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Questions of the Post-Genomic Era

• From an external stimulus, what series of molecular
events leads to a phenotypic change?

• Given that we can accurately measure gene
expression, can we now identify upstream signaling
events that control the cellular response?

• Can these events be controlled, targeted or
modified?

• Can gene expression data be combined with
protein-DNA interaction and proteomics data to
provide a complete picture of the cellular state?



Transcription Factor Profiling
Technology Overview
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Mix biotinylated transcription factor
probes with cell or tissue extract

NFkB

Remove unbound probes
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+

Bind remaining probes to Luminex beads,
wash and detect signal with SAV-PE

Total Assay Time = 120 minutes
Reading Time = 60 minutes

How the Multiplex Assay Works
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DNA Binding is Detected by Luminex
Reader

• The different DNA-binding
activities are distinguished via
different colored beads

• PE fluorescent intensity
quantifies DNA-binding activity
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Assay Workflow

Preincubate nuclear extracts with blocking buffer


Add to 96-well plate containing mix of TF Probes


Incubate for 20 minutes at 25°C


Add nuclease and incubate for 20 minutes @ 37ºC


Add beads in hybridization buffer


Incubate for 45 minutes @ 25ºC


Wash, incubate and add Streptavidin-Phycoerythrin


Read in the Luminex Reader

Total Assay Time = 120 minutes Reading Time = 60 minutes



Assay Validation and Performance
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Multiplex Assay Validation and Performance

• Validation
– Bioinformatics
– Pure protein studies
– Transfection studies
– Model Systems
– Competition assays

• Cultured Cells
– Nuclear extracts from cell lines and primary cells
– Nuclear extracts from tissues (liver, brain, cardiac

muscle)
• Animal models and tissues

– High homology of binding sites predicts that assay
should work from yeast to man

– Verified in human, mouse, rat, mink, monkey
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Transcription Factor Profile Obtained with
Recombinant NF-kB p50 and NF-1
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Specificity of Binding Is Demonstrated by
Competitive Binding Assays

Competition with unlabeled EGR oligos performed in
nuclear extract from PMA-treated THP-1 cells
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EGR activity can be abolished in stimulated THP-1 cells by the
addition of excess EGR specific oligonucleotide

Demonstration of Specificity by
Competitive Binding
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Analysis of Binding Sites with Different
Predicted affinity for NF-kB p50 Protein

p50 Gel Shift Units (Promega)
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Transfection Analysis
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Transfection Analysis
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PPAR

EGR

MEF2
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Treatment of HL-60 Cells with PMA/IM
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Treatment of HL-60 Cells with PMA/IM
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Whole blood treated with PMA/IM – 48 hrs
Sample to Sample Comparison
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Whole blood treated with PMA/IM – 48 hrs
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Whole blood treated with PMA/IM for 48 hrs
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Similarities between PMA-treated HL-60 and
Whole Blood
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Transcription Factor Profiling in Various Cell
Lines

Species Cell Line Cell Type
Human 293 Embryonic kidney
Human RAJI B-cell lymphoma
Human MCF-7 Breast cancer epithelial
Human HeLa Epithelial from cervical carcinoma
Human K562 Erythroleukemia
Human HepG2 Hepatocelluar carcinoma
Human WI-38 Lung fibroblast
Human U937 Monocytic leukemia
Human KAS Myeloma
Human THP-1 Myelomonocytic leukemia
Human U2OS Osteosarcoma Epithelial
Human HL-60 Promyelocytic leukemia
Human Jurkat T-cell leukemia
Human MSC34 Mesenchymal stem cells (CD34+)

Mink MV-1 Lung epithelial
Monkey COS-7 Kidney
Mouse C2C12 Myoblast
Mouse NIH-3T3 Fibroblast

Rat PC12 Phaeochromocytoma (neuronal)

DNA binding activity has been measured in nuclear extracts from many
different cell lines
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Mouse Tissue Survey
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Tissue Comparison across the 50-plex
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Preparation Of Sample Is Very Important

• Assay sensitivity:
– DTT must be > 0.2 mM
– EDTA or EGTA must be < 1 mM

• For highest performance use Marligen’s
nuclear extraction kit buffers and protocol
– Gradual increase in salt concentration to

prevent loss of binding activity
– Low spin cycles to prevent nucleus from being

compacted and trapping transcription factors



Studies and Applications



28 Data kindly provided by Anna Lokshin, University of Pittsburgh

Profile of transcription factor activation in dendritic cells
stimulated with TNF-

Novel Biological Effects Are Revealed Using
the TF Multiplex Assay
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Use of Multiplex Assay in Drug Screening
Applications

• Screening of compound libraries:
– Screened 48 chemical compounds selected

from a small chemical diversity library
– Nuclear extracts were taken from Thp1 cells

treated overnight in the presence of the
compound (1 and 10 M)

• Samples were evaluated using a 28-plex
transcription factor assay.
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DMSO Control (MFI)
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Drug Repositioning

• Major Pharma Study
• Six Groups of 4 mice

– One group of control mice
– Five groups of treated mice

• Lungs were removed and frozen
• Nuclear extracts were prepared from 100 mg

lung tissue
• Each extract was assayed in triplicate with 10 g

of nuclear extract
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Intra-Assay Reproducibility
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Intra-Assay Variation
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Inter-mouse reproducibility
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Inter-mouse Variation
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Mouse Model of Nickel Sulfate
Exposure
• Ambient and occupational exposures

causes acute lung injury
• Mouse lung epithelial cells (MLE-15)

Treated with 600 M nickel sulfate for 30
min, 3 h, 8 h, 12 h, and 24 h.

• Gene expression measured on 32K oligo
array

• Transcription factor activity measured with
34-plex
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Enriched Transcription Factors in Microarray Dataset

0.001E2F1

0.009HNF-4

0.009PPAR
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p ValueTranscription Factor

• 1129 significantly increased transcripts (FDR 0.05).

• 802 significantly decreased transcripts (FDR 0.05).
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Mouse Lung Time Course after NiSO4
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Biological/Physiological Significance to
Nickel-Induced ALI
• NF-kB:

– Regulates a number of genes relevant to ALI
pathology (e.g., inflammatory chemokines, cell
adhesion molecules, TNF-a).

• Sp1:
– Has a role in regulation of surfactant gene

expression, which is unequivocally necessary for
normal pulmonary function.

– Also regulates sodium channel, nonvoltage-gated
genes that are important in fluid secretion and
absorption across the lung epithelium.

• PPAR:
– Regulates the expression of genes involved in lipid

metabolism and inflammatory and reparative
responses.



42

Significance of TF Profiling to Understanding
Nickel-Induced ALI

• TF and microarray assays allows for the
identification and validation of
overrepresented transcription factors
involved in a given cellular response (e.g.,
lung epithelial cells to nickel),

• Determination of known and novel
differentially expressed genes that may be
regulated in part by these transcription
factors.
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Comparisons to EMSA and ELISA
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Microplate Format can Detect TF
Activity in Less Sample
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