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Changes in Rankings for 15 Leading Causes of Death,
2002 and 2030

Category Disease or Injury 2002 Rank 2030 Ranks Change in Rank

Within top 15 | Ischaemic heart disease 1 ] | 0
Cerebrovascular disease 2 2 0
Lower respiratory infections 3 5 -2
HIV/AIDS 4 3 +1
COPD s 4 +1
Perinatal conditions B g -3
Diarrhoeal diseases 7 16 -9
Tuberculosis 8 23 -15
Trachea, bronchus, lung cancers 9 6 +3
Road traffic accidents 10 +2
Diabetes mellitus 11 7 14
Malaria 12 22 -10
Hypertensive heart disease 13 11 +2
Self-inflicted injuries 14 12 +2
Stomach cancer 15 10 +5

Outside top 15 Mephritis and nephrosis 17 13 +4
Colon and rectum cancers 18 15 +3
Liver cancers 19 14 +5

PLoS Med. 2006, 3(11);e442:2011-2030
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Multiple interaction : Cardiovascular disease occurs when an
individual has a high genetic risk or a high environment risk

Gene—{gene)—environment interaction
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g5 gender ; Environmental factor 1

Genotype Environment ;
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Individual genome _I_'_u;' i Risk m Low z

Environmental factor 3
Gene—gene interaction
‘Epistasis effect’

Environmental factors interaction

Hypertension—dyslipidemia—diabetes

Sub-disease phenotype

Myocardial infarction |

Left ventricular hypertrophy

Curr Opin Lipidol. 2006 ;17(2):139-151




Genetic basis of CVD

Twin studies indicate that heritability of CVD
is 30-60% (N Engl J Med 1994,330:1041)

Heritability as high as 63% for premature Ml
(Circulation 1980;61:503)

History of premature death of a biological
parent(<50 years) was associated with 4.5
fold increase in mortality for adopted
offsprings = Risk not increased in adopted
children with history of premature CAD in
foster parents (N Engl J Med 1988,;318:727)




Strategies for Disease Gene Identification

Linkage Analysis
(Family)

e Single gene

e Mendelian inheritance

e Rare, but high penetrance
e ~300-400 STR markers

Association Study
(Population)

cC 70%T
a 30% A

OR = ad/bc

e Polygenic (also G X E)

e Complex inheritance

e Common

e Multiple polymorphic SNP markers




Human Genome Variations
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SNP, Haplotype and TagSNPs

A SNPs SNP SNP SNP

¢ : :

Chromosome1 AACACGCCA.... TTCGGGGTC.... AGTCGACCG....
Chromosome2 AACACGCCA.... TTCGAGGTC.... AGTCAACCG....
Chromosome3 AACATGCCA.... TTCGGGGTC.... AGTCAACCG....
Chromosome4 AACACGCCA.... TTCGGGGTC.... AGTCGACCG....

Variant #1 Variant #2

p—m— T m— ——

. - S
] ']

A A

B Haplotypes

Haplotype 1 CTCAAAGTACGGTTCAGGCA
Haplotype 2 TTGATTGCGCAACAGTAATA
Haplotype 3 CCCGATCTGTGATACTGGTG

Haplotype 4
GATTCGT GACTCGT & l ¢
CTAAGTCA CTGAGCA C Tag SNPs i\ '}‘ ?
G C
Single nuchectide J
polymorphiEms

UGT1A6-2
UGT1AG-4
UGT1A6-6
UGT1A6-7
UGT1A6-9
UGT1AE-10
UGT1A6-12

(SNF)




Approaches to determine
susceptibility genes

Candidate gene approach

GWAS
NGS




Analytic Tools of Association Study

* Candidate genes approach

S U

o

Catalog and test all coding SNPs for function

— DNA Sequencing / SNapShot or TagMan assay

* Genome-Wide Association approach

Use dense map of SNPs and test for LD (use association

to find sites in entire sequence with function)
— Affymetrix GeneChip / Illumina GeneChip




Genome-Wide Association Study (GWAS)

« GWAS are used to identify common genetic factors (SNP, Ins/del) that influence
health and disease.

Cases and controls SNPs tested _' = Imitial Study - mmﬂlh
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Replication study | Firlove-up Study & - GNP

1,500 case<3, 500 controls

P<0.001
Fine Mapping Jﬂ;jﬂ

Replication study I

Fine Mapping Goal: Clinical Markers
Functional Analyses p -
for Prevention and

Early intervantion
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General GWAS strategy for common complex disease
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Next Generation Sequencing (NGS)

DNA fragmentation DMNA fragmentation

Fragment and Hybridize Genomic DNA
to SeqCap™ Capture Microarray

In vitro adaptor ligation

Elute from

SeqCap Array
Cycle sequencing Generation of polony array —

3-... GACTAGATACGAGCGTGA...-5' (template)

5-.. CTGAT ,(} (primer)
...CTGATC

...CTGATCT ’?. :
C r_(gAerm o : Sequence with 454
...CTGATCTAT o) 3 Genome Sequencer

...CTGATCTATGC p ;

