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(N=10,753)

Family | Cases |Age(Yr)| Median(IQR) | Mann-
Hx of Mean Whitney
CAD + SD test

No 6487 626 £ 64(56.70) P<0.001
10.6

Yes 4,266 59.8+ 60(52.67)
10.6
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M,42 Yr

Age 41, presented with exertional angina
B.P: 130/90, BML: 28
Never smoked
FH: Father: 40CH Z=HF Al 1A AM="smoker
Mother: L| &S (65N, 1 &
29 155 &,
Cholesterol 136, Tg 72, HDL 37, LDL 96
FBS 87, CRP:0.23
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Strong Family Hx
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Human genome

3.1 bilion base pair
30,000 human genes encode for
nearly one million proteins

— Alternative splicing: 35 to 60% of our
genes

— Multiple transcription start sites

— Polyadeylation

— Specific editing of pre-messenger RNA
Post-translational modification

— Phosphoryltion

— Sulphation

— Glycosylation

— Hydroxylation

— N-methylation

Carboxymethylation
Acetylation
Prenylation
N-myristylation
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Genetic predisposition:

— Risk prediction and disease prevention
Genetic cause&t /|

— Monogenic disease

— Polygenic disease

Drug target2=

Gene therapy



Heritability of traits

e "simple” Mendelian traits:
— Familial HCM
— Marfan’s syndrome
— Long QT syndrome

« Complex traits
— Myocardial infarction

— Type 2 diabetes mellitus
— Age-related macular degeneration



Challenges of genomics

 Variable penetrance
* Low allele frequencies
* Epigenetic variation




Variable penetrance and expression
HCM family

Pedigree 1 (A57G mutation in MYL3) Pedigree 2 (L1238P mutation in MYBPC3)
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Gregor Johann Mendel
(July 20,1822-Jan 6,1884)

Yellow Green
Megiosis Metsis
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9p21

* 9p21 locus spans 58,000 base pairs

e 9p21 variant is extremely common with
approximately 50% of the popultion
posessing 1 copy and a further 20% to
25%posessing 2 copies of the risk
variant.

e One copy of 9p21 increased risk for CAD
by approximately 20% whereas 2 copies
augment risk by 40%




Four SNPs on Chromosome 9p21 in a South Korean
Population Implicate a Genetic Locus That Confers High Cross-
Race Risk for Development of Coronary Artery Disease

Shen, Gong-Qing; Li, Lin; Rao, Shaoqi; Abdullah, Kalil G.; Ban, Ji
Min; Lee, Bok-Soo; Park, Jeong Euy; Wang, Qing K.

Arterioscler Thromb Vasc Biol 28(2008),pp.360-365



Replication of the association between a chromosome
9p21 polymorphism and coronary artery disease in Japanese

and Korean populations

Kunihiko Hinohara A Toshiaki Nakajima £ Megumi Takahashi A&
Shigeru Hohda £ Taishi Sasaoka A&

Ken-ichi Nakahara £ Kouji Chida £ Motoji Sawabe A& Takuro
Arimura A Akinori Sato A

Bok-Soo Lee A& Ji-min Ban &£ Michio Yasunami A& Jeong-Euy Park
/A Toru Izumi & Akinori Kimura

J Human Genet 53(4)(2008), PP 357-359



9p21
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Genetic model of CAD.

Initiators

Pitrioten Precipitators

#

9p21 MODEL of COMMON CHD

J Am Coll Cardiol 2010,Aug 3,56(6):487-489



GWAS

PPARG, KCNJ11
44 loci by GWAS
Can explain 10%

DM



AMD

« Common variants in two genes

implicated in the complement pathway
have shown to contribute to over half of
the heritability of AMD



Detection

Effect size
(Odds ratio)

High

of gene by GWAS:

1 §0.0

depends on allele frequency and effect size.

Mendelian Unusual for
diseases : - common
(e.9. MODY) — disease
. Intermediate
. penetrance
(1,000 Genomes |
i Project)
Difficultto 3 Usually
identify . identified by
(resequencing) GWAS
(e.9. TCF7L2)
0.1% 05% =5% Risk Allele
frequency
- ’\:': Rare 'L':"”mq Common

ANNALs of NYAS,2010;1212:59-77



Genome-Wide Linkage Scans

Affected and unaffected sibling
pairs of "multiplex” families

Utilizes microsatellite markers

Laborious accrual of families

Less power to detect common
genotypic variants

SNP Association Studies

Sporadic cases and controls

Utilizes SNPs

Rapid accrual of cases and control
subjects

Increased power to detect common
genotypic variants

Easier replication in independent
studies
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Pandora’s Box



Nutrigenomics

* how genetic variation interacts with the
diet to influence CVD risk

o study of the interaction between diet
and an individual's genetic makeup



Human cardiovascular diseases

Complex interplay of

Epigenetic

Environmental factors




Personalized medicine

 defined by Francis Collins, head of the
Human Genome Project, as “using
information about a person’s genetic
makeup to tailor strategies for the
detection, treatment, or prevention of

disease”



Personalized Medicine

Dynamic
genomics
Response
Stable genomics \ @ If genomics
Clinical data Medical Fine phenotyping
informatics
i

Personalized medicine
Multimarker risk profiles @ﬂ %% Monitoring response

Molecular diagnostics Targeted therapeutics

Prognostic precision



Gene-based presymptomatic assessment of diesease prediction.

