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What Do Grandmothers and 
Toxicologists Have in Common?

http://talesfromthecircus.com/hissing-grandmother-roaming-hands/
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Push To Use Alternative Methods 
Comes From Multiple Drivers
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Can We Satisfy 
Grandma Too?

http://www.victorpest.com
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High-Throughput Screening Efforts 
Attempt to Address Worries, but…
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Using Technology from Genome 
Revolution to Increase Coverage

https://doi.org/10.1371/journal.pbio.1002195
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https://doi.org/10.1371/journal.pbio.1002195
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Developing a High-Throughput 
Transcriptomic Toolbox

High-Throughput Transcriptomic Screening Platform
• Low cost, 384-well, cell lysate compatible
• Whole transcriptome
• Workflow integration of reference materials and controls, 

development of performance standards
• Portable platform/workflow for collaborative data generation

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
A MAQC-A (Us) 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 non-treated
B MAQC-A (Us) 30 30 30 30 30 30 30 30 30 30 30 30 30 30 30 30 30 30 30 30 30 30 non-treated
C MAQC-B (Us) 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 non-treated
D MAQC-B (Us) 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 DMSO
E 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 DMSO
F Bulk Lysate (DMSO) 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 DMSO
G Bulk Lysate (Trichostatin) 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 DMSO [No Label]
H Bulk Lysate (Trichostatin) 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 Trichostatin (1 µM)
I Lysis Buffer (Us) 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 Trichostatin (1 µM)
J Lysis Buffer (Us) 30 30 30 30 30 30 30 30 30 30 30 30 30 30 30 30 30 30 30 30 30 30 Trichostatin (1 µM)
K MAQC-A (Them) 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 Genistein (10 µM)
L MAQC-A (Them) 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 Genistein (10 µM)
M 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 Genistein (10 µM)
N MAQC-B (Them) 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 Sirolimus (0.1 µM)
O Lysis Buffer (Them) 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 Sirolimus (0.1 µM)
P Lysis Buffer (Them) 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 Sirolimus (0.1 µM)

 

Testing Protocol
• Cytogenetically and functionally 

characterized cells
• Concentration response
• Parallel imaging/cytotox screen
• RNA and lysate reference materials
• Positive and negative controls

Randomized 
treatment
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Josh Harrill, Unpublished

Thousands of 
Chemicals

Multiple Cell 
Types

Reference RNAs Bulk Lysates

Av Corr >0.9

• Completed first large scale screen of 2,200 
chemicals (ToxCast I/II/III) in single cell type

• Additional screens across multiple cell 
types/lines

• Tox21 cross-partner project to add reference 
chemical database
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Developing a High-Throughput 
Transcriptomic Toolbox

Using Connectivity Map to 
Identify Potential MOAs/MIEs



Office of Research and
Development

7

Developing a High-Throughput 
Transcriptomic Toolbox

Probe Level BMD Results

SLC18A2 / A3 / A1 / B1

PROTEIN REACTIVE

CYTOTOXICANT

ESR1 / ESR2

HMGCR

NDUFB9, NDUFB1, 
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CYP5R1, CYBA
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AR
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PPO INHIBITOR

THRA / THRB

SCN1B

PDE7A, PDE6D, PDE3B

Target Expression
(ON / OFF / NA)

Using Benchmark Dose 
to Estimate Potency



Office of Research and
Development

8

Integrating Components Into a Tiered 
Testing and Assessment Strategy

Tier 2
Select In Vitro

Assays

Tier 1High-Throughput 
Transcriptomic

Assay

No Defined Biological 
Target or MOA

Defined Biological 
Target or MOA

Tier 3

Estimate Point-of-Departure 
Based on Pathway 

Transcriptional Perturbation

Independent confirmation

In Vitro
Assays for other KEs 

and Systems Modeling

AOP

Estimate Point-of-
Departure Based on AOP

Multiple Cell Types
+/- Metabolic Competence

MOA/MIE 
Identification
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Bioactivity Provides a Conservative 
Estimate of a NOAEL/LOAEL
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 Total = 
380 chemicals

httk, ToxCast data, and POD 
value(s) currently available

For ~91.3% of the 
chemicals, 

PODToxCast was 
conservative.

(~130-fold with 
human HTTK

~40-fold with rat 
HTTK)

ExpoCast PODToxCast (PODTraditional PODEFSA PODHC)

Missing an 
important 

component 
of biology?
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Take Home Messages…

• Using advances from the genome revolution 
to broadly capture chemical perturbations in 
biological pathways and processes

• High-throughput transcriptomic platform is 
being designed to include performance 
standards and as a portable platform/ 
workflow for collaborative data generation

• Integrating bioinformatic tools to identify 
potential MOAs/MIEs and potency estimates

• The new transcriptomic platform is part of a 
larger tiered testing strategy for priority 
setting an other risk-based decisions

https://www.freepik.com/free-photo/senior-woman-with-
a-thumbs-up_1014676.htm

Grandma 
Approved
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