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Coronary Artery Disease (CAD)

and Myocardial Infarction (Ml)

U.S. Statistics:

CAD, 16.3 million

M1, 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 )
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Genetic factors control each step in the
development of atherosclerosis and thrombosis
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Genome-Wide Assoclation Studies (GWAS)

A test for identification of
susceptibility variants/loci fo
human diseases at the whole
genome level

Through the detection of
associations between
genotype frequency and trai
status

» 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.



Genome-Wide Association Study (GWAS)

Most effective method at the present time

Need high throughput genotyping platforms (e.qg.
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
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GWAS

OO0 Accurate phenotyping
O Strict quality control
O Multi-stage replication

0 Multiple genotyping
methods

O Consideration of
geographical areas, ethnicity,
Individual differences

[0 Effective statistical analysis
O Functional SNPs

0 Functional studies



Published Genome-Wide Associations through 03/2011,
§ 1,319 published GWA at p<5x10°2 for 221 traits 2011 1st quarter

NHGRI GWA Catalog
www.genome.gov/GWAStudies

E 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

NO. Locus Nearby Gene

1 9p21 rs1333048 CDKN/B-ANRIL

2 1p13 rs646776 CELSR2-PSRC1-SORT1

3 21022 rs9982601 SLC3-MRPS6-KCNE2

4 1941 rs17465637 MIA3

5 10q11 rs1746048 CXCL12

6 6p24 rs12526453 PHACTR1

7 19p13 rs1122608 LDLR

8 2033 r$6725887 WDRI12

9 1p32 rs11206510 PCSKY

10 12q24 (52259816 HNF

11 12q24 rs3184504 SH2B3

12 3022 159818870 MRAS
r$3798220 LPA

13 0q26-27 rs10455872 LPA

1. Peden, J.F, etal., 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.
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1st Replication of 9p21.3 CAD Locus
In a Non-Caucasian Population
(Korean Population)
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CAD/MI GWAS In the
Chinese Population?



Bio-bank of Chinese

Cardiovascular Disease
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Tertiary referral centers

Hubel Province

Union Hospital

Tongji Hospital
Renmin Hospital
Zhongnan Hospital
1st Hospital of Wuhan
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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 FRSCALIIACTEI——"
in the Chinese Han population Agenetlcs
Identifies a susceptibility locus o
for coronary artery disease 1 VR .
--Wang et al (s

By Huazhong University of |
Science and Technology and
Other Chinese Collaborators

2011-4

: GWAS of coronary artery disease
- Replication licensing mutations
glMicroattribution review of hemoglobinopathi€s



GWAS of CAD In the Chinese

Population
(Overall Study Design)
Stage 1 Dis-Hubel Stage 1 Dis-Beijing : :il

100 cases vs. 100 controls 130 cases vs. 130 controls ~ *.*" V)}N/]

P<0.01 in both
discovery cohort

/
i - / '/ i

s WO
E Stage 2 validation cohort } ’

572 cases vs. 436 controls

! ! !

Stage 3 Rep-Hubei Stage 3 Rep-North
1012 cases vs. 1732 845 cases vs. 1367
controls controls

Stage 3 Rep-Shandong
811 cases vs. 818 controls




Stage | —Discovery GWAS QQ plot
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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.



9p21.3 CAD Locus In GenelD

Case P (zenes.
Locus: dbSNP- = RA- Cohort- OR(95%CI)-

/Control:,  value: Near by

Wuhane | 0.57/041.  0.001 | 1.93(1.29-2.89)¢
rs1333048-  Ge ,
Beymgs  0.54/041 « 0005 « | 1.65(1.16-2.33)¢
9p2l.3: , MTAP, ANRIL
~ Wuhans 0.58/0.40- 0.0006- | 2.00(1.34-2.99).
rs1333049. s ,
Beymg:  0.54/0.43:  0.008: | 1.60(1.13-2.26)¢

Although the two discovery cohorts are small, two
SNPs at the 9p21.3 CAD locus showed positive
assoclation with CAD, suggesting that the study
design Is appropriate.



Stage 11- Validation of 9 SNPs

6.007 p<0.01 in both Dis-Hubei
o and Dis-Beijing discovery
populations

5.007]

-log 10(p value) Dis-Beijing populations

00 1.00 2.00 3.00 4.00 5.00 6.00

-log 10(p value) Dis-Hubei populations

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 on chromosome 6p24.1

A allele frequency

Without adjustment

After adjustment

Stage Population (n, case/contral) (casefcontral) Pawe Pops OR (95%CI) Piaj OR (95%CI)
Stage | Dis-Hubei (100/100) 0.10/0.04 1.00 8.00 x 1073 3.07 (1.27-7.45) 0.04  2.89 (1.04-8.00)
Dis-Beijing (130/130) 0.15/0.06 0.40 2.00 x 10-3 2.59 (1.41-4.78) 0.02 2.16(1.14-4.11)
Stage Il Validation population (572/436) 0.08/0.05 0.64 5.00 x 10-3 1.71(1.18-2.48) 0.02 1.69(1.10-2.63)
Stage 111 Rep-Shandong (811/818) 0.09/0.06 0.49 3.00 x 1073 1.47 (1.14-1.91) 0.01 1.41(1.07-1.85)
Rep-Hubei (1,012/1,732) 0.11/0.07 0.24 1.19 x 10-8 1.74 (1.44-2.11) 9.00x 10 1.81(1.47-2.21)
Rep-North (845/1,367) 0.10/0.07 0.34 4.00 x 102 1.36 (1.10-1.69) 1.00x 10~ 1.90(1.32-2.73)
Combined  Combined all replication 0.10/0.07 0.28 4.87 x 10712 1.51 (1.34-1.70) 2.55%x 10713 1.65(1.44-1.90)

populations (3,240/4,353)

Pawe, Fvalue from Hardy-Weinberg equilibrium tests; Fo.e, observed Pvalue; FPag, Pvalue after adjustment for covariates; OR, odds ratio.