Polymerase ...CTGATCTATGCT D
dNTPs . CTGATCTATGCTC ,” . - FEFEFFFTLELFS
Labeled ddNTPs . .CTGATCTATGCTCG g o Bl E\r-alyze Exon
p g EUENCES
AL
Electrophorsesis Cyclic array sequencing k '
(1 read/capillary) (>10° reads/array) I |_51-'i L

Cycle 1 Cycle 2 Cycle 3 3 : :

® coefloe W
o-ofcceflce o L]

What is base 17 What is base 27 Whal is base 37

a) Sanger method (old), b) NGS (new) Chip-based capturing exome sequencing




Feasibility of identifying genetic variants by risk

allele

frequency and strength of genetic effect

Effect size [

_ Low-frequency
Intermediate I variants with

1

Modest

1.1
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intermediate effect

Rare variants of
small effect
very hard to identify
by genetic means
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In 2007: Discovery of 9p21 and the watershed
moment for cardiovascular genetics

A Common Variant on Chromosome 9p21 Affects the Risk of
Myocardial Infarction

Anna Helgadottir, et al.
Science 316, 1491 (2007);
DOI: 10.1126/science.1142842

A Common Allele on Chromosome 9 Associated with Coronary Heart
Disease

Ruth McPherson, et al.
Science 316, 1488 (2007);
DOI: 10.1126/science. 1142447

The NEW ENGLAN D
]OURNAL of MEDICINE

AUGUST 2, 2007

Genomewide Association Analysis of Coronary Artery Disease
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Genomewide Association Analyvsis of Coronary Artery Disease
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154 14 Odds Ratic for Minar Allels Table 2. Lo from the WTCCOC Study with Significant Associations with Coronary Artery Disease That Were Replicased in the German M
5 12] e l & WTCEE study Family Study.®
14+ @ 'I-J} = -I.a_u_ i 3 @ Germnan M
- E os . . i A L Odds Ratio  Population
’ E g 1, “o® Minor Allde  Risk for Risk Allele  Aftributable
3w ot ——1— A . Chromosome  Lead SMP  in Controds  Allele Data Frequency of Minor Allele {95% CI) Fraction P Valua
H 0 0F 0B 10 12 14 &
o E4 Case
WTICCC 5t {
F = : | subjects  Controls
2 rs1043634 A iC WTCCC 330 034 132 (1.11-1.33) 11510
German 32 03z 1.20:{1.06-1.35) 0.004
. ad = i Ll e Adjusted 1.08 (0.90-1.31) @10 0.03
o 7 21.800,000 21850000 27,000,000 72,050,000 22 1000 72150000 77206, 000 German
Chromasame 3 Location [bp) & rSE022263 A A WTLCCC o.ze 035 1323{1.13-1.35) B I3 IQr®
Garman .30 0.26 124 (1.09-1.41) 0.001
Spliced ESTs Adjusted 123 {1.01-1.50) 011 0.n04a
=y Garman
o o o rEl1333049 iC C WTCCC .55 04y 1.37 (1.26-1.48) 1.8 10t
b German .54 048 1.33 {1.18-1.5) ELBOx 10
Adjusted 128 (1.071.53) D2z BIZx10r®
Garman

Human chromosome 9p21.3 (rs1333049)
had the strongest association with CAD

in WTCCC and Germans

Samani NJ et al. NEJM 2007;357:443-453



Influence of 9p21.3 Genetic Variants
on Clinical and Angiographic Outcomes
in Early-Onset Myocardial Infarction

Ardissino D et al. J Am Coll Cardiol 2011;58:426-434

Primary endpoint Coronary artery revascularization

100 100

Years since index myocardial infarction Years since index myocardial infarction

No. at Risk No. at Risk
Rare homozygous (CC) 141 136 54 Rare homozygous (CC) 141 65
Heterozygous (TC) 567 551 PiH] Heterozygous (TC) 587 204
Homozygous (TT) 780 898 2%6 Homozygous (TT) 760 760 m
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Genome-wide association identifies a susceptibility locus
for coronary artery disease in the Chinese Han population

Fan Wangl-12, Cheng-Qi Xul-12, Qing He?12, Tian-Ping CaiZ- 12, Xiu-Chun Li!-1Z, Dan Wang!-12, Xin Niong!-12,
Yu-Hua Liao® 12, Qiu-Tang Feng™ 12, Yan-Zong Yang®12, Niang Cheng?*!12, Cong Lil, Rong Yang!, Chu-Chu Wang!,
Gang Wu”, Qiu-Lun Lul!, Ying Bail, Yu-Feng Huang!, Dan Yin!, Qing Yang!, Xiao-Jing Wang!, Da-Peng Dai?,
Rong-Feng Zhang?, Jing Wan®, Jiang-Hua Ren®, Si-5i Lil!, Yuan-Yuan Zhao!, Fen-Fen Ful!, Yuan Huang?!,
Qing-Xian Li7, Sheng-Wiei Shi”, MNan Lin”, Zhen-Wiei Pan®, Yue Li%, Bo Yul'”, Yan-Xia Wul!l, Yu-He Ke'l, Jian Leil?!,
MNan Wang!, Chun-¥Yan Luo!, Li- ¥Ving Jil, Lian-Jun Gao?, Lei Lil, Hui Liul, Er-Wen Huang!, Jin Cuil, MNa JiaZ,
Niang Ren'!, Hui Lil, Tie Ke!', Xian-Qin Zhang!, Jing-Yu Liu'!, Mu-Gen Liu'!, Hao Xia®, Bo Yang”, Li-Song Shil,
Yun-Long Xiat, Xin Ta! & Qing K Wang!

