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DNA DNA basedbased variationsvariations

GeneticGenetic variationsvariations EpigeneticEpigenetic variationsvariations

Cytosine 5-Methylcytosine 



The case of the The case of the missingmissing heritabilityheritability

The case of the missing heritability



Concordance rate of Concordance rate of complexcomplex
diseasesdiseases in in monozygoticmonozygotic twinstwins

BreastBreast cancer cancer 15 %15 %
UlcerativeUlcerative colitiscolitis 20 %20 %
Multiple Multiple scelorissceloris 2525--30 %30 %
T2 T2 diabetesdiabetes 2525--45 %45 %
SchizophreniaSchizophrenia 50 %50 %
AlzheimerAlzheimer’’ss diseasedisease 4040--70 %70 %

PetronisPetronis TIGS 2001TIGS 2001



EpigeneticsEpigenetics

……..isis the the studystudy of a set of of a set of 
reversiblereversible heritableheritable changes in changes in 

genegene functionfunction or or otherother cellcell
phenotypesphenotypes thatthat occuroccur withoutwithout

a change in DNA a change in DNA sequencesequence. . 



Epigenetics Epigenetics mediatedmediated byby

PolycombPolycomb / / thritoraxthritorax complexescomplexes
snRNAsnRNA ((siRNAsiRNA, miRNA and , miRNA and asRNAasRNA))
Histone Histone tailtail modificationsmodifications
Histone Histone variantsvariants and and nucleosomalnucleosomal
occupancyoccupancy
DNA methylationDNA methylation



EnvironmentalEnvironmental factorsfactors inducinginducing
DNA methylation changesDNA methylation changes

AgeAge
Food (Agouti mouse model)Food (Agouti mouse model)
XenobioticXenobiotic chemicalschemicals
Endocrine Endocrine disruptorsdisruptors ((VinclozinVinclozin, , DiethylstilberolDiethylstilberol))
MaternalMaternal stress and stress and nurturingnurturing
LowLow dose radiationdose radiation
Smoking (Smoking (lunglung cancer)cancer)



DNA methylation in DNA methylation in diseasedisease

CancerCancer

ComplexComplex disordersdisorders
-- Type 2 Type 2 DiabetesDiabetes
-- AutoimmuneAutoimmune diseasesdiseases
-- AsthmaAsthma ????????

ImprintingImprinting disordersdisorders / rare / rare pediatricpediatric syndromessyndromes
-- BeckwithBeckwith--WiedemannWiedemann syndromesyndrome
-- SilverSilver Russel syndromeRussel syndrome
-- PraderPrader--Willi Willi syndromesyndrome
-- Angelman syndromeAngelman syndrome

Neurodevelopmental Neurodevelopmental disordersdisorders
-- Fragile XFragile X
-- ICFICF
-- RettRett syndromesyndrome



Aberrant methylation patternAberrant methylation pattern



……but no black and white situationbut no black and white situation



WhyWhy studystudy DNA methylationDNA methylation

AmplifiableAmplifiable
Stable over time and over Stable over time and over cellcell cyclecycle
Applicable to FFPE Applicable to FFPE samplessamples
Positive signalPositive signal
Ratio C/T Ratio C/T independentindependent of of startingstarting
materialmaterial
ConfersConfers an an advantageadvantage to to cellscells



DNA methylation and cancerDNA methylation and cancer

EarlyEarly diagnosisdiagnosis
Cancer Cancer subtypesubtype classifcationclassifcation
ResponseResponse to to treatmenttreatment
PrognosticPrognostic biomarkerbiomarker
Monitoring of Monitoring of treatmenttreatment



DNA methylation techniquesDNA methylation techniques

Tost, Epigenetics, 2008, Horizon Scientific Press



Platforms at CNGPlatforms at CNG

Analysis of geneAnalysis of gene--specific DNA methylation specific DNA methylation 
patterns:patterns:
–– PyrosequencingPyrosequencing
–– RealReal--Time PCRTime PCR
–– HighHigh--resolution melting analysisresolution melting analysis
–– Mass spectrometryMass spectrometry

GenomeGenome--wide analysis of DNA methylation wide analysis of DNA methylation 
patterns:patterns:
–– NimbleGenNimbleGen
–– Illumina (Bead Array/Illumina (Bead Array/InfiniumInfinium))
–– Illumina/SolexaIllumina/Solexa sequencingsequencing



Illumina Illumina BeadBead ArrayArray Methylation Methylation 
analysisanalysis



1505 CpG sites in 800 selected cancer related genes
Filtering: use all datapoints with p<0.01 for β-value (1299 CpG sites)
use only CpG sites with data in more than 90% of the samples 
Hiarchical clustering of 1061 CpG sites

91 MicMa tumors
4 Normal breast tissue

Illumina Golden Gate Methylation Cancer 
Panel 



69 genes significantly associated with 
overall breast cancer survival using SAM

10 genes with p<0.001

Example 1,  Overall survival Example 2, Overall  survival

p<0.001

Methylated
Methylated

Unmethylated
Unmethylated

p<0.001



Significant corrrelations between methylation and expression (in cis)
After correction for multiple testing (FDR <0.01)

Integrate methylation and mRNA expression Integrate methylation and mRNA expression 
datadata



Epigenetics of complex diseaseEpigenetics of complex disease

The beginning of an eraThe beginning of an era……..

EpigeneticsEpigenetics constitutes a new constitutes a new 
framework for the integration of framework for the integration of 
previously unrelated molecular, previously unrelated molecular, 
epidemiological and clinical dataepidemiological and clinical data



PlacentalPlacental pathologies: pathologies: SERPINA3SERPINA3
as a marker for as a marker for prepre--eclampsiaeclampsia
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CpG dinucleotide position (base pairs)ChelbiChelbi et al., Hypertension, 2007et al., Hypertension, 2007



Methylated DNA Methylated DNA 
immunoprecipitation (MeDIP)immunoprecipitation (MeDIP)



Automation of ImmunoprecipitationAutomation of Immunoprecipitation



Magnet of the robotMagnet of the robot

Tip

Magnet

WellSolution

Mag Particle



MeDIP MeDIP –– MEFsMEFs NimbleGen NimbleGen PromoterPromoter--
CpG CpG islandisland tilingtiling arrayarray (385k)(385k)

WT MEFWT MEF

mutatedmutated MEFMEF

mutatedmutated MEFMEF

WT MEFWT MEF



BatmanBatman--calibrated data using five calibrated data using five 
experiments per phenotypeexperiments per phenotype

WT Mutated cell lines

Down,  TA Down,  TA et al.et al. Nat. Nat. BiotechBiotech, 2008, 2008



Igf1Igf1

Functional importance validated by expression analysis (8.5 fold)
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