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1. Background

• Goal is computational modeling of 
ToxCast/Tox21 chemicals for predictive 
DART (prenatal developmental toxicity).

• Project focuses on applying fundamental 
principles of teratogenesis (birth defects) 
to human embryonic stem cells: 

o initiating mechanisms
o dosimetry & bioavailability
o stage vulnerability
o chemistry
o genetic susceptibility
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2. Hypothesis and Specific Aims

1. Data-mining: chemical-assay specific correlations to identify relevant mechanisms.

2. Validation: use in a prioritization schema for human teratological outcome.

3. Kinetics: reverse dosimetry for exposure-based hazard prediction in the human fetus.

4. Dynamics: system-specific vulnerabilities of the developing embryo.

Hypothesis: systematic integration of human pluripotent stem cell data into spatially-
dynamic computer models of embryonic development will recapitulate the critical 

determinants of developmental toxicity based on the fundamental principles of teratology.



3. Description of the overall project
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DevTOXqP platform (Stemina Biomarker Discovery)
Palmer et al. 2013

Pluripotent H9 human embryonic stem cell 
metabolomics assay that “… identified the potential 

developmental toxicants in the test set with 77% 
accuracy (57% sensitivity, 100% specificity).” 



ToxCast Phase I/II library tested
(EPA contract EP-D-13-055)

5Knudsen et al. (MS in preparation)

Main STM assay component identifiers (acid): 

• ORN in the secretome normalized to control (acid 1029)
• CYSS in the secretome normalized to control (acid 1026)
• ORN:CYSS ratio (acid 1031)
• Cell viability normalized to control (acid 1114) 

Invitrodb currently holds results for the STM dataset on 1065 chemicals tested to date:

• concentration-response profiles for 334 chemicals pushed through the ToxCast pipeline (tcpl) 
• single-concentration screens for 731 chemicals (mostly negative under the specific test condition)
• dataset has been manually curated and essentially locked-in for data release upon publication (FY18 product)
• positive response on the targeted biomarker translates to a micromolar threshold predicting teratogenicity
• 181 of 1065 (17%) chemicals generated a STM-positive signal <200 µM



Example tcpl readout for the targeted biomarker (o/c ratio)

ToxCast_STM_o/c
AC50

(for posterity)

Palmer et al. 2013
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Example tcpl readout for cell viability: calculated point of departure reflects an 11% loss

ToxCast_STM_cv
AC50

(for posterity)

7



8

Stratification of 181 STM-positives

A

B

C
>200 µM

Methotrexate (#174)

Retinoic acid (#1)

Thalidomide (#8)

Valproic acid (#62)

Fluazifop-P-butyl (#89)

Ketoconazole (#116)

Carbendazim (#24)

Benomyl (#138)

Octyl gallate (#153)



Performance Check
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• ToxCast_STM anchored to DevTox benchmark 
compounds aimed at assessing alternative models1 and 
having information on human pregnancy risk.

• Overall accuracy 82.1% (71% sensitivity, 100% 
specificity, MCC = 0.695, n=39).

• Compares well to the Palmer et al. (2013) who 
reported an overall accuracy of 77% (57% sensitivity, 
100% specificity).

