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Abstract

Attenuation: A method used with BioSpyder TempO-Seq assays to prevent highly expressed genes from occupying a
disproportionate amount of available read space and increase the ability to quantify low abundance transcripts.

•

An experimental design for a small scale (n = 44
chemicals) concentration-response screen in MCF7
cells has been developed at NCCT.
The design includes evaluation of effect in two
different media types across three time points.

•

The BioSpyderTM TempO-SeqTM human whole transcriptome assay will be used to generate expression profiles.

•

In targeted RNA-Seq studies, highly expressed genes can consume a large amount of the available read space, thereby
preventing detection and quantification of genes with relatively lower abundance.

•

A priori attenuation of highly expressed genes increases the ability of the TempO-SeqTM assay to detect low abundance genes
which may be affected by chemical stressors.

Optimize cultures conditions and laboratory workflows for generating MCF7 cell lysates used in high-throughput transcriptomics
(HTTr) chemical screens.

•

Quantify the proportion of sequencing read space occupied by ‘highly-expressed genes’ in MCF7 cell lysates.

•

Estimate the amount of read space which may be recovered by attenuation of highly expressed genes.

•

Identify set of candidate genes for attenuation which are consistently highly expressed in MCF7 cells under a variety of
experimental conditions  Media Type, Exposure Window, Sampling Time, +/- Trichostatin A.
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Figure 1. Cell Sourcing & Expansion. Multiple vials of HTB-22TM MCF7 cells were
purchased from ATCC®, expanded, pooled and cryopreserved. For experiments, cells
of uniform passage number were generated using a standardized expansion protocol.
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Figure 2. Representative Images of
MCF7 Cells. Cell cultured in “nonstandard” media (PRF-DMEM + 10%
CS-HI-FBS attached more efficiently
but grew slower than cells cultures in
“standard’ media (DMEM + 10% FBS)

24
HR

48
HR

PRF.DMEM, Growth

Nucleus Trace

ZOI Masking

24 HR

Culture optimization
•

Pixel
Detection

2,600 cells
/ well

Composite

PRF.DMEM, Static

E
n = 156

A

Figure 6. Differential Expression Analysis. Data were analyzed using the DESeq2
R package. Analysis indicated that less variability in gene expression was observed in
cells sampled during a static growth phase. More than 2,000 genes were differentially
expressed between DMSO and Trichostatin A (TSA) treatments in each media
formulation X time combination, with marked overlap in differentially expressed genes
across culture conditions.

Conclusions

Figure 4. Experimental Design Attenuation Study. An experiment was designed to 1) identify a list of genes which are
consistently, highly-expressed in MCF7 cells for attenuation and 2) optimize procedures for generated MCF7 cell lysates.

A

Cells cultured in ‘non-standard’ PRF-DMEM + 10% HI-CS-FBS attached more efficiently and proliferated
slower than MCF7 cells cultured in DMEM + 10% FBS, the ‘standard’ MCF7 growth media.

Attenuation
•

A logic diagram approach (i.e. Commonality Analysis) identified a set of n = 156 genes with consistently
high expression in MCF7 cells across multiple test conditions.

•

Attenuation of the candidate gene list would recover up to 35-45% of available read space in MCF7 cells,
thus increasing the ability to detect and analyze differential expression of low abundance transcripts.
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Less variability in gene expression was observed in cells in static vs. growth phases.

•

Differential expression of ~2,000 genes was observed in MCF7 cells treated with Trichostatin A (TSA) as
compared to DMSO, regardless of media type or exposure window.

•

Marked overlap in genes affected by TSA was observed across media types and exposure windows.
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Background & Research Objectives
Background
• Recent advancements in targeted RNA-Seq
technology allow generation of whole transcriptome
profiles at low cost using minimal (pictograms)
sample input.

Differential Expression

Attenuation Study
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Recent advances in targeted RNA-Seq technology allow researchers to efficiently and cost-effectively obtain whole
transcriptome profiles using picograms of mRNA from human cell lysates. Low mRNA input requirements and
sample multiplexing capabilities has made time- and concentration-response studies of whole transcriptome
changes in human cells cultured in 384-well microtiter plate format feasible and practical as a high-throughput
bioactivity screen. As proof-of-concept, human MCF7 breast adenocarcinoma cells were selected as a model
system and workflows for expansion from cryogenic stocks, microtiter plate culture, dosing using an acoustic
dispenser and generation of cell lysates were optimized. Cell lysates were analyzed using the TempO-SeqTM human
whole transcriptome assay. To reduce sample costs and enable screening applications, attenuation of highlyexpressed genes may be necessary to ensure maximal usage of available read space at a specified read depth. To
determine the need for attenuation, MCF7 cells cultured in DMEM+10% HI-FBS or phenol red-free DMEM+10%
CS-HI-FBS (intended to minimize estrogen receptor activation) were lysed at 30, 36 or 48 hr post-plating or,
alternatively, dosed with 1 µM of an HDAC inhibitor (Trichostatin A) or vehicle (DMSO) for six hours prior to lysis.
Samples were sequenced to average read depth of 3e6. The data demonstrated a wide dynamic range in raw read
counts with approximately one-third of the detector oligos (DOs) registering >10 counts in each sample. In each
sample, 50% of available read space was occupied by ~200-300 DOs, many of which overlapped between samples
suggesting that attenuation would be a viable strategy to increase virtual read depth across multiple experimental
conditions. As a follow-up, MCF7 cells cultured in either media type were treated with varying concentrations (8
points, 0.03 – 100 µM) of 44 chemicals selected from the ToxCast ph1 and ph2 libraries for either 6, 12 or 24 hours.
The chemicals set spanned a broad range of biological activity and included groups of chemicals with mechanistic
redundancy. The resulting data demonstrates the ability of TempO-SeqTM for use in high-throughput chemical
screening. The data was used to develop HTTr analysis workflows and to inform the design of larger chemical
screening studies. This abstract does not necessarily reflect USEPA policy. Mention of trade names or commercial
products does not constitute an endorsement or recommendation for use by USEPA.
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Figure 3. Optimization of Seeding Densities. At 24 hours after attachment,
MCF7 cells had attached but not yet begun to proliferate (static phase). Beyond
30 hours, cells began to proliferate, with greater proliferation observed in
“standard” growth media. Cell cultured in “non-standard” growth media had
greater confluency at a given cell concentration and time point.

Commonality

Figure 5. Identifying Candidate Genes for Attenuation. Commonality analysis identified a list of n=156 genes which are
consistently, highly expressed in MCF7 cells across multiple test conditions and which may be suitable for attenuation. Attenuation
of these genes to a residual read of count of 100 would recover between 35 and 45% of available read space in MCF7 cells.

•

Perform HTTr Pilot Screen using 44 chemical test set (samples submitted 12/16  sample analysis pending)

•

Test set contains chemicals covering broad range of mechanistic diversity with some redundancy within MIE Family

