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Coronary Artery Disease (CAD) 

and Myocardial Infarction (MI) 

• U.S. Statistics: 

 

• CAD, 16.3 million 

• MI, 7.9 million 

• Causes 571 000 deaths each year in the U.S.  

• Caused 1 of every 5 deaths in the U.S. 

• Every 25 seconds an American will suffer a coronary 

event, and about every minute someone will die from 

one 

• The estimated cost in 2007: $177.5 billion  
                                              

 From AHA Heart Disease and Stroke Statistics-2011 Update (Circulation. 2011, 123:e18-e209 ) 

 



Anatomy of Coronary Artery 

Nature (2000) 407:233 



CAD 

Nature (2002) 420;869 

Atherosclerosis 

Plaque Formation 



Thrombosis and MI 

Genetic factors control each step in the 

development of atherosclerosis and thrombosis 

Nature (2002) 420;869 

Atherosclerosis 
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Genome-Wide Association Studies (GWAS)  

• A test for identification of 

susceptibility variants/loci for 

human diseases at the whole 

genome level 

• Through the detection of 

associations between 

genotype frequency and trait 

status 
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A test of the association between markers, called single-

nucleotide polymorphisms (SNPs), across the genome and 

disease, usually involving 500,000 or more markers that are 

reasonably polymorphic and are spread across the genome 

fairly evenly 

This approach is hypothesis free. 



• Most effective method at the present time 

• Need high throughput genotyping platforms (e.g. 

Affymetrix or Illumina Chips) 

 

• Need more than 2 large, independent case control 

populations 

• Some risk variants may be used for personalized 

medicine in the future 

 

Genome-Wide Association Study（GWAS） 



  Accurate phenotyping 

 Strict quality control 

 Multi-stage replication 

 Multiple genotyping 

methods 

 Consideration of 

geographical areas, ethnicity, 

individual differences  

 Effective statistical analysis 

 Functional SNPs  

 Functional studies 

GWAS 



 GWAS: A test of the association between markers, called single-nucleotide polymorphisms (SNPs), 
across the genome and disease, usually involving 500,000 or more markers that are reasonably 
polymorphic and are spread across the genome fairly evenly 



Summary of GWAS for CAD/MI 

by 2010 
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NO. Locus SNP Nearby Gene 

1 9p21 rs1333048 CDKN/B-ANRIL 
2 1p13 rs646776 CELSR2-PSRC1-SORT1 

3 21q22 rs9982601 SLC3-MRPS6-KCNE2 

4 1q41 rs17465637 MIA3 

5 10q11 rs1746048 CXCL12 

6 6p24 rs12526453 PHACTR1 

7 19p13 rs1122608 LDLR 

8 2q33 rs6725887 WDR12 

9 1p32 rs11206510 PCSK9 

10 12q24 rs2259816 HNF 

11 12q24 rs3184504 SH2B3 

12 3q22 rs9818870 MRAS 

13 6q26-27 
rs3798220 LPA 

rs10455872 LPA 
1. Peden, J.F., et al., A genome-wide association study in Europeans and South Asians identifies five new loci for coronary artery 

disease. Nature Genetics, 2011. 

2. Schunkert, H., et al., Large-scale association analysis identifies 13 new susceptibility loci for coronary artery disease. Nature 

Genetics, 2011. 

3. Wang, F., et al., Genome-wide association identifies a susceptibility locus for coronary artery disease in the Chinese Han 

population. Nature Genetics, 2011.  

……… 



9p21.3 



1st Replication of 9p21.3 CAD Locus 

in a Non-Caucasian Population 

(Korean Population) 



CAD/MI  GWAS in the 

Chinese Population？ 



Gene ID  

Bio-bank of Chinese 

Cardiovascular Disease 
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Gene ID Database 

 Nearly 40,000 samples by August, 

2011 

 
>9,000 CAD 

>1,450 AF （ lone AF=230 cases) 

>800 VT/VF 

>2,000 stroke 

>12,000 Others (heart failure, congenital 

heart disease, hypertension, etc) 

 >14,550 controls 



First genome-wide association 
in the Chinese Han population 
identifies a susceptibility locus 
for coronary artery disease 

--Wang et al 

By Huazhong University of 
Science and Technology and 
Other Chinese Collaborators 

2011-4 



GWAS of CAD in the Chinese 

Population  

(Overall Study Design) 
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Stage 1 Dis-Hubei 

100 cases vs. 100 controls 

Stage 3 Rep-Shandong 

811 cases vs. 818 controls 

Stage 3 Rep-Hubei 

1012 cases vs. 1732 

controls 

Stage 3 Rep-North 

845 cases vs. 1367 

controls 

P<0.01 in both 

discovery cohort 

Stage 1 Dis-Beijing 

130 cases vs. 130 controls 

Stage 2 validation cohort 

572 cases vs. 436 controls 



Stage I –Discovery GWAS  QQ plot 

Wang, F., et al.,Genome-wide association identifies a susceptibility  

locus for coronary artery disease in the Chinese Han population.  

