
1

Leonardo A. MezaLeonardo A. Meza--ZepedaZepeda

Microarray technologyMicroarray technology
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Oslo University Hospital Rikshospitalet/University of Oslo Oslo University Hospital Rikshospitalet/University of Oslo 

Norwegian Microarray ConsortiumNorwegian Microarray Consortium
running therunning the

FUGE microarray platform FUGE microarray platform 
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Measuring gene activityMeasuring gene activity

Molecular biologyMolecular biology
• One gene analysed in 

many samples on blots
• The samples are 

immobilised

Functional genomicsFunctional genomics
• Thousands of genes 

analysed in parallel

• The probes are 
immobilised

microarray.rikshospitalet.no

Microarray experimentMicroarray experiment
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Two channelsTwo channels
•• Two samples per array Two samples per array 

•• Competitive hybridizationCompetitive hybridization
•• Uneven degradation of CyUneven degradation of Cy--dyesdyes
•• May need dyeMay need dye--swaps (doubles the cost)swaps (doubles the cost)

microarray.rikshospitalet.no

Microarray experimentMicroarray experiment

Laser scanning Image 
acquisition

Signal intensity

Amount of 
mRNA

(http://www.illumina.com)
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DatasetDataset

(Quackenbush, NEJM, 2006)(Quackenbush, NEJM, 2006)

•• Hybridization Quality ControlHybridization Quality Control
•• Data extractionData extraction
•• Exporting datasetsExporting datasets

microarray.rikshospitalet.no
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Types of arraysTypes of arrays
cDNA arrays (cloned “mRNA fragments”)cDNA arrays (cloned “mRNA fragments”)

• Expression analysis
• Gene copy number analysis

OligonucleotideOligonucleotide arrays (synthetic DNA)arrays (synthetic DNA)
• Sequence (mutation) analysis
• Expression analysis

G b• Gene copy number
• Epigenetics

Genomic arrays (fragments of chromosomes)Genomic arrays (fragments of chromosomes)
• Gene copy number analysis
• Epigenetics

Protein arrays (antigens, antibodies, Protein arrays (antigens, antibodies, aptamers,etcaptamers,etc.).)
• Protein interactions (also with DNA, small molecules etc.)

microarray.rikshospitalet.no

Commercial platformsCommercial platforms

PlatformPlatform TechnologyTechnology OrganismOrganism

AffymetrixAffymetrix • Synthesized probes• Synthesized probes
• One channel (biotin)• One channel (biotin)

• Several• Several

AgilentAgilent • Spotted on glass slides• Spotted on glass slides
• One/Two channel• One/Two channel

• Several• Several

(Fluorescence)(Fluorescence)

IlluminaIllumina • Beads• Beads
• One channel• One channel
(biotin)(biotin)

• Human• Human
• Mouse• Mouse
• Rat• Rat

NimblegenNimblegen • Synthezides• Synthezides
• One channel• One channel
(Fluorescence)(Fluorescence)

• Several• Several

microarray.rikshospitalet.no

Which platform to use?Which platform to use?

•• OrganismOrganism

•• BudgetBudget

•• Amount of totalRNAAmount of totalRNA•• Amount of totalRNAAmount of totalRNA

•• Number of samplesNumber of samples

•• Flexibility of the platformFlexibility of the platform

microarray.rikshospitalet.no
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DatasetDataset

(Quackenbush, NEJM, 2006)(Quackenbush, NEJM, 2006)

microarray.rikshospitalet.no

Clustering

• Hierarchical clustering
 Group samples and genes based on similarity

Sample clusterSample cluster

(http://rana.lbl.gov/EisenSoftware.htm)(http://rana.lbl.gov/EisenSoftware.htm)

SamplesSamples

Group genesGroup genes Group samplesGroup samples

Gene clusterGene cluster

Sample clusterSample cluster

microarray.rikshospitalet.nomicroarray.rikshospitalet.no

Application of expression microarraysApplication of expression microarrays

•• Experimental studiesExperimental studies
Genes affected by a given treatment 

 Chemical or physical, gene transfection, siRNA, etc.
Time series

•• Clinical studiesClinical studies

Patterns of gene activity

 .. can suggest a certain treatment regimen

 .. responce to a given treatment 

 Identification of novel candidate genes

microarray.rikshospitalet.nomicroarray.rikshospitalet.no
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Gene signatures

• Information
 Molecular mechanisms involved in physiologic or 

pathologic conditions

• Identification
 New genes involved in a pathway or disease

 Potential therapeutic targets

• Classification
 New biological subgroups

 Stratification of samples

microarray.rikshospitalet.nomicroarray.rikshospitalet.no

DLDL--
BCLBCL

SignaturesSignatures

Characteristic for B cell lineageCharacteristic for B cell lineage

Follicular lymphomasFollicular lymphomas

Expression profiling lymphomasExpression profiling lymphomas

microarray.rikshospitalet.nomicroarray.rikshospitalet.no

CLLCLL

FLFL

represent a distinct Brepresent a distinct B--cellcell
differentiation stagedifferentiation stage

Slow growth, i.e. not aggressive Slow growth, i.e. not aggressive 
tumorstumors

Lymph node specific genes:Lymph node specific genes:
Markers for monocytes, Markers for monocytes, 
macrophages and NKmacrophages and NK--genes (CD14, genes (CD14, 
CD105), plus ECMCD105), plus ECM--genes (MMP9, genes (MMP9, 
TIMPTIMP--3)3)

Alizadeh et al. Nature 2000

Alizadeh et al. Nature 2000
microarray.rikshospitalet.nomicroarray.rikshospitalet.no
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Breast cancer

• Supervised 
classification
 Poor prognosis 

signature

 70 genes

(van’t Veer (van’t Veer et alet al., Nature, 2002)., Nature, 2002)

microarray.rikshospitalet.nomicroarray.rikshospitalet.no

Expression profiling with microarrays

Profiles for many cancer types Profiles for many cancer types 
Signatures forSignatures for

 New subgroupsNew subgroups

 MetastasisMetastasis

 Disease developmentDisease development

 Therapeutic responseTherapeutic response

 ..................

A large number of other diseases have been profiledA large number of other diseases have been profiled

microarray.rikshospitalet.nomicroarray.rikshospitalet.no

Microarrays in 
li i l iclinical practice

microarray.rikshospitalet.nomicroarray.rikshospitalet.no
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Agendia

• MammaPrint
 70-gene signature

 Laboratory service

 2000 Euro

 > 12,000 samples tested 12,000 samples tested

 FDA approval (Feb 2007)

(http://www.agendia.com)(http://www.agendia.com)

microarray.rikshospitalet.nomicroarray.rikshospitalet.no

MammaPrint

(Buyse (Buyse et alet al., JNCI, 2006; http://www.agendia.com)., JNCI, 2006; http://www.agendia.com)

microarray.rikshospitalet.nomicroarray.rikshospitalet.no

Genomic MicroarraysGenomic Microarrays

microarray.rikshospitalet.nomicroarray.rikshospitalet.no
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Genomic microarrays

Printing genomic DNAPrinting genomic DNA

 Whole BAC DNA

 PCR representations

 Oligonucleotides

Measure copy number aberrationsMeasure copy number aberrations

 Gene amplification

 Deletions

 Translocation mapping

 Copy number variation (CNV)

microarray.rikshospitalet.nomicroarray.rikshospitalet.no

Array Comparative Genomic Hybridisation Array Comparative Genomic Hybridisation 

DNA labelled by 
random priming

microarray.rikshospitalet.nomicroarray.rikshospitalet.no

Identifying candidate cancer genesIdentifying candidate cancer genes
MS8xMS8x

microarray.rikshospitalet.nomicroarray.rikshospitalet.no
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Sarcomas

• Sarcomas
 Leiomyosarcomas

 Gastrointestinal stromal tumours
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MezaMeza--Zepeda Zepeda et alet al., Cancer Res, 2006., Cancer Res, 2006
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DNA copy number changes reflexes the biologyDNA copy number changes reflexes the biology

Constitutional genetic disorders

• Segmental duplications or deletions
 DiGeorge syndrome (22q11.2 deletion)

 ...

• Chromosomal regions
 Down’s syndrome (trisomy 21)

 ...

(Emanuel & Saitta, Nat Rev Genet, 2007; (Emanuel & Saitta, Nat Rev Genet, 2007; 
http://www.pediatrics.about.com)http://www.pediatrics.about.com)

microarray.rikshospitalet.nomicroarray.rikshospitalet.no

Other types of
G i  MiGenomic Microarrays

microarray.rikshospitalet.nomicroarray.rikshospitalet.no
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ChIPChIP--ChipChip
HighHigh--resolution oligonucleotides arrays (Agilent)resolution oligonucleotides arrays (Agilent)

Human Promoter ChIPHuman Promoter ChIP--onon--chip Microarray Setchip Microarray Set

 17,000 of the human genes

 Set covers -5.5kb upstream to +2.5KB downstream of the 
transcriptional start sites

 488K 60-mer oligonucleotides

microarray.rikshospitalet.nomicroarray.rikshospitalet.no

NCCITNCCIT-- AcK9AcK9

In collaboration with John Arne Dahl (Collas group)

OCT4OCT4

microarray.rikshospitalet.nomicroarray.rikshospitalet.no

CpG Island Methylation

GenomeGenome--wide methylation mapswide methylation maps
Gene silencingGene silencing

microarray.rikshospitalet.nomicroarray.rikshospitalet.no
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Systems BiologySystems Biology

SNP

EpigeneticsEpigenetics
• DNA methylation
• Chromatin structure

Genome StructureGenome Structure
• DNA copy number

Genome VariationGenome Variation
• SNP

C b i ti

Transcription CNV

• Copy number variation
TranscriptomeTranscriptome

• mRNA expression
• miRNA expression
• Splice variance

ProteomeProteome
• Protein-Protein interactions
• DNA-protein interaction

microarray.rikshospitalet.nomicroarray.rikshospitalet.no

Sequencing an array of Sequencing an array of 
DNA moleculesDNA molecules

454 (Roche)454 (Roche)

ClonalClonal

Sequencing Sequencing 
by synthesisby synthesis

SOLiD (Applied Biosystems)SOLiD (Applied Biosystems)

Solexa (Illumina)Solexa (Illumina)
ClonalClonal
cluster cluster 

sequencinsequencin
gg

by synthesisby synthesis

Sequencing Sequencing 
by ligationby ligation

..... Aslo a number of upcomming technologies.

microarray.rikshospitalet.no

Sample preparationSample preparation

microarray.rikshospitalet.no
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Cluster generationCluster generation

microarray.rikshospitalet.no

Cluster generationCluster generation

microarray.rikshospitalet.no

Sequencing by synthesisSequencing by synthesis

microarray.rikshospitalet.no
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Reading the sequenceReading the sequence

microarray.rikshospitalet.no

ApplicationsApplications

microarray.rikshospitalet.no

Norwegian Microarray ConsortiumNorwegian Microarray Consortium

Means:Means:

Collaboration

Effi i t f

Aim:Aim:
To make state-of-the-art microarray technology 

available to the scientific community at affordable cost

microarray.no

RikshospitaletRikshospitalet Radiumhospitalet HFRadiumhospitalet HFEfficient use of resources

Avoid duplicate work

Speed up establishment of advanced methodology

Made possible by a generous 3Made possible by a generous 3--year year 
startstart--up grant from the Cancer Societyup grant from the Cancer Society
and funds from host institutionsand funds from host institutions

Currently running the FUGE microarray platformCurrently running the FUGE microarray platform

RikshospitaletRikshospitalet--Radiumhospitalet HFRadiumhospitalet HF

microarray.rikshospitalet.no
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microarray.nomicroarray.no
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Commercial platformsCommercial platforms

AffymetrixAffymetrix IlluminaIlluminaAffymetrixAffymetrix IlluminaIllumina

AgilentAgilent

microarray.rikshospitalet.no

Soon

BioinformaticBioinformatic
ss

IngridIngrid
User supportUser support

Analysis serviceAnalysis service VegardVegard
Database andDatabase and
programmingprogramming

Also close collaboration with Also close collaboration with 
Bioinformatic core facility (Eivind Hovig)Bioinformatic core facility (Eivind Hovig)

microarray.rikshospitalet.no
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Service levelsService levels

•• Experimental design (Experimental design (FreeFree))

•• Full data analysis: from raw data to  Full data analysis: from raw data to  
gene lists, pathway analysis gene lists, pathway analysis 

•• Partial data analysisPartial data analysis

•• More extensive analyses in More extensive analyses in 
collaboration with Bioinformatics Corecollaboration with Bioinformatics Core

microarray.rikshospitalet.no

Microarray Core FacilityMicroarray Core Facility
Complete Microarray SolutionsComplete Microarray Solutions

OlaOla
VegardVegard

AkselAksel LeonardoLeonardo

oslo@microarray.nooslo@microarray.no

microarray.nomicroarray.no

AnaAnaIngridIngrid TheaThea

VegardVegard

Kreftforskningens nye høyborg!Kreftforskningens nye høyborg!


