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ABSTRACT

Identification of risk factor for coronary artery

disease using SNP association study
Seung-Hun Cha

Graduate program in Science for Aging
The Graduate School

Yonsei University

Genetic studies are expanding past the identification of rare ‘Mendelian’ diseases
to encompass common complex disorders such as Hypertension, Diabetes,
Cardiovascular disease (CVD), and Coronary Artery Disease (CAD). The recent
completion of the International HapMap Project, many tools are in hand for genetic
association studies seeking to test the common disease common variant hypothesis.
Genetic association studies, in which the allele or genotype frequencies at markers are
determined in affected individuals and compared with those of controls.

For this processing, two approaches were considered: in the first one, we identify
the genetic variations of 31 CAD candidate genes selected by colocalization of
positional and functional candidate genes. However, with over several hundreds
single nucleotide polymorphisms (SNPs) identified by re-sequenced all exons and
promoter regions of those genes using 24 unrelated Korean individual’s DNA
samples.; in the second approach, we used for CCR2 gene and nonsynonymous SNPs
(nsSNPs) selection in candidate genes for association test (i.e., the change in genetic

code produces a change in function of the gene).

ix



We identified a total of 409 SNPs including 40 nonsynonymous SNPs, 32
insetion/deletion (INS/DEL) and 4 microsatellites. Among 31 candidate genes, CCR2
gene were examined for the association with CAD male patients. A total of 13 genetic
variants, including 1 deletion and 12 SNPs, were identified in the Korean population.
Although we could not detect any association of CCR2 polymorphic markers with
CAD, several SNP markers of CCR2 gene showed highly significant signals with the
number of arteries with significant coronary artery stenosis in the CAD male patients.
The most significant signal was detected at the SNP located at exon 2 (Asn260Asn;
+780T/C) (odds ratio: 1.49, p=0.0005).

Among 40 nonsynonymous SNPs, 29 SNPs were examined for an association
with CAD male patients. A significant association with CAD was observed in a
polymorphism of the ADD1 gene (Gly460Trp; +29017G/T) (odds ratio: 0.71-0.81,
P=0.01-0.04). The same polymorphism was also associated with the number of
arteries with significant coronary artery stenosis in the CAD patients (P=0.01) as well
as the increase in systolic blood pressure (P=0.02).

Furthermore, G allele of ADDI1 gene (Gly460Trp; +29017G/T) was significantly
associated with less MetS (odds ratio: 0.39-0.58, p=0.02), MetS with CAD (odds ratio:
0.68, p=0.03), and CAD only (odds ratio: 0.74-0.81, p=0.03). We found ADDI1
Gly460Trp was associated with MetS severity (p for trend=0.02 when compared by
using Mantel-Haenszel analysis), and that MetS is an independent risk factor for CAD
(p for trend=0.001). The ADD1 Gly460Trp polymorphism was also associated with
abnormal blood pressure (p=0.04) and blood glucose levels (p=0.03).

Collectively, these data suggest that ADD1 Gly460Trp polymorphism was

significantly associated with an increased risk of CAD as well as MetS in the Korean



population. We also confirmed that the ADD1 Gly460Trp polymorphism is associated
with abnormal blood pressure (p=0.02-0.04) and blood glucose levels
(p=0.03).Moreover, our data showed that ADD1 and CCR2 can play a role in the

pathogenesis of CAD, especially to the number of vessels in CAD.

Key words: Single nucleotide polymorphisms (SNPs), a-adducin 1 (ADD1), CC-

Chemokine receptor-2 (CCR2), Coronary Artery Disease, Metabolic Syndrome
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I. LITERATURE REVIEW

1. Genome-wide association studies

1.1. Overview

The international HapMap Consortium recently cortgalegenotyping over 3.8
milion single nucleotide polymorphisms (SNPs) irethpopulations, and the results of
studing patterns of linkage disequilibrium (LD) ioate that characterization of
300,000-500,000 tag SNPs is sufficient to providedygenomic coverage for linkage-
disequilibrium based association studies in margufations (1). This would open up
the possibility to systematically identify all pdsde gene variants in different human
populations, associate their presence with indafidohenotypes, including disease
susceptibility, and determine the functional impafcsuch variation (1, 2).

The most abundant source of genetic variation énhthman genome comprises
SNPs. A single nucleotide polymorphisms (SNPs)iM& sequence variations where
one of four nucleotides -A, T, G or C- is subs#tlifor another (for example, C for A).
A genome-wide association study is a powerful agghothat involves rapidly
scanning markers across the complete sets of DKNA4enomes, of many people to
find genetic variations associated with a particdigease. In addition, rapid advances
in understanding the patterns of human geneti@tran and maturing high-throughput,
cost-effective methods for genotyping are providipgwerful research tools for
identifying genetic variants that contribute to lleand disease (2, 3). These advances
have set the stage for genome-wide associationestud which a dense set of SNPs

across the genome is genotyped to survey the mnoghon genetic variation for a role



in disease or to identify the heritable quantitiraits that are risk factor for disease (4,
5). Such studies are particularly useful in findijenetic variations that contribute to
common, complex diseases, such as diabetes, hypiere heart disease and mental

illnesses (6).

1.2. Linkage versus association studies

Genome-wide linkage analysis is the method tradhitiy used to identify disease
genes, quantitative traits, and has been tremehdsuscessful for mapping genes that
underlie monogenic 'Mendelian' diseases (7). Ines@ases, genomic regions that
show significant linkage to the disease have bdentified, leading to the discovery of
variants that contribute to susceptibility to dses such as inflammatory bowel
disease (IBD) (8-11), schizophrenia (12) and typgabetes (13).

Linkage studies search for regions of the genontd wihigher-than-expected
number of shared alleles among affected individuatkin a family. Closely related
individuals tend to share large regions of the gemdénherited from the same recent
ancestor. However, for most common diseases, |lmlkatplysis has achieved only
limited success (14), and the genes discoveredlysxglain only a small fraction of
the overall heritability of the disease. Most conmubiseases and clinically important
quantitative traits have complex architectures,wbich the phenotype is determined
by the sum total of, and/or interactions betweealtipie genetic and environmental
factors (15). Therefore, any individual geneticiamar will generally have a relatively
small effect on disease risk. The typical frequesaf variants that underlie common
disease are largely unknown, but common variantg teeen proposed to influence

disease susceptibility (16-18).



Association studies using common allelic variangeh been proposed as a
powerful method for identifying common variants tthiderlie disease susceptibility
(15). Association studies compare the frequencsllefes or genotypes of a particular
variant between patients and controls. Candidatee gassociation studies have
identified many of the genes that are known to oute to susceptibility to common
disease or selection of genes with a known or lieéebiological function whose role
makes it plausible that they may predispose toags@r the observed phenotype (19-
22). Candidate gene studies based on having peddice identity of the correct gene
or genes, usually on the basis of biological hypsés or the location of the candidate
within a previously determined region of linkageh& the fundamental physiological
defects of a disease are unknown, the candidate-ggproach will clearly be
inadequate to fully explain the genetic basis efdisease.

Importantly, linkage analysis is more powerful thassociation analysis for
identifying rare high-risk disease alleles, butoagsion analysis is expected to be
more powerful for the detection of common disedkes that confer modest disease

risks.

1.3. Direct versus indirect association

Linkage-based positional cloning and linkage didémiium-based whole genome
association studies are statistical methods thaenmm@ prior assumptions about the
identity of the genes to be found. This offers olbgi advantages, but also poses
serious obstacles to their application in unraggbh genotype—phenotype interactions
involved in human complex disease (25). In conjreahdidate gene approaches are

based on the study of genes selected through kdgelef the disease phenotype,



genetic studies in model organisms, or locationdlg by a linkage study) (20).

Genes rarely act alone and interactions betwederélift gene variants in a
pathway or across different pathways need to beiddted (candidate pathway
approach). Studies of direct association targeyrpotphisms which are themselves
putative causal variants. This type of study is dasiest to analysis and the most
powerful, but limited by complete knowledge abouindtional variation and
identification of candidate polymorphisms (23). Aitation in a codon which leads to
an amino acid change is a candidate causal vatiwever, it is likely that many
causal variants responsible for heritability of coom complex disorders will be non-
coding. Thus, direct association studies only theepotential to discover some of the
genetic causes of disease and disease-relatedl(#4jt

Most current association mapping is indirect, wigdliance on LD between a
disease susceptibility allele and either a singheker allele or a multilocus haplotype.
The systematization of the indirect approach isalihe of the HapMap Project, through
a genome-wide study of haplotype-block structures@veral populations. Indirect
association studies are more difficult to analyaiy] there is still debate as to the best
methods. They are also less powerful than diraaddiss. The advantage of indirect
association analysis is that it does not requirer gletermination of which SNP might
be functionally important, but the disadvantagéha a much larger number of SNPs
needs to be genotyped (25, 26). Both direct anteaidassociation testing currently
can be applied effectively to candidate genes tizae been implicated in disease
pathogenesis by other means, as long as commamtahave been comprehensively
identified in the candidate gene, and the two apges are not mutually exclusive (fig.

1).
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Fig. 1. Direct versus indirect association analysisa, In direct association
analysis, A case in which a candidate SNP (rediretly tested for association with a
disease phenotype. For example, this is the syrategd when SNPs are chosen for
analysis on the basis of prior knowledge about ghassible function, such as missense
SNPs that are likely to affect the function of adidate gene (green rectangle)The
SNPs to be genotyped (red) are chosen on the basiskage disequilibrium (LD)
patterns to provide information about as many o8Ps as possible. In this case, the
SNP shown in blue is tested for association intlyeas it is in LD with the other

three SNPs. A combination of both strategies is ptsssible (2).



1.4. Whole genome-wide association

Advances in the field of genetics are highly deggri@n enabling technologies to
perform accurate high-resolution genomic analyafsole genome genotyping (WGG)
technologies have recently emerged as attractieds tto genotype hundreds of
thousands of SNP markers on a genome-wide scalel@se SNP markers can be
used in linkage disequilibrium-based (LD) assooratstudies to find genomic regions
harboring variants associated with increased dese@asdence. LD is the nonrandom
association between two or more alleles such tedtio combinations of alleles are
more likely to occur together on a chromosome thtaer combinations of alleles.

The WGG approach is sensitive in detecting multipeall gene effects often
found in complex diseases and does not rely on emtification of candidate genes
or regions. Currently, a fixed set of genome-witilPSnarkers appears attractive. SNP
content for genome-wide association studies carcdiegorized based on random
selection (27), tag SNPs, and functional (focusetd sf genes or non-synonymous
SNPs) marker sets. The International HapMap prdjest provided the haplotype
block structure of the human genome, and enatideiction of tag SNPs for several
populations (28). The haplotype map and correspontihg SNPs provide a
framework for discovering associations between gem@d disease, and may
enable SNP characterization to play a role in pekoed medicine. These
studies will result in a new generation of diagrostarkers and tools, enabling

early disease or disease susceptibility detection.

2. Statistical analysis of marker associations



2.1 Overview

Association analysis of genetic polymorphisms heentmost often performed
in a case-control setting, with unrelated caseestbjcompared to unrelated control
subjects. Significant differences in allele freqeiea between cases and controls are
taken as evidence for involvement of an allele isedse susceptibility. Case-control
analysis is thus a well-validated technique for diszovery of alleles associated with
human disease susceptibility (29). One of the &tiohs of linkage analysis is the
difficulty of fine mapping the location of a gendluencing a complex disorder. There
are not usually enough meioses within 1-2 megababélse disease gene to detect
recombination events; moreover, with the effects mifenotypic and genetic
heterogeneity in complex diseases, critical recoatimn events cannot be identified
with certainty. An advantage of using populatiortads that patterns of LD are the
result of recombinations that have occurred in plast generations and therefore
effectively increase the recombinant sample. Tiesso some evidence that marker-
disease association studies are generally more rdwéhan transmission
disequilibrium-based tests (30). LD mapping hasnbegplied to many simple
monogenetic human traits with success (31), altheugny properties of the technique
have not been studied extensively. Applications amténsions of such mapping
approaches to more complex human traits are irady stage of development (32, 33).
This is an important area of methodological redeaas the use of LD mapping in
appropriate populations may represent a means afinde with some of the
complexities and difficulties associated with stamdmapping approaches to complex
genetic traits (34). Mapping susceptibility locr fmomplex traits is thus critical to the

success of current gene discovery projects in hieag and blood disease.



2.2 Single SNP-Disease Association analysis

2.2.1 Hardy—Weinberg Equilibrium
When the classicaf goodness-of-fit test for Hardy-Weinberg equilinigHWE)

is used on samples with related individuals, thpetyerror can be greatly inflated. In
particular the test is inappropriate in populatisnlates where the individuals are
related through multiple lines of descent. Cal¢atabf HWE also serves as a crude
guality check on the data; experience suggestsgtioas deviations from HWE often
indicate genotyping errors or population admixtus#ewever, the possibility that a
deviation from HWE is due to a deletion polymorphig35) or a segmental
duplication (36) that could be important in diseaaasation should now be considered
before discarding loci. Testing for deviations fré#VE can be carried out using a
Pearson goodness-of-fit test, often known simply‘ths y° test’ because the test
statistic has approximately g null distribution. However, that there are many
differenty? tests. The Pearson test is easy to compute, eyt #pproximation can be
poor when there are low genotype counts, and liieiter to use a Fisher exact test,

which does not rely on thé approximation (37).