Identification of significant association between 2 SNPs and CAD in Chinese

Chr. SNP Gene Risk OR P VS.
(nearby) allele KOR/EUR

6p24.1 rs6903956  C6orf105 A 1.71 5.0X103 N

9p21.3  rs1333048 CDKNZ2A/2 G 1.29 4.0X103 Y
B

The function of C6orf105 gene is unknown, but Wang et al. suggested that decreased
expression of C6orf105 gene may be a possible pathogenic cause of CAD.




Clinl Chem Lab Med 2009:47(8):917—922 © 2009 by Walter de Gruyter - Berlin = New York. DOl 10.1515/CCLM.2009.215

Chromosome 9p21 polymorphism is associated with
myocardial infarction but not with clinical outcome
in Han Chinese

Table 4 Association of rs1333049 with clinical outcome after MI.

GG (n=99) GC (n=265) CC (n=156) p-Value

Treatment

Primary PCI, % 78.8 80.0 85.3 0.314

Aspirin, % 90.9 94.3 91.7 0.410

ACEI or ARB, % 67.7 64.9 62.8 0.730

B-Blocker, % 45.5 491 48.7 0.822

Statins, % 54.5 56.2 51.6 0.657
Duration, months 28+ 18 30+17 29+ 17 0.685
Adverse evenis

Rehospitalization, n 141 1+1 141 0.263

Death, 9 2.0 1.1 2.6 0.537

MNon-fatal MI, % 5.1 1.9 3.2 0.265

Combined MACE, % 48.8 49.7 51.2 0.940

GG
—GC
——=-CC

p=0LE6E

rs1333049 is associated with risk for
MI, but not with post-MIl prognosis in
Han Chinese

z
=
=
=
=
o
=
=
=
E
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T T T
10 30 40

Time, months

Figure 1 Kaplan-Meier survival plot by rs1333049.

Cumulative survival rate was similar among the GG (n=99), Peng WH et al. CCLM 2009;47:91 7_22

GC (n=265), and CC (n=1586) genotypes.
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DM

Hypertension

Smoke

BMI

Total-cholesterol

TG

HOL

Creatinine

Case (n=303)

139 (31.6%)

286 (56.9%)

393 (70.2%)

204+ 29

1903+ 473

1656+ 1223

1.4+ 104

1.0= 04

60Xl Ol 018 2VD Ol&°l CHD Xl

Control (n=503)

7 (1.4%]

15 (3.0%)

332 (66.0%)

202+ 28

197.2+ 34.7

1393+ 76.2

006 14.1

090+ 0.2

19



GWAS of CAD in CGC study

meenome-wide association study (CAD: control=230:290)

CAD — muliivesseles dx age<55

Affymetrix GeneChip Mapping 500K Array Set analysis

Significance SNP p<0.001 #2187
g Including surrounding SNP, cSNP

mgw Validation Study (CAD:control = 1172:1087)

CAD - singlevessele dx age<65

Affymetrix Targeted GeneChip 3K array analysis

— Significance SNP p<0.00@
Including significance SNP panese

== 3™ Validation study [CGC Cohort]
& ﬁfﬂ (CAD : control = 502:648)

© 4th Validation study (CAD progress)

u Confirmation of Korean specific SNPs IE' Identify significant SNPs

© Cumulative association analysis © Lg_ Clinical follow up study




Results of CAD-GWAS in CGC

GWAS

Repl. 1

Repl. 2

Repl. 3

Case / Control

230/290

1392/1395

002/648

2123/2690

Mean agelcase)

48.3+4.72

04.5 =7.719

49.3 +5.36

01.6+=7.52

Age criterla

<00

<65

<55(m], 60(f]

< 99(m], 60(f)

SPTBN1

ARNTL2

rS1104 s

0.643E-05
3.009E-06
3.125E-03
8.994E-04

3.080E-07
1.060E-05
1.770E-05
6.920E-06

3.30E-08
0.0034
0.0455

CACNA1A

rs190+

4.839E-00

4.320E-05

Vav3

[S1279++

6.192E-03

1.906E-03

8999«

0.0272

MIA3

rs1746++

0.0860

rso01 -«

0.9211




Original research

Genome-wide association analysis and replication of
coronary artery disease in South Korea suggests
a causal variant commmon to diverse populations

Eun Young Cho.? Xangsoo _.lang ® Fun Soon Shin,” Hye Yoon Jang,”

Yeon-Kyeong Yo0o0.? Sook Kim.? Ji Hyun Jang.? Ji Yeon Lee.? Min Hye Yun,?

