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Summary
Previous association mapping on chromosome 3q13-21 detected evidence for association at the
limbic system-associated membrane protein (LSAMP) gene in individuals with late-onset coronary
artery disease (CAD). LSAMP has never been implicated in the pathogenesis of CAD. We sought to
thoroughly characterize the association and the gene. Non-redundant single nucleotide
polymorphisms (SNPs) across the gene were examined in an initial dataset (168 cases with late-onset
CAD, 149 controls). Stratification analysis on left main CAD (N = 102) revealed stronger association,
which was further validated in a validation dataset (141 cases with left main CAD, 215 controls), a
third control dataset (N = 255), and a family-based dataset (N = 2954). A haplotype residing in a
novel alternative transcript of the LSAMP gene was significant in all independent case-control
datasets (p = 0.0001 to 0.0205) and highly significant in the joint analysis (p = 0.00004). Lower
expression of the novel alternative transcript was associated with the risk haplotype (p = 0.0002) and
atherosclerosis burden in human aortas (p = 0.0001). Furthermore, silencing LSAMP expression in
human aortic smooth muscle cells (SMCs) substantially augmented SMC proliferation (p<0.01).
Therefore, the risk conferred by the LSAMP haplotype appears to be mediated by LSAMP down-
regulation, which may promote SMC proliferation in the arterial wall and progression of
atherosclerosis.
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Introduction
A strong genetic component in the development of coronary artery disease (CAD) has long
been demonstrated by the significance of family history as a risk factor, even after adjustment
for other risk factors (Shea et al. 1984; Ten Kate et al. 1982; Murabito et al. 2005). We
previously reported a large association study (Wang et al. 2007) across a region of chromosome
3 that has been implicated by several linkage studies to contain genes important to developing
CAD, including our own GENECARD study using families with early-onset CAD (Hauser et
al. 2004; Bowden et al. 2006). Using a large case-control dataset (CATH-GEN) in a follow-
up association study we demonstrated that multiple genes in the region appeared to contribute
to CAD risk, with the Kalirin gene and others within the Rho-GTPase pathway most strongly
associated with those individuals with a younger age-at-onset (AAO) of CAD (males <51 years
of age, females <56 years of age) (Wang et al. 2007). However, several additional genes
demonstrated evidence for association for CAD risk with patients having a later AAO (males
≥ 51 years of age, females ≥56 years of age). One of the most intriguing genes was the limbic
system-associated membrane protein gene (LSAMP), previously described as a tumor
suppressor gene and fundamental to brain development, but which had never been reported to
be expressed in cardiovascular tissues. We proposed that the apparent contradiction of finding
association within LSAMP in the old affected subgroup in a linkage region identified using
early-onset CAD families could be explained by other common features between these two
groups. To this end, we noted that the old affected CATHGEN patients had more severe CAD,
specifically a greater proportion of left main CAD than young affected CATHGEN individuals.
This correlated with the fact that the GENECARD probands had a severe burden of CAD, as
evidenced by the high prevalence of previous coronary artery bypass grafting (CABG, 40.0%)
and multiple-vessel CAD (47.1%). Recently, it has been reported that the heritability of left
main CAD is stronger than that of more peripheral CAD (Fischer et al. 2005; Fischer et al.
2007). Therefore, we hypothesized the association we previously observed could be due to a
subset of patients with severe disease such as left main disease within the old affected cohort.
We sought to explore this hypothesis and to further define the possible contribution of
LSAMP to CAD risk.