NAME CASRN Benchmark

Pregnancy Risk 

Category TI (uM) Class

all-trans-Retinoic acid 302-79-4 teratogen X 0.003 TP

Cytarabine hydrochloride 69-74-9 teratogen D 0.054 TP

Methotrexate 59-05-2 teratogen X 0.059 TP

Diphenhydramine hydrochloride 147-24-0 teratogen B 0.588 TP

Thalidomide 50-35-1 teratogen X 1.27 TP

5-Fluorouracil 51-21-8 teratogen D 2.02 TP

Carbamazepine 298-46-4 teratogen C 2.29 TP

Busulfan 55-98-1 teratogen D 2.31 TP

Rifampicin 13292-46-1 teratogen C 2.46 TP

Amiodarone hydrochloride 19774-82-4 teratogen D 5.10 TP

Lovastatin 75330-75-5 teratogen X 6.67 TP

Stavudine 3056-17-5 teratogen C 32.5 TP

Dexamethasone sodium phosphate 2392-39-4 teratogen C 37.7 TP

Indomethacin 53-86-1 teratogen D 72.7 TP

Hydroxyurea 127-07-1 teratogen D 74.9 TP

Valproic acid 99-66-1 teratogen D 155 TP

MEHP 4376-20-9 teratogen D 167 TP

5,5-Diphenylhydantoin 57-41-0 teratogen D 1000 FN

6-Propyl-2-thiouracil 51-52-5 teratogen D 1000 FN

Boric acid 10043-35-3 teratogen N 1000 FN

Cyclophosphamide monohydrate 6055-19-2 teratogen D 1000 FN

Diethylstilbestrol 56-53-1 teratogen X 1000 FN

Phenobarbitol sodium 57-30-7 teratogen D 1000 FN

Warfarin 81-81-2 teratogen X 1000 FN

Salicylic acid 69-72-7 non-teratogen C 513 TN

Acetaminophen 103-90-2 non-teratogen B 1000 TN

Acrylamide 79-06-1 non-teratogen NTP 1000 TN

Aspirin 50-78-2 non-teratogen C 1000 TN

Bisphenol A 80-05-7 non-teratogen NTP 1000 TN

Butylparaben 94-26-8 non-teratogen GRAS 1000 TN

Caffeine 58-08-2 non-teratogen B 1000 TN

D-Camphor 464-49-3 non-teratogen C 1000 TN

Dimethyl phthalate 131-11-3 non-teratogen NTP 1000 TN

Folic acid 59-30-3 non-teratogen A 1000 TN

Isoniazid 54-85-3 non-teratogen C 1000 TN

Retinol 68-26-8 non-teratogen A 1000 TN

Saccharin 81-07-2 non-teratogen A 1000 TN

Sodium L-ascorbate 134-03-2 non-teratogen A 1000 TN

Sulfasalazine 599-79-1 non-teratogen B 1000 TN

1 Genschow et al. 2002; West et al. 2010; Daston et al. 2014; 
Augustine-Rauch et al. 2016; Wise et al. 2016
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4. Timeline 
and 

Deliverables

Year 0.5   
o Issue task order 85-90 NTP/NICEATM chemicals for iPSC data generation (Aim 3) 
o Build literature mining database for chemical-assay connectivity (Aim 1) 

 
Year 1.0   

o Integrate results from iPSC data with extant H9 (ToxCast) data in tcpl (Aim 1) 
o Run additional assays needed to strengthen concordance between iPSC and H9 (Aim 1) 

 
Year 1.5   

o Comprehensive correlation analysis to ToxRefDB and NTP animal studies (Aim 3) 
o Implement the human fetal PBPK exposure model (Aim 2)    

 
Year 2.0   

o Quality Control (QC) and manual curation plan to evaluate the dataset (Aim 1) 
o Draft relevant manuscripts for publication (Aims 1 &2) 

 
Year 2.5   

o Compendium of sensitivity-specificity predictors based on adverse outcomes (Aim 3) 
o Develop 3 case studies for computational dynamics at windows of vulnerability (Aim 4)  

 
Year 3.0   

o Virtual embryo agent-based models to simulate spatial dynamics (Aim 4)  
o Draft relevant manuscripts for publication (Aims 3 & 4). 



5. Progress to date (Year 0.5)
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Toward issuing a task order 85-90 NTP/NICEATM chemicals for iPSC data generation (Aim 3): 

• Nicole learned of a draft document “ICH Reference Compounds for Qualifying Alternative Assays” candidate 
list of 84 DevTox reference compounds with detailed dosimetry. She inquired whether the Expert Working 
Group of ICHS5(R3) could share kinetic and toxicity information, but it was not ready until Q1-2018. 