2.2.2 Haplotype and genotype data

A haplotype is a combination of alleles at multifiéed loci that are transmitted
together (fig. 2). Haplotype may refer to as fewvas loci or to an entire chromosome
depending on the number of recombination eventshilnge occurred between a given
set of loci. Underlying an individual’s genotypetsnaultiple tightly linked SNPs are

the two haplotypes, each containing alleles from parent. True haplotypes are more
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Fig. 2. Segments of haplotypeshis diagram showsvo ancestral chromosomes
being scrambled through recombination over manyegsions to yield different
descendant chromosomes. If a genetic variant makkedhe A on the ancestral
chromosome increases the risk of a particular disghe two individuals in the current
generation who inherit that part of the ancesthabmosome will be at increased risk.
Adjacent to the variant marked by the A are manyShkhat can be used to identify the

location of the variant (http://www.hapmap.org/gimhaplotype).



informative than genotypes, but inferred haplotypes typically less informative

because of uncertain phasing. However, the infaomabss that arises from phasing is
small when LD is strong. Note that phasing casescamtrols together allows better
estimates of haplotype frequencies under the wilbthesis of no association, but can
lead to a bias towards this hypothesis and therefoloss of power. Conversely,
phasing cases and controls separately can infyge 1 error rates. A similar issue

arises in imputing missing genotypes

2.2.3. Measures of LD

LD will remain crucial to the design of associatistudies until whole-genome
resequencing becomes routinely available. Currefdly of the more than 10 million
common human polymorphisms are typed in any givadys Among the measures
that have been proposed for two-locus haplotypa, dae two most important af&
andr?(38). The absolute value @' is determined by dividind by its maximum
possible value, given the allele frequencies atiteloci. The case db'=1 is known
as complete LD. Values db'<1 indicate that the complete ancestral LD has been
disrupted. The magnitude of valuesiibk1 has no clear interpretation. Estimate®of
are strongly inflated in small samples. Therefastafistically significant values dd’
that are near one provide a useful indication ofimal historical recombination, but
intermediate values should not be used for compasief the strength of LD between
studies, or to measure the extent of LD (4). Theasueer?is in some ways
complementary t®'. r?is equal toD?divided by the product of the allele frequencies
at the two loci. Hill and Roberson deduced thatrg=]/1+4Nc where c is the

recombination rate in morgans between the two markend N is the effective
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population size (39). This equation illustrates tingportant properties of LD. First,
expected levels of LD are a function of recombatiThe more recombination
between two sites, the more they are shuffled vatpect to one another, decreasing
LD. Second, LD is a function of N, emphasizing thlX is a property of populations

(15).

2.2.4 SNP tagging

SNP tagging method is based on thé.D statistic and determines groupings of
markers which are in tight correlation with an widual marker or markers (tagging
markers) within a grouping. In anticipation of ceffiective SNP genotyping
technologies and the availability of databases tdrge number of candidate SNPs,
many investigators are seriously considering genaide SNP scans with the hope of
performing hypothesis-free disease associationesas opposed to hypothesis-driven
candidate gene or region studies. Although the @SNP genotyping may be rapidly
decreasing and without excessive loss of statispoaver, it is still infeasible to

genotype all available SNPs across the human gefitie

2.3 Case—control association analysis

2.3.1 Overview

In a case-control study a group of affected subjeeferred to as cases is
compared to a group of unaffected subjects refetoeds controls with respect to
potential exposures of risk factors. If there isamsociation between the marker and

the disease, the distribution of the genotypesifferdnt within cases and controls.

11



There are two different reasons for an associatibith are of primary interest. The
first reason is that the marker locus is itselfisedse locus, thus the association is
causal. The second reason is that the marker Iedndinkage disequilibrium with the
disease locus because both are in close proximith® genome. A further question is
how marker loci to test for association are chog2s). There are basically two
approaches of genetic case-control studies witferét amount of genotyping, the
candidate gene approach and the genome scan. Mttt test statistics we describe
here are developed for the candidate gene appmobehe one or several candidate
genes are investigated in the study. These camdgleties are often chosen out of
biological reasons because they code for some ipsotghich are expected to be

functionally related to the phenotype of inter@)(

2.3.2 Case—control phenotype

Genotype and phenotype data are collected for aadeontrol individuals. Both
genotype and phenotype data often contain misfilzesgdn errors (40), adversely
affecting statistical tests used to locate disegmges. The importance of studying
phenotype errors in the context of genetic studidsy note that more than 1300
National Institutes of Health (NIH)-funded studiescomplex genetic diseases have
yielded fewer than 50 causative polymorphisms imé&s (21, 41) More importantly,
only 16%-30% of initially reported associations aanfirmed without evidence of
between-study heterogeneity or bias (41, 42). Theblem of phenotype
misclassification is particularly important, giveéine high error rates encountered in
some studies (2).

The most analysis of SNP genotypes and case—ca@nbop at a single SNP is to
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test the null hypothesis of no association betweswms and columns of the 2 x
contingency tables that contains the counts oftlinee genotypes among cases and
controls. Here and elsewhene,s the number of observed genotypes at the marker
locus. However, there is a reduction in the powdhe chi-square test and an increase
in the minimum sample size needed to maintain emhstsymptotic power at a fixed
significance level (43). A key issue that ariseentiis a quantification of power loss in

the presence of phenotype errors.

2.3.3 Continuous outcomes

Statistical tools for continuous (or quantitatitedits are linear regression and
analysis of variance (ANOVA). ANOVA is analogous ttee Pearson test in that it
compares the null hypothesis of no association witbeneral alternative, whereas
linear regression achieves a reduction in degregedom from 2 to 1 by assuming a
linear relationship between mean value of the aad Genotype. In either case, tests
require the trait to be approximately normally disited for each genotype, with a
common variance (14, 15, 21).

The linear models that are outlined above for cwttuis traits cannot be applied
directly to case—control studies, because caserat@tatus is not normally distributed
and there is nothing to stop predicted probabdlitieng outside the range 0-1. These
problems are overcome in logistic regression, inctvhhe transformation logitzf =
log (z/ (1 —x)) is applied tar;, the disease risk of thth individual. The value of logit
(m) is equated to eithdl,, B, or B,, according to the genotype of individualp, for
heterozygotes). The likelihood-ratio test of thisngral model, against the null

hypothesifi;= B = B2, has 2 df, and for large sample sizes is equivatethe Pearson
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2-df test. Users can improve the power to deteetifip disease risks, at the cost of
lower power against some other risk models, byiotsty the values oo, B; andf,.
Tests for recessive or dominant effects can beradaeby requiring thaf, = B, or p;=

B.. So far, logistic regression has not brought nthelh is new for single-SNP analyses.
However, logistic regression offers a flexible tablt can readily accommodate
multiple SNPs, possibly with complex epistatic amavironmental interactions or
covariates such as sex or age of onset. One pat@ntblem with regression-based
analyses is that they assume prospective obsemaftiphenotype given the genotype,

whereas many studies are retrospective (44, 45).

3. Common Variant / Common Disease (CVCD) hypothesi

3.1. Overview

The most well-known hypothesis suggests that tlseadie-predisposing alleles
occur frequently in the population and each of theomtributes little to disease
susceptibility. This is known as the common variadmmon disease (CVCD)
hypothesis (46). The alternative heterogeneity rhedggests that rare alleles with
strong phenotypic effects may underlie the gengdickground for common diseases.
According to the so-called neutral hypothesis,aleic spectrum of common diseases
is similar to that of the allelic spectrum of dllet variants in the genome (15). The
potential allelic spectra according to these thrggotheses are presented in fig. 3. In
addition to the sample size requirements, theiagectrum of the disease in question
is important in sampling strategies. Different pats of decline in disease risk among

relatives can be expected for diseases with majoe gffects compared to multiple
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Fig. 3. The depiction of three hypothetical distrilutions of the allelic
spectra of the common disease¥he common variant, common disease (CVCD)
hypothesis suggests a large number of high frequeaciants. According to the
classical heterogeneity model, more rare variargeapected and, thus, more genetic
heterogeneity is expected in the population. THel $oe shows an estimated allelic
spectrum in the whole genome, regardless of whettgerariants are disease-causing

or not. Modified from Wang et al (15).
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genes with minor effects. In theory, the correlatal traits between related subjects
should decrease linearly with distancing of relatss, if few rare variants with

additive and independent effects underlie the dis€d5). In contrast, in the case of
multiple alleles with minor and potentially intepndent effects, the risk may decline
more rapidly with a decrease in relatedness. lntiadgd more genetic heterogeneity is

expected in pedigrees when more distant relatinealuded.

3.2. Complex disease

Complex diseases occur commonly in the populatimhare a major source of
disability and death worldwide. They are thoughatise from multiple predisposing
factors, both genetic and nongenetic, and joireotd$f of those factors are thought to
be of key importance (47). Parkinson disease (DB)es as an example of a complex
disease. Other examples include Alzheimer disadiabgetes mellitus, nicotine and
alcohol dependence, and several types of cancir\i@le major inroads have been
made in identifying the genetic causes of rare Méad disorders, little progress has
been made in the discovery of common gene variatibat predispose to complex
diseases (147, 148). The single gene variants lthe¢ been shown to associate
reproducibly with complex diseases typically haweal effect sizes or attributable
risks. However, the joint actions of common geneavds within pathways may play
a major role in predisposing to complex diseadss faradigm of complex genetics),
and the discovery of susceptibility genes and paylswmay have sizeable public

health benefits (109, 149).
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3.3. Coronary artery disease

Coronary artery disease (CAD) is arteriosclero$ithe inner lining of the blood
vessels that supply blood to the heart. CAD israrnon form of heart disease and is a
major cause of illness and death. CAD begins whard ltholesterol substances
(plaques) are deposited within a coronary artehe plaques can cause a tiny clot to
form which can obstruct the flow of blood to thealtemuscle. Symptoms of CAD
include 1) chest pain (angina pectoris) from inadég blood flow to the heart; 2) heart
attack (acute myocardial infarction), from the semidotal blockage of a coronary
artery; or 3) sudden death, due to a fatal rhytistutbance (49). In many patients, the
first symptom of CAD is myocardial infarction ordaen death, with no preceding
chest pain as a warning. For this reason, docenf®n screening tests to detect signs
of CAD before serious medical events occur. Screprtiests are of particular
importance for patients with risk factors for CALhese risk factors include a family
history of CAD at relatively young ages, an abndrmearum cholesterol profile,

cigarette smoking, elevated blood pressure (hypsida), and diabetes mellitus (50).

3.4. Metabolic syndrome

The major characteristics of metabolic syndromelunte insulin resistance,
abdominal obesity, elevated blood pressure, amdl dipnormalitiesThe third National
Cholesterol Education Program (NCEP) Adult Treatirfeanel (ATPII) defines the
metabolic (or insulin resistance) syndrome as tlesgnce in an individual of at least
three of the following five risk factors (51). Timeetabolic syndrome is a major risk
factor for cardiovascular disease (CVD) and typedidbetes. Although insulin

resistance is also a key risk factor for CVD armkt? diabetes, hyperinsulinemia is not
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included as a potential risk factor by the ATP ili$; definition was designed for use in
clinical practice with adults, and insulin levelee anot usually assessed in clinical

practice (52).

18



[I. SNP DISCOVERY OF CORONARY ARTERY DISEASE
CANDIDATE GENES IN A KOREAN POPULATION

1. Introduction

Single nucleotide polymorphisms (SNPs) are singéseb pair positions in
genomic DNA at which different sequence alternatialleles) exist in normal
individuals in some population. SNPs are an abund@am of genetic variation,
distinguished from rare variations by a requirenfenthe least abundant allele to have
a frequency of 1% or more. Among those geneticatiarn have been used for the
identification of disease-related genes and DNAkewar of individual risk factor (53,
54).

Coronary artery disease (CAD) is the most commomseaof death in
industrializedcountries, and the prevalence is increasing draaibtiin developing
countries.CAD is a complex multifactorial and polygenic disordieat is thought to
result from an interaction between an individuajsnetic background and various
environment factors (55). Molecular genetic studi€ésare, Mendelian forms of the
disease have identified several mutations thatecusmature CAD many of which
affect levels of LDL and HDL cholesterol (56). Céfate gene studies build on
existing knowledge by investigating variation innge that are already implicated in
the pathophysiology of a disease. However, cangligahe studies of validated
biological pathways that have the potential to fidlgmew genes and pathways (60).

