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Gene Regulatory Mechanisms

• Transcriptional Mechanisms
– Type of promoters & RNA polymerases
– Control of transcription by transcription factors and TFBS

• RNA processing
– 5’ capping & 3’ poly-adenylation
– RNA degradation rates
– Splicing and alternative splicing

• Translational Mechanisms
– Micro RNAs (miRNAs) inhibit translation and degrade mRNA
– Silencer RNAs (siRNAs or RNAi) degrading mRNA

• Epigenetic Mechanisms
– DNA methylation
– Histone modifcations: acetylation, methylation, phosphorylation, etc.

– Chromatin remodeling
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Eukaryotic Gene Structure

miRNA Target
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Multiple Enhancer Sequences

© Garland Publishing
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Gene Expression Regulatory Network

© Current Opinions in Genetics & Development



© Doug Brutlag 2016

Human Mitotic Chromosome
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DNA in a Human Chromosome
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DNA in a Human Chromosome
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Three Levels of Folding of DNA in Chromatin
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Folding of DNA in Nucleosome
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Interferon-Beta Gene Enhancer
in Macrophage Cells

http://www.biocarta.com/


© Doug Brutlag 2016

Enhanceosome: Exploring the Structure
http://www.rcsb.org/pdb/education_discussion/molecule_of_the_month/download/Enhanceosome.pdf
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Enhanceosome: Integrating the Signal
http://www.rcsb.org/pdb/static.do?p=education_discussion/molecule_of_the_month/pdb122_2.html

HAT =
Histone Acetyl
Transferase 

http://www.rcsb.org/pdb/static.do?p=education_discussion/molecule_of_the_month/pdb122_2.html
http://www.rcsb.org/pdb/static.do?p=education_discussion/molecule_of_the_month/pdb122_2.html
http://www.pdb.org/
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Interferon-Beta Enhancer

http://www.biocarta.com/
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Repressor Bound to Silencer Sites
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Hematopoiesis 
http://www.biocarta.com/pathfles/h_stemPathway.asp

http://www.biocarta.com/pathfiles/h_stemPathway.asp
http://www.biocarta.com/
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Cytokine Network
http://www.biocarta.com/pathfles/h_cytokinePathway.asp

http://www.biocarta.com/pathfiles/h_cytokinePathway.asp
http://www.biocarta.com/
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Interferon Signaling
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DNA Microarrays & DNA Chips
Accelerate Genetic Analysis

• Parallel analyses
– Analyze entire genomes instead of single genes
– Analyze expression of entire genome
– Analyze genetic polymorphisms (SNPs)

• Miniaturization
• Automation
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Diagnosis Using DNA Arrays
http://www.affymetrix.com/

© Affymetrix Inc.

http://www.affymetrix.com/
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Affymetrix Arrays
 http://www.affymetrix.com/

© Affymetrix Inc.

Any collection of 25mers (1,200,000) can be synthesized in 100 steps.

The location and identity of each sequence on the glass surface is known.

High-density grid of DNA sequences.

http://www.affymetrix.com/
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Light Directed Oligonucleotide Synthesis
http://www.youtube.com/watch?v=ui4BOtwJEXs&feature=related

© Affymetrix Inc.

Glass
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http://www.youtube.com/watch?v=ui4BOtwJEXs&feature=related
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Automated DNA Chip Synthesis
 http://www.affymetrix.com/

© Affymetrix Inc.

http://www.affymetrix.com/
http://www.affymetrix.com/
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Photolithography Masks
 http://www.affymetrix.com/

© Affymetrix Inc.

http://www.affymetrix.com/
http://www.affymetrix.com/
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Hybridization & Detection

© Affymetrix Inc.
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T Cells Signaling

DNA Damage

Fibroblast Stimulation

B Cells Signaling

CMV Infection

Anoxia

Polio Infection
Cell Signaling IL4

Growth Hormone

Human Gene Expression Signatures
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Microarrayer in Pat Brown’s Lab
http://cmgm.stanford.edu/pbrown/

http://cmgm.stanford.edu/pbrown/
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High Precision DNA Printing

Arrayit Corporation

http://www.arrayit.com/
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Mechanical Spotting Microarrays
http://www.arrayit.com/

Arrayit Corporation

http://www.arrayit.com/
http://www.arrayit.com/
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DNA Microarray cDNA Labeling
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Breast Cancers Classifed by
451 Gene Expression  Assays

Sorlie et al., PNAS 98, 10869-10874.
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Breast Cancers Classifed by
451 Gene Expression  Assays

Sorlie et al., PNAS 98, 10869-10874.
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ERB-B2 in Signal Transduction & Oncology
http://www.biocarta.com/pathfles/h_her2Pathway.asp

http://www.biocarta.com/pathfiles/h_her2Pathway.asp
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Herceptin binds to HER2
Blocking Cell Growth