• Finalized 81 chemicals based on : (a) NTP prenatal animal studies; (b) potential for human exposure and 
suspected developmental effects; (c) high priority to NTP, EPA, or other ICCVAM member agencies; and (d) 
inclusion in the ICH guidance: “Detection of toxicity to reproduction for human pharmaceuticals.”

• Almost ½ of the list shares overlap with ToxCast_STM (H9 cells). Stemina kindly shared the list of 
compounds they already compared between H9 and iPSC versions of the platform.



5. Progress to date (Year 0.5)
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Toward building a literature mining database for chemical-assay connectivity (Aim 1): 

• Nancy Baker (NCCT) developed a sifter/literature miner knowledge mapping tool for the test compounds. 



5. Progress to date (Year 0.5)
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Toward HTTK modeling (Aim 2): 

• Since STM outputs an exposure-based hazard prediction, we can translate TI to human pregnancy using a 
fetal PBPK adaptation of the HTTK model. Annie installed fetal httk package from NCCT and is running 
initial trials on maternal serum levels for retinoic acid (RA) utilizing parameters provided by NTP. 

• RA has a well-defined role in human development and teratogenesis, and was the most potent 
compound of the 181 positives in ToxCast_STM. Palmer et al. 2017 just published the bioactivity of 
several retinoids in the iPSC-version of the assay to address RA homeostasis. 

• Annie compiled a list of the compounds (n=271) for which the httk package can be used and a slightly 
longer list of chemicals (n=349) for which a 3 compartment steady state model can be built. Since the 
STM prediction has high specificity, we can begin to make inferences on margins of exposure.



5. Progress to date (Year 0.5)
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Toward computational modeling with the stem cell data (Aim 3): 

TP 9
FP 19
FN 15
TN 103
n 146

Sensitivity 0.375
Specificity 0.844
Accuracy 76.7%
Mathew’s cc    0.206
F1 score 0.005

Concordance model (rat & rabbit): 
• 272 chemicals tested for prenatal DevTox in both species
• Positives = dLEL < 125 mg/kg/d for fetal endpoints
• Negatives = no dLEL > 1000 mg/kg/day

Low sensitivity raises a question of what is 
missing biologically or metabolically in the 
H9 cell platform that animal studies pick up. 
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Toward computational modeling with the stem cell data (Aim 3): 

• Todd Zurlinden (NCCT) built a logistic regression model to mine the strongest positive and negative 
correlates to 331 enzymatic and receptor signaling assays in the ToxCast_NVS dataset. Initial machine-
learning defined several functional annotation groups and pathways. 

• Top sensitive pathways were kinase signaling, some neuroactive GPCRs, and corticotrophs. In contrast, 
top negative correlations were observed with other neuroactive GPCRs (dopamine, serotonin, 
endothelins), estrogen signaling, and RAR antagonism. 

• These findings point to molecular processes that potentially account for the sensitivity of the STM model 
and set the stage for AOP integration and mechanistic in silico multiscale agent-based models (Aim 4).

5. Progress to date (Year 0.5)



Pathway sensitivity against 337 biochemical targets in ToxCast
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NVS ASIDs selected from 
invitroDB v2 (June, 2017)

Filter NVS+ by AC50 cutoffs 
(50 nM, 20 nM, 10 nM)

Feature selection with Scikit
(Python) classification 
ANOVA 40th percentile

Build logistic regression 
model based on STM+ (1) 

and STM- (0) calls

AD score (weighted NVS 
potency and discretized 

targeted biomarker)
GPCR_rAdra1A Adra1a adrenergic 0.098 0.031 2.992 0.117 0.625 3.532 0 1.096 2.992 7.24

ENZ_hJNK2 MAPK9 Ser/Thr kinase 0 -0.022 1.426 0.597 1.084 1.548 1.285 1.411 1.426 4.74