Min Young Park,” Jey Sook Chae,® Jin Woo Lim,?_Dang Jik Shin.* Sungha Park,?
Jong Ho Lee.® Bok Ghee Han.® Kim Hyung Rae.® Lon R Cardon,® Andrew P Morris,
Jong Eun Lee,? Geraldine M Clarke'

Table 2 Stage 1, Stage 2 and combined Stage 1 and Stage 2 samples association results for risk of coronary artery disease at single nucleotide
polymorphisms in 9p21 with p<1e—04 in the combined sample

Genotypes minor homozygous,
heterozygous/major

Minor allele

Single nucleotide Alate bt L ol ooy OR for risk allele
pobymorphism MMimnor Risk Stage Control Case Control Case {95% CI) p Value
rs6A4THE06 C T s1 24/124/120 13/80/132 0.32 0.z24 1.55 (1.16 to Z.07) 3.24e—03
S5z 123/450/974 98/458/580 0.33 O.29 122 (1.08 to 1.39) 2.00e—03
S1&852 147/5T74/594 111/538/T712 0.33 0.28 .27 (1.13 to 1.43) 5.7T5e—05
rsd497 7574 G G 51 44/133/91 63/117/45 0.41% 0.54 .71 (1.31 to 2.22) 6.74e—05
s52 199/522/345 274/569/315 0.43 048 1.22 (1.08 o 1.37) 1.27e—03
S1&as2 243/655/436 337/686/360 0.43 0.49 1.29 (1.16 to 1.44) 4.61e—086
rsZ2B891168 G G S 43/134/91 63/116745 0.41 0.54 1.73 (1.32 o 2.25) 5.16e—05
sz 199/524/357 274/569,/316 0.43 0.48 1.23 (1.09 to 1.38) 7.59e—04
S1&8s52 242/658/442 337/685/361 0.43 0.49 1.3 (1.17 1o 1.45) 2. 7Te—0O6
rs1333042 A G s1 27/130/1086 14/90/119 0.35 0.26 1.53 (1.15 to Z.04) 3.82e—03
S5z 156/473/4565 122/490/555 0.36 0.37 1.23 (1.09 to 1.39) 1.04e—03
S1&a32 183/603/567 136/580/674 0.36 0.37 127 (1.13 to 1.4Z) 3. 71e—0O5
rs13332048 L L 51 55/134/76 T71/119/35 0.46 0.58 1.68 (1.29 to 2.19) 1.38e—04
s52 232/515/326 310/574/273 0.46 0.52 1.26 (1.12 to 1.42) 1.28e—04
S1&as2 287/649/902 381/693/308 0.46 0.53 1.32 (1.318 to 1.47) 4.95e—07
rs1333049 c c S1 54/137/76 T2/118/33 0.46 0.59 1.75 (1.34 1o 2.23) 4.51e—05
S22 232/519/334 309/574/282 0.45 0.51 .25 (1.12 o 1.47}) 1.50e—04
S1&8s52 286/656/410 381/692/315 0.45 052 1.32 {1.19 to 1.47) 3.08e—07

The most notable association with CAD was observed on chromosome 9p21.3.
The strongest signal was at rs1333049.
These results replicate signals first observed in Caucasians and subsequently

observed in a variety of Asians including Japanese, Korean and Chinese Han.

Cho E et al. Heart Asia 2010;104-108




Schematic Overview of Identification of CAD Causative SNPs
by GWAS [GenRIC Study]

Discovery stage

Genotyping(Affy6.0) in 2,317 cases of CAD from GenRIC and
4 302 controls from KoGES ||

Data filtering a sampling

Association analysis using logistic regression in 2,123 cases and
2,690 gender-matched controls

Lead 38 SNPs associated with CAD
(P<5X10 >, OR < 2, MAF > 5%)

Replication stage '

18 SNPs genotyped(TagMan assay) in 812 cases of CAD and
4,422 gender-matched controls

Association analysis using logistic regression

Three newly identified loci ; CCDCG63-MYL2-CUX2
locus, FLT1 locus, IGFBP7 locus




Resuits of 2 meta—analysis for SNPs identified from both the
GWAS and the replication cohorts

GWAS - Korea Replication - Japan Combined analysis

SNP Chromosome Gene Func Allele N OR OR p het.(P)

Previous publications
rs4537545 1q21.3e i 0.04297 0.8659 4.74E-05

rs7588415 2p24.1c 0.02587 0.7914 2.47E-05
rs1333049 9p21.3c 1.8E-14
New identified loci
rs1111782 9p21.2a
rs12114277 8q922.3b
rs219822 7qg22.1a
rs12705702 7qg31.1b
rs1163072 10g24.33
rs41391154 3p26.1a GRM7
rs886126 12q24.11d CUX2
rs10012505 4q34.1b GALNT17
rs2122149 4q13.1a
rs9944810 18g21.31 ALPK2
12 MYL2
13 FLT1
4 IGFBP7

7.32E-07
8.43E-07
9.64E-07
4.17E-06
1.04E-05
1.24E-05
1.31E-05
1.67E-05
1.87E-05
2.08E-05
2.13E-05
2.34E-05
3.27E-05

0.952 3.46E-04 0.0198
1.016 8.70E-03 9.00E-04
1.068 1.35E-04 4.12E-02
1.039 4.06E-02 8.00E-04
1.051 9.86E-04 0.0487
0.9898 5.05E-03 0.0055
0.9654 2.92E-03 0.0309
0.9422 2.35E-03 0.0416
1.03 2.96E-03 0.0138
0.9488 1.09E-03  0.0603
1.262 9.85E-05
1148 1.09E-02
1116  0.04156

