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Overview

ÅSession #1: Basic Concepts 

ÅSession #2: High-throughput assay 
technologies

ÅSession #3: Computational data analytics 

ÅSession #4: Case study / practical applications 

ÅSession #5: Hands-on computer lab exercise
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Molecular Signatures

Gene markers

New drug targets

Molecular Signatures
Definition = computational or mathematical models that link high-

dimensional molecular information to phenotype of interest



Molecular Signatures: Main Uses

1. Direct benefits: Models of disease phenotype/clinical outcome& estimation of 
the model performance
ω Diagnosis
ω Prognosis, long-term disease management
ω tŜǊǎƻƴŀƭƛȊŜŘ ǘǊŜŀǘƳŜƴǘ όŘǊǳƎ ǎŜƭŜŎǘƛƻƴΣ ǘƛǘǊŀǘƛƻƴύ όάǇǊŜŘƛŎǘƛǾŜέ ƳƻŘŜƭǎύ

2. Ancillary benefits 1: Biomarkers for diagnosis, or outcome prediction
ω Make the above tasks resource efficient, and easy to use in clinical practice
ω Helps next-generation molecular imaging
ω Leads for potential new drug candidates

3. Ancillary benefits 2: Discovery of structure & mechanisms
(regulatory/interaction networks, pathways, sub-types)
ω Leads for potential new drug candidates
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Å Increased Clinical Trial sample efficiency, and decreased costs 
or both, using placebo responder signatures ;

Å In silico signature-based candidate drug screening;

Å5ǊǳƎ άǊŜǎǳǊǊŜŎǘƛƻƴέ

ÅEstablishing existence of biological signal in very small sample 
situationswhere univariate signals are too weak; 

ÅAssess importance of markers and of mechanisms involving 
those

ÅChoosing the right animal model

ÅΧΚ
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Less Conventional Usesof Molecular Signatures



OvaSure

Agendia Clarient Prediction Sciences

Veridex

LabCorp

University Genomics Genomic Health

BioTheranostics Applied Genomics Power3

Correlogic Systems

Recent molecular mignatures available 
for patient care
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Company Product Disease Purpose

Agendia MammaPrint Breast cancer
Risk assessment for the recurrence of distant metastasis in a breast 

cancer patient.

Agendia TargetPrint Breast cancer

Quantitative determination of the expression level of estrogen receptor, 

progesteron receptor and HER2 genes. This product is supplemental to 

MammaPrint.

Agendia CupPrint Cancer Determination of the origin of the primary tumor.

University 

Genomics
Breast Bioclassifier Breast cancer

Classification of ER-positive and ER-negative breast cancers into 

expression-based subtypes that more accurately predict patient outcome.

Clarient
Insight Dx Breast Cancer 

Profile
Breast cancer Prediction of disease recurrence risk.

Clarient
Prostate Gene Expression 

Profile

Prostate 

cancer
Diagnosis of grade 3 or higher prostate cancer.

Prediction 

Sciences
RapidResponse c-Fn Test Stroke

Identification of the patients that are safe to receive tPA and those at high 

risk for HT, to help guide the physicianôs treatment decision.

Genomic Health OncotypeDx Breast cancer

Individualized prediction of chemotherapy benefit and 10-year distant 

recurrence to inform adjuvant treatment decisions in certain women with 

early-stage breast cancer.

bioTheranostics CancerTYPE ID Cancer Classification of 39 types of cancer.

bioTheranostics Breast Cancer Index Breast cancer

Risk assessment and identification of patients likely to benefit from 

endocrine therapy, and whose tumors are likely to be sensitive or resistant 

to chemotherapy.

Applied 

Genomics
MammaStrat Breast cander Risk assessment of cancer recurrence.

Applied 

Genomics
PulmoType Lung cancer

Classification of non-small cell lung cancer into adenocarcinoma versus 

squamous cell carcinoma subtypes.

Applied 

Genomics
PulmoStrat Lung cancer

Assessment of an individual's risk of lung cancer recurrence following 

surgery for helping with adjuvant therapy decisions.

Correlogic OvaCheck Ovarian cancerEarly detection of epithelial ovarian cancer.

LabCorp OvaSure Ovarian cancer
Assessment of the presence of early stage ovarian cancer in high-risk 

women.

Veridex GeneSearch BLN Assay Breast cancer Determination of whether breast cancer has spread to the lymph nodes.

Power3 BC-SeraPro Breast cancer Differentiation between breast cancer patients and control subjects.

Molecular signatures in the market(examples)
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Molecular Signatures

Gene markers

New drug targets
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An early kind of analysis: 
learning disease sub-types by clustering 

patient profiles

Rb

p53
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/ƭǳǎǘŜǊƛƴƎΥ ǎŜŜƪƛƴƎ ΨƴŀǘǳǊŀƭΩ ƎǊƻǳǇƛƴƎǎ ϧ ƘƻǇƛƴƎ 
ǘƘŀǘ ǘƘŜȅ ǿƛƭƭ ōŜ ǳǎŜŦǳƭΧ

Rb

p53
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E.g., for treatment

Rb

p53

Respond to treatment Tx1

Do not

Respond to treatment Tx1
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E.g., for diagnosis

Rb

p53

Adenocarcinoma

Squamous carcinoma
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Another use of clustering

ÅCluster genes (instead of patients):

ïGenes that cluster together may belong to the 
same pathways

ïGenes that cluster apart may be unrelated
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Unfortunately clustering is a non-specific methodand 
Ŧŀƭƭǎ ƛƴǘƻ ǘƘŜ ΨƻƴŜ-ǎƻƭǳǘƛƻƴ Ŧƛǘǎ ŀƭƭΩ ǘǊŀǇ ǿƘŜƴ ǳǎŜŘ ŦƻǊ 

prediction

Rb

p53

Respond to treatment Tx2

Do not

Respond to treatment Tx2
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Clustering is also non-specific when  used to discover 
pathway membership, regulatory control, or other 

causation-oriented relationships

G1

Ph

G2

G3

It is entirely possible in 

this simple illustrative 

counter-example for  

G3 (a causally 

unrelated gene to the 

phenotype) to be more 

strongly associated 

and thus cluster with 

the phenotype (or its 

surrogate genes) more 

strongly than the true 

oncogenic genes G1, 

G2



Brief overview of microarrays

Slides courtesy of: Stuart Brown, Ph.D.

Center for Health Informatics and 
Bioinformatics



Genomics

ÅMain array technologies (cDNA, Oligo, 
Tiled)

ÅMain uses:
ïGene Expression  

ïSNP assay 

ïGene copy number (array-CGH)

ïTF binding sites (Chip-on-chip)

ïSplice variation



What is a cDNA 
Microarray?

ÅHybridization ςbased Ą put cDNA probes 
on an array surface and label the sample 
RNA 

ÅMake probes for lots of genes - a massively 
parallel experiment

ÅaŀƪŜ ƛǘ ǘƛƴȅ ǎƻ ȅƻǳ ŘƻƴΩǘ ƴŜŜŘ ǎƻ ƳǳŎƘ wb! 
from your experimental cells.

ÅMake quantitative measurements



DNA Chip Microarrays

ÅAlso hybridization based.Put a large number (~100K) of 
cDNA sequences or synthetic DNA oligomersonto a glass 
slide (or other subtrate) in known locations on a grid.

ÅLabel an RNA sample and hybridize 

ÅMeasure amounts of RNA bound to each square in the grid

ÅMake comparisons
ïCancerous vs. normal tissue

ïTreated vs. untreated

ïTime course



cDNA Microarray Technologies

ÅSpot cloned cDNAs onto a glass microscope 
slide

ïusually PCR amplified segments of plasmids

ÅLabel 2 RNA samples with 2 different colors 
of flourescent dye - control vs. experimental

ÅMix two labeled RNAs and hybridize to the 
chip

ÅMake two scans - one for each color

ÅCombine the images to calculate ratios of 
amounts of each RNA that bind to each spot



Spot your own Chip
(plans available for free from Pat Brownôs website)

Robot spotter

Ordinary glass 

microscope slide





cDNA Spotted Microarrays