ENZ_hCDK2 CDK2 Ser/Thr kinase 0.918 0.045 1.114 0.449 1.087 1.618 0.908 1.861 1.114 4.63

ENZ_hAbl ABL1 non-receptor tyrosine kinase 1.055 0.038 1.353 0.615 1.006 1.458 1.088 1.176 1.353 4.53

MP_rPBR Tspo TSPO 0.391 0.035 1.459 0.365 1.094 1.589 0.467 1.278 1.459 4.49

GPCR_rH3 Hrh3 histamine 1.031 0.039 1.321 0.606 0.983 1.418 1.045 1.144 1.321 4.42

OR_gSIGMA_NonSelective Simar1 2nd messenger 0 0 1.344 0.437 1.128 1.516 0.533 1.271 1.344 4.25

GPCR_hTXA2 TBXAR2 2nd messenger 0 0 1.26 0.588 0.935 1.343 1.007 1.086 1.26 4.03

ENZ_hHDAC6_Activator HDAC6 deacetylase 0.659 0.046 1.121 0.387 0.826 1.177 0.555 0.956 1.121 3.56

ADME_hCYP2C19 CYP2C19 CYP inhibition 0.562 0.014 1.33 0.632 0.437 0.588 0.778 0.693 1.33 3.36

GPCR_rNK3 Tacr3 neurokinin 0.532 0.04 1.287 0 -0.114 0 0.604 1.112 1.287 2.94

NR_rMR Nr3c2 corticotropin 0.543 0.017 0.785 0.471 0.454 0.752 0.58 0.597 0.785 2.47

NR_hFXR_Antagonist NR1H4 RXR 0 0.029 0.722 0.186 0.532 0.222 0.26 0.843 0.722 2.06

ADME_rCYP3A1 CYP3A1 CYP inhibition 1.161 0.034 0.651 1.128 1.168 1.319 1.96

NR_hGR NR3C1 corticotropin 0.121 0.083 0.545 0.113 0.402 0.591 0.13 0.39 0.545 1.62

NR_hCAR_Antagonist NR1I3 RXR 0.465 0.134 0.461 0.251 0.39 0.541 0.252 0.367 0.461 1.58

ENZ_hJak2 JAK2 non-receptor tyrosine kinase 0.265 0.026 0.422 0.258 0.369 0.468 0.334 0.365 0.422 1.44

ENZ_hRAF1 RAF1 Ser/Thr kinase 0.676 0.032 0.342 0.229 0.223 0.485 0.443 0.409 0.342 1.41

GPCR_p5HT2C HTR2C serotonin 0.195 0.013 0.418 0.2 0.372 0.462 0.262 0.368 0.418 1.38

ENZ_hNEK2 NEK2 Ser/Thr kinase 0.674 0.032 0.341 0.228 0.303 0.431 0.701 0.117 0.341 1.30

GPCR_h5HT2A HTR2A serotonin 0 0 0.324 0 0.797 0.368 0 0.371 0.324 1.18

NR_cAR AR steroid hormone receptor 0 0 0.406 0.16 0.139 0.511 0.188 0.219 0.406 1.15

ENZ_hEGFR EGFR receptor tyrosine kinase 0 0.032 0.342 -0.092 0.346 0.331 -0.216 0.485 0.342 1.04

ENZ_hFyn FYN non-receptor tyrosine kinase 0 -0.017 0.346 0.085 0 0.507 0.383 0 0.346 0.91

GPCR_hH1 HRH1 histamine 1.221 0.03 0.691 0.116 1.284 0 0.80

ENZ_hHDAC3_Activator HDAC3 deacetylase 1.228 0.67 1.329 0.76

ENZ_hPAK2 PAK2 Ser/Thr kinase 1.249 0.675 1.295 0.75

ENZ_hTie2_Activator TEK receptor tyrosine kinase 1.244 0.674 1.28 0.75

ENZ_hPAK4 PAK4 Ser/Thr kinase 0 0 0.325 0.39 0 0.035 0.504 0 0.325 0.74

ENZ_hAKT2 AKT2 Ser/Thr kinase 1.199 0.662 1.278 0.74

ENZ_hPKA PRKACA 2nd messenger 0 -0.017 0.34 0.084 0 0.187 0.32 0 0.34 0.72

ENZ_hInsR INSR receptor tyrosine kinase 1.206 0.54 1.135 0.67

ENZ_hPTPN13_Activator PTPN13 non-receptor tyrosine phosphatase 1.248 0 1.327 0.65