A
A
A
T
T
T
C
G
A
C
Cc
Cc
G

EENR O > O O 4 O ® >» >» H

Hum Mol Genet [IF 8.058] Submitted




European Heart Journal
EUROPEAN doi:10.1093/eurheartj/ehr267
SOCIETY OF

CARDIOLOGY®

BASIC SCIENCE

Common variants in RYR1 are associated
with left ventricular hypertrophy assessed
by electrocardiogram

Kyung-Won Hong'f, Dong-Jik Shin%3t, Sang-Hak Lee24, Nak-Hoon SonZ, Min-
Ji-Eun Lim?, Chol Shiné, Yangsoo Jang?**, and Bermseok Oh'*

"Department of Biomedical Engineering, School of Medicine, Kyung Hee University, #1 Hoeld-dong, Dongdaemun-gu, Seoul 130-702, Republic of Korea; Cardiov
Center, Yonsei University College of Medicine, Seoul, Republic of Korea; *Yonsei University Research Institute of Science for Aging, Yonsei University, Seoul, Re
“Severance Medical Research Institute, Yonsei University Health System, #250 Seongsanno, Seodaemun-gu, Seoul 120-752, Republic of Korea; “Center for Genc
National Institute of Health, Seoul, Republic of Korea; and *Division of Pulmenary and Critical Care Medicine, Department of Internal Medicine, Korea University
Ansan, Republic of Korea

Received 29 November 2010; revised 2 June 2011; accepted 7 July 2011

Aims To identify the genetic risk factors that influence the development of electrocardiographic (ECG) le!
hypertrophy (LVH), a major risk factor for cardiovascular (CV) morbidity and mortality.
Methods We performed a genomewide association study (GWAS) of ECG-LVH, in which the community-based K

and results ation REsource (KARE) study (8432 controls and 398 cases) was analysed by Affymetrix SNP array 5.0
results were validated in hospital-based samples (597 controls and 207 cases). Fourteen single-nucleotide
isms (SNPs) in eight genetic loci (5g35.1, 6p22.3-22.1, 8q24.2, 11p15, 11q21-22.1, 14q12, 17q11.2, and 1!

associated with ECG-LVH in the original GWAS study (P<1 x 1075). Of these SNPs, 12 were genc
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Interaction between GNB3 C825T and
ACE I/D polymorphisms in essential
hypertension in Koreans

Y Bae', C Park’, ] Han', Y-] Hong*, H-H Song?, E-S Shin?®, J-E Lee®, B-G Han®, Y Jang’,

D-J Shin*” and SK Yoon®®7

'Cardiovascular Genome Center, Yonsei University College of Medicine, Seoul, Republic of Korea:
*Department of Biostatistics, The Catholic University of Korea, Seoul, Republic of Korea; *DNA Link Inc,
Seoul, Republic of Korea: *Division of Genome Resources, NGRI, NIH, Seoul, Republic of Korea; *Research
Institute of Molecular Genetics, The Catholic University of Korea, Seoul, Republic of Korea and ®Department
of Biomedical Sciences, The Catholic Universily of Korea, Seoul, Republic of Korea

Essential hypertension (EH) is considered a typical
polygenic disease, so the evaluation of gene-gene
interactions rather than the determination of single gene
effects is crucial to understanding any genetic influ-
ences. The G-protein fp3-subunit (GNB3) 825T allele,
associated with enhanced G-protein signalling, is a
strong candidate for interactions with polymorphisms,
such as insertion/deletion (/D) nolvmorphism of anaio-

genotypes for the GNB3 C825T and ACE I/D polymorph-
isms were not found to be significantly associated with
hypertensive status in either males or females. Logistic
regression analysis indicated that the GNB3 825T allele
carriers were positively associated with EH in males
(odds ratio (OR) for TT/CT, 1.459; 95% confidence
interval (Cl), 1.048-2.033, P=0.0255). In analysis of
aene—aene interaction. we found that there was a

hospital sample. There was consistent association with the 19q13.1 region which contains RYR? gene. 1 u

nificant SNP in the region was rs10500279, which had genomewide significance in the combined GWA
sample [odds ratio = 1.58 (confidence interval: 1.35-1.85), P= 1.0 x 10™%]. Mutations in RYRT, whic y
major Ca®* channel in the skeletal muscle, have been reported to correlate with CV diseases. a

K
We performed the first GWAS for ECG-LVH, implicating the skeletal muscle Ca®* channel protein RYR' ¢
risk factor. These results might increase our understanding of the development of ECG-LVH. F

REPORT

Adiponectin Concentrations:
A Genome-wide Association Study

Sun Ha Jee,!211.* Jae Woong Sull,*!! Jong-Eun Lee,* Chol Shin,5 Jongkeun Park,®7 Heejin Kimm,!
Eun-Young Cho,* Eun-Soon Shin,* Ji Eun Yun,! Ji Wan Park® Sang Yeun Kim,! Sun Ju Lee,!
Eun Jung Jee,! Inkyung Baik,® Linda Kao,? Sungjoo Kim Yoon,%” Yangsoo Jang,'®* and Terri H. Beaty?