Nature genetics, 2011. 43(4): p. 345-349. 



9p21.3 CAD Locus in GeneID 

Although the two discovery cohorts are small, two 

SNPs at the 9p21.3 CAD locus showed positive 

association with CAD, suggesting that the study 

design is appropriate. 



Stage II- Validation of 9 SNPs   

Wang, F., et al.,Genome-wide association identifies a susceptibility  

locus for coronary artery disease in the Chinese Han population.  

Nature Genetics, 2011. 43(4): p. 345-349. 



GWAS for CAD/MI in the 

Chinese Han Population 
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•SNP rs6903956 on chromosome 6p24.1 

Wang, F., et al.,Genome-wide association identifies a susceptibility  

locus for coronary artery disease in the Chinese Han population.  

Nature genetics, 2011. 43(4): p. 345-349. 



•Association of rs6903956 with CAD 
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Wang, F., et al.,Genome-wide association identifies a susceptibility  

locus for coronary artery disease in the Chinese Han population.  

Nature genetics, 2011. 43(4): p. 345-349. 

GWAS for CAD/MI in the 

Chinese Han Population 



• SNP rs6903956 risk allele A is associated with 

deceased expression of putative gene C6orf105 mRNA 
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GWAS for CAD/MI in the 

Chinese Han Population 



• SNP rs6903956 is located within an intron of 

putative gene C6orf105 

• Risk allele A associated with decreased C6orf105 

expresison  

• C6orf105  

– homologous to androgen-inducible protein 1 （AIG1） 

– Expressed in endothelial cells 

28   

GWAS for CAD/MI in the 

Chinese Han Population 



A Potential Mechanism for CAD/MI by 

SNP rs6903956 in C6orf105 
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• CARDIoGram Consortium performed a meta-analysis of 

14 independent CAD GWAS data and identified 13 new 

risk variants/loci for CAD in the European ancestry 

populations 

 

• The Coronary Artery Disease (C4D) Genetics 

Consortium analyzed 8,424 European patients and 6,996 

South Asian patients and found 5 new variants/loci for 

CAD 

Summary: GWAS for CAD/MI 



• To date, there are more than 10 CAD/MI GWAS, 

which identified about 30 risk variants/loci for CAD 

and MI 

 

• Provide novel biological insights into the pathogenic 

mechanisms of atherosclerosis 

 

• The 30 loci/variants discovered by GWAS are thought 

to explain about 8%-13% of the genetic risk  

– (Peden JF and Farrall M Hum Mol Genet 2011; 20:R198-

R205) 

Summary: GWAS for CAD/MI 



Future 

• (1) Identification of new genomic variants for CAD and 
MI by further GWAS and next generation whole 
genome sequencing 
– “Rare variants, common disease” theory 

• Whole genome sequencing, whole exome sequencing 

• Life after linkage:  the future of family studies 

– GWAS in non-Caucasian populations 

– GWAS in populations with diverse geographical ancestries 

• (2) Identifying the specific genes at each GWAS locus 

• (3) Identifying genetics, cellular and molecular 
mechanisms at each GWAS locus 

• (4) Developing methods for CAD risk prediction and 
personalized risk assessment based on GWAS data  

• (5) Translating basic discoveries into novel therapeutic 
and preventive strategies 



Systems Biology in Coronary 

Artery Disease 



Systems Biology of CAD and MI 

Expert Rev. Cardiovasc. Ther. 2007 5(6):1095-1103 

Beside those methods, a system approach is needed to 

comprehend the existing findings, to discover new genes for and 

to finally illustrate the molecular mechanism of  CVD 



A First Step in a Long 

Journey! 

Future: Systems Biology 

These studies highlight a dilemma often faced by those 

attempting to apply genomics to medical practice 
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