GPCR_hAdrb2 ADRB2 adrenergic 1.244 0 1.312 0.64

ADME_rCYP2A2 Cyp2a2 CYP inhibition 0 0.019 0 0.219 0.499 0 0.3 0.489 0 0.64

NR_hPPARa PPARA RXR 0 -0.028 0.225 0 0.157 0 0.18 0.286 0.225 0.63

ENZ_hSIRT3 SIRT3 deacetylase 0 0.672 1.336 0.56

ENZ_hMAPK3_Activator MAPK3 Ser/Thr kinase 0 0.669 1.313 0.55

ADME_hCYP4F12 CYP4F12 CYP inhibition 0.281 0 0 0 0.48 0 0 0.482 0 0.53

ENZ_hPTPN14 PTPN14 non-receptor tyrosine phosphatase 0 -0.016 0.317 0.078 0 0 0.122 0 0.317 0.52

ENZ_hPTPN2 PTPN2 non-receptor tyrosine phosphatase 0 -0.015 0.295 0.073 0 0 0.023 0 0.295 0.46

ADME_rCYP2C6 Cyp2c6 CYP inhibition 0.796 0.296 0.641 0.40

ENZ_hCASP2_Activator CASP2 protease 1.273 0.042 0 0.259 0 0 0.336 0 0 0.38

ADME_hCYP2C18 CYP2C18 CYP inhibition 0.72 0.255 0.534 0.34

ENZ_hVEGFR3 FLT4 receptor tyrosine kinase 0.082 0.027 0.126 0.087 0 0 0.331 0 0.126 0.34

ENZ_hFGFR1 FGFR1 receptor tyrosine kinase -0.465 0.025 0.272 0.042 0 0 -0.091 0 0.272 0.32

ENZ_hPTPN12 PTPN12 non-receptor tyrosine phosphatase -0.692 -0.03 0.344 -0.113 0 0.007 -0.222 0 0.344 0.30

GPCR_r5HT1_NonSelective Htr1a serotonin -0.698 -0.236 -0.487 -0.32

GPCR_gANPA Nppa vaso-peptide 0 -0.027 0 0 -1.034 0 0 0 0 -0.35

ENZ_hMMP1 MMP1 protease 0 -0.054 0 0 -0.229 0 0 -0.393 0 -0.36

ADME_hCYP3A4 CYP3A4 CYP inhibition -0.776 -0.287 -0.572 -0.37

GPCR_g5HT4 Htr4 serotonin -0.713 -0.168 -0.667 -0.37

ENZ_hSIRT2 SIRT2 deacetylase -0.751 -0.04 0 0 -0.105 0 0 -0.31 0 -0.38

ENZ_hBACE_Activator BACE1 protease 0 -0.052 0 -0.228 -0.228 0 0 -0.39 0 -0.39

NR_rAR Ar steroid hormone receptor -0.776 -0.049 0 -0.363 -0.47 0 -0.629 0 0 -0.57

GPCR_rAdra1B Adra1b adrenergic 0 0.004 -0.208 -0.11 0 -0.234 -0.244 -0.17 -0.208 -0.64

IC_rCaChN Cacna1b channel -0.692 -0.041 0 -0.274 -0.231 0 -0.493 -0.401 0 -0.68

GPCR_h5HT7 HTR7 serotonin 0 0 -0.587 0 0 0 0 0 -0.587 -0.88

ENZ_hAKT1 AKT1 Ser/Thr kinase 0 0.029 -0.416 -0.037 -0.039 -0.231 -0.102 -0.178 -0.416 -0.90