Adiponectin is associated with obesity and insulin resistance. To date, there has been no genome-wide association study (GWAS) of
adiponectin levels in Asians. Here we present a GWAS of a cohort of Korean volunteers. A total of 4,001 subjects were genotyped by
using a genome-wide marker panel in a two-stage design (979 subjects initially and 3,022 in a second stage). Another 2,304 subjects
were used for follow-up replication studies with selected markers. In the discovery phase, the top SNP associated with mean log
adiponectin was rs3865188 in CDH13 on chromosome 16 (p = 1.69 x 107" in the initial sample, p = 6.58 x 107" in the second
genome-wide sample, and p = 2.12 x 10~*?in the replication sample). The meta-analysis p value for 153865188 in all 6,305 individuals
was 2.82 x 107 The association of 153865188 with high-molecular-weight adiponectin (p = 7.36 x 107*) was even stronger in
the third sample. A reporter assay that evaluated the effects of a CDHI3 promoter SNP in complete linkage disequilibrium with
153865188 revealed that the major allele increased expression 2.2-fold. This study clearly shows that genetic variants in CDIH 13 influence
_ adiponectin levels in Korean adults.

v Relation of Genetic Polymorphisms in the Cytochrome P450 Gene

With Clopidogrel Resistance After Drug-Eluting Stent
Implantation in Koreans

Jung Myung Lee, MD?, Sungha Park, MD, PhD?, Dong-Jik Shin, PhD™®,
Donghoon Choi, MD, PhD?, Chi Young Shim, MD? Young-Guk Ko, MD, PhD?,
Jung-Sun Kim, MD, PhD*, Eun-Soon Shin. PhD¢. Chong Won Chang. MS®, Jong-Eun Lee, PhD",
and Yangsoo Jang, MD, PhD**

Clopidogrel is a prodrug that has to be converted to an active metabolite by hepatic
cytochrome P450 (CYP) isoenzymes to inhibit platelet aggregation. Individual variability of
platelet inhibition by clopidogrel suggests a possibility for genetic factors having a signif-
icant influence on clopidogrel responsiveness. In this study, we sought to determine the
relation of genetic polymorphisms of CYP genes to clopidogrel resistance in Koreans. Four
hundred fifty patients who underwent successful percutaneous coronary intervention with
drug-eluting stents were randomly assigned to treatment with dual antiplatelet regimen
(aspirin plus clopidogrel) or triple antiplatelet regimen (aspirin plus clopidogrel plus
cilostazol). Clopidogrel resistance using VerifyNow P2Y 12 assay and genetic analysis were
performed in 387 patients. Clopidogrel resistance was found in 112 patients (28.9%). In the
clopidogrel-responsive group, there was a significantly higher proportion of cilostazol use.
Because cilostazol showed a significant influence on clopidogrel resistance, we examined
the association of single-nucleotide polymorphisms and clopidogrel resistance in the dual
and triple antiplatelet therapy groups. respectively. In all subjects, the CYP2C19%3A allele
was significantly more prevalent in the clopidogrel-resistant group compared with the elopi-
dogrel-responsive group. Multiple logistic regression analysis demonstrated that CYP2C19%3 is
an independent predictor of clopidogrel resistance. In conclusion, CYP2C19%3 single-nucle-
otide polymorphisms is an independent risk factor of clopidogrel resistance in Korean subjects
with coronary artery disease. © 2009 Elsevier Inc. (Am J Cardiol 2009;104:46-51)
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[Genome-Wide Association Study for Arterial stiffness]

Sample set selection (280 case/325 controls)
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Characterization of SCN5A4 (W1191X) in Brugada Syndrome
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Association of Atrial Fibrillation & A channel gene variants
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Association of Adiponectin Concentration & COH13 SNPS
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Table 3.

Meta-analysis Results in 6,305 Samples

Two Most Strongly Associated SNPs from the Seoul Project for Log,s(Total Adiponectin) Based on Linear Regression Model and

Seoul

Ansan

Bundang-gu

Effect Size (5E)

SNP (pg/ml)

Effect Size (5E)
(pg/ml)

Effect Size (5E) Meta-analysis

Meta-analysis p Value

Meta-analysis
Heterogeneity Q (p)

rs3865188 —0.095 (0.0118)

rs12596316  —0.088 (0.012)

—0.096 (0.0073)

—0.096 (0.0074)

(pg/ml) Effect Size (pg/ml)
~0.079 (0.0066)  —0.09 282 x 1079
0076 (0.0065)  —0.09 3.09 % 1077

3.58 (0.167)

4.13 (0.1268)

p values were calculated under a linear regression under an additive model incorporating age, sex, smoking status, and body mass index as covariates. Effect sizes

are given with standard error (SE).

