, empty (‘0’) cells, ...
Log2 transformation of individual measures (n)
inverted contractor-normalized features to look like ToxCast plots
calculated parameters for automated curve fitting models (Constant, Hill, Gain-Loss)
plot the winning model based on AIC and output uM conc. for Hit (0,1)

manual flags for curve-fitting issues or data quality concerns (in progress)

20
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TCPL Data Representation
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Examples

Targeted Biomarker
(ORN/CYSS)

Consuntration (40 Concentration (50

Methotrexate Thalidomide
Ti=0.047 uM TI=0.078 uM
2o
= 8
| = i i
SE i i
i~ I 7

Concentration (40

5HPP-33
Ti=9.01uM

TNP-470(1)
Ti=0.010 uM

Loy Brexease
" : .

TNP-470(2)
TI=0.011uM

Concantration (1260

trans Retinoic acid
Ti=0.001 uM

o Targeted biomarkersometimes co-occurs with viability, and other times not
0 136 ToxCast chemicals (12.8% of 1065 tested to date) were active
- 48 triggered the biomarker signal without any change in viability

- 88 had concurrent effects on hES cell viability
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Model Performance

28 compounds classified by FDA pregnancy label, West et al. 2010,
Palmer et al. 2013, or Augustine et al. 2016

Balanced Accuracy 82.1%

24

sensitivity 0.71
specificity 1.0

I

reflects strategy
to use ToxCast

cytotoxicity point
to guide MTC

Chemical Name
trans-Retinoic acid
Warfarin

Cytarabine hydrochloride

Methotrexate
Thalidomide

Diphenhydramine hydrochloride

5-Fluorouracil
Rifampicin
Busulfan
Carbamazepine

Amiodarone hydrochloride

Lovastatin
Indomethacin
Sodium L-ascorbate
Isoniazid

Dexamethasone sodium phosphate

Valproic acid
Dimethyl phthalate
Folic acid
Hydroxyurea
Aspirin

Saccharin
Cyclopamine
Caffeine
Acetaminophen
Acrylamide

Retinol
5,5-Diphenylhydantoin

dTP

]+

64.572031
1000.000000
1000.000000
1000.000000
1000.000000
1000.000000
1000.000000
1000.000000
1000.000000
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Summary
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o The devTOXqgP dataset for ToxCast of high-quality based on replicate samples and
model performance (82% balanced accuracy, 0.71 sensitivity and 1.00 specificity).

o To date, 136 ToxCast chemicals (12.8% of 1065 tested) were positive in the STM
platform; 48 triggered the biomarker signal without any change in hESC viability.

o Next steps:

- completion and refinement of the STM dataset entry into the TCPL

- compare with results from zFish and mESC platforms

- profile bioactivity (ToxCastDB), endpoints (ToxRefDB), chemotypes (DSSTox)
- exposure-based prediction models (HTTK, ExpoCast)
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