Therefore, we have undertaken a sequencing analiytie disease-related genes

to gain a better understanding of complex disesisels as CAD.
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2. Materials and Methods

2.1. Selection of candidate SNPs and DNA samples

With the use of public database, including PubMed &nline Mendelian
Inheritance irMan, we selected 31 candidate genes that have beeacterized and
suggested to be associated with CAD. 31 candidateeg distributed across 16
autosomes and X chromosome. We further selectadgoegions (cSNPs) and some
untranslated regions from the disease candidatesgeh total of 24 samples are
unrelated Korean populations. To achieve this dbjec at least two lines of
investigation are needed: a) finding the primarjction of genes involved in a
particular pathway, and b) the published candid&tee association with CAD. The
candidate genes were chosen on the basis of tb&ntmal relevance to the selected
common diseases. A large number of SNPs in co@igigpmns (cCSNPs) and some UTR
regions from the selected disease candidate gemiesowllected in publicly available

dbSNP database (http:// www.ncbi .nim.nih.gov /SNPs

2.2. Direct sequencing for verification of the cSN&

Genomic DNA for sequencing were isolated from 24rdém DNA samples.
Genotypes for the biallelic polymorphism were deteed by polymerase chain
reaction (PCR) with the following sequence spedgifitner. We designed polymerase
chain reaction (PCR) primers using the Primer 3gmm (58). Primer pairs were
designed to produce about 500 base pairs by PGRhair Tms ranged between 59°C
and 62°C as far as possible. We sequenced the BfaKsamples (21 males and 3

females, 35-42 years old of age), thereby permgitsittele frequencies to be estimated
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among 16 autosomes and X chromosome. The PCRaeaatis performed with 20 ng
of genomic DNA as the template in a/80reaction mixture by using a AmpliTaq
Gold (Applied Biosystems, Foster City, CA, USA) fdlows: activation of Taq
polymerase at 94 °C for 5minutes, 35 cycles of @4c¢r 30 seconds, 55-68 °C, and
72 °C for 45 seconds each were performed, finiskiity a 10-minute step at 72 °C.
For automated directing sequencing, the PCR predusre amplified using the
internal forward and reverse primer. Direct PCRuseging reaction were performed
using a PRISM BigDye Terminator v3.1 Cycle sequegdKit. The DNA samples
containing the extension products were added toDiHiformamide (Applied
Biosystems, Foster City, CA). The mixture was iratield at 95 °C for 5 min, followed
by 5 min on ice and then analyzed by ABI Prism 3T30A analyzer (Applied
Biosystems, Foster City, CA). The results were yared using the software DNAstar

(http://www.dnastar.com).

2.3. Korean-SNP database

The Korean SNP database was constructed at Nati@eabme Research
Institute (National Institute of Health, Korea).| NP allele frequency data described
in this study are currently available at Korean-Siabase (http://ksnp.ngri.re.kr/

SNP/index.jsp) (59).

3. Results and Discussion

3.1 Comparison with SNPs and Ins/Del in NCBI D/B

CAD is similar to other common complex genetic digws such as

21



atherosclerosis, diabetes and asthma (55). Théledeiavestigation of variation in
functionally important regions of the human genoimeexpected to promote and
cording region understanding of genetically compldisease. Candidate gene
association studies have been regarded as effdotl® to study complex traits. We
identified between 409 SNPs of 31 CAD candidateegeramong 24 individuals
Korean population. Among all SNPs discovered iis study, 76.35% of SNPs were
known SNPs, whereas 19.68% of SNPs were novel. $isn abundant form of
genetic variation, distinguished from rare variasicby a requirement for the least
abundant allele to have a frequency of 1% or minteractions between genetics and
environmental factors are thought to play key raleshe pathogenesis of CAD.
Among those, genetic variation has been used fidéntification of disease-related

genes (Fig. 4).

3.2. The SNPs were categorized according to theodations in the gene
region
We sequenced about 300 kb of genomic DNA regionsialbgical importance

such as coding regions, splicing junctions, andmuter regions because the
nucleotide variants in these regions have beenthgpized to be involved in the
pathogenesis of complex disease (61-63). 409 SH®ified, 84 SNPs were in
coding region, 54 SNPs in regulatory region and $88s in intron region and 75
SNPs in UTR region. Of the 84 coding SNPs, 40 weresynonymous substitutions.
Overall, the percentage of SNPs distribution ins¢heegions is different for the

dbSNP (NCBI dbSNP build 112) (Fig. 5). First, in4% of dbSNP fall into the intron
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Fig. 4. Distribution of SNPs discovered in this stdy. 76.35% of SNPs were

known SNPs, whereas 19.68% of SNPs were novel.
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region, compared to 47.9% in the KSNP. Seconddti8NP have a higher proportion
of SNP (46%) located in exon regions than does K$2P6%). Third the KSNP

have a higher proportion of SNP (31.5%) locateBriomoter/UTR regions than does
dbSNP (13.6%) (64). Patterns of SNP distributiog@momic regions observed here
that the difference is probably because of the Isgzathple size and smaller sets of

genes.

3.3. The observed distributions of minor allele frquencies of 409 SNPs

To investigate the allele frequency distribution thie detected SNPs, we
classified the minor allele frequency of the SNRescording to this classification,
28.1% belonged to thel0% frequency group, 17.6% belonged to the 10-20%
frequency group, 14.2% belonged to the 20-30% &aqu group, 17.9% belonged to
the 30-40% frequency group, and 22.2% belongedha@odD-50% frequency group.
The observed frequency of SNPs is one per 1,138dpcammon SNPs are one per
1,860bp. The average minor allele frequency is %93 the Korean population. In
addition, among 302 polymorphic SNPs, approximatalyp thirds (71.86%) had

greater than 10% minor allele frequency in Koreapytation (fig. 6).

3.4. Distribution of SNPs according to mutation tye

As general trend we observed that the most freqypet of mutation is a base
change of either A/G or C/T. This is consistentwiite experimental observation that
cytosine demethylation is the most common mutatienant (fig. 7). The detected
SNPs were categorized according to nucleotide gutish as either transitions (C/T

or G/A) or transversions (C/T, A/G, C/A, or T/Ghére was a relative increase in the
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proportion of transitions over transversions. Wgoabbserve a relative increase in
frequency of C/A and its reverse complement, TARgrersions compared with C/G
and A/T transversions. Th&NPs consisted of 59.6% transitions and 40.4%
transversions. Transitions occurred 1.47 times rfrequently than transversions. As
for the mouse (roughly 66.7% transitions) and fomhan (64% transitionspur data
set shows a similar bias towards transitions (64)886, 67). About 71% of all
polymorphisms were transitions, which are knowbédypical for human genes (65).
However, biological data setsnd to have a strong bias toward transitions due t
DNA methylationchemical differences between bases, and differdnd®slA repair
efficiency for different types of nucleotide mismla¢s. The high frequency of
transitions detected has been observed in pre8dB discovery programs (67, 68)

and reflects the high frequency of the C to T mateafter methylation (69).

3.5 Ratio of transitions to transversions

When analyzing the ratio of transitions to traersions (Table 1), the ratio was
found to be greater in coding (1.82) than in nomgdvariants (1.24). The
investigation of transition/transversion ratios lkaeng history of scientific interest in
interspecies comparisons (70). Our data suppomptéeéously formulated hypothesis,
that among non-synonymous polymorphisms radical namiacid alterations
preferentially result from transversions (71). Tisisensible under the assumption that
conservative alterations are functionally more Eintio synonymous substitutions than
to radical alterations, as concluded above (72).

In summary, we showed that in coding regions caagize alterations are more

similar to synonymous variants than to radicalamts. Large-scale identification of
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Table 1. Occurrence of SNPs according to functionalegion and type of

nucleotide replacement

Noncording
Type of substitution Cording regions Total
Regions
Transitions 71 72 143
Transversions 39 58 97
Ratio of transitions to
1.82 1.24 1.47

transversions
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genetic variants in CAD candidate genes will gseé&dicilitate for searching CAD
disease genes. Therefore, our results will be wegful information for disease

association studies of CAD.
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[ll. ASSOCIATION OF CCR2 POLYMORPHISMS WITH
THE NUMBER OF CLOSED CORONARY ARTERY
VESSELS IN CORONARY ARTERY DISEASE

1. Introduction

Coronary artery disease (CAD) is one of the mostraon forms of heart disease
and the leading cause of heart attacks. CAD begiven hard cholesterol substances
(plaques) are deposited within a coronary arterycertly, inflammation has been
associated with the development of CAD (73). In five@cess of inflammation,
chemokines play crucial roles for the recruitment activation of leukocytes. In
addition to their functions in many immune respansehemokines have also been
implicated in the pathogenesis of atherosclerdgl$. Especially, the expression of the
CC chemokine MCP1 is upregulated in human athezosiit plaques, in arteries of
primates on a hypercholesterolemic diet, and incMas endothelial and smooth
muscle cells exposed to minimally modified lipid&). MCP-1 can play a role as a
chemokine by binding to the Chemokine (C-C motfaptor 2 (CCR2) (76). CCR2
mediates agonist-dependent calcium mobilization iahdbition of adenylyl cyclase
(77). CCR2 gene is located in the chemokine recegene cluster region on
chromosome 3 (3p21) (78). Two alternatively spliceohscript variants (NM_000647
and NM_000648), CCR2A and CCR2B, are expressedidygéne. The CCR2 gene
comprises 3 exons spanning approximately 7 kb obgec sequence. Furthermore,
the importance of the CCR2 gene has been dematsipetviously that MCP-1/CCR2
interaction plays a role in the pathogenesis oératbclerosis (73, 79). Therefore, in

this study, we screened the polymorphisms of chémealeceptor CCR2 in the Korean
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population and investigated the association ofd8&2 genetic variants with CAD.

2. Materials and Methods

2.1. Subjects and measures

2.1.1. Patient population

The study subjects included 750 male consecutitema with symptomatic
coronary artery disease who underwent coronary ogngphy at Yonsei
Cardiovascular Hospital between January of 2004Agnd of 2005. 717 male patients
without evidence of significant coronary arteryeagise, demonstrated by treadmill test,
stress MIBI scan or coronary angiography, were asetthe control population. All the
patients in the study were enrolled in the Cardsoudar Genome Center of Yonsei
University, a government sponsored project supdadnte the Ministry of Health and
Welfare, Republic of Korea.

Risk factors of coronary artery disease were ddfemfollows: (1) Hypertension
defined as blood pressure N140/90 mm Hg at the tiexamination, current history
of taking blood pressure medications and/or histokyhypertension, (2) Diabetes
defined as FB$126 mg/dl, Random blood sugaP00 mg/dl, and/or patients with
history of diabetes currently taking diabetic matimns, (3) Hypercholesterolemia
defined as total cholesterolN240 mg/dl, LDL chatesiN160 mg/dl and/or patients
currently taking statins at the time of study elmneht. The patients were enrolled after
receiving informed consent. Patients with any o tbllowing were excluded from

participation: valvular heart disease; periphemoular disease; significant systemic
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disease; history of inflammatory disease; and histd congestive heart failure with
LVEF b30%.

At the time of initial enrollment, patients undemtea complete physical
examination, a baseline electrocardiogram, andrédbry assessment. The study was
approved beforehand by the institutional ethicsoittee and the procedures followed

were in accordance with the institutional guidedine

2.1.2. Coronary angiography

Coronary angiographies were performed via the feamartery. All the
angiographies were interpreted by the consensuswof independent observers.
Significant coronary artery disease was define¢%(% luminal stenosis of vessels
more than 1.5 mm in diameter. CAD patients wersgifeed as one vessel, two vessel,
and three vessel disease according to the numbepichrdial coronary arteries

involved (Table 2).

2.2. Sequence analysis of the human CCR2 gene

We have sequenced all exons, including exon—irttcamdaries and the promoter
region (-1.5 kb 5flanking) of the CCR2 gene to identify geneticigats, including
single nucleotide polymorphisms (SNPs) in 24 Kor&@A samples using the ABI
PRISM 3700 DNA analyzer (Applied Biosystems, Fodiity, CA, USA). Seven
primer sets for the amplification and sequencinghais were designed based on
GenBank sequences (Ref. Seq. of CCR2 mRNA: NM_0DO&hd contig:
NT_079509). Sequence variants were verified by mlatograms. (PCR primer

information used in this study is available on megiy DNA polymorphisms were
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identified using the PolyPhred program (http://drgs.washington.edu/PolyPhred.
html) after sequence chromatograms were base-calitdthe Phred program and

assembled with Phrap (80).

2.3. Genotyping with fluorescence polarization detdion

For genotyping of polymorphic sites, amplifying mpdrs and probes were
designed for TagMan® (81). Primer Express® (Appliidsystems) was used to
design both the PCR Primers and the MGB TagMangwmone allelic probe was
labeled with the FAM dye and the other with theofescent VIC dye. Typically, PCR
was run in the TagMan Universal Master mix withblNG (Applied Biosystems) at a
primer concentration of 900 nM and a TagMan MGBprabncentration of 200 nM.
The reaction was performed in a 384-well formatitotal reaction volume of pl
using 20 ng of genomic DNA. The plate was thenglain a thermal cycler (PE9700,
Applied Biosystems) and heated at 50 °C for 2 mmid 85 °C for 10 min followed by
40 cycles of 95 °C for 15 s and 60 °C for 1 mineThagMan assay plate was
transferred to a Prism 7900HT instrument (Appliedosgstems) where the
fluorescence intensity of each well was read. Fsoence data files from each plate

were analyzed using automated software (SDS 2.plidgpBiosystems).