ENZ_hGSK3b GSK3B Ser/Thr kinase 0 0 -0.4 -0.114 -0.061 -0.239 -0.14 -0.192 -0.4 -0.93

ENZ_hSIRT1 SIRT1 deacetylase -0.691 -0.049 0 -0.315 -0.584 0 -0.653 -0.589 0 -0.99

ENZ_hMAPK3 MAPK3 Ser/Thr kinase 0 -0.043 -0.446 -0.121 -0.02 -0.246 -0.195 -0.18 -0.446 -1.02

ENZ_hPTPN11 PTPN11 non-receptor tyrosine phosphatase -0.642 -0.044 -0.494 -0.184 -0.118 0 -0.34 -0.282 -0.494 -1.23

ENZ_hSIRT2_Activator SIRT2 deacetylase 0 -0.044 -0.575 -0.228 -0.231 0 0 -0.389 -0.575 -1.25

GPCR_hNK2 TACR2 neuropeptide 0.4 0.012 -0.637 0 -0.239 0 0 -0.432 -0.637 -1.25

GPCR_hM3 CHRM3 muscarinic -0.922 -0.067 0 -0.423 -0.54 0 -0.811 -0.838 0 -1.26

NR_hER ESR1 steroid hormone receptor 0 -0.122 -0.543 -0.157 -0.067 -0.478 -0.11 -0.195 -0.543 -1.31

ENZ_rMAOAP Maoa mit-oxidase -0.565 -0.055 -0.568 -0.227 -0.226 0 0 -0.384 -0.568 -1.33

ENZ_hES BCHE cholinergic 0 -0.049 -0.626 -0.234 -0.237 0 0 -0.425 -0.626 -1.36

NR_mERa Esr1 steroid hormone receptor 0 -0.052 -0.568 -0.102 -0.212 -0.47 -0.051 -0.25 -0.568 -1.38

ENZ_hPTPN1 PTPN1 non-receptor tyrosine phosphatase -0.315 -0.045 -0.603 -0.172 -0.019 -0.249 -0.585 -0.18 -0.603 -1.45

ENZ_hPTPN11_Activator PTPN11 non-receptor tyrosine phosphatase 0 -0.056 -0.58 0 -0.558 0 0 -0.662 -0.58 -1.52

GPCR_hETA EDNRA endothelin -0.677 -0.044 -0.569 -0.269 -0.226 0 -0.5 -0.384 -0.569 -1.52

ENZ_hPTPN9 PTPN9 non-receptor tyrosine phosphatase 0 0 -0.588 -0.186 -0.241 -0.459 -0.341 -0.401 -0.588 -1.60

NR_bER ESR1 steroid hormone receptor 0 0 -0.548 0.025 -0.562 -0.463 -0.03 -0.638 -0.548 -1.67

GPCR_hDRD1 DRD1 dopamine 0 -0.045 0 0 -1.518 0 0 -1.815 0 -1.73

ENZ_hPTPN9_Activator PTPN9 non-receptor tyrosine phosphatase -0.77 -0.08 -0.576 -0.336 -0.355 0 -0.588 -0.531 -0.576 -1.74

ENZ_hIRAK4_Activator IRAK4 Ser/Thr kinase 0 0 -0.659 -0.171 -0.312 -0.541 -0.445 -0.479 -0.659 -1.86

ENZ_hPDE4A1 PDE4A 2nd messenger -0.803 -0.089 -0.583 -0.306 -0.389 -0.467 -0.57 -0.497 -0.583 -1.97

NR_bPR PGR steroid hormone receptor 0.317 0.068 -1.077 0 0 -1.092 0 0 -1.077 -2.09

ENZ_hMMP9 MMP9 protease -0.736 -0.075 -0.681 -0.308 -0.37 -0.632 -0.502 -0.563 -0.681 -2.20