* Assess * Refine * Predict * Monitor progression
risk assessment * Diagnose * Predict events
* Inform therapeutics

Baseline risk Initiating Earliest Earliest Typical
events molecular clinical current
detection detection intervention

A

Disease burden
Cost
Irreversibility

oo prctncs

Stable genomics  Dynamic genomics  Fine phenotyping Therapeutic decision

SNPs Gene expression Molecular imaging ~ Support
Haplotype mapping (transcriptomics)  Metabolomics )
Gene sequencing  Proteomics Stress profiling g::p":’;” 9’“;::3

Pharmacoproteomics

T—

Sources of new biomarkers




Risk assessment and decision support tools

Risk assessment and decision support tools
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R Personalized health plan

Personal
lifestyle plan



Pharmacogenomics

« Maximize response

* Minimize toxicity

 ‘'one drug fits all' = 'right drug for the
right patient at the right dose and time'’




Propranolol disposition in Chinese subjects of different
CYP2D6 genotypes: 188C>T

40

Propranolol concentration (ng/mi)

Time (hr)

Lai ML, et al. Clin Pharmacol Ther. 1995; 58(3): 264-8.

15

M T/T188
[ 1 C/T188
® C/C188



Beta-blockers in Hypertension:
Personalized medicine

« Metoprolol shows wide variation in pharmacokinetics
according to CYP2D6*10 genotypes — common in
Chinese populations



Pharmacology of Warfarin

Cytochrome P450 2C9 (

ot
, = <t
. Y/
g

CYP2C9)



Pharmacology of Warfarin

Encoded by

Hypofunctional GGCX Functional
F. II, VII, IX, X t F. II, VII, IX, X

Proteins C, S, Z ¥ “9lutamyl  proteins €, S, Z
carboxylase

Vitamin K reduced Vitamin K epoxide

Encoded by VKORC(C1I

. Metabolized by CYP2C9
Metabolized by
CYP1A1, CYP1A2, CYP3A4



Warfarin Sensitivity
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Mutations in VKORC1 cause warfarin
resistance and multiple coagulation
factor deficiency type 2

Simone Rost'~*, Andreas Fregin'~, Vytautas Ivaskevicius’,
Ernst Conzelmann®, Konstanze Hortnagel’, Hans-Joachim Pelz’,
Knut Lappegard®, Erhard Seifried’, Inge Scharrer’,

Edward G. D. Tuddenham®, Clemens R. Miiller’, Tim M. Strom*’
& Johannes Oldenburg’~

Nature 2004:427:537-41.

Identification of the gene for vitamin
K epoxide reductase

Tao Li', Chun-Yun Chang', Da-Yun Jin', Pen-Jen Lin',
Nature 2004;427:541-4. Anastasia Khvorova® & Darrel W. Stafford’

‘Department of Biology, University of North Carolina at Chapel Hill, Chapel Hill,
North Carolina 27599, USA
*Dharmacon, Inc., 1376 Miners Drive 101, Lafayette, Colorado 80026, USA




A genome-wide association study confirms VKORC1, CYP2C9, and
CYP4F2 as principal genetic determinants of warfarin dose

A Association with CYP2C9 and VKORC1

78— CYP2C9 VKORC1
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s 17 "3 i
a .
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B Association with CYP4F2
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-Log,, P Value
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Chromosome
C warfarin and the Vitamin K Cycle
EE— d.h\’liltamir! K E—
CYP2C9 ) F ihydroquinone e Clotting protein
7-OH-warf: - Warfi 4 N ~
wartarin arfarin /-X VKORC1 N, / - Carbon dioxide
and quineone reductase N/
: Vitamin K-/
Hydroxy- CYP4F2  Vitamin K d:e;::':crllent
vitamin K quinone carboxyl at.on‘;\\ -Carboxy-
Y /f" “a glutamyl
.. VKORC1 / clotting
CYP2C9 . et : P
7.OHwarfarin <———— Warfarin>*— Vitamin K epoxide - — factors

Takeuchi F et al. PLoS Genet 2009;5(3):e1000433



Rosuvastatin Pharmacokinetics: Plasma Levels
IN Asians 2x Caucaslans

1400 & x
1200

1000 &

600

400

200 T

Rosuvastatin AUC _y ng.h/ml

-200 T
Nn=36 n=35 n=35 n=35
Caucasian Chinese Indian Malay

Lee E et a/ Clin Pharmacol Ther 2005;78:330-41.



Association of HLA-B*1502 with Carbamazepine-
induced SJS/TEN in different populations

Country/region

Major population

HLA-B*1502 allele frequency (%)

Association with SJS/TEN

Tamwan
Hong Kong
Thailand
China

Japan
Korea
Germany
France

Han-Chinese
Han-Chinese

Thai

Northern Han-Chinese
Southem Han-Chinese
Japanese

Korean

European

European

59
10.2
8.5
19
71
0.1
0.2
0

0

Strong association
Strong association
Strong association
Data not available
Strong association
No association
No association
No assodation
No association

Lee MT et al.,, Expert Opin. Pharmacother. 2010;11:2153-2162.



Personalized medicine
by David Goldstein

» Two striking findings will define the
study of disease for the decade to come.

-Irst, common genetic variation seems to

nave only a limited role in determining

neople's predisposition to many common
diseases.

e Second, gene variants that are very rare
In the general population can have
outsized effects on predisposition.




Future eras

* Massive advances in
— Technology
— Information handling
— Computational power

* Need for comprehensive biobanks

— Repositories for biological samples
« United Kingdom Biobank: 500,000 patients
» Reykjavik Heart Study: deCode Genetics

e Japanese Biobank: started in 2003,DNA, serum and
information from 300,000 patients



SNP

Expression SNPs

Human and mouse

networks
—S\Expression profiling /
sl
° & 7
Candidate causal genes and % A
disease pathways for IR 2

cardiovascular disease

Systems biology: to find the drug target from the causal genes found from
GWAS study.



Questions

« 2} genomics
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Rosetta stone