Methods
Subjects

Initial and validation datasets—Subjects in the initial and validation datasets were
ascertained through the cardiac catheterization laboratories at Duke University Hospital and
have been previously described (CATHGEN) (Wang et al. 2007). All subjects undergoing
catheterization were offered participation in the study. To reduce confounding by population
substructure, only Caucasians were used for the association analyses. Subjects were
chronologically divided into sequential initial and validation datasets. The initial dataset
included old affecteds, left main cases, and controls. The validation dataset included left main
cases and controls. Briefly, the old affected has age-at-onset ≥ 51 in male and ≥ 56 in female
and CAD index (Supplementary Table 1), a numerical summary of angiographic data, greater
than 72. Subjects with 75% or greater stenosis in the left main coronary artery were defined as
left main cases regardless of age-at-onset. Controls were >60 years old at the time of
angiography, and had no diseased vessels, history of myocardial infarction (MI) or
interventional cardiac procedures. The major indications for cardiac catheterization for controls
were possible ischemic heart disease (66%), valvular heart disease (8%), congenital heart
disease (<1%), and ‘other’ (25%, including evaluation for fatigue, pre-operative clearance, and
asymptomatic decreased ejection fraction).
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Third control dataset—Additional control subjects were recruited from community
meetings and unrelated family members (e.g., spouses) of Alzheimer patients in an ongoing
study of Alzheimer Disease (Margaret A. Pericak-Vance, P.I.). All members were self-reported
Caucasians >60 years old, and had no history of MI, diabetes, stroke, or peripheral vascular
disease based on a detailed questionnaire for medical history. Their mental status was normal
as evaluated by the Modified Mini-Mental Status exam (Teng & Chui 1987). Unlike the
CATHGEN controls, no angiographic data were available for a definite phenotypic
classification for this dataset. It is possible that some subjects have subclinical undiagnosed
CAD. However, this dataset matched the phenotypic definition of controls in most of other
genetic epidemiologic studies on CAD and provided an independent set of controls to validate
associations in the CATHGEN subjects.

Genecard dataset—The sample collection and study design of the GENECARD study have
been reported (Hauser et al. 2004). Briefly, the GENECARD samples were collected through
a collaboration effort from six international ascertaining sites. The dataset was composed of
families with at least two affected siblings who met the criteria for early-onset CAD. The
majority (>90%) of the GENECARD subjects were Caucasians. Unlike the CATHGEN
samples, angiographic data in GENECARD samples was not available and left main CAD
status was not determined.

The Duke Institutional Review Board approved all studies, and all subjects signed informed
consent.

SNP Selection, Genotyping, and Sequencing
Non-redundant SNPs (r2<0.7) were chosen across the LSAMP gene using the software program
SNPSelector (Xu et al. 2005). SNPgenotyping and sequencing were performed using reagents
and instruments from Applied Biosystems (Foster City, California). SNP genotyping was
performed using the TaqMan® Allelic Discrimination assay in 384-well format, and quality
control was implemented as described previously (Connelly et al. 2006). Duplicated quality-
control samples were placed within and across plates to identify potential sample-plating error
and genotypecalling inconsistency. Hardy-Weinberg equilibrium (HWE) testing was
performed for all markers. SNPs with mismatches on quality-control samples or failed HWE
test (p<0.05) in white controls were reviewed by an independent genotyping supervisor for
potential genotyping errors. All examined SNPs had a calling rate >95% in the studied
population. On the basis of 26,000 duplicate genotypes, genotyping error-rate estimates for
SNPs meeting the quality-control benchmarks were <0.2%. Direct PCR sequencing was
performed using the Big Dye 3.1 and ABI 3730 automated sequencer. Sequences derived from
nine patients with CAD and seven controls were assembled using Sequencher 4.7 (Gene Codes,
Ann Arbor, Michigan, United States) to discover novel polymorphisms.

Stepwise Validations
To minimize false positive findings attendant to the multiple SNPs tested and obtain sufficient
power in the statistical analysis, we applied stepwise validations in the SNP association study
(Figure 1). First, all SNPs were screened in the initial dataset. Then, promising SNPs (p<0.1)
were further analyzed in the validation dataset. Using an α level of 0.1 gave us 72% to 86%
power to detect SNPs with odds ratio of 1.7 to 1.9 in the initial screening dataset. Next, joint
analysis using the combined initial and validation dataset were performed to maximize the
statistical power. This analysis has more than 96% power to detect SNPs with odds ratio of 1.7
at α level of 0.05. Significant SNPs derived from this analysis were further examined in the
third control dataset and the family-based GENECARD dataset. The family dataset has 91%
power using APL and 56% power using PDT to detect SNPs with odds ratio of 1.7 at α level
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of 0.05. Finally, we performed pairwise haplotype analysis in our largest case-control dataset
consisting of the initial, validation, and the third control datasets.