2.4. Statistics

The y2 tests were used to determine whether individumliants were in
equilibrium at each locus in the population (HaMieinberg equilibrium). We
examined Lewontin's D(|D'|) and the linkage disequilibrium (LD) coefficient

between all pairs of biallelic loci (82). Haplotypef each individual were inferred
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using the algorithm developed by Stephens et {lAGE), which uses a Bayesian
approach incorporating a priori expectations of Ibigpic structure based on
population genetics and coalescent theory (83)sépaobabilities of all polymorphic

sites for haplotypes were calculated for each idda using this software. Individuals
with phase probabilities of less than 97% were w@tl in analysis. The genotype
distributions of CCR2 polymorphisms and haplotypestween patient groups,
including coronary artery obstructive disease, maydial infarction, hypertension and
diabetes subjects and normal subjects, were armhlyith multiple logistic regression

and multiple linear regression models by contrglifor age (continuous value), body
mass index (BMI, continuous value), systolic blquéssure (SBP), diastolic blood
pressure (DBP), triglyceride (TG) and total chatest and smoking status
(nonsmoker=0, ex-smoker=1, current smoker=2) aar@es. Haplotype associations
were analyzed using the algorithm developed by ifickea al. (Haplo.Score and

Haplo.GLM) (84), controlling for age, BMI and smakj status as covariates.

3. Results and Discussion

3.1. Identification of CCR2 polymorphisms

In order to screen the polymorphisms of CCR2 gartbé Korean population, we
sequenced all exons, exon—intron boundaries antgies regions of the gene using
24 genomic DNA samples randomly selected from thareln population of an
epidemiological cohort (Ansung and Ansan regiongjigki Province). We identified
a total of 13 genetic variants including 1 deleteomd 12 SNPs. Among 13 genetic

variants (7 known and 6 new), 5, 2 and 6 variargsewound in the promoter, intron
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and exon, respectively. The positions and frequsnof genetic variants identified in
CCR2 gene were shown in Fig. 8. All SNPs were indgaWeinberg equilibrium. For
association study, 5 SNP markers (2 SNPs;-433813A33A/G) in promoter, 3 SNPs
in exons including 1 non-synonymous SNP (+190G1A9ynonymous SNP (+780T/C)
and 1 SNP (+3000G/A) at-BTR region) were selected based on their linkage

disequilibrium status, frequencies and locations.

3.2. Association of CCR2 polymorphisms with the nuiver of coronary
arteries with significant stenosis

For association study, we used 750 CAD male patiand 744 normal healthy
male controls in unrelated Korean (Table 2). IHitiave investigated the association
of CCR2 polymorphisms with CAD. However, no asstierawas observed (Table 3).
In order to determine any relationship with submtgpes of CAD with CCR2
polymorphisms, further analysis was performed aigphificant associations were
observed with the number of vessels with significstenosis in CAD patients from
four SNPs —4338T/A, —3433A/G, +780T/C, and +3000Gp&0.01-0.0005). The
most significant signal was detected in a SNP aheX (+780T/C, Asn260Asn) (odds
ratio: 1.49, 95% CI. 1.19-1.8%=0.0005) (Table 4). The association was also
confirmed by haplotype association analysis (TafleConcordant to the results of
SNP associations, ht-1 (TAGTG), composed of malleleaSNPs, was found to be
resistant to the increased number of closed vassgAD patients (odds ratio: 0.81,
95% CI: 0.67-0.97p=0.02), and ht-3 (AGGCA), composed of mostly mintela
SNPs except one (+190G/NA), which did not showabsociation with the risk,
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A Map of CCR2 (chemokine (C-C motif) recepior 2) on chromosome 3p21 (6.7 )
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Fig. 8. Gene maps and haplotypes of CCR2 gen@oding exons are marked
by black blocks, and'5and 3-UTRs by white blocks. The first base of the
translation start site is denoted as nucleotidefisterisks indicate
polymorphisms genotyped in a larger population @¢84). The frequencies of
polymorphisms not subjected to larger scale genogypvere based on
sequence data (n=24). A. Polymorphisms identife€CR2 on chromosome
3p21 (Ref. Genome Seq. NT_079509). B. Haplotype€®©R2. C. Linkage

disequilibrium coefficients (JPandr?) among CCR2 polymorphisms.
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Table 2. Clinical profiles of the cardiovascular dsease study subjects

(n=1494)

Control {m="T44) Case (n=T50)

Mean 5D Mean sD p-value
Age, year 5243 + Q9RE 5573 + B3l <0.0001
SBF, mm Hg 11242 + 10,97 11947 + 17.43 <0001
DBF, mm Hg 7414 + T41 TT14 + Q.07 <0001
BMI, kg'nt 2356 + 257 2500 % 271 <0001
Glucose, mg/dl Eedl + 10,17 9908 + 32,90 <0001
Tcholesterol, mgid]l 18794 + ITEG 1E1D1 + 3968 0UDME02S5
HDIL, mg/dl 4843 + 1205 3906 + 9.54 =001
Triglycerides mgidl 11611 + 4903 16449 + 118,62 <0.0001
LDL, mg/dl 11607 + 2760 110,04 + 617 1L 20
HOM Ag 155 + 1.54 239 + 2.49 <.
Smoking (x)
L] 179 113 < (L1 *
1 195 466
2 17 0
3 350 171
Disease
HT 359 (47.9%)
MI 363 (4E.4%)
DM 169 {22.6%)
Number of diseazed vessels
One vessel, n 271 (36.1%)
Two vessels, v 242 (31.3%)
Three vessels, v 23T (31.6%)

The values are mean = SD. Values of p are obtaus#ag Student's t test
between CAD patients and controls.

*p-values are obtained using chi-square test betw@%D patients and controls.
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Table 3. Logistic analysis of CCR2 polymorphisms wh the risk of CAD whilst controlling for age, BMI, smoke,

SBP, DBP, TG and total cholesterol as covariate amg cardiovascular disease and normal subjects

Ciene Loci Positon AA change Case Control Codominant Dominant Recessive
OR(93% CI) P QR(95% CL) Jil OR(95% Cl) P
CCR2 —4338T=A Promoter (194 0.1 86 1.05(0.86—1.27) (63 1.O090.86—1.37) (.49 L90(0.52-1.58) 0.72
—3433A>0 Promoter (.19 0.1 86 1.08(0.89—1.31) (.43 L 1O(0ET—1.39) (.43 L1110 ed4—1.91) 0.71
+190G= A Exon2 Valod lle 0276 0.277 1.01(0.85-1.20) 0.91 1.O2(0.82—1.28) 0.84 098(0.64-1.49) 0.91
+T80T=C Exon2 AsnZ6lAsn (0235 0.230) 1.0T(0.84—1 22) (.84 0.97(0.78-1.22) (.80 1.27(0.77-2.07) 0.35
+3000G= A Exon3 . (198 0.187 1.07(0.88—1.29) (.52 1.O090.86—1.37) (.49 1.O5(061-1.81) .85
ht i TAGTG)Y . . 0489 0.496 0.378 0.71
hi2i TAATG) . . 0277 0.275 —10.031 (.98
hi3(AGGCA) . . 0.199 0.186 0.269 .79

39



Table 4. Logistic analysis of CCR2 polymorphisms wh the number of closed coronary artery vessels iCAD

patients
Gene  Locus Position  AA change 1 2 3 Codominant Dominant Recessive HWE
OR P OR P OR P 1 2 3
(95%C) (95%CT) (9550
CCRZ —4338T=>A  Promoter . 0.223 0195 0156 1.4001.09-1.78) 0.007 145 0.01 1.65(0.80-3.42) 0.18 0759 0229 0.487
(1.09-1.93)
—3433A>0G Promoter . L2290 0199 0158 1.41(1.11-1.79) 0.005 148 0,007 1.65(0.83-3.25) 0.15 0.514 0335 0.270
(1.12-1.96)
+190G=A  Exon2 Val6d e 0.273 0263 0288 0.95077-1.17) 0.63 0.89 0.39 1L140.68-1.92) 0.62 0.748 0923 0.294
(.68-1.16)
+780T=C  Exon2 Asn260Asn 0,275 0233 0182 L4M1.19-1.87) 0.0005 1.59 00009 1. 80(0.99-3.28) 0.06 0.615 0164 0323
(1.21-2.00)
+3000G=>A  Exond . 0.228 0198 0160 1.391.09-1.76) 0.007 145 0.01 1LGB0.E5-3.31) 0.14 0446 0366 0.334
(1.09-1.92)
hi-1 . . 0450 0504 0523 0.8LD.67-09T7) 0,02 037 (.09 0L72(0.53-0.99) 0,04
(0.57—-1.04)
hi-2 . . 0.275 0263 0287 0.96(0.77-1.18) 0.68 0.90 (.44 L 140.68-1.91) 0.63
(0.69-1.18)
hi-3 . . 0.232 0195 0162 1.41(1.11-1.78) 0.005 145 0.009  1.81(0.91-3.59) 0.09

(1.10-1.92)

Genotype distributions and p-values for logistialgses of three alternative models (co-dominantnidant and recessive
models) controlling for age, BMI, smoke,SBP, DBI& @nd total cholesterol as covariates are shown.
Bold characters indicate statistical significante<0.05.
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showed the susceptibility to the increased numbetosed vessels (odds ratio: 1.41,
95% CI: 1.11-1.78p=0.005) (Fig. 8B). These results indicate that CCBR&tributes
to the pathogenesis of CAD, especially to the nunaferessels in CAD. It has been
previously demonstrated that CCR2 Val64lle polyrhisp was associated with
myocardial infarction and heart failure (85) andthwireduced coronary artery
calcification (86). In consistence with previousidies, our data suggest that CCR2
plays a crucial role in the pathogenesis of CADtipalarly in the number of vessels
(angio) in CAD. However, while all associationsmAD phenotypes were located at
CCR2 Val64lle polymorphism in the previous studi@sGerman population (85) and
USA population (87), in this study for Korean patidn, CCR2 Val64lle
polymorphism was not associated with any CAD phgrex including the number of
vessels, indicating that there is clear ethniced#hce in the CCR2 polymorphisms
associated with CAD. Current study also did notedetthe correlation between
Val64lle polymorphism and CAD possibly due to theryw low allele frequency,
providing additional instance of no correlation vibe¢n Val64lle polymorphism in
CCR2 and CAD (88). However, CCR2 (+ 780T/C, Asnz&@Apolymorphism could

increase the number of closed coronary vesselsristady.
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V. ASSOCIATION OF a-ADDUCIN Gly460Trp
POLYMORPHISM WITH CORONARY ARTERY DISEASE
IN A KOREAN POPULATION

1. Introduction

Common vascular diseases, including coronary admgase (CAD), myocardial
infarction, hypertension, and common congenitarthéigease, are caused by multiple
genetic and environmental factors (89, 90). Inipaldr, CAD is one of the leading
causes of death in Korea as well as in most indligerd countries. CAD begins when
hard cholesterol substances (plagues) are deposiitin a coronary artery.
Association between CAD was partially mediated bgulin, HDL cholesterol and
triglyceride levels, Body Mass Index (BMI) and bibpressure (91, 92p-Adducin
(ADD1) is a heterodimeric cytoskeleton protein dstisg of an alpha-subunit and
either a beta- or gamma-subunit. It is a proteirthef cytoskeleton involved in the
function of the Na+/K+ pump in the kidney (93, 984, 126). The recently discovered
these genes have been shown to be important imdeteg blood pressure levels, a
major hypertension and CAD risk factor (94, 1061)13Therefore,in order to
investigate any possible association of CAD cartdidgenes, we examined the

association of the polymorphisms of 31 CAD candidgnes.