NR_hRAR_Antagonist RARA RXR -0.079 -0.097 -0.745 -0.303 -0.462 -0.653 -0.566 -0.636 -0.745 -2.31

GPCR_hDRD2s DRD2 dopamine 0 0.008 -1.336 0 0 -1.559 0 0 -1.336 -2.78

NR_hPXR NR1I2 RXR -0.713 -0.094 -1.245 -0.317 -0.767 0 -0.568 -1.312 -1.245 -3.39

ADME_hCYP2A6 CYP2A6 CYP inhibition -1.93 -0.067 -1.46 -0.531 -0.507 0 -0.768 -0.878 -1.46 -3.63

NIH_DAVID annotation:
functional clusters

Strongest (+) enrichment cluster 

TEK TEK receptor tyrosine kinase(TEK)

PAK4 p21 (RAC1) activated kinase 4(PAK4)

JAK2 Janus kinase 2(JAK2)

NEK2 NIMA related kinase 2(NEK2)

MAPK9 mitogen-activated protein kinase 9(MAPK9)

INSR insulin receptor(INSR)

RAF1 Raf-1 proto-oncogene, serine/threonine kinase(RAF1)

MAPK3 mitogen-activated protein kinase 3(MAPK3)

FGFR1 fibroblast growth factor receptor 1(FGFR1)

CDK2 cyclin dependent kinase 2(CDK2)

FYN FYN proto-oncogene, Src family tyrosine kinase(FYN)

PAK2 p21 (RAC1) activated kinase 2(PAK2)

ABL1 ABL proto-oncogene 1, non-receptor tyrosine kinase(ABL1)

FLT4 fms related tyrosine kinase 4(FLT4)

EGFR epidermal growth factor receptor(EGFR)

AKT2 AKT serine/threonine kinase 2(AKT2)

PRKACA protein kinase cAMP-activated catalytic subunit alpha(PRKACA)

DRD2 dopamine receptor D2(DRD2)

DRD1 dopamine receptor D1(DRD1)

Cacna1b calcium voltage-gated channel subunit alpha1 B(CACNA1B)

Htr1a 5-hydroxytryptamine receptor 1A(HTR1A)

TACR2 tachykinin receptor 2(TACR2)

Adra1b adrenoceptor alpha 1B(ADRA1B)

HTR7 5-hydroxytryptamine receptor 7(HTR7)

CHRM3 cholinergic receptor muscarinic 3(CHRM3)

Htr4 5-hydroxytryptamine receptor 4(HTR4)

BACE1 beta-secretase 1(BACE1)

EDNRA endothelin receptor type A(EDNRA)

Strongest (-) enrichment clusters

ESR1 estrogen receptor 1(ESR1)

RARA retinoic acid receptor alpha(RARA)

PGR progesterone receptor(PGR)

Ar androgen receptor(AR)

NR1I2 nuclear receptor subfamily 1 group I member 2(NR1I2)



6. Science challenges
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• The high specificity of the STM assay provides confidence in predictivity; however, it’s low sensitivity 
raises the science challenge of making the assay more health protective. 

o Understanding the dynamics that potentially account for sensitivity of the STM model set the stage for AOP 
integration and mechanistic in silico agent-based models (Aim 4).

o Reducing uncertainty via computational synthesis and integration to stratify connections between the most 
relevant pathways and link DSSTox structural descriptors with the biology. 

o This cycles back to the principles of teratogenesis (initiating mechanisms, dosimetry & bioavailability, stage 
vulnerability, chemistry, and genetic susceptibility).

• Next steps: (a) NCCT will continue pushing the ToxCast_STM dataset forward on H9 cells and could expand 
chemicals to meet needs for amended TSCA; (b) NTP will pilot the iPSC version of the assay on 81 
chemicals and focus on data processing and integration; (c) NCTR will continue with exposure 
reconstruction on RA as a case study for the fetal httk.