Am J Hum Genet 87[4): 545-552 (2010, IF 11.660




Three (0.9%)

One

Total patients=87 869
CHD=coronary heart disease
Tsmoking, hypertension, hypercholesterolaemia and diabetes mellitus

1/3 to 1/2 of CHD disease occurs in patients classified as
low risk by conventional Risk factors

Khot UN et al. JAMA 2003; 290: 898-904
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10 year CVD risk in Korean men using
FHS functions, 30-74
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17 Genetic Loci associated with CAD

Sivapalaratnam S et al. Curr Atheroscler Rep 2011;13:225-232

Chromosomal SNP RAF, (Odds ratio per risk Candidate genes Putative mechanism
location Yo allele (95% CI)
1 1pl3 500830 77 113 (1.08-1.19) CELSR2 PSCRI, LDL mediated
SORT!
Ipl3 646776 21 1.19 (1.13-1.26) CELSR2, PSCRI,
SORT!
2 2p32 rs11206510 &1 L15(1L10-1.210 PCSKY LDL mediated
3 lgd1 rs300E621 72 1.10(1.04-1.1T) MIA3 Unknown
1gd1 sl T465637 72 114 (1.10-1.19) MIA3
4 2g33 st 725887 14 117 (1.11-1.19) WDRI2 Unknown
] 2q36 rs29724 16 37 046 IRST Defective insulin signaling
and NO production
6 3q22 rsO81ERT0 15 1.15 (1.11-1.19) MRAS Adhesion signaling
7 6p21.31 rs2814982 16 0.49 Chorf106 Unknown
& Gp24 512526453 65 1,12 (1.08-1.17) PHACTRI Coronary calcification
9 6g26-6q27 rs204 8327 18 120 (1.13-128) LPA LPAL2, Promotes atherothrombosis
SLC2243
6g26-6q27 3127500 18 L20(1.13-1.28) LP4, LPAL2,
SLC2243
6q26-6g27 7767084 18 L.20(1.13-1.28) LEA LPAL2,
SLC2243
6q26-6q27 rs10755578 18 1.20 (1.13-1.28) LPALPAL2,
SLC2243
6g26-6g27 rs3TO8220 2 147 (1.35-1.60) LPALPAL2,
SLC2243
6g26-6q27 rs1 (455872 7 LG8 (1.43-198) LPA LPAL2,
SLC2243
10 Tg3i2 rs4 731702 48 0.59 KLFi4 Unknown
11 #p22 rs1495741 22 285 NAT2 Unknown
12 9p21 rs1333049 52 120 (1.16-1.25) ANRIL, CDKN2A, Increased proliferation of
CDEN2B, MTAP smooth muscle cells
9p21 54977574 56 1.29 (1.25-1.34) ANRIL, CDKN24,
CDKN2B, MTAP
9p21 rs10757274 48 ANRIL, CDKN24,
CDKNZB, MTAP
9p21 28383206 51 ANRIL, COKN2A,
CDENZB, MTAP
op21 52383207 51 122 (1.13-133) ANRIL, CDKN2A,
CDKN2B, MTAP
9p21 107572378 47 125 (1.15-136) ANRIL, CDKN2A,
CDEKN2B, MTAP
9p21 rs10116277 48 ANRIL, CDKN24,
CDKN2B, MTAP
13 10g11 rs501120 &4 1.11 (1.05-1.18) CXCLI2 MNeomtima formation after
arterial imjury,
10g11 rs1 746048 &4 LIT(L11-1.24) CXCLI2 platelet activation n
atherosclerotic lesions
14 12q24 52259816 37 1LOB(1.05-1.11) HNFIA apoM-mediated HDL
maodification
15 1224 rs3 184504 40 1.13.(1.11-1.19) SH2B3 Reduced anti-inflammatory
activity contributes
1224 11065987 34 114 (1.10-1.19) SH2E3 to the progression of
plaques
16 16p13 rs1122608 75 1.15¢1.10-1.21) LDLR LDL-mediated
17 21q22 rsPEE2601 13 L20(1.14-12T) KCNHE2, MRPS6, Unknown
SLC5A3

Atherosclerotic plague

ANRIL
MAAS

SH2B3 —=—
| i
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Thirty-five common variants for coronary artery
disease: the fruits of much collaborative labour

John F. Peden and Martin Farrall*

Department of Cardiovascular Medicine, The Wellcome Trust Centre for Human Genetics, University of Oxford,
Roosevelt Drive, Oxford OX3 7BN, UK

Hum Mol Genet 2011;20:R198

Chr Position Locus” SN References Reported ~ SNP-specific heritability
effect (B gup), %o
EAF OR K,=2% K,=5% K,=10%