2. Materials and Methods

2.1. Subjects and measures

The study subjects were recruited from the cardiovkar research center of
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Yonsei University. Clinical symptoms and physicabmiination results of the 1284
unrelated Korean individuals (men only), includirg® CAD subjects and 535 normal
healthy controls, were compatible. Normal subjegith a history of hypertension,
hypercholesterolemia, diabetes, myocardial infangtior metabolic syndrome were
excluded. Risk factors of CAD were defined as foo hypertension defined as blood
pressure >140/90mmHg at the time of examinatiomreot history of taking blood
pressure medications or history of hypertensioabelies defined as a fasting glucose
level 126 mg/dl, random blood sugar _200mg/dIpatients with history of diabetes
currently taking diabetic medications; hyperchatestemia defined as total cholesterol
>240mg/dl, LDL cholesterol >160 mg/dl or patientsrently taking statins at the time
of study enrollment. The patients were enrollecerafteceiving informed consent.
Patients with any of the following were excludednfr participation: valvular heart
disease, peripheral vascular disease, significaygtesiic disease, history of
inflammatory disease, and history of congestiverth&glure with left ventricular
ejection fraction (LVEF) <30%. At the time of iratienrollment, patients underwent a
complete physical examination, a baseline electdicgram, and laboratory
assessment. The study was approved beforehancebigdtitutional ethics committee
and the procedures followed were in accordance with institutional guidelines.
Characteristics, in terms of conventional risk éast of the two subject groups are
summarized in Table 1. In this study group, theeren359 hypertension patients.
Among the 359 hypertension patients, 334 patiengsewtaking antihypertensive
medications at the time of enrollment. The other @2&ients were not taking
medications at the time of enrollment and were miisgd with the blood pressure

criteria. We also observed higher cholesterol kirethe normal participants
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Table 5. Clinical characteristics of the study poplation

Control {n=535) Case (n="749)
Mean SD Mean SD Pvalue
Age (years) 5272 +48.88 55,74 +8.31 < 0.0001
SBP immHg) 11242 £10.97 11947 £17.43 < 0.0001
DBP {mmHg) 7414+ 741 7714 +997 < 0.0001
BMI I{kgf'rrlz) 2318 £ 257 25,01 =271 <0.0001
Glucose (mg/dl) 8641 1017 89,08 3259 <0.0001
Total cholesterol (mg/dl) 187.94 +27.86 181.01 +39.68 0.00025
HDL {mg/dl) 4843 +£12.05 39.06 =954 <0.0001
Triglycerides (mg/dl) 116.11 +48.03 16449 +118.62 <0.0001
LDL (mg/dl) 116.07 £ 27.60 11014 £36.17 0.00120
HOMA, 1.55+1.54 239+249 < 0.0001
Smoking ()
Mon 138 (25.9%) 113 (15.0%) <0.0001*
Ex 135 (25.4%) 466 (B2.20%0)
Current 259 (48.7) 170 (22.8%)
Disease
Hypertension 359 (47.9%)
Myocardial infarction 362 (48.3%)
Diabetes mellitus 169 (22.6%)
Hypercholesterolemia 42 (5.6%)
Mumber of vessels
One vessel, n 270 (36.1%)
Two vesseals, n 249 (32.3%)
Three vessels, n 237 (31.6%)

The values are mean = SD. Values of P were obtaisédy Student's t test between
CAD patients and controls. BMI, body mass index;/@8iastolic blood pressure; SBP,
systolic blood pressur@P-values were obtained usiggtest between coronary artery

disease patients and controls.
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than in the CAD patients (Table 5). We believe tha observation is mainly due to

the use of statins in CAD patients.

2.2. Coronary angiographic analysis

Coronary angiographies were performed via the famartery. Coronary
angiography, however, was not performed in thethgatontrols since our healthy
controls were individuals with no evidence of cagnartery disease by symptoms,
history or no invasive testing. All the angiograshivere interpreted by the consensus
of two independent observers. Significant CAD wafiretd as 50% or greater luminal
stenosis of vessels more than 1.5mm in diameteD @étients were classified as 1-
vessel or >1-vessel disease according to the nuwibepicardial coronary arteries
involved. We did not analyze CAD as a quantitatiaét by using percentage luminal
stenosis because the number of coronary arteriedved better predicts disease
severity than luminal stenosis. The results of amgiphy were used to classify the
patients into two categories for some of the amays0 significant CAD (normal

subjects) versus significant CAD (patients witheksel or >1-vessel disease).

2.3. Sequencing and genotyping of CAD candidate gen

We have sequenced all exons, exon—intron boundaridsthe promoter region
(approximately 1.0 kb) to identify genetic variaitsoof candidate genes in 24 Korean
DNA samples using an ABI Prism 3730 sequencer (dpBiosystems, Foster City,
California, USA). The Polyphred program (websitgafitwwww.droog.gs.washington.
edu/PolyPhred.html) was used to assemble the segsi@md identify single nucleotide

polymorphisms (SNPs) (96). All SNP data identifiadhis study are available at the
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Korean SNP database (website:http://www.ngri.g8MK®/). For genotyping of
polymorphic sites, amplifying primers and probesemgesigned for the TagMan assay
(97). Primer Express (Applied Biosystems) was usedesign both the PCR primers
and the MGB TagMan probes. One allelic probe whsl&d with the FAM dye and
the other with the fluorescent VIC dye. Typical§CR was run in the TagMan
Universal Master mix without UNG (Applied Biosystejrat a primer concentration of
900nM and TagManMGB-probe concentration of 200nkie Teaction was performed
in a 384-well format in a total reaction volume5hl using 20 ng of genomic DNA.
The plate was then placed in a thermal cycler (P&09 Applied Biosystems) and
heated for 2 min at S€ and for 10 min at 9%, followed by 40 cycles of 9& for 15

s and 60C for 1 min. The TagMan assay plate was transferoed Prism 7900HT
instrument (Applied Biosystems) where the fluoreseeintensity of each well was
read. Fluorescence data files from each plate weatyzed using automated software

(SDS 2.2, Applied Biosystems).

2.4, Statistics

The )(2 tests were used to determine whether individuaiamts were in
equilibrium at each locus in the population (HaMjeinberg equilibrium). We
employed a widely used measure of linkage disdmuilin between all pairs of
biallelic loci, Lewontin’s D (|D’|) andr? (98). Haplotypes and their frequencies were
inferred using the software, HapAnalyzer, developgdiung et al. (99). Quantitative
clinical data were compared between patients wAlb@nd controls by the unpaired
Student’s t-test, whereas qualitative data werepawad by thep(2 tests. Genotype
distribution of ADD1 SNPs among the CAD and themal subjects was analyzed
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with logistic regression models controlling for age covariates. The association
between genotypes or alleles of candidate geneglaridal variables was analyzed
using one-way ANOVA. Statistical analysis for comipan between patients with
CAD and normal subjects was performed using ANOdlofved by post hoc testing
with Tukey’s multiple comparisons test, using SP8&0 software (SPSS Inc.,

Chicago, lllinois, USA). A level of P<0.05 was calesed statistically significant.

3. Results

3.1. Identification of polymorphisms in 31 coronary artery disease
candidate genes in the Korean population

In order to identify the genetic variations of CARandidate genes in the Korean
population, a total of 31 CAD candidate genes vgetected for resequencing using 24
genomic DNA samples from 24 unrelated Koreans. fAlictional regions were
sequenced, including all exons, exon—intron jumaiand promoter regions (up to 1 kb
upstream from the transcriptional start site) af ttandidate genes. We identified a
total of 445 genetic variants, 409 SNPs (323 kn@MPs and 86 novel SNPs), 32
insertion/deletion polymorphisms and four microBiss. Of the 445 genetic variants,
54 were in promoter regions, 14 in 5-untranslatedions (UTRs), 84 in coding
regions (44 synonymous cSNPs and 40 non-synonym®N$s), 221 in introns and
72 in 3-UTRs. In the haplotype analysis, a tothla2 haplotypes, corresponding to
an average of 13.6 haplotypes per gene, were étfefthe mean number of common
haplotypes (frequency over 5%) per gene was 3.48 am average, common

haplotypes represented 73.2%o0f chromosomes, indic#éhat a large proportion of
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chromosomes were represented by the common hapkigmur data set.

3.2. Association analysis of candidate genes withronary artery disease in
a Korean population

In order to investigate the functional polymorphésimf CAD candidate genes,
association analysis was performed using non-symong cSNPs, which can result in
altered amino acids in protein sequences. Amongndf-synonymous CcSNPs
identified by sequencing 24 unrelated Korean DNAngles, we tested 29 non-
synonymous cSNPs which have been successfully ogeelfor the TagMan assay.
Some non-synonymous SNPs were excluded in genofyghile to complete linkage
with other SNPs (correlation coefficierf= 1). Association analysis was carried out
using 749 CAD subjects and 535 normal healthy ctsitiThe allele frequencies of 29
non-synonymous cSNPs in Korean subjects (n=12&41skown in Table 2. None of
the non-synonymous cSNPs of candidate genes shawaghificant association with

CAD, except the ADD1 Gly460Trp (+29017G/T) polymbigm (P=0.007) (Table 6).

3.3. Polymorphisms of ADD1 gene and association &DD1 Gly460Trp
polymorphism with coronary artery disease in the Koean population

By resequencing the ADD1 gene using 24 unrelatecedo individuals’ DNA
samples, we identified a total of 11 SNPs, inclgdéix in coding regions (five non-
synonymous SNPs and one synonymous SNP), two WT®s and three in intron

regions. The positions and frequencies of SNP4ifikghin the ADD1 gene are shown
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Table 6. Genotypes and allele frequencies of 29 negnonymous single

nucleotide polymorphisms in Korean subjects

Allele frequencies Allele frequencies x Hest: Pvalue
determined by determined by TagMan (748 CAD vs.
Gene Name ~ SMP ID {rs or new)  Position  Amino acid change Migle  sequencing (n=24)" assay (n=1284)° 536 normal)®
ADDH ra2285497 axon2 (CGT)ArgBCys(TGT) o 0.872(C 0.021(T) 0.883(C} 0.017(T) 0831
ra4961 exonl0 (GGEG)G460Tp(TGE) Gr 0.542(T) 0.458(G) 0.598(T) 0.4011G) 0.007#
ADRALA new exon (ATCHlle 137 Thr (ACC)H Tc 0879(T} 0.021(C 0.998(T) 0.001(C) 1.00
53730287 exonl (GGGIG24TArglAGG) G/A 0.879(G) 0.021(A) 0.968(G) 0.032(A) 1.00
ral 048101 exon2 (CGC)Arg347CyslTGC) o 0.896(C} 0.104(T) 0.878(C} 0.122(T) 0326
ADRB2 ral 042713 exonl (AGA)AIg1 BGlYIGGA) NG 0.583(A) 0.417(G) 0.542(A) 0.458(G) 0984
ral 042714 exon (CAM)GIn27GILIGAA) fle] 0.854(C 0.146(3) 0.906(C 0.094(3) 0892
ADRB3 rs4994 exont TGGTpE4AICGE) TC 0771(T)  0.228(C)  0.853(T)  0.147(C) 0.356
ARTST 163734016 axon2 (GAG)GIUEELysIAAG) GIA 0812(G)  0.188(A) 0.804iG)  0.196(/) 0.083
ra266563 exon2 (CCTIPro1 27 Arg(CGT) ciG 0E31(C 0.469(G) 0.505(C) 0.495(G) 0337
rs26618 exonb (ATANIe276Met (ATG) NG 0.792(A) 0.208{3} 0.743(A) 0.257(G) 0551
new exonb (ATAMIe299Leu(CTA) AC 0.879iA) 0.021(C) 0.995(A) 0,005(C) 0316
ra22B7987 exont (ATGIMet349ValiGTG) AG 0.B896IA) 0.104(G) 0.960(A) 0.040(3) 1.00
rs30187 exonll (AGG)Arg528LysIAMG) GiA 0E62(G) 0.438(A) 0.518(G) 0.482(A) 0242
a1 0050860 exonl2 (GAC)AspET5Asn(AAC) GIA 0.891(3) 0.108(A) 0.961(G) 0.039(A) 1.00
ra27044 exonlB (CAAGINT30GIU(GAA) CiG 0583(C) 0.417(G) 0.550(C) 0.450(G) 0.152
EDN1 5370 exonb (AAG)Lys19BAsn(AAT) GT 0.729(G) 0.271(T) 0.744(G) 0.256(T) 0.794
MTHFR ral 801133 axonb (GCC)Ala222ValiGTC) o 0562(C) 0.438(T) 0.563(C} 0.437(T) 0845
ral BO1131 exonB (GAA)GIL429MAIGCA) NC 0.848(A) 0.152(C) 0.824(A) 0.176(C) 0446
new exonl2 (ACG) ThrE53Me ATG) T 0878(C 0.022(T) 0.999(C} 0.001(T) 1.00
NOS1 new exonl8 (GATIAspIBEVallGTT) AT 0877(A 0.023(T) 0.998(A) 0.001(T) 0.21
NOS2A ra2287518 exonlf TCG)Ser60BLau(TTG) o 0.875(C 0.125(T) 0.887(C} 0.113(T) 0.264
NPPA 6063 exonl (GTGVaI32Mat(ATG) G/A 0.93B(G) 0.062(A) 0.907(G) 0.093(4) 0321
SELE reb368 exond (CATIHis4B88Ty(TAT) T 0.760(C) 0.250(T) 0.783(C 0.217(T) 0535
56355 exonll (CTC)LeuS 75Phe(TTC) GT 0.638(C) 0.062(T) 0.943(C) 0.057(T) 0896
SLC14A2 new exon2 (ACA)Thr33Ser(TCA) AT 0.878(A) 0.021(T) 0.986(A) 0.014(T) 0561
ral 484873 exond (GTCWVal1 320e(ATC) AG 0.688(G) 0.312(A) 0.800(G) 0.200(A) 0685
rs8060464 exonl2 (CGA)ArgS10GIn(CAA) GIA 0.646(3) 0.354(A) 0.679(G) 0.321(A) 0548
ra3745008 exon20 (GCC)AlaBBOTh(ACT) GIA 0.604(G) 0.396(A) 0.564(G) 0.436(A) 0711