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

« Association of rs6903956 with CAD

Without adjustment After adjustment

A allele frequency
Population (n, caseslcontrols) — (caselcontral) P OR (95% Cl) Pui OR (95% Cl)
CAD inmale 2,095/2, 766 0.1000.07 0.84x 107 LA4(1.24-167) 121x 107 158 (133
CAD In female 1,145/1,587 0.1000.07 746 107 163 (1.34-1.98) 317 %107 182 (147- 2 29
CAD with MI 646/4,353 0.090.07 200107 LAO(L14-1.72) 100x 107 1481118
CAD without MI 2,294/4,353 0.1000.07 731 %1072 154 (1.36-1.74) 1.90x 1018 L71(148
Pigs Obsenved Pvalue; g, Pvalue after acjustment for covariates; M, myocardial infarcton,

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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Figure 1 Association of the risk allele A of rs6903956 with decreased
expression of Céorf105 mRNA assuming a dominant model. Error bars, + 2 s.e.




GWAS for CAD/MI In the
Chinese Han Population

* SNP rs6903956 is located within an intron of
putative gene C60rf105

* Risk allele A associated with decreased C6o0rf105
expresison

e C60rf105

— homologous to androgen-inducible protein 1 (AIG1)
— Expressed in endothelial cells




A Potential Mechanism for CAD/MI by
SNP rs6903956 In C6orfl105

Androgen (HEHEEE)

TF-FXa l
TF-FVlla

SNP
Allele A

Lupu et al. Blood, 2011
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Genetics 2011 Research Highlights

Medical genetics: Follow your heart
Felix Cheung

Original article citation:
Wang, F. et al. Genome-wide association identifies a susceptibility locus for coronary artery
disease in the Chinese Han population. Nature Genet. 43, 345-351 (2011).

Sequencing technology: An alternative strateqy for alternative polyadenylation
OPEN!

Felix Cheung

Original article citation:

Fu, Y. et al. Differential genome-wide profiling of tandem 39 UTRs among human breast
cancer and normal cells by high-throughput sequencing. Genome Res.
doi:10.1101/gr.115295.110 (2011).

Gene therapy: Little RNA keeps cancer away
Felix Cheung

Original article citation:

Jin, H. et al. Identification of miRNomes in human liver and hepatocellular carcinoma
reveals miR-199a/b-3p as therapeutic target for hepatocellular carcinoma. Cancer Cell 19,
232-243 (2011).

Plant genomics: Soy story

Felix Cheung

Original article citation:

Lam, H. M. et al. Resequencing of 31 wild and cultivated soybean genomes identifies
patterns of genetic diversity and selection. Nature Genet, 42, 1053-1059 (2010).

Medical genetics: Markers for polycystic ovary syndrome

Felix Cheung

Published online: 02 February 2011 | doi:10.1038/nchina.2011.7

Original article citation:

Chen, Z. J. et al. Genome-wide association study identifies susceptibility loci for polycystic
ovary syndrome on chromosome 2p16.3, 2p21 and 9q33.3. Nature Genet. 43, 55-59
(2011).

Research Highlights

] Subject Categories: Genetics Clinical medicine

Medical genetics: Follow your heart
Felix Cheung

A three-stage genome-wide association study in China has identified a novel
genetic variant associated with coronary artery disease

Original article citation
Wang, F. et al. Genome-wide association identifies a susceptibility locus for coronary artery
disease in the Chinese Han population. Nature Genet. 43, 345-351 (2011).

B Full text article available for download

Coronary artery disease (CAD) is the leading cause of death in western countries. In China,
CAD causes more than 700,000 people die every vear.

Previous genome-wide association studies on European
populations have identified several genetic variants, or single-

—puclectide eolimsnbionye (AT sccociated inith C20
Kenneth Qing Wang and Xin Tu at Huazhong University of

Science and Technology in Wuhan and co-workers: have now

POt T T T e g TS T T s U Yo e e —
population and identified a new SNP associated with CAD. "

The researchers carried out the study in three stages. In the

'discovery' stage, they analysed the genetic makeup of 460 @ (2011)
people from Beijing and Hubei province and identified nine istockphoto.com/Mutlu
Kurtbas

SNPs that appear frequently in CAD-affected individuals but
not in healthy individuals. In the 'validation' stage, they
repeated the same genetic analysis on 1,008 people from Hubei province by focusing on eight
of the nine previously identified SNPs, and found that only one SNP — rs6903956 in the gene
Cé6orf105 — had a significant association with CAD.
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Summary: GWAS for

 CARDIoGram Consortium performec
14 independent CAD GWAS data anc
risk variants/loci for CAD iIn the Euro
populations

CAD/MI

a meta-analysis of
Identified 13 new

pean ancestry

« 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 i1dentified about 30 risk variants/loci for CAD
and M

 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)



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) ldentifying 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 Iin Coronary
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Systems Biology of CAD and MI
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broach is needed to

Beside Those methods, a systenTat
comprehend the existing findings, to discover new genes for and

to finally illustrate the molecular mechanism of CVD

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




These studies highlight a dilemma often faced by those
attempting to apply genomics to medical practice

Translational Steps
from Bench to Bedside

*X 9

AFl rst Step-in a Long
i -Journey!
Future Systems Biology







