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CHEMICAL SUMMARY

CASRN Chemical
Name

80-05-7 Bisphenol A
80-05-1 Bisphenol B
80-05-2 Bisphenol C
80-05-3 Bisphenol D
80-05-4 Bisphenol E
80-05-5 Bisphenol F
80-05-6 Bisphenol G
80-05-7 Bisphenol H
80-05-8 Bisphenol I
80-05-9 Bisphenol J
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High-Throughput Screening Efforts 
Have Attempted to Fill Gaps 
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But, Current Coverage of Biological 
Space is Less Than Optimal

ToxCast Gene Coverage ToxCast Pathway Coverage*

ToxCast

Not in ToxCast
*At least one gene from 
pathway represented
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Incorporating a Comprehensive 
Biological Screening Platform

Broad Primary Screen for Bioactivity/MOA

Secondary Confirmation 
Screen

Tertiary Screen to Identify 
Likely Tissue/Organ Effects

HTTr: High 
Throughput 

Transcriptomics
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Operationalizing & Deploying

Tier 0

HTTr
Assay

• Identify predominant mechanisms as a function of 
concentration

• Group chemicals by similar mechanism/bioactivity
• Identify a concentration that results in no transcriptional 

effects
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Cell Type #2

…
Cell Type #3

Lamb et al. Science (2006) Broad CMAPdb: 7,000 profiles; 1,309 compounds
NIH LINCs CMAPdb:  9,000 shRNAs, 3,000 over 
expression ORFs, and 4,000 compounds in 20 
cell types/lines (cell lines and primary cells)
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Identify Mode-of-Action

Target Family
Total 

Profiles
Target
Genes Chemicals

Cell 
Lines

Cytokine receptors 3 1 1 3

Enzymes 336 40 112 5

Exosome 14 1 4 4

G protein-coupled 
receptors 585 16 192 4

Ion channels 194 8 65 3

Nuclear receptors 227 10 71 5

Protein kinases 19 8 6 4

Transporters 102 2 35 3

• Developed local database of Broad’s CMAP data (~3,000 profiles)
• Annotated targets using KEGG (1,571 profiles)
• Significant genes identified using a z-score cutoff of 2
• Incorporated “JG” scoring method (Jiang and Gentleman 2007)
• Determine significance using a permuted rank approach across 

target family

Valproic Acid

Retinoic Acid

HepaRG MCF7Martin and Karmaus, Unpublished
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Requirements and Potential 
Platforms for HT Transcriptomics

• Measure or infer transcriptional changes across the whole 
genome (or very close to it)

• Compatible with 96- and 384-well plate formats (maybe 
1536?) and laboratory automation

• Work directly with cell lysates (no separate RNA purification)
• Compatible with multiple cell types and culture conditions
• Low levels of technical variance and robust correlation with 

orthogonal measures of gene expression changes
• Low cost ($30 - $45 per sample or less)

• Low coverage whole transcriptome RNA-seq (3 – 5 million 
mapped reads)

• Targeted RNA-seq (e.g., TempO-seq, TruSeq, SureSelect)
• Microarrays (e.g., Genechip HT)
• Bead-based (e.g., L1000)

Requirements

Potential Platforms
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Technical Performance of the 
Three Sequencing Platforms

TruSeq
r2 0.74

TempO-Seq
r2 0.75

Low Coverage
r2 0.83
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Functional Performance of the 
Three Sequencing Platforms

TrichostatinGenistein

Low Coverage TruSeq TempOSeq
Correct
CMAP 0/5 (0%) 0/5 (0%) 4/5 (80%)
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Current Status

• Procurement underway for high-throughput transcriptomic 
services

• Strategy is to obtain services starting with submission of 
cell-lysates and delivery of raw and normalized 
transcriptomic data

• This will allow multiple collaborative partners to use the same 
platform (i.e., harmonized) and contribute data from different cell 
types/models and chemicals
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Anticipated Next Steps
• Perform pilot study (Summer) to validate workflow and 

refine experimental design
• Initiate large scale screen (Fall/Winter)

• Cell type: MCF7
• Compounds: 1,000 (ToxCast Phase I/II)
• Time Point: Single
• Concentration Response: 8 (?)

• Perform secondary pilot study looking at cell type selection/ 
pooling strategies (Fall/Winter)

• Integrate HT transcriptomic platform with metabolic retrofit 
solution to allow screening +/- metabolism (FY17)

• Explore partnerships to build community database of 
common chemical set across multiple cell types/lines
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Summary

• High-throughput transcriptomics will fundamentally change 
the way we evaluate chemicals for safety

• Greater coverage of biological space
• Reduced cost
• Ability to leverage large existing databases of gene expression data
• Fits logically in a tiered testing approach

• Allows dose response characterization for both selective and non-
selective chemicals

• Platform procurement underway

• Cell type/line selection challenges remain
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