CAD, coronary artery disease; SNP, single nucleotblymorphism.? Allele

frequencies determined by direct DNA sequencinqiguddDNA samples from 24
Koreans. Allele frequencies determined by Tagman assayguBiNA samples from
1284 Koreans including 749 CAD patients and 535mabrcontrols.” P-values were

obtained usingChi-squaredest between CAD patients (n=749) and control&35.
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(a)
Map of ADD1 (adducin 1) on chromosome 4p16.3
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Fig. 9. Gene map, haplotypes and linkage disequiliinm coefficient among
ADD1 single nucleotide polymorphisms(a) Coding exons are marked by black
blocks and 5'- and 3’-untranslated regions (UTRgite blocks. The frequencies
of polymorphisms without large-scale genotyping evbased on sequencing data for
SNP discovery (n=24). Asterisks (*) indicate SNRattwere genotyped in a larger-
scale association test. The first base of the latos start site is denoted as
nucleotide plus one (reference sequence of ADD1 chmomosome 4q16.3;

NT_006081). (b) Haplotypes of ADD1 in the Korearpplation.
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in Fig. 9a. Only two common (frequency >0.05) hypes (htl and ht2) of ADD1
were constructed (Fig. 9B). The linkage disequillifr coefficients(|D’[) and r?
among the SNPs were calculated for all of the studbjects (n=24) (data not shown).
As shown in Table 6 and Table 7, two non-synonymoBiSIPs of the ADD1

gene (+16C/T and +29017G/T coding Arg6Cys and GW4p, respectively) were
tested for association with CAD in out study pogiola Two other non-synonymous
cSNPs (+28763T/G and +39072A/G) were excluded ftbm genotyping due to
complete linkage with +29017G/T (correlation coséint r2:1). Associations of
ADD1 polymorphisms with the risk of CAD were anadglzusing logistic analysis in
patients and normal subjects. The G allele of ABA9017G/T) encoding Gly was
significantly associated with decreased risk of CiDco-dominant, dominant, and
recessive models (odds ratio, OR= 0.71-0{840.01-0.04) (Table 3). On the other
hand, the T allele of ADD1 Gly460Trp (+29017G/Txeding Trp showed increased
risk of CAD in all genetic models (OR= 1.23-1.3%tal not shown). The genotype
distribution in the study population was in agreameith the Hardy—Weinberg
equilibrium (@ >0.05). In the haplotype association analysis, tffidhe common
haplotypes (freq=0.98) among the five haplotypds, [€T] (freq= 0.60) and ht2
[CG] (freg= 0.38), were also strongly associatethv@AD (p= 0.009-0.040) (Table
7). The htl carrying risk T allele was associatéti wsk of CAD (OR= 1.24-1.4(p=
0.009-0.04), whereas the ht2 carrying G allele pratective of CAD (OR= 0.73-0.82,
p= 0.02-0.05). These results show that the T atélDD1 Gly460Trp (+29017G/T)

polymorphism is associated with risk of CAD.
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Table 7. Logistic analysis of ADD1 polymorphisms irtoronary artery disease patients and normal subjes

Cordominant Dominant Recessive
Protein Patienls Control ¥ test OR

Locus® consequence  Genolype {n="739) {n=1535) {95% CI) 4 OR (95% Cl) P OR (85% Cl) P OR (@5% Cl) P
CiC 724 (96.7%) 514 (96.1%)

FBCT ArgBCys CiT 25 (3.30%) 18 (34%) 1.13({062-204) 069 0.77 (0.43-1.37) 0.37 0.79 {0.43-1.43) 0.43 NA NA
il 0 (0%) 1{0.5%)
GIG 108 (14.5%) 104 (19.4%)

+29017GT Glyd60Trp GT 349 (46.8%) 254 (475%) 0.80 (068-084) 0007 0.81 (0.69-0.95) 0.01 0.78 (0.62-0.99) 0.04 0.71 {0.53-0.96) 0.02
il 289 (38.7%) 177 (33.1%)
ht1/ht 292 (40.0%) 177 (33.1%)

htt (CT) ht1f 349 (46.6%) 254 (47.5%) 1.26 (1.07-147) 0.005 1.24 (1.05-1.46) 0.008 140 (1.04-1.90) 0.03 1.28 (1.01-1.63) 0.04
/ 108 (14.4%) 104 (19.4%)
ht2fht2 98 (13.1%) 94 (17.6%)

hi2 (CG) ht2f 344 (45.9%) 253 (47.3%) 0.80 (068-084) 0008 0.82 (0.70-0.96) 0.02 0.79 (0.63-0.99) 0.04 0.73 (0.53-0.99) 0.05
/ 307 (41.0%) 188 (35.1%)

Cl, confidence interval; NA, not available; OR, sdatio.? Calculated from the translational start s*?(éhi-squaretest.
Logistic regression models were used for calculpdidds ratios (95% confidence interval) and cowading P-values for each
single nucleotide polymorphism site and three altve models (co-dominant, dominant, and recepsieatrolling age using

SPSS.



3.4. Association of ADD1 Gly460Trp polymorphism wit the number of
vessels in coronary artery disease and blood pressu

We also investigated the role of ADD1 polymorphisimshe extent of vessel
involvement in coronary artery disease. The ADD1y4B0Trp (+29017G/T)
genotypes and allele frequencies in CAD patientsh wi-vessel or >1-vessel
obstruction were compared with the control partioigs. Angiography revealed that
535 normal participants (41.7%) had no CAD, whereas vessel disease (1-vessel
disease) and two and three-vessel disease (>1haissase) were diagnosed in 270
(21%) and 479 (37.3%) patients, respectively (Ta)leThe proportion of patients
carrying the TT genotype of ADD1 Gly460Trp (+290XTwas high in those with 1-
vessel disease (39.0%) and >1-vessel disease (B&hd¥dow among normal subjects
(33.1%). Conversely, the GG genotype of the ADDly4B0Trp (+29017G/T)
polymorphism (a protective allele for CAD) was highnormal subjects (19.4%) but
low among subjects with >1-vessel disease (13.ZRablé 4). The GG genotype of
ADD1 Gly460Trp (+29017G/T) was significantly assaied with a decreased extent
of coronary disease (OR, 0.64-0.P2;0.01), whereas the TT genotype was associated
with increased extent of coronary disease (OR, ;1986 Cl 1.10-2.21P=0.01,;
dominant model) of >1-vessel disease after adjustiioe age (Table 9).

In addition, we also tested association of ADDlypwrphisms with other risk
factors of CAD such as body mass index, blood pressserum lipids and so on.
Interestingly, the TT genotype (the risk allele @AD) of ADD1 Gly460Trp was
significantly associated with systolic blood prees{EBP) in normal subjectP£0.02)
(Table 10) but not in the CAD patient3<0.09). We further tested the association in

the CAD-normotensive and CAD-hypertensive groups.féiind a significant



Table 8. ADD1 Gly460Try (+29017G/T) polymorphism ad extent of

coronary artery disease

Genotype Mormal subject 1-vessel disease =1-vessel disease
GG 104 (19.4%) 45 (16.7%) 63 (13.2%)
GT 254 (47.5%) 120 (44.3%) 232 (48.4%)
T 177 (33.1%) 105 (39.0%) 184 (38.4%)
Total 535 270 479
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Table 9. Association of ADD1 Polymorphisms and Exte of coronary artery disease

Control versus 1-vessel disease

Control versus »1-vessel disease

Co-dominant Daminant Recessive Cordominant Daminant Recessive
Locus OR (95% CI P OR (95% Cl P OR (95% CI) P OR (95% CI P OR (95% CI P OR (95% Cl) P
F1ECT 0.76 {0.35-1.66) 0.50 0.78 {0.35-1.74) 0.55 NIA 1.00 0.79 {1.03-1.08) 048 0.81{0.41-158) 053 N/A 1.00
1 28017TIG 085 (0.69-1.04) 0.1 0.77 {0.56-1.04) 0.09 (.85 (0.58-1.26) 0.42 (.79 (0.66-0.95) 0 0.80 (0.61-1.04) 082 0.64 (045-041) 0.01
ht1 (CT) 119{0.97-147) 0.10 1.18 {0.80-1.74) 0.41 1.32 {0.97-1.79) 0.08 1.27 {1.06-1.52) 0 1.57 (1.11-2.29) 001 1.27(087-1685) 0.08
ht2 (CG) 085 (0.69-1.05) 0.13 0.77 {0.57-1.04) 0.09 (.69 (0.58-1.31) 0.51 (.80 (0.66-0.96) 002 0.79 (0.61-1.03) 0.08 0.65 (045-094) 0.02
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Table 10. Association between Gly460Trp (+29017T>@olymorphism and biochemical measures in control

subjects
Genotypa Pualue

Phenotype TTin=177) TIG (n=254) G/G (n=104) Co-dominarnt Dominant Recessive
SBP (mmHg) 1141 £10.9 1121 £10.5 1105 4£120 0.02 0.02 0.05
DBF imml—llg‘.l T4.6 L 7.2 T4.24+74 733478 0.37 0.34 0.19
BMI (kg/m®) 233425 231425 232428 077 0.48 0.95
Blood glucose (mg/dl B7.7 £12.7 B5.4 L B8 BEB + B0 0.07 .08 0.7
Total cholestercl (mg/dl) 16872+ 25.5 16683+ 26.6 168683 + 300 0.91 0.65 0.88
HOL img/dl} 487 £12.2 4834121 483 +11.7 0.94 0.74 0.20
Triglycerides (mg/dl) 118.7 + G0.6 114.5 + 47.7 11358 +458.4 0.49 0.25 0.61
LOL (rng/dl 1147 £ 24.2 1165+ 28.0 1173+£31.9 072 0.40 0.62
HOMA g 1.7+ 2.0 1.5+ 1.4 14408 0.34 0.25 0.30

Data are the means + SD. BMI, body mass index; Distolic blood pressure; SBP, systolic blood gues. P-values were

obtained by ANOVA test.



association in the CAD hypertensive groix(.03), whereas association was still not
observed in CAD-normotensive participant3=0.35). The pattern of mean SBP,
however, was changed in CAD patients with the tsghmean SBP in the TG-
heterozygote of the CAD-hypertensive group, butinange of mean SBP in the CAD
-normotensive group. This result is most likely dtee the patients taking the
antihypertensive drug. On the other hand, no eftdcADD1 polymorphism was
observed for differences in body mass index, selipits, or blood glucose levels.
These data suggest that the ADD1 Gly460Trp polymism possibly influences the
development of CAD by affecting blood pressure eattihan other conventional risk

factors of CAD.

4. Discussion

In this study, we examined the relationship betwpelymorphisms and CAD
using genetic association analysis of candidategém CAD patients. Initially, we
identified a total of 445 genetic variants, inchgli 409 single nucleotide
polymorphisms (SNPs) in the selected 31 CAD cartdidganes for association study
with CAD. We tested 29 non-synonymous SNPs idertifin candidate genes for
large-scale genotyping (n=1284), since non-synomg®NPs can potentially alter the
function of the encoded proteins, subsequentlyihgath the development of disease.
Interestingly, only a polymorphism of the ADD1 gef@ly460Trp) was associated
with CAD (Table 6). The Gly460Trp polymorphism detADD1 gene was previously
shown to be significantly associated with the pmeseof hypertension, cardiovascular
disease and myocardial infarction (100-103). In aiudy, the Gly460Trp
(+29017G/T) polymorphism of ADD1 was significanthssociated with CAD and



systolic blood pressure in the Korean populatione T allele of ADD1 Gly460Trp
(+29017G/T) polymorphism was significantly assasiatvith decreased risk of CAD
(OR, 0.71-0.81,P=0.01-0.04), whereas the T allele of ADD1 Gly460Trp
(+29017G/T) polymorphism was associated with inseearisk of CAD (OR, 1.23—
1.40; P=0.01-0.04). In addition, the htl [CT] carrying risk allele showed a
significant association with increased risk of CAP=0.009-0.040) and the ht2 [CG]
carrying protective G allele was associated witbrel@se risk of CADR=0.02—0.04)
(Table 7). We also observed a significant assagiatf the ADD1 Gly460Trp
polymorphism with the number of closed coronarertvessels in CAD patients
(P=0.01) (Table 9). Interestingly, the severity ofedise differed significantly with
regard to the presence of the G allele of ADD1 GO/®p (+29017G/T). These results
indicate that ADD1 Gly460Trp polymorphism was asaterl with CAD phenotypes,
including the number of closed vessels and presehceronary artery stenosis in the
CAD patients.

