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Toxicology is About Identifying What 
Can Go Wrong and Why 

• The ideal chemical testing approach will 
provide complete coverage of all relevant 
toxicological responses

• It should be sensitive and specific 

• It should identify the mechanism/mode-of-
action (with dose-dependence)

• It should identify responses relevant to the 
species of interest

• Responses should ideally be translated into 
tissue-, organ-, and organism-level effects

• It must be economical and scalable

Picture of Everything - Howard Hallis

Presenter
Presentation Notes
In 1997 an artist named Howard Hallis started drawing a literal 'Picture of Everything', it took 13 years to complete, stands at 15 x 14 feet and apparently the only thing it doesn't feature is HitlerQ: Are prints of The Picture of Everything for sale?A: Yes! CLICK HERE for signed, limited edition prints of the work created for the La Luz de Jesus Gallery show in January 2011.Q: Can I have a large size download of The Picture of Everything?A: Yes! Downloadable files are for sale at Hallis.biz.Q: Where is "The Picture of Everything" on display?A: On the internet!Q: How big is the original?A: The original is in 8 pieces. All together they measure around 15 feet high by 14 feet wide.Q: How many characters do you have in the picture?A: I have no idea. Thousands.Q: Is there anyone you DON'T have in there?A: Hitler.Q: What stuff do you wish you could put in there that isn't?Trollface, New My Little Pony, Hey Arnold, Gumball, Brave (Pixar), new Pokemon, Green Day, Katniss Everdeen, Peeta, Parzival, Art3mis, James HallidayQ: Do the sides of The Picture meet each other?A: Yes. The sides meet, as do the top and bottom. I wanted to have an endless loop.Q: Aren't you worried about getting sued?A: Yes. But I'm relatively small potatoes. I'd like to sell the original work some day, and have sold only a limited number of prints made for art shows and some digital downloads for people who want to make prints themselves. Besides that, the picture will never be mass produced on t-shirts, postcards or other commercial items. At that point it would be beyond fair use and could be considered copyright infringement. Even though I do use likenesses of recognized characters, I feel that they are not shown in a derogatory manner... and they're used in a context that could be considered parody. Each character was drawn by me, and their minimal size in relation to all of the other thousands of things covering every inch of the work would hopefully grant me some leeway. You can't say one character is promoting the work over another, as there are just too many to quantify. I hope in the context of the conceptual element of The Picture, that the respected copyright holders will let me proceed without hassle. Besides, it can be considered parody. I mean, I have El Duce from The Mentors on Americal Idol, for goodness sakes! That's supposed to be funny!Q: Is it true that you have 490 Pokemon drawn in The Picture?A: Yes, and I\'m working on getting all 649.Q: What was the biggest inspiration for this picture?A: Kurt Vonnegut Jr.'s "Bluebeard".Q: Where's Waldo?A: I really hate that question. He is in there, and I love "Where's Waldo?". It's just hard to hear people asking me that after all the years of work on the piece. I feel like the major art project of my life will end up being seen by the world as a big "Where's Waldo" drawing, and that kind of bums me out.Q: Why isn't there a character key online?A: For a few reasons. One, once I make a character key of everyone and everything in the piece, people will be able to quantify who and what ISN'T in there. I'd rather have someone think a figure they see in the work is themselves or someone else they know rather than listing everything officially. Also, I feel it's in my best interest legally to not name elements in the picture by their official names.Q: Why are some things in the picture twice?A: Usually because I forgot I already drew them. Some people and characters are in there three times!
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Traditional Animal Studies Are Less 
Than Ideal

Goldberg and Frazier (1989)

Judson, et al EHP (2010)
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Office of Research and
Development

3

High-Throughput Screening Efforts 
Have Attempted to Fill Gaps 



Office of Research and
Development

4

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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Proposed Plate Map
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 cndx

A MAQC-A (Us) 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 DMSO 8

B MAQC-A (Us) 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 DMSO 7

C MAQC-B (Us) 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 DMSO 6

D MAQC-B (Us) 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 DMSO 5

E Bulk Lysate (DMSO) 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 Trichostatin 4

F Bulk Lysate (DMSO) 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 Trichostatin 3

G Bulk Lysate (DMSO) 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 Trichostatin 2

H Bulk Lysate (DMSO) 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 Trichostatin 1

I Bulk Lysate (Trichostatin) 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 Genistein 8

J Bulk Lysate (Trichostatin) 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 Genistein 7

K Bulk Lysate (Trichostatin) 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 Genistein 6

L Bulk Lysate (Trichostatin) 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 Genistein 5

M Lysis Buffer Only 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 Sirolimus 4

N Lysis Buffer Only 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 Sirolimus 3

O MAQC-A (Them) 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 Sirolimus 2

P MAQC-B (Them) 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 Sirolimus 1

Replicates (n=3) from separate freeze/thaw
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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

Presenter
Presentation Notes
Planned – Need a primary screen that comprehensively covers biological spaceMetabolic competenceFill critical toxicological targets (e.g., thyroid) and organotypic assays that can be used to assess which molecular changes manifest in adverse phenotypic responses
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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 + Reference Chemicals)
• Time Point: Single
• Concentration Response: 8 (Starting @ 300 uM)

• 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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