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Chemical Morphological effect (120 hpf)
CYP1A1

Induction
Coumaphos Skeletal Not tested

5-Methoxypsoralen Cardiovascular, Skeletal, Developmental Delay Not tested

Chlorpyrifos None Not tested

Tribromsalan Lethal Not tested

C.I. Solvent yellow 14 Cardiovascular Yes/Yes

1,4-Dihydroxy-2-naphthoic acid None Not tested

Biochanin A Jaw/Snout Not tested

Gentian violet None Not tested

3-Hydroxy-N-(3-nitrophenyl)naphthalene-2-

carboxamide
None Not tested

2-Amino-5-azotoluene Cardiovascular, Skeletal, Developmental Delay Yes/Yes

Hexaflumuron None Not tested

Quantitative High-Throughput Screening and Confirmation Studies for Identification 

of Compounds that Activate the Aryl Hydrocarbon Receptor Pathway
J.A. Franzosa*,1, K. Mansouri1, A. A. Soshilov7,  J.H.Hsieh2, S.S. Ferguson2, X. Chang3, N. C. Kleinstreurer3, J. Hamm3, D.L. Villeneuve4, 

R.S. Judson1, R.S. Thomas1, R. Huang5, M. Xia5, S.W. Kullman6, M.S. Denison7, K.A. Houck1

*Oak Ridge Institute for Science and Education (ORISE), 1 NCCT/ORD/U.S. EPA, RTP, NC, 2 NTP/NIEHS/NIH, RTP,  NC; 3 ILS/NICEATM/NIH, RTP, NC, 
4 NHEERL/ORD/U.S. EPA, Duluth MN, 5 NCATS/NIH, Bethesda, MD, 6 NC State University, Raleigh, NC, 7 UC Davis, Davis, CA.

Introduction

Chemical Screening Workflow Summary

Jill Franzosa l  franzosa.jill@epa.gov l  919-541-0965 

Figure 3. Summary of Tox21 qHTS assay results. (A) Scatter plot of half-maximal activity (AC50) and

maximal response (Emax) for Tox21 compounds identified as hits (n = 930 samples) in the ToxCast

Data Pipeline. Emax values Ó120% were set to 120%. B) Histogram representing the distribution of

AC50 values of the hits. (C) Concordance analysis based on Tox21 chemical library samples with the

sample CAS Registration Number. Overall Assay Concordance was 94.3% with 768 unique

chemical structures (9.2% of Tox21 Library) demonstrating AhR activity.
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Figure 4. Identification of structural features associated with AhR activity. Supervised self-organizing maps (SOMs) trained with artificial neural networks

based on Tox21 AhR assay activity (active/inactive) and PaDEL molecular descriptors with (A) AC50 (-log (AC50)) as color scale where inactive = -3, N =

number of chemicals in node, and (B) Emax as color scale where Emax Ó120% = 120%,N = fraction of actives. Dark blue node = inactive; White node = empty.

Chemical names (AC50 value) of compounds in node19-16: (a) Dibenz(a,h)anthracene (0.073 µM) (b) 3-Methylcholanthrene (0.31 µM), (c) 7-

Methylbenzo(a)pyrene (0.52 µM), (d) 1-Methylpyrene (inactive).
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Figure 6. Confirmation of AhR activity using orthogonal in vitro assays. (A) Stimulation of AhR transformation and DNA binding by Tox21 compounds (1

µM and 10 µM as measured by gel retardation (GR) experiments with guinea pig hepatic cytosol (B) Concentration-response (1 nM-10 µM) GR experiments

with calculated EC50 values listed. Data represent the percentage of maximal TCDD induction and the mean ± SD with n=3. (C) Ligand binding affinity of

compounds measured using guinea pig cytosol incubated with 2 nM [3H]TCDD and 1µM of compound for 1 h (RT). Data presented as mean ± SD with n=3.

Figure 5. Evaluation of AhR activity in water samples collected at various samples locations across the United States. (A) AhR activity of water samples

collected by the USGS and US EPA Mid-continent Ecology Division (MED) and tested in concentration response in the Attagene Cis Factorial HTS assay.

Calculated concentration factor EC50 values are listed in (B) along with descriptions of the site locations and US EPA Region. [EF, effluent; Dist, distal; DS,

downstream; LSW, Lab Sample Water; MX, mixing zone; Prox, proximal; Sappi ïpaper mill; SMTP, Superior Municipal Treatment Plant; UP, upstream; WLSSD,

Western Lake Superior Sanitary Sewer District; WWTP, wastewater-treatment plant]

3. Survey of US Surface Waters for AhR Activity

ÅThe aryl hydrocarbon receptor (AhR) is a ligand activated transcription factor that

mediates adaptive responses to known environmental pollutants, such as aromatic

hydrocarbons, through regulation of Phase I and II xenobiotic metabolizing enzymes as

well as important growth and differentiation pathways.

ÅThe AhR is activated by a wide range of structurally diverse chemicals that include

naturally occurring, synthetic, and environmental chemicals.

ÅAs part of the U.S. Tox21 collaboration, an ~8.5K chemical library was profiled in a

quantitative high-throughput screening (qHTS) platform in a 1536-well plate format with an

AhR luciferase reporter gene assay in human HepG2 cells to identify novel AhR ligands of

potential health concern.

ÅThe use of robotic qHTS with a sensitive human AhR reporter cell line provided a robust means of testing a large library of 

environmentally relevant chemicals and drugs for potential AhR activity.

ÅAhR was relatively promiscuous for the chemicals tested although the majority of chemicals were active at Ó 10 ÕM.

ÅStructure-activity relationships confirmed known and revealed potentially novel AhR active structure classes.

ÅOrthogonal efficacy assays are important to confirm results from qHTS assays to link molecular initiating events involved in 

AhR activation to adverse outcome pathways resultant in liver tumorigenicity in mammals or early life stage toxicity in fish.

ÅAhR activity was observed in surface waters sampled from around the U.S., consistent with the finding of promiscuous 

activity of the receptor for environmental chemicals.

ÅTaken together, these data will facilitate our understanding of the potential role of novel AhR activators in eliciting key events 

in AhR-related adverse outcome pathways.

Methods for Robotic qHTS
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Figure 1. Overview of methods for qHTS of Tox21 8.5K library for AhR activity. (A) Protocol used for

screening AhR agonist activity using the (B) third-generation CALUX AhR-responsive reporter gene bioassay in

human HepG2 cells (HG2L7.5c1) using the Tox21 Robot. Chemicals were tested at 15 concentrations (10-9-10-4

M) in three independent experiments.
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Figure 2. Simplified schematic of Tox21 AhR Agonist Screening workflow. Overview of the joint Tox21

interagency (NCATS/NIH, NTP/NIEHS/NIH, US EPA, US FDA)-academic efforts (UC Davis, NC State) AhR agonist

screening efforts using qHTS and medium-low throughput in vitro and in vivo assays.
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Figure 7. In vivo evaluation of AhR activity in developing zebrafish embryos. (A) Representative images of larvae (120 hours post-fertilization, hpf)

exposed from 4- 6 hpf to 120 hpf to compounds (0.88 µM- 50 mM, ½-log dosing) in duplicate in 96 well-plate (1embryos/well). (B) Table of morphological

effects at 120 hpf and CYP1A1 expression changes observed upon chemical exposure. For qPCR experiments. exposures were conducted in 6 well plates

containing 2 ml embryo media and compounds (5 µM). Tissue was collected for RNA isolation for qPCR at 24 and 120hpf.
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1. Tox21 AhR Assay Results

Control

Sample_ID Site Location
EPA 

Region
EC50

SPCO_121212 South Platte  (Sand Creek, CO) 8 0.89

AKIA_112012 Fourmile Creek below WWTP outfall (Ankeny, IA) 7 1.77

RFPR_032713 Rio Fajardo below  WWTP outfall (Fajardo, PR) 2 2.87

ZRMN_120612 South Fork Zumbro River below WWTP (near Rochester, MN) 5 3.11

C111HS_041013 C-111 Canal 100' above S-177 (near Homestead, FL) 4 5.09

SCGA_041713 Sope Creek (near Merietta, GA) 4 5.61

PSNJ_121112 Penn Swamp Park  (Batsto, NJ) 2 25.90

IRIA_052113 South Fork of Iowa River (near New Providence, IA) 7 -

EF_WWTP Maumee River WWTP effluent (Toledo, Ohio) 5 1.34

MX_WWTP Maumee River at northeast end of WWTP (Toledo, Ohio) 5 2.15

DS_WWTP Maumee River WWTP downstream (Toledo, Ohio) 5 3.29

UP_WWTP Maumee River near Suder Avenue (Toledo, Ohio) 5 5.19

FAR_UP Maumee River south channel Ewing Island (Perrysburg, Ohio) 5 9.68

Extraction blank Extraction Blank for Maumee River Samples N/A -

DSH spr 2012_Prox St. Louis Bay (site 6) at WLSSD WWTP (Duluth, Minnesota) 5 3.73

DSH spr 2012_LSW USEPA MED Lab intakes (Duluth, Minnesota) 5 -

DSH spr 2012_SMTP Duluth Harbor Basin near WWTP (Superior, Wisconsin) 5 -

DSH spr 2012_Knife Lake Superior, by Marina (Knife River, Minnesota) 5 -

DSH fall 2012_Prox St. Louis Bay (site 6) at WLSSD WWTP  (Duluth, Minnesota) 5 2.73

DSH fall 2012_Dist St. Louis Bay (site 4) near WLSSD WWTP (Duluth, Minnesota) 5 7.61

DSH fall 2012_Erie St. Louis River at Erie Pier, upstream (Duluth, Minnesota) 5 6.86

DSH fall 2012_Rice Duluth Harbor Basin near Rices Point (Duluth, Minnesota) 5 24.73

Sappi 2013_WLSSD_EF 100% Effluent from WLSDD WWTP (Duluth, Minnesota) 5 1.68

Sappi 2013_Proximal St. Louis Bay (site 6) at WLSSD WWTP  (Duluth, Minnesota) 5 7.60

2. In Vitro and In Vivo Orthogonal Assay Results