Gene Expression Analysis
Human aortic endothelial cells and smooth muscle cells (SMCs) were purchased from Cambrex
Bio Science, Inc. (Walkersville, MD), and cultured following the manufacturer’s instructions.
Human aortas were collected from heart transplant donors and graded for atherosclerosis as
previously described (Seo et al. 2004). Total RNAs were extracted from cells or aortas and
were used to synthesize first strand cDNA using Advantage(tm) RT-for-PCR Kit (BD
Biosciences, Palo Alto, CA). Gene expression was measured by TaqMan® real-time, reverse-
transcriptase PCR (RT-PCR) in triplicate and normalized to glyceraldehyde-3-phosphate
dehydrogenase (GAPDH) expression.

RNA Interference
Small interfering RNA (siRNA) specific for LSAMP and a negative control siRNA targeting
no known gene were purchased from Silencer® Pre-designed SiRNAs (Ambion/Applied
Biosystems). SMCs were plated at a density of 1.3 × 104 cells/cm2 two days before transfection.
Cells were then transfected with LSAMP or negative control siRNA (25 nmol/L) using the
Lipofectamine(tm) RNAiMax transfection reagent (Invitrogen, Carlsbad, CA), following the
manufacturer’s instructions. Twenty-four hours after siRNA transfection, SMCs were made
quiescent for 72 hours with serum-free SmGM-2 medium, and then subjected to thymidine
incorporation, quantitative RTPCR, or immunoblotting of SMC membrane fractions, as
described (Zhang et al. 2007) with anti-LSAMP IgG (the kind gift of Dr. A. F. Pimenta).
(Levitt 1984)™.

Thymidine Incorporation
Quiescent SMCs were then challenged with SmGM-2 containing 5% fetal bovine serum for
20 hours before [3H]thymidine was added to the medium (1 μCi/ml). Incorporation of
thymidine into SMC DNA was determined as we reported previously (Peppel et al. 2000).

Statistical Analysis
The association between CAD and SNPs was examined using multivariable logistic regression
analyses that adjusted for (a) gender (the ‘basic model’) or (b) gender, age-at-exam,
hypertension, diabetes mellitus, body mass index, dyslipidemia, and smoking history (the ‘full’
model). The genotype case-control statistic provided by SAS 9.0 was used to perform the
association analysis, which tests both dominance genotypic effects and additive allelic effects.
The Association in the Presence of Linkage (APL) test (Martin et al. 2003b), Pedigree
Disequilibrium Test (PDT) (Martin et al. 2003b) and GenoPDT (Martin et al. 2003a) were used
to evaluate family-based association in the GENECARD samples. Each of the three analytic
approaches offers distinct merits. The APL test takes into account linkage and correctly infers
missing parental genotypes in regions of linkage by estimating identity-by-descent parameters.
The PDT allows incorporation of extended pedigrees. Both APL and PDT are allele-based tests
while GenoPDT examines the association between genotypes and disease status. The Graphical
Overview of Linkage Disequilibrium (GOLD) program was used to assess linkage
disequilibrium (LD) between SNPs (Abecasis & Cookson 2000). Haplotype association was
performed using HaploStats 1.1.0 (Mayo Clinic, Rochester, MN).

To increase statistical power, we analyzed all the available aorta samples for the haplotype-
specific gene expression. In some cases, two pieces of sample from the same aorta were assayed
for gene expression. Therefore, a random effect was used for each aorta along with fixed effects
for atherosclerosis burden and haplotype in a mixed model for the haplotype-specific gene
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expression analysis. An F-test was used to test for differences in gene expression as a function
of the atherosclerosis burdens and haplotype genotypes. For the SMC proliferation assay, two-
way ANOVA was performed. SAS 9.0 (SAS, Cary, NC) was used for statistical analyses.

Results
Datasets for Association Studies

The initial dataset included 168 old affecteds, 102 left main cases, and 149 controls. The
validation dataset included an additional 141 left main cases and 215 controls. The third control
dataset comprised 255 individuals. Baseline clinical characteristics for each dataset are given
in Table 1. In general, the case groups had a higher prevalence of clinical CAD risk factors
than the controls. The GENECARD samples have been described by us elsewhere (Hauser et
al. 2004;Connