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CAD has a strong genetic componentg g p

• Coronary artery disease – a major cause of death 
• CAD – multiple risk factor

– Obesity, DM, smoking, HT, poor diet, aging 
population

• but lots of patients have no conventional risk factor
• Large portion of risk for CAD is remained Even after 

i k i k f tmanaging known risk factors
• 50% of susceptibility of CAD may be genetic.



Predisposition of  CAD is inheritedp

• The extent of coronary occlusion ∝ parental Hx of MI
– Anderson et al. Prev med 1979

• Early onset of CAD ∝ greater risk of CAD of relatives
– In families with CAD onset before 46 yo → 

hereditability 92 – 100%
– In families with CAD onset after 46 yo → 

hereditability 15-30%
Rissanen et al Am J Cardiol 1979– Rissanen et al. Am J Cardiol. 1979

• Danish twin registry
– CAD incidence in Monozygotic 44% vs Dizygotic 

14%
Allen et al Acta genet stat med 1967– Allen et al. Acta genet stat med. 1967



Genetic basis for CAD
• Premature CAD is genetic

– MI in 1st degree relatives <55yo → MI risk 7.1x
– Heritability of early-onset CAD 0.56

• Lloyd-Jones et al. Lancet. 1999

• Family Hx of CAD – independent risk factor for CAD
– Framingham study

• Family Hx of CAD or stroke or peripheral artery 
disease 

• X2.4 risk in men, x2.2 risk in women
• Genet et al. Circulation 1992

– Interheart study
• x1.45 risk increase
• Yusuf et al. Lancet 2004



Risk factors for CADRisk factors for CAD

Old• Old age
• Hypertension
• Diabetes mellitus
• Dyslipidemiay p

– High cholesterol
– High LDL-C
– Low HDL-C

• Smoking 
• Obesity
• Familial history of premature CADy p

From 2007 ESC/ESH guideline for hypertension



CAD is preventablep

• CAD is a preventable disease and its p
elimination is expected before the end of  
the 21st centurythe 21 century

• Elucidation of genetic modifiers is a pre-
requisite to genetic screening andrequisite to genetic screening and 
comprehensive prevention



Success in Single gene disordersg g

• A single gene is necessary and sufficient for disease
• Simple Mendelian traits

– Autosomal dominant, recessive, X-linked, and 
mitochondrial

• Rare allelic variants with markedly increase disease risk
• Not great impact on public health

• Familial hypertrophic cardiomyopathy
• Marfan’s syndrome
• Long QT syndrome



Approach methodspp

• Single gene disorder• Single gene disorder
– DNA from families
– Pedigrees of 2-3 generation– Pedigrees of 2-3 generation
– Linkage analysis

• Linkage disequilibriumLinkage disequilibrium
• 300 DNA markers 

(10M bps interval)( p )
• Not suitable for detecting 

genes contributing minimal risk

• CAD → polygenic disorderp yg



Schematic of  genetic linkageg g

Topol et al. JACC 2007



Difficulties in indentifying genes for CADy g g

• Polygenic disorderyg
– Prevalent genes

Only a minor effect to the phenotype (5– Only a minor effect to the phenotype (5-
10% contribution)
L t– Low penetrance



Approach methodspp

• Single gene disorder
– Linkage analysis

• Families
• Pedigree of 2-3 generation

• Polygenic disorderPolygenic disorder
– Case-control association study

U l t d i di id l• Unrelated individuals
• To compare SNP frequency

• Candidate gene approach (direct method)
• Genome-wide association study (indirect method)



Candidate gene approachg pp
• Hypothesis

– Proteins known to be involved in the pathogenesis of 
atherosclerosis carry mutations or variants that affect their 
function and ultimately the risk of developing CADy p g

• Success in only limited number of genes 

• Reason to failure
Schunkert et al. EHJ 2010

Reason to failure
– Restrict a single or few genetic variants with modest impact
– Small sample size



Tousoulis et al. Trend in molecul med 2008



Tousoulis et al. Trend in molecul med 2008



New strategy is neededgy

• Genome-wide association study (GWAS)y ( )
– Preferred method

No prejudice no presumption all inclusive– No prejudice, no presumption, all inclusive
– SNP as markers

b i• 1 SNP per 1000bps (3,000,000 SNPs in a genome)



Principle of  GWASp

Schunkert et al. EHJ 2010



Difficulties in indentifying genes for CADy g g

• Polygenic disorderyg
– Prevalent genes but of low penetrance

Only a minor effect to the phenotype (5– Only a minor effect to the phenotype (5-
10% contribution)

• Genome-wide association studyy
– Hundreds of thousands of markers
– Thousands of unrelated individuals– Thousands of unrelated individuals
– => lots of cost, money, effort



What makes GWAS possible?p

• Human genome project (2003)g p j ( )
– sequencing of 3,000,000,000 bps of human 

genomegenome
– Cataloging of common SNPs by SNPs 

consortiumconsortium
– Establishment of the relationship btw 

dj t SNP b H M C tiadjacent SNPs by HapMap Consortium

• DNA chip (before 2000)p
– Can analyze millions of SNPs at a time



SNPs (single nucleotide polymorphisms)( g p y p )

• Human genome = 3,000,000,000 bps
• Variation in human genome is 0.1% → 

most of them are SNPsmost of them are SNPs
• SNP – 1 per 1000bps => 3,000,000 SNPs 

in a genomein a genome

• Majority of human variation and 
susceptibility to disease is due to SNPsp y

• Each SNP can explain only 5-10% of 
susceptibility to diseasesusceptibility to disease



Genomic markers

Microsatellite 400
SNP 3,000,000
Tag SNP 250 000 ~Tag SNP 250,000 ~

500,000 



DNA chipDNA chip

ff h• Affymetrix Genechip
• microarray
• 250,000 SNP on a chip







Electronic addressing/ hybridization



Design of  GWASg
• Calculation of sample size

– To find gene for >30% increase risk
– To detect alleles with frequency > 5%

Size difference >0 2– Size difference >0.2
– 90% power

– Initial population 2000 (1000 affected, 1000 control) for 500K 
marker set with p < 0.001
R li ti i b l t l ti l ith i d d t l– Replication is absolutely essential with an independent large 
population to rule out false positive

– Second population 12,000 (8000 affected, 4000 control) for p p ( )
strong association with p< 0.000001



Ottawa heart genomics studyg y
• Planned in 2004
• Total sample size 14000 
• Criteria for premature CAD

– Male <55yo or female <65yo
– Absence of DM (untreated HbA1C <6%)

LDL <5 0mmol/L– LDL <5.0mmol/L
– BP < 140/90mmHg
– CAD confirmed by CAG or CTAy

• Criteria for control subject
– Asymptomatic men >65yo and women >70yo
– Matched for sex, plasma lipid, HbA1C, BP
– CTA to exclude coronary atherosclerosis

McPerson et al. Science 2007



(2586 SNPs)

(50 SNPs)

(2 SNPs)(2 SNPs)

rs10757274 rs2383206

Chromosome 9p21

McPerson et al. Science 2007



rs10757274 rs2383206

Chromosome 9p21

McPerson et al. Science 2007



rs10757274rs10757274

rs2383206

McPerson et al. Science 2007



A haplotype

McPerson et al. Science 2007



9p21 is the 1st genetic risk variantp g

• 9p21 genetic risk variant is extremely common
• 75% of caucasians have 1-2 risk alleles

– 50% heterozygotes (15-20% increased risk)
– 25% homozygotes (30-40% increased risk)

• Confirmed in several independent groups
– Iceland, British, German, central Europe
– Korean, Japanese, Chinese
– African-American : not confirmed

• Risk factor for CAD, AAA, intracranial aneurysm, strokey
• Independent of conventional risk factors (DM, HT, lipid, 

obesity..)



Genetic loci for CAD/MI

Schunkert et al. EHJ 2010



Genetic loci for CAD/MI

Schunkert et al. EHJ 2010



Presumed new mechanisms of  CAD

• 9p21
– No known protein coding region
– Increase expression of ANRIL (large antisense non-g

coding RNA gene), p15, p16, ARF in patients in 
CAD, stroke, AAA

– Risk allele (+) → enhancer activity alteration → 
ANRIL expression → modulating expression of 
genes controlling cellular proliferation pathwaygenes controlling cellular proliferation pathway

• 3q22
MRAS ( l RAS h l )– MRAS (muscle RAS oncogene homolog)

– Suggest a plausible role for MRAS in adhesion 
signalingsignaling



Gene environment interactionGene-environment interaction



Summary and conclusiony
• Modern genetics open up an entirely new era
• Pathogenesis by genetic RF is largely independent of 

that by traditional RF
f– New pathogenesis of CAD can be reveals though 

GWAS
G ti RF i ifi i t t• Genetic RF may require a specific environment to 
come into effect

A better knowledge of these interaction will be vital– A better knowledge of these interaction will be vital 
to gain the greatest benefit from this genetic 
informationinformation

• More comprehensive risk assessment and prevention 
will be possible in the future p