In this study, we also hypothesized that the iredarisk associated with the T
allele of theADD1 gene polymorphism in developmein€AD might be due to effects
on blood pressure. Our results provide further eugpr this hypothesis. We observed
that the T risk allele was also associated with 8Bfe control subjectdE0.02) in
the Korean population (Table 10). We also testedadsociation of ADD1 with SBP in
the CAD patients. We found a significant assocratin CAD-hypertensive group
(P=0.03), whereas no association was observed in Céihotensive participants
(P=0.35). The pattern of mean SBP, however, was clthimg€AD patients with the
highest mean SBP in TG-heterozygote. This resutidst likely due to patients taking

the antihypertensive drug. Consistent with our ltesuthe same polymorphism



(Gly460Trp) of ADD1 has been shown to be involvedincreased blood pressure
(104-106). The mechanism by which ADD1 increasemdlpressure is not known.
ADD1 may, however, stimulate K& *-ATPase, promoting sodium re-absorption by
renal tubular cells (107-108, 116), since ADD1 isprtein of the cytoskeleton
involved in the function of the sodium/potassiummpuin the kidney. Alteration in
renal sodium handling caused by the GG genotyp&lgf#i60Trp of ADD1 will
increase blood pressure sensitivity to sodium mtaksulting in increased risk for
development of low-renin hypertension (109, 110@ve3al studies have shown a
strong interaction betweenADD1 variants and sa#ke in relation to blood pressure
(104). Also, the frequency of the ADD1 Gly460Trpledd varies in different
populations. The TT genotype was found in 59.9%thaf subjects in our Korean
population. These frequencies are very similar astEAsian populations such as
Japanese and Chinese populations (100,111-113}kideoimg that the frequency of
the TT genotype is higher in the East Asian pojatan contrast to a lower frequency
in Caucasians (18% in north Italy, 20% in Franaed 27% in Scotland) (100,114-
116) the Gly460Trp allele variant may have a paléidy significant influence on
cardiovascular diseases among East Asian popusation

In summary, we demonstrated that the ADD1 Gly460pgdymorphism is
significantly associated with an increased riskGAD in Korean men. We also
confirmed that the same ADD1 Gly460Trp polymorphimmassociated with blood
pressure as well as the extent of closed coronasgels in CAD patients. Our data
show that genes involved in susceptibility to hypesion-related gene ADD1 are
associated with CAD, supporting the hypothesis tpates associated with blood

pressure can increase the risk of CAD.



V. The METABOLIC SYNDROME IS ASSOCIATED WITH
THE Gly460Trp a-ADDUCIN POLYMORPHISM AND
INCREASED RISK OF CORONARY ARTERY DISEASE

1. Introduction

The metabolic syndrome (MetS) is a complex, multiddal disorder
characterized by increased body weight, insulifstaisce, elevated plasma triglyceride
levels, low HDL-cholesterol, high blood pressurendaglucose homeostasis. Its
prevalence in Western countries is increasinggelgirgecause of risky behavior (117).
The MetS is considered to be one of the most inapbrisk factors for the
development of cardiovascular disease (CVD) (111®) las it is associated with a
three-fold increased risk of developing coronanarhalisease (CHD), myocardial
infarction, and stroke, and a three- to five-faldreased risk of death due to adverse
cardiovascular events (120, 121). Patients with MetS also have an enhanced
propensity to develop arteriosclerosis prematuf&®4). Since hypertension (a classic
characteristic of the MetS) has also been assdciatth a two-fold higher risk of
coronary artery disease (CAD) (122), it is impottda identify the genes that
independently confer susceptibility to MetS andQAD. Moreover, since genetic
ethnological studies have suggested that HispamdsAsians are at greater risk of
developing the MetS than other races (123), it dsential that the MetS-related
polymorphisms in each ethnic group are identified.

Adducin is a heterodimeric cytoskeleton protein posed of three subunits
denoted a%, B, andy. These subunits are encoded by ADD1, ADD2, and DD

respectively, which are closely related genesiegt to different chromosomes (125).



The a-subunit (ADD1), whose gene is located on chromasdmaffects sodium and
volume homeostasis by interacting with the epitieliodium channel, the sodium-
potassium-chloride co-transporter, and sodium, §3iian adenosine triphosphatase
(125-127). A series of studies performed in pardlbes indicated that the Gly460Trp
nucleotide polymorphism in ADD1, where glycine ({8t amino acid position 460 is
substituted by tryptophan (Trp), is associated vellevated NA-K® pump activity
(128), blood pressure (129), susceptibility to téadure progression (130), and risk of
salt-sensitive hypertension, vascular pathologg, @vD (131, 132). Here, we tested
prospectively whether the ADD1 Gly460Trp polymoighi is associated with the
MetS and/or CAD.

2. Materials and Methods

2.1 Subjects and measures

The study subjects were recruited from the Cardiowkar Research Center of
Yonsei University. On the basis of their clinicghgptoms and a physical examination,
the 1453 unrelated male Korean individuals weréddi into MetS (n=45), MetS with
CAD (n=400), CAD only (n=340), and normal healthgntrol (n=668) groups. A
subject was deemed to have the MetS on the badiatidnal Cholesterol Education
Program (NCEP) Ill recommendations (133, 134), rgniehe had three or more of
the following characteristics: (1) abdominal obggitvaist circumference >90 cm in
men; the International Obesity Task Force critésiaAsian-Pacific populations were
used to determine these waist circumference aitétiB4); (2) triglycerides>1.7

mmol/1 (150 mg/dl); (3) HDL-cholesterol <1.0 mmo(40 mg/dl); (4) blood pressure



>130/85 mmHg or taking antihypertensive medicatigh) fasting glucose>6.1
mmol/l (110 mg/dl). Normal subjects with a historgf hypertension,
hypercholesterolemia, CAD, diabetes, myocardialarction, or the MetS were
excluded. The CAD patients were enrolled after jliog informed consent. Patients
with the following characteristics were excludednfr participation: valvular (heart)
disease, peripheral vascular disease, significargtemic disease, history of
inflammatory disease, and history of congestiverth&glure with left ventricular
ejection fraction (LVEF) <30%. The characteristidthe MetS, MetS with CAD, and
CAD groups in terms of conventional risk factore aummarized in Table 11. For one
analysis, the normal subject group was subdivided subjects that lacked all five
MetS criteria (n=313) and subjects that met ontwor of these criteria (n=355) while
the same MetS only group was divided into patieéndéd satisfied three (n=41), four

(n=4), or five (n=0) MetS criteria.

2.2 Coronary angiographic analysis

Coronary angiographies were performeal the femoral artery. All angiography
results were interpreted by two independent obsgmstil consensus was reached.
Significant CAD was defined ag50% luminal stenosis of vessels >1.5 mm in
diameter. CAD patients were classified into 1-, @ad 3-vessel disease groups

depending on the number of epicardial coronaryiagenvolved.

2.3 Sequencing and genotyping of the ADD1 gene
To identify the genetic variation of the ADD1 gene24 Korean DNA samples,

we used an ABI Prism 3730 sequencer (Applied Biesys, Foster City, CA, USA)



to

Table 11.Clinical characteristics of control and patient graups

Control (n=668) MetS (n=45) MetS With CAD (n=400) CAD (n=340)

Mean SD Mean SD Mean SD Mean SD
Age (year) 5230 + 9.71 50.93 + 10.07 55.56 + 8.14 55.9 + 850
SBP (mmHg) 11354 + 11.80 12329 + 10.43 11953 + 16.78 119.22 + 18171
DBP (mmHg) 75.39 = 8.37 814 + 8718 7681 + 9.58 77.48 + 10.28
BMI (kg/m?) 23.36 + 2.60 26.67 + 3.50 25.86 + 251 2402 £+ 259
Glucose (mg/dL) 86.65 + 9.96 96.36 + 23.25 106.63 + 40.16 90.39 = 16.88
Total cholesterol (mg/dL) 19741 + 39.99 208.71 + 40.61 183.21 + 40.68 178.38 + 38.51
HDL (mg/dL) 4852 + 11.93 36.25 + 7.02 3457 + 6.98 4441 + 9.43
Triglycerides (mg/dL) 142.84 + 106.84 229.49 + 9575 208.25 + 141.68  113.72 + 48.20
LDL (mg/dL) 120.74 = 31.99 129.89 + 37.88  109.21 + 36.80 111.14 + 35.57

The values shown are means + $<0.0001,'p<0.001,%p<0.05, statistically
significant compared to the control group, as deiteed by using Student's t-
test. SBP, systolic blood pressure; DBP, diastoloimd pressure; BMI, body
mass index; HDL, high density lipoproteins; LDLwalensity lipoproteins



sequence all ADD1 exons, the exon-intron boundades the 5’ promoter region
(~1.0 kb). The Polyphred program (http://wwww.dragggwashington.edu/PolyPhred.
html) was used to assemble the sequences and fydesitigle nucleotide
polymorphisms (SNPs) (135). The list of SNPs idesdiby this study is available at
the Korean SNP database (http://www.ngri.go.kr/SNRJ genotype the polymorphic
sites in other Korean subjects, amplifying primemsl probes were designed and used
in TagMan assays (136). Primer Express (Applieds@tems) was used to design
both the PCR primers and the MGB TagMan probes. &leéc probe was labeled
with the FAM dye while the other was labeled wtie fluorescent VIC dye. Typically,
PCR was run in the TagMan Universal Master mix with UNG (Applied
Biosystems) at a primer concentration of 900 nM andlagMan MGB-probe
concentration of 200 nM. The reaction was perforimed 384-well format in a total
reaction volume of @l using 20 ng of genomic DNA. The plate was theacptl in a
thermal cycler (PE 9700, Applied Biosystems), heédte 2 min at 50°C and then for
10 min at 95°C, after which 40 cycles of 95°C f& sland 60°C for 1 min were
performed. The TagMan assay plate was transfeaed Rrism 7900HT instrument
(Applied Biosystems) where the fluorescence intgnsif each well was read.
Fluorescence data files from each plate were aedlywy using automated software

(SDS 2.2, Applied Biosystems).

2.4 Statistics
x” tests were used to determine whether individughmgs were in equilibrium

at each locus in the population (Hardy—Weinbergildggium). Quantitative clinical



data of patients and controls were compared byguia unpaired Student’s t-test,
whereas qualitative data were compared yb¥ tests. Genotype distribution of
polymorphisms among the patients and the normajestsh was analyzed with
logistic regression models controlling for age aoeariate. The association between
genotypes of candidate genes and clinical varialkes analyzed by using one-way
ANOVA. We also examined how the number of MetS fiaktors (from one to all
five) in the CAD patients associate with the numiifeaiffected vessels and the degree
of coronary artery stenosis by using the Manteld#dael test for trends. For this,
SPSS 12.0 software (SPSS Inc., Chicago, IL, USA evaployed. A level gb<0.05

was considered to be statistically significant.

2.5 SIFT and PolyPhen

For predictions on the effect of amino acid chagginutations, the stand-alone
versions of two prediction programs were used: SNZ.0; Sorting Intolerant From
Tolerant) (150); and PolyPhen (command-line vels{@b1); in combination with the
SwissProt/TrEMBL+PIR databases (downloaded Oct@3r2004 from; ftp.expasy.
org), and BLAST parameters with an expectation ftubd 1E-04. We sorted the
outcome of the two analyses in three categoridsgoay 1 is ‘Affected’ by SIFT and
‘Possibly/Probably Damaging’ by Polyphen; categ@rys ‘Tolerated’ by SIFT and
‘Possibly/Probably Damaging’ by Polyphen or ‘Affedt by SIFT and ‘Benign’ by
Polyphen; category 3 is ‘Tolerated’ by SIFT andnigm’ by Polyphen.

2.6 Korean SNP database

Most of the SNPs described in this study are listethe Korean SNP database



(http://www.ksnp.ngri.re.kr/'SNP/index.jsp), whichasv constructed in the Center for

Genome Sciences (Korean National Institute of Hi¢alt

3. Results

3.1. Characteristics of the study population

The baseline characteristics of the patients amehalocontrols are summarized in
Table 11. The MetS was diagnosed when a persosfisdtthree or more of the five
NCEP criteria. The patients were divided into thet® alone, the MetS with CAD,

and the CAD alone groups.

3.2 ADD1 gene polymorphisms in the Korean populatio and the
association between the ADD1 Gly460Trp polymorphismand the MetS

We sequenced the ADD1 gene in genomic DNA sampies 24 unrelated
Koreans. All functional regions were sequenced, elgmall exons, exon-intron
junctions, and the promoter region (up to 1 kb ngash from the transcriptional start
site). In total, we identified 11 SNPs, five of whihave not been identified previously.
Of the 11 SNPs, six were in coding regions (1 synmus cSNP and 5 non-
synonymous cSNPs), three were at the exon-introatipns, and two were in the 3'-
UTR (Fig. 10).