Herceptin =
 anti-HER2
Fab Fragment

HER2 (Erb-2) 
Human Epidermal
Growth Factor
Receptor
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Regulation of tumor supression by PML
http://www.biocarta.com/pathfles/h_pmlPathway.asp

http://www.biocarta.com/pathfiles/h_pmlPathway.asp
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Diagnosis &
Gene Expression
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Three Strikes to Cancer
Examples of the
genetic alterations
leading to four
representative
cancer types are
shown. Each gene
symbol denotes a
pathway. For
example, APC
denotes the pathway
regulated by APC. A
“mutation” in a
pathway can be
achieved by genetic
or epigenetic
inactivation of both
alleles of a tumor-
suppressor gene or
by genetic activation
of an oncogene in
that pathway.
Pathogenic strains of
human
papillomavirus
initiate the
breakthrough phase
by disabling both the
TP53 and RB
pathways

http://www.nejm.org/doi/full/10.1056/NEJMp1508811
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Egan JM. N Engl J Med 2015;373:1973-1975.

Targeting Chronic Myeloid Leukemia (CML)
Cells with a Double Whammy.

http://www.nejm.org/doi/full/10.1056/NEJMcibr1511276?query=genetics
http://www.nejm.org/doi/full/10.1056/NEJMcibr1511276?query=genetics
http://www.nejm.org/doi/full/10.1056/NEJMcibr1511276?query=genetics
http://www.nejm.org/doi/full/10.1056/NEJMcibr1511276?query=genetics
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Predicting Tissue of Origin for
Cancers of Unknown Primary

PathWork Diagnostics
http://www.pathworkdx.com/

© Pathwork Diagnostics Inc.

http://www.pathworkdx.com/
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PathWork Oncology Suite:
Site of Origin for Solid Metastatic Tumors

• 1844 tumors tested one at a time versus all 18 tissues of origin
• Tests chosen based on the NCCN guidelines for treatment
• Retrospective study on well characterized patient samples
• Uses PathChip (functionally similar to Affymetrix HU-133A

GeneChip)
– 604 specimens used for training
– 636 specimens used for test 
– 604 specimens in reserve for fnal validation

• Reproducibility from lab to lab
• Performance based on sensitivity (> 70%) & accuracy (> 95%)

© Pathwork Diagnostics Inc.

http://www.pathworkdx.com/
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Datasets
Class Code Training Test

Bladder BLA 9 11

Breast BRE 114 125

Central Nervous
System

CNS 10 9

Colorectal COL 67 76

Gastroesophageal GAS 27 29

Squamous SQU 32 22

Hepatocellular HEP 9 12

Kidney KID 40 42

Lymphoma (NHL) LYM 54 59

Melanoma MEL 13 13

Mesothelioma MES 16 15

Non-Small Cell Lung NSC 47 53

Ovarian OVA 54 57

Pancreatic PAN 22 19

Prostate PRO 33 33

Sarcoma SAR 31 32

Germ Line GER 9 8

Thyroid THY 17 21

© Pathwork Diagnostics Inc.
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Receive microarray
   data fle
Check fle and data
    quality

Run model against 
   microarray data fle

Generate report fle
Deliver report fle back
    to clinical lab

Production Data Flow
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Microarray data fle

PDF Report

Sample

Clinical 
Laboratory

 Receive sample
 Process specimen,
     mRNA extraction 
    and microarray
    hybridization
  Submit data fle to
     PathWork for
    processing

  Deliver report to
     oncologist

http://www-sdc.med.nagasaki-u.ac.jp/n50/disaster/Kidney-b-big.gif
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© Pathwork Diagnostics Inc.
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© Pathwork Diagnostics Inc.
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Cancer Genetics Inc.
http://www.cancergenetics.com/

http://www.cancergenetics.com/
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T Cell Activation Signals

Gordon Freeman, Science Webinar on Immune Checkpoints

Tumor Cell
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Activating and Inhibitory T Cell Signals

Philip Gotwals, Science Webinar on Immune Checkpoints
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Anti CTLA-4 Antibody
Stimulates Immune Response

James Allison, Science Webinar on Immune Checkpoints
Tumor Cell Tumor Cell

T Cell T Cell
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Anti CTLA-4 Induces
Colon Cancer Tumor Regression

James Allison, Science Webinar on Immune Checkpoints
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Anti PD-1 Also Reactivates T Cells

Gordon Freeman, Science Webinar on Immune Checkpoints

T Cell    
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Activating and Inhibitory T Cell Signals

Philip Gotwals, Science Webinar on Immune Checkpoints
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FDA Approval of
Immune Checkpoint Antibodies

James Allison, Science Webinar on Immune Checkpoints
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