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NAME CANCER TYPE NAME CANCER TYPE
AL5Q31 acute lymphoblastic leukemia NFKB1 Acute lymphoblastic leukemia
ASCL1 small cell lung cancer (SCLC) NFKB2 B-Cell lymphoma
BCL3 B-cell leukemia PAX3 alveolar rhabdomyosarcoma
BCL6 B cell lymphoma PAX5 B-Cell lymphoma
CBFB myeloid leukemia PAX7 alveolar rhabdomyosarcoma
CBL pre-B and pro-B cell lymphomas PBX1 leukemia
CTNNB1 Colon cancer RARA AML
DEK Leukemia, acute nonlymphocytic REL Diffuse large cell lymphoma
ERG Acute myeloid leukemia (AML) RELA Diffuse large cell lymphoma
ETS1 erythroblastosis RUNX1  Leukemia, acute myeloid
ETS2 erythroblastosis SPI1 acute murine erythroleukemia
ETV6 AML STAT3 Leukemia
FOS murine osteosarcoma TAL1/SCL T cell leukemia
FKHR rhabdomyosarcoma TAL2 T cell leukemia
GAS41 Glioma TCF3 Acute leukemias
GLI Glioma BLIMP1 B-cell non-Hodgkin lymphoma
HOX11 Leukemia E2F1 Murine Reproductive tract sarcomas
IRF2 AML IRF1 AML
IRF4 multiple myeloma MAXI1 prostate adenocarcinoma
JUN murine osteosarcoma PML Acute promyelocytic leukemia
LMO2 Acute T-cell leukemia RB1 retinoblastoma
LYL1 T-cell leukemia SMAD3 colorectal cancer
MAF multiple myeloma SMAD4/DPC4 pancreatic carcinoma; juvenile polyposis
MLL AML TFE3 renal cell carcinoma
MYB Leukemia TP53 Colorectal cancer and other types
C-MYC Lymphoma, Breast Cancer, lung cancer WT1 Wilms tumor
N-MYC neuroblastoma ZF9/KLF6 prostate cancer

Cancer Associated Transcription Factors
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How to map transcription factor targets?

Rationale & Methodology
Genome wide location analysis

Mapping Transcription factor targets in human cells
Making Promoter Arrays
Dissecting the Myc/Max regulatory network

What are the target genes?
How is specificity determined?

Genome-wide Location Analysis

1. Cell cultures grown under appropriate      
conditions

2. Cross-link with formaldehyde 
Shear chromatin by sonication

4. Amplify/label DNA
- label IP DNA with Cy5
- label input DNA with Cy3

5. Hybridize to DNA microarray 
containing all ORFs and 
intergenic regions and scan 

3. Immunoprecipitate with specific antibody
- polyclonal or monoclonal
- epitope-tag

Ren et al. Science, 2000; Iyer et al., Nature 2001
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Genome-wide Location of Transcriptional Regulators

Lee et al., Science 298:799 (2002) 



Dissecting the Myc Regulation Network Using Promoter Microarrays

Dr. Bing Ren, UCSD (KITP Bio Networks 2/26/03) 7

Genome-wide Location of Transcriptional Regulators

At p=0.001:
False positive rate is 5-7%
Regulators identified for 40% of yeast genes (2343)

Metabolism
Cell Cycle

Development
DNA/RNA/Protein

Environmental Response

Transcriptional Circuitry is 
Highly Interconnected
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How to map transcription factor targets in mammalian cells?

Rationale & Methodology
Genome wide location analysis

Mapping Transcription factor targets in human cells
Making promoter microarrays
Dissecting the Myc/Max regulatory network

What are the target genes?
How is specificity determined?

Does genome location analysis work with human cells?
––– Challenges

• Genome is 200 times bigger than yeast

• Abundant repetitive sequences

• Annotation of gene structure and 
function is much less complete

• Many different cell types

• Quality of antibodies
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Transcription Factors Tend to Bind to Proximal 
Promoter Regions
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Making the Human Promoter Arrays

Select 12,000human genes 
with known function 

Extract promoter sequence for 
7667 genes

Design  oligo primers to amplify 
each individual promoter

Oligo Synthesis

PCR

Verify PCR 
products

Print to 
Glass Slides

Mapping transcription factor targets

Rationale & Methodology
Genome wide location analysis

Mapping Transcription factor targets in human cells
Making Promoter Arrays
Dissecting the Myc/Max regulatory network

What target genes?
How is specificity determined?
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Translocation of c-mycin Human Cancers

Boxer and Dang, Oncogene (2001)

The Myc, Max and Mad Families 

Baudinoand Cleveland, 
M CB (2001)
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Structure of c-myc/Max/DNA

Nair and Burley, Cell (2003)

Model of Myc-induced Tumorigenesis

CACGTG

myc max

CACGTG

mad max

Differentiation

Proliferation
Cell Growth
Apoptosis

Transformation

TRRAP

mSin3/HDAC
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c-Myc affects a variety of cellular functions

Boxer and Dang, Oncogene (2001)

Questi ons Regardi ng t he Myc Regul at ory Net work

• What are the target genes?

• How are the target sites recogniz ed i n v i vo?

• What are the mechani sms o f c- myc acti vati on or 
repressi on?
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Identification of Myc/Max Targets -Strategy

myc Ab

Burkitt’s Lymphoma Cells
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Identification of Myc/Max Targets 
(Non-specificity Control)
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Identification of Myc/Max Targets in Burkitt’s Lymphoma 
Cells  (Bead Control)
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Most Myc Targets are Actively Transcribed
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Activity of c-myc Target Promoters in Various 
Tissues and Cell Lines

Expression profiles of 
6693 unique genes in 
46 human tissues 
and cell lines

- GNF

370

603 Myc bound 
promoters

PNAS paper
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Leukemia and lymphoma cell lines

Myc-activated genesMyc-repressed genes

Expression of Myc Target Genes correlates with myc
transcription in 47 human tissues and cell lines
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Summary

• Genome wide location analysis is a general method for 
transcription factor target identification

• Myc/Max bind to a large number of gene promoters in 
Burkitt’ s lymphoma cells

• A majority of the c-myc target genes appear to be actively 
transcribed in the Burkitt’ s lymphoma cells

• A small number of c-myc target genes appear to be 
negatively regulated by this protein
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Sequences t hat speci f y c- myc bi ndi ng t o its target 
promot ers 

• Is E-box al one responsi bl e f or c- myc’ s speci fi cit y?

• Ar e th ere o t her DNA el ements responsi bl e f or c- myc 
bi ndi ng speci fi cit y?

• Other mechani sms that deter min e c - myc bi ndi ng 
speci fi cit y i n v i vo?
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Summary

• E-box alone can not explain the specificity of c-myc
binding to target promoters

• In vivo binding of c-mycto gene promoters may involve c-
myc/non-canonical E-box interactions

• C-myc binding to gene promoter may also involve 
mechanisms other than specific protein/DNA interactions

Future work

• Capturing a snap shot of the transcriptional regulatory 
network in mammalian cells

• Identifying the mechanisms that govern in vivo binding 
specificity of transcription factors

• Integrating protein-protein, protein-DNA, mRNA data
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