To determine whether the five non-synonymous ADISNES, which result in
amino acid sequence changes, were associated weitie®ibility or resistance to the
MetS, we performed association analyses. For 453 Koreans, of whom 45 had

MetS alone, 400 had MetS with CAD, 340 had CAD aloand 668 were normal



controls, were genotyped by TagMan assays. Fouh®fnon-synonymous cSNPs
occurred with minor allele frequencies (<5%) (Fig. and were not significantly
associated with the MetS (data not shown). Howeber frequency of the T allele of
the non-synonymous Gly460Trp (+29017G/T) cSNP w&86 6in the Korean
population (Table 12). Analysis of the doSNP dasab@vealed that the frequency of
the ADD1 Gly460Trp allele varies in different etbmiopulations (Table 12).

We then performed logistic analysis with the (+ZBBAT) non-synonymous
ADD1 cSNP to determine its association with the $Mand/or CAD in the Korean
population (Table 13). The GG allele of ADD1 (+29@IT) encoding Gly was
significantly associated with a decreased risk @&t3$1in co-dominant and dominant
models (odds ratio, OR=0.39-0.58;0.02). The T allele encoding Trp was associated
with a significantly increased risk of MetS and@AD (OR= 1.73-2.10, data not
shown) in the recessive model for MetS patienth WD (OR=0.68p=0.03) and co-
dominant and dominant models for CAD only pati§@&=0.74-0.81p=0.03) (Table
13). Thus, the T allele of the ADD1 (+29017G/T)ybrphism is associated with an

increased risk of developing MetS and/or CAD.

3.3 Relationship between the ADD1 (+29017G/T) gerypte and the number
of MetS criteria

A patient was defined as having MetS if he hadeast three of five NCEP
criteria. Many of the normal control subjects alem one or two of the five criteria.
We determined the relationship between the ADD1904ZG/T) genotype and the
number of metabolic risk factors in the MetS onhdanormal control subjects. As

shown in Fig. 11, 20.7% of subjects with no craehad the GG allele, but this



frequency decreased to 18.6%, 15.9%, 12.2%, anda®%he number of criteria

increased to one, two, three and four criterigpeetvely. The TT genotype also
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Fig. 10. Gene structure of ADD1 and location of SN¥found in Koreans.

The coding exons are indicated by black blocks eviile 5’- and 3’-untranslated
region (UTR) is shown by a white block. The frequenf each polymorphism in the
24 Koreans is shown in brackets behind the arrdwe dsterisk (*) indicates the SNP
that was genotyped in 1453 Korean MetS and/or CAfepts and normal subjects.
The first base of the translation start site isotietd as nucleotide +1 (the ADD1

reference sequence on chromosome 4q16.3 has tssamtnumber NT_006081).



Table 12 Polymorphisms in the ADD1 gene and their frequence in

Korean and other ethnic populations

) African- .
Protein Genotype " Korearf Caucasiah

Gene Locug ISt Region E Americarf

Consequence
CIc* CIR* RIR* (n=1453) (n=50) (n=50)

ADDL  +29017T/G 1s4961 Exon10  Trpd60Gly 531 682 240 0.380400(G)  0.109(T)  0.167(T)

"CIC, CIR, and R/R indicate homozygotes for the comailele (C/C), heterozygotes
(C/R), and homozygotes for the rare allele (R/B3pectively.

%Calculated from the translational start site.

®p-value for Hardy-Weinberg equilibrium.

°Ethnic differences in rare allele frequency wer¢edrined by comparing our data

with data in dbSNP (http://www.ncbi.nim.nih.gov/SINP



tended to increase with the number of metabolicoabalities. We also found a
relationship betwedhe ADD1 (+29017G/T) genotype and the severity @t®p for

trend=0.02 when compared by using the Mantel-Hanamalysis). Thus, the
Gly460Trp polymorphism of the ADD1 gene was sigrafitly associated with MetS

severity.

3.4 Relationship between the number of MetS critea and CAD severity
We also analyzed the association between the nuailddetS risk factors (from

zero to four) and the degree of coronary artermastis (i.e. the number of vessels
affected) in the 740 CAD patients (400 MetS with[CA 340 CAD only patients). As
shown in Fig. 12, severe CAD was particularly pteraamong patients who satisfied
many of the five MetS criteria. Indeed, the MetBecia numbers correlated positively
with the number of vessels affecteol for trend=0.001). Thus, MetS severity was
associated with CAD severity. Since the T allelehaf Gly460Trp polymorphism was
also significantly associated with increased Met@sty (Fig. 11), these observations
suggest that the ADD1 Gly460Trp genotype incredetS severity and that this leads

to an increased risk of severe CAD.

3.5 Association between the ADD1 Gly460Trp polymotgsm and
individual MetS criteria

We also tested the association of the ADD1 Gly46Qdalymorphism in the 668
normal control subjects with individual MetS criternamely, BMI, blood pressure,
and serum lipid, triglyceride, and glucose levélse T allele (the MetS and CAD risk

allele) of ADD1 Gly460Trp was significantly assaeid with abnormal systolic blood



Table 13. Logistic analysis of ADD1 polymorphismani normal subjects and

MetS patients with or without CAD

X . X test Co-dominant Dominant Recessive
Subjects Genotype Control Patients
p? OR (95% CI) p OR (95% CI) p OR (95% CI) p
128 5
G/G
Normal (19.2%) (11.1%)
(n=668) versus 318 17
GIT 0.02 0.58(0.37-0.91) 0.02 0.39(0.26-0.87)  0.02 0.52(0.20-1.34)  0.1¢
MetS only (47.4%) (37.8%)
(n=45) 222 23
TIT
(33.2%) (51.1%)
128 55
G/G
Normal (19.2%) (13.8%)
(n=668) versus 318 196
. GIT 0.03 0.83(0.69-1.00) 0.05 0.85(0.66-1.11) 0.24 0.68(0.48-0.97)  0.0:
MetS with (47.4%) (49.0%)
CAD (n=400) 222 149
TIT
(33.2%) (37.3%)
128 52
G/G
Normal (19.2%) (15.3%)
(n=668) 318 151
GIT 0.02 0.81(0.67-0.98) 0.03 0.74(0.56-0.97) 0.03 0.77(0.54-1.11)  0.1¢
versus CAD (47.4%) (44.4%)
only (n=340) 222 137
TIT
(33.2%) (40.3%)

OR, odds ratio; CI, confidence interval.

%Chi-square test.

Logistic regression models were performed by uSIiRGS to calculate the ORs (95%
confidence intervals) and the correspondirgalues for the SNP in three alternative
models (co-dominant, dominant, and recessive) ¢batrolled for age. The common

allele served as the referrent genotype for therbeygote of the rare allele.
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Fig. 11. Relationship between the ADD1 (+29017G/T) genotypand the
number of metabolic abnormalities (0-4) in control(n=668) and MetS only
(n=45) subjects.The MetS was diagnosed when a person satisfied thwenore of

five NCEP metabolic abnormality criteria.
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pressure and blood glucose levels (Table 14). Sineecontrol subjects enrolled in
the study were instructed not to take any Medichrays used for treating diabetes
mellitus, high lipid levels, and high blood pressuthese observations suggest that
the ADD1 Gly460Trp polymorphism mainly promotes CAly affecting blood
pressure {=0.04) and blood glucose levelg=0.03) rather than other conventional

risk factors of CAD.

3.6 Obtaining non-synonymous SNP Tolerance ScorestivSIFT and
PolyPhen

we used two sequence homology—bdseets [Sort Intolerant from Tolerant SIFT)
and PolymorphisnPhenotype (PolyPhen)] to predict the potential iohpa non-
synonymous$NP, which results in an amino acid substitutioayhave on the activity
of proteins encoded by genes involvethia steroid hormone metabolism and response
pathway. The results of the SIFT and PolyPhen aeralye listed in Table 15. ADD1
Gly460Trp polymorphism was predicted to affect piotfunction by both programs.
ADD1 Gly460Trp polymorphism (amino acid change) naffect the formation of

heterodimers and NAK" pump endocytosis.

4. Discussion

Hispanics and Asians seem to be at greater risleeéloping the MetS than other
races (123), and it has been shown previouslyttieaMetS is associated with CAD in
European and South Asian men (123, 137) and aedsed risk of developing CVD
and diabetes (121, 138). Several studies have seskelsow variations in the

hypertension-related gene ADD1 associate with ababblood pressure, hypertension,



Table 14. Association between the Gly460Trp (+290T#G) polymorphism

and biochemical measures in control subjects

Genotype p-value
Phenotype
TIT (n=177) T/G (n=254) G/G (n=104) Co-dominant Dominant Recessive

SBP (mmHg) 11542 = 11.72 113.68 + 11.67 113.02 + 12.95 0.11 0.04 0.23
DBP (mmHg) 76.16 + 8.39 75.69 + 8.53 75.29 + 8.72 0.62 0.39 0.46
BMI (kg/m?) 23.64 + 272 23.56 + 2.80 23.51 + 2.86 0.91 0.68 0.78
Blood Glucose (mg/dL) 88.77 + 14.85 86.24 + 9.19 87.08 + 9.14 0.03 0.03 0.84
Total cholesterol (mg/dL) 200.93 + 47.41 197.11 + 36.07 195.10 + 34.49 0.34 0.16 0.35
HDL (mg/dL) 4788 + 11.77 47.52 + 12.20 4795 + 12.34 0.92 0.81 0.81
Triglycerides (mg/dL) 157.67 = 121.87 145.37 =+ 104.99 138.52 + 87.10 0.21 0.10 0.25
LDL (mg/dL) 122.77 = 33.39 120.75 + 3157 119.56 + 32.62 0.63 0.37 0.52

The data shown are means * standard deviation (SBR., systolic blood pressure;
DBP, diastolic blood pressure; BMI, body mass indexalues were obtained by

ANOVA



Table 15. SIFT and PolyPhen scores for functionallycharacterized

Gly460Trp (+29017T>G) polymorphism

Gene dbSNP ID AA SIFT SIFT Plyphen Plyphen
(Protein ID) change  score Prediction score Prediction
ADD1 rs4961 Gly460Trp  0.03 Damaging 1.75 Possibly damaging

(NP_001110)




vascular pathology, and CVD (129, 131, 132). Heve,report that the Gly460Trp

(+29017G/T) ADD1 gene variation is associated vilie MetS and/or CAD in a

Korean population. We also showed that this genditation was associated with
higher numbers of MetS criteria. Furthermore, weenbed that more severe CAD was
associated with increased MetS severity.

We observed that the G allele of the ADD1 Gly460T{p29017G/T)
polymorphism was significantly associated with @éased risk of MetS (OR= 0.26-
0.91,p=0.02) and CAD with or without MetS (OR=0.48-0.98;0.03). Meanwhile,
the T allele of the ADD1 polymorphism was associatéth an increased risk of MetS
and/or CAD. Notably, the G allele was more stroraggociated with a decreased risk
of MetS (OR=0.26-0.91) than with a decreased risiCAD with or without MetS
(OR=0.48-0.98). These observations are consistetft the considerable evidence
showing that the Gly460Trp polymorphism of the ADDREne is significantly
associated with the presence of hypertension, CAfld, myocardial infarction (131-
132, 139-141). It is possible that mutations inARX¥D1 gene enhance the risk of MetS
and CAD because they affect the ability of ADD1regulate the NAK® pump.
Supporting this is that the T allele of the ADD1y@0Trp (+29017G/T)
polymorphism is associated with higher NIK* pump activity and impaired NAK*
pump endocytosis in renal tubular cells (126, 128).

We also observed that the T allele of the ADD1 ®&Hrp polymorphism is
associated with increased numbers of MetS crifgriar trend=0.02), and that higher
numbers of MetS criteria in turn are associatedh Wigher numbers of closed vessels
in CAD (p for trend=0.001) (Fig. 11 and 12). Thus, the AD[HEly460Trp

(+29017G/T) polymorphism appears to be an indepandek factor for MetS, while



MetS is closely associated with the occurrence ADCMetS is a multicausal process
and thus it is likely that the ADD1 Gly460Trp polgnphism, along with other risk
factors, may have an impact on CAD.

The frequency of the ADD1 Gly460Trp allele in EAstian populations is very
similar to its frequencies in Japanese and Chipepalations (132, 141-144). Given
that the frequency of the T allele is lower in Caaians (18% in North Italy, 20% in
France, and 27% in Scotland) (132, 145, 146), ftossible that the Gly460Trp allele
variant may play a patrticularly significant role time development of CVDs in East
Asian people. However, most studies in humans sigiat polymorphism of the
ADD1 gene cannot cause disease on its own.

Interestingly, Gly460Trp allele variant was preditto affect protein function by
both programs.

In summary, we demonstrated that the ADD1 Gly460popymorphism was
significantly associatedith an increased risk of MetS and CAD in the Karea
population. We also confirmed that the ADD1 Gly4689polymorphism is associated
with abnormal blood pressurp=0.04) and blood glucose levels=0.03). Moreover,
our data showed that the ADD1 gene is involvedusceptibility to MetS, and that
severe MetS is associated with severe CAD. Thipaup the hypothesis that genes

associated with MetS can also increase the rislewéloping CAD.
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