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Objectives:

• What is ToxCast?

• How does this project fit in with 
the goals of ToxCast?

• How does the technology work?

• Experimental Design

• What were the results?

• What do the results mean?
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HTG TECHNOLOGY

mRNA

mRNA

Digested mRNA

qNPA probe

qNPA probe

Cell Lysate

Hybridization

S1 Nuclease

Alkaline 
Hydrolysis

qNPA probe



November, 2008 5

Anchor linker

Programming linker

qNPA library oligonucleotide

Detection linker

http://www.htgenomics.com/technology/arrayplate
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Chemicals   NR   Genes
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Experimental Design: 
Chemicals   NR   Genes

• ToxCast 320 Chemical Library

• Fresh Primary Human Hepatocytes

• 2 human donors

• 6 Reference Chemicals 
(Rif, PB, 3-MC, Fenofibric
Acid, CDCA, CITCO)

• 5 receptors targets (AhR, 
CAR, PXR, PPARα, FXR)

• 2 endogenous control gene 
targets (GAPDH, Actin)

• 14 relevant gene targets
• 3 Time Points (6,24,48 

hours)
• 5 Concentrations (.004, 

.04,0.4, 4, 40 μM)
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Reference Chemical Decision 
Criteria

• High Efficacy

• Must have measurable EC50

• High Z-factor

Z-factor as defined by Zhang et al.
(3σs + 3σc)

Z= 1 -
|µs - µc|

Zhang J, Chung T, Oldenburg K. A Simple Statistical Parameter for Use in Evaluation and 
Validation of High Throughput Screening Assays. Journal of Biomedical Screening. Vol. 4, 
Num.2. 1999.
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Representative ToxCast Chemicals for Potency and Efficacy for CYP2B6 at 
48hrs
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Representative ToxCast Chemicals for Potency and Efficacy for UGT1A1 at 
48hrs

Log Concentration (μM)
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% Efficacy of Reference Compound
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Criteria for In Vitro-In Vivo Comparison

• Must be statistically significant
p < .01/14 = .000714

• Must have an EC50 within the tested 
concentration range.

• Must not be cytotoxic at 
concentrations lower than the EC50.

• If cytotoxicity was observed at 48 
hours, and compound met all criteria 
at 24 hours, then assume cytotoxicity 
confounded results at 48 hours

In Vitro Criteria In Vivo Criteria

• Data came from DER entered into 
ToxRefDB

• Must have a lowest effect level (LEL)

• LEL assigned if statistically significant 
effect was observed, or if a clear 
dose response of effect was 
demonstrated.

• Described in detail:

Martin et al. Profiling Chemicals Based on 
Chronic Toxicity Results from the U.S. EPA 
ToxRef Database. Environ Health Perspect. 
Doi:10.1289/ehp.0800074.[Online 20 October 
2008]
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Analysis Gene

Mouse 
Liver 

Apoptosis 
Necrosis

Rat Liver 
Apoptosis 
Necrosis

Rat Liver 
Hypertrophy

Rat Liver 
Tumors

Rat 
Proliferative 

Thyroid 
Lesions

Rat 
Thyroid 
Tumors

RR CYP2B6 0.81 2.00 2.26 0.62 2.25 3.83
Sensitivity CYP2B6 0.45 0.67 0.69 0.38 0.69 0.79
Specificity CYP2B6 0.49 0.52 0.59 0.49 0.55 0.55

RR ABCB11 2.20 0.79 1.39 1.49 1.23 1.51
Sensitivity ABCB11 0.32 0.14 0.23 0.24 0.21 0.24
Specificity ABCB11 0.86 0.82 0.85 0.83 0.83 0.84

RR HMGCS2 1.27 1.10 1.00 1.65 1.19 1.35
Sensitivity HMGCS2 0.61 0.57 0.55 0.67 0.59 0.62
Specificity HMGCS2 0.47 0.46 0.45 0.47 0.46 0.47

RR CYP1A1 1.12 1.51 1.44 2.01 1.04 1.36
Sensitivity CYP1A1 0.27 0.33 0.32 0.40 0.26 0.31
Specificity CYP1A1 0.76 0.76 0.79 0.77 0.75 0.76

RR CYP3A4 1.10 0.87 1.41 0.87 1.06 1.52
Sensitivity CYP3A4 0.35 0.30 0.41 0.30 0.34 0.43
Specificity CYP3A4 0.68 0.67 0.71 0.67 0.67 0.69

In Vitro – In Vivo 
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Predicting Thyroid Tumorigenicity

Analysis Gene

Mouse 
Liver 

Apoptosis 
Necrosis

Rat Liver 
Apoptosis 
Necrosis

Rat Liver 
Hypertrophy

Rat Liver 
Tumors

Rat 
Proliferative 

Thyroid 
Lesions

Rat 
Thyroid 
Tumors

RR CYP2B6 0.81 2.00 2.26 0.62 2.25 3.83
Sensitivity CYP2B6 0.45 0.67 0.69 0.38 0.69 0.79
Specificity CYP2B6 0.49 0.52 0.59 0.49 0.55 0.55

Chemical 
Class Chemical 

In Vitro 
CYP2B6 

EC50 (µM)

In Vitro 
CYP2B6 

EMAX (F/C)

In Vitro 
UGT1A1 

EC50 (µM)

In Vitro 
UGT1A1 

EMAX (F/C)

Rat Thyroid 
Tumors LEL 
(mg/kg/day)

Human 
CYP2B6 

Oral 
Equivalent 

(mg/kg)

Human 
UGT1A1 

Oral 
Equivalent 

(mg/kg)

amide Oryzalin 5.64 57.48 x 2.99 112 x x
amide Propyzamide 18.92 42.91 x 4.49 49 x x
amide Alachlor 8.98 11.33 5.11 3.05 126 x x
amide Boscalid 3.85 9.79 4.86 4.21 116 x x
amide Acetochlor 0.48 7.02 0.09 2.47 250 0.13 0.02

conazole Triadimefon 22.19 57.70 34.87 4.02 114 7.61 11.97
conazole Fenbuconazole 1.03 15.93 8.41 2.80 31 x x
conazole Imazalil 0.38 11.75 0.39 2.22 66 x x
pyridine Thiazopyr 0.91 55.20 0.20 2.38 44 0.26 0.06
pyridine Fluazinam 0.16 5.89 0.44 2.04 4 x x
pyridine Fluroxypyr 0.02 4.17 0.01 0.97 500 x x

• 23 True Positives; 7 False Negatives for CYP2B6 induction

• True Positives: 5 Amides, 3 Conazoles, 3 Pyridines
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Conclusions:
• Suggestive that activation of the CAR nuclear receptor 
pathway may result in rat thyroid tumors. 

Follow up:
• Would the rat thyroid tumor MOA be relevant to humans?

• Although biologically plausible, are current exposures 
relevant for human risk?

CYP2B6CARCHEMICAL

RAT 
THYROID
TUMORS
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Gene Target Primary Receptor Positive Control Relavance

CYP2C9 CAR/PXR/Others Phenobarbital Involved in the metabolism of many non-steroidal anti-inflammatory drugs (NSAIDs) 
and sulfonylureas and the anticoagulant warfarin

CYP1A1 AhR 3-MC Primarily involved in xenobiotic and drug metabolism and in the metabolic activation 
of aromatic hydrocarbons

CYP1A2 AhR/Others 3-MC
Involved in the metabolism of many drugs, higher basal expression in the liver than 

CYP1A1 

CYP2C19 CAR/PXR/Others Phenobarbital
P450 for metabolism of several groups of drugs including many proton pump 

inhibitors (omeprazole) and antiepileptics

CYP3A4 CAR/PXR Rifamipicin Involved in the metabolism of xenobiotics and endogenous substrates

CYP2B6 CAR/PXR Phenobarbital Principle CAR target gene involved in xenbiotic metabolism 

GSTA2 CAR/PXR/Others Rifamipicin Phase II conjugating enzyme involved in glutathione conjugation/metabolism

SULT2A1 CAR/PXR/Others Rifamipicin
Phase II conjugating enzyme involved in the sulfation of endogenous substrates and 

xenobiotics  

UGT1A1 CAR/AhR/PXR/Others Phenobarbital
Phase II conjugating enzyme, an enzyme of the glucuronidation pathway that 

transforms small lipophilic molecules, such as steroids, bilirubin, and hormones into 
water-soluble compounds 

ABCB1 PXR/CAR/Others Phenobarbital
ATP-dependent efflux pump with broad substrate specificity,and involved in the efflux 

of chemicals and endogenous substrates

HMGCS2 PPARα/Others Fenofibric Acid
Cholesterol metabolism enzyme and sentinel gene for human PPAR alpha nuclear 

receptor

ABCB11 (BSEP) FXR/Others CDCA Hepatic transporter involved in the efflux of bile acids from hepatocytes into the bile

ABCG2 (BCRP) CAR/PXR/PPARα/Others Phenobarbital Xenobiotic transporter which may play a major role in multi-drug resistance

SLCO1B1 (OATP-C) PXR/Others Rifamipicin
Solute carrier organic anion transporter family, mediates the Na(+)-independent 

transport of organic anions
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Transcription 
factor 

Dimerization
partner 

Examples of ligands 
 

Genes 
Regulated 

AHR ARNT Dioxins, non-ortho PCBs, some PAHs, 
bilirubin, omeprazole, etc. 