55496039 PCSK9 rs1 1206510 MIGen (36) 0.82 1.08 0.03 0.04 0.05
56962821 PPAP2B rs17114036 CARDIoGRAM (3) 091 1.17 0.07 0.09 0.11
109822 166 SORTI rs5S99839 Samani ef al. (58), MIGen (36) 078 1.11 0.06 0.08 0.10
222 823 529 MIA3 rs17465637 Samani et al. (58), MIGen (36) 074 1.14 0.12 0.15 0.18
44072576 ABCGS 54299376 HumanCVD (8) 029 1.09 0.04 0.05 0.07
203 745 885 WDRI12 rs6725887  MIGen (36) 0.15 1.14 0.07 0.09 0.11
138119952 MRAS rs2306374  Erdmann et al. (59) 0.18 1.12 0.06 0.07 0.09
131 867 702 ILS rs2706399  HumanCVD (8) 048 1.02 0.01 0.01 0.01
11774583 Céorfl05 rs6903956° Wang et al. (7) 0.07 151 0.35 0.45 0.56
12927544 PHACTRI1 rs12526453 MIGen (36) 0.67 1.10 0.06 0.08 0.10
35034800 ANKSIA rs17609940 CARDIoGRAM (3) 0.75 1.07 0.03 0.04 0.05
134214 525 TCF21 rs12190287 CARDIoGRAM (3) 062 1.08 0.05 0.06 0.07
160961 137 LPA rs3798220 Clarke ef al. (30) 0.02 192 0.25 0.32 0.40
161010118 LPA rs10455872 Clarke et al. (30) 007 1.70 0.57 0.73 0.90
107 244 545 7q22 rs10953541 C4D 2011 (4) 0.80 1.08 0.05 0.06 0.08
129663 496 ZC3HCI rs11556924 CARDIoGRAM (3) 062 1.09 0.06 0.07 0.09
126495 818 TRIBI rs10808546 HumanCVD (8) 0.65 1.04 0.02 0.02 0.02
22098574 ANRIL/CDKN2BAS 154977574  WTCCC (60), McPherson ef al. (61), 046 129 0.53 0.68 0.84
Helgadottir ef al. (62), Samani ef al. (58), MIGen (36)
136 154 168 ABO rs579459 CARDIoGRAM (3), Reilly et al. (6) 021 1.10 0.05 0.06 0.08
30335122 KIAAl462 rs2505083  C4D 2011 (4), Erdmann et al. (5) 0.38 1.07 0.05 0.06 0.08
44775824 CXCLI12 rsl 746048  Samani ef al. (58), MIGen (36) 087 1.09 0.03 0.03 0.04
91002927 LIPA rs1412444 4D 2011 (4) 042 1.08 0.05 0.07 0.08
104719096 CYPITAI-NTSC2 rs12413409 CARDIoGRAM (3) 089 1.12 0.04 0.05 0.07
103 660 567 PDGFD rs974819 C4D 2011 (4) 032 1.08 0.05 0.06 0.08
116 648917 APOAI1-C3-A4-A5 rs964184 CARDIoGRAM (3) 0.13 1.13 0.05 0.07 0.09
111884 608 SH2B3 rs3184504  Soranzo et al. (63) 044 1.07 0.04 0.05 0.06
110960712 COL4AIlI-A2 rs4773144  CARDIoGRAM (3) 044 1.07 0.04 0.05 0.06
100 133 942 HHIPLI rs2895811 CARDIoGRAM (3) 043 1.07 0.04 0,05 0.06
79111093 ADAMTS? rs4380028 (4D 2011 (4), CARDIoGRAM (3), Reilly et al. (6) 0.60 1.07 0.05 0.06 0.08
2126504 SMG6-SER rs216172 CARDIoGRAM (3) 037 1.07 0.03 0.05 0.06
17543722 PEMT rs12936587 CARDIoGRAM (3) 056 1.07 0.04 0.05 0.06
46988597  GIP-ATP rs46522 CARDIoGRAM (3) 0.53 1.06 0.03 0.04 0.04
11163601 LDLR rs1122608 MIGen (36) 077 1.14 0.10 0.12 0.15
45395619 APOE rs2075650  HumanCVD (8) 0.14 1.14 0.07 0.09 0.11
35599128 MRPS6 rs9982601 MIGen (36) 015 1.18 0.11 0.14 0.18

NN

n

3.30 4.27 5.29




ANRIL, a long, noncoding RNA, is an unexpected major
hotspot in GWAS

Eric Pasmant,*"' Audrey Sabbagh,*' Michel Vidaud,*" and Ivan Biéche*"

*Unite Mixte de Recherche (UMR)745 Institut National de la Sante et de la Recherche Medicale
(INSERM), Universite Paris Descartes, Faculte des Sciences Pharmaceutiques et Biologiques, Parts,
France; and "Service de Biochimie et Génétique Moléculaire, Hopital Beaujon, Clichy, France
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ANRIL important for expression of CDK activit
and vascular proliferation

Pasmant E et al. FASEB J 2011;25:444-448




ldentification of ADAMTSZ as a novel locus for coronary
atherosclerosis and association of ABO with myocardial
infarction in the presence of coronary atherosclerosis:
two genome-wide association studies

Reilly M et al. Lancet 2011;377:383-392

OR (95% Cl)

PennCath : I I 1-33(1-11-1-60)
MedStar ! ' | 142 (116-1-73)
WTCCC ! 120 (1.09-1:32)
OHGS | 116 (1-03-1-32)
Emory GB ! ' | 1-48 (1:25-1.76)
Utah IHC 1-05(0-96-1-16)
Verona Heart : . { 1-13(0-94-1-37)
Cleveland GB H | 1-18 (0-98-1-41)

Combined meta-analysis ' 1.19 (1-13-1-24)
Cases n=12393 . p=4-98x10"
Controls n=7383 :

*Effective n=15810

Ods Ratio of CAD According to
Presence of ADAMTS7 variant




We have only touched the tip of the iceberg

Environmental
Influence

®0e®

Full genetlc influence
on CVD
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