CYP1A, CYP1B 
GST, UGT, NQO 
 

CAR 
 

RXR 
 

Phenobarbital (PB), TCPOBOP, 
chlorinated pesticides, ortho-PCBs, 
androstanol/androstenol (inhibits) 

CYP2B, CYP3A, CYP2C, 
GST, ABC transporters 

PXR  
 
 

RXR 
 

Rifampicin, PB, ortho-PCBs, hyperforin 
pesticides, dexamethasone, 
pregnenalone, corticosterone, bile acids 
(lithocholic acid) 

CYP3A, CYP2B, CYP2C, 
CYP7A (repression) 
GST, ABC transporters 

PPAR 
 

RXR 
 

Fibrate drugs, phthalate esters, linoleic 
acid, arachidonic acid 
 

CYP4A, CYP7A (repression), 
CYP8B, LX, HMGCS2 
 

LXR RXR Cholesterol; (24 S)- hydroxycholesterol CYP7A, ABC transporters, 
LXR 

FXR RXR Bile acids, chenodeoxycholic acid Represses CYP7A, CYP8B, 
CYP27A; Induces BSEP, 
BCRP 
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CAS No. Chemical 
In Vitro 
CYP2B6 

EC50 (µM)

In Vitro 
CYP2B6 

EMAX (F/C)

In Vitro 
CYP2B6 Hit

In Vitro 
UGT1A1 Hit

Rat Thyroid 
Tumors LEL 
(mg/kg/day)

Chemical Class Tier 1 Chemical Class Tier 2

63-25-2 Carbaryl 18.75 71.01 1 0 350 carbamate
43121-43-3 Triadimefon 22.19 57.70 1 1 114 conazole triazole
19044-88-3 Oryzalin 5.64 57.48 1 0 112 amide sulfonamide
29091-21-2 Prodiamine 16.63 56.88 1 1 151 dinitroaniline

117718-60-2 Thiazopyr 0.91 55.20 1 1 44 pyridine
40487-42-1 Pendimethalin 28.26 54.66 1 0 213 dinitroaniline

82-68-8 Quintozene 5.32 43.37 1 0 150 aromatic
23950-58-5 Propyzamide 18.92 42.91 1 0 49 amide
74115-24-5 Clofentezine 4.84 41.63 1 1 17 tetrazine

10453-86-8 Resmethrin 6.73 34.71 1 0 401 pyrethroid pyrethroid ester

53112-28-0 Pyrimethanil 6.92 28.32 1 0 221 pyrimidine

834-12-8 Ametryn 0.54 27.35 1 1 145 triazine methylthiotriazine
114369-43-6 Fenbuconazole 1.03 15.93 1 1 31 conazole triazole

148-79-8 Thiabendazole 5.61 13.67 1 0 30 benzimidazole
87818-31-3 Cinmethylin 5.05 13.54 1 0 150 unclassified herbicide
35554-44-0 Imazalil 0.38 11.75 1 1 66 conazole imidazole
15972-60-8 Alachlor 8.98 11.33 1 1 126 amide anilide

188425-85-6 Boscalid 3.85 9.79 1 1 116 amide anilide
34256-82-1 Acetochlor 0.48 7.02 1 1 250 amide anilide
79622-59-6 Fluazinam 0.16 5.89 1 1 4 pyridine

361377-29-9 Fluoxastrobin 0.66 5.28 1 0 1083 antibiotic strobilurin
69377-81-7 Fluroxypyr 0.02 4.17 1 0 500 pyridine
8018-01-7 Mancozeb 0.33 2.62 1 1 31 dithiocarbamate polymeric dithiocarbamate
113-48-4 MGK NA 78.30 0 1 450 unclassified insect repellent

111988-49-9 Thiacloprid NA 24.29 0 1 3 nicotinoid pyridylmethylamine
141112-29-0 Isoxaflutole NA 13.15 0 0 500 cyclopropylisoxazole
51338-27-3 Diclofop-methyl NA 7.77 0 0 32 phenoxy aryloxyphenoxypropionic
121-75-5 Malathion NA 6.27 0 1 29 organophosphorus organothiophosphate
133-07-3 Folpet 0.04 1.82 0 1 9 dicarboximide phthalimide

104206-82-8 Mesotrione 0.00 0.88 0 0 189 benzoylcyclohexanedione
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Regulation of bile acid synthesis by an ileal bile acid sensing system

Davis R. A., Attie A. D. PNAS 2008;105:4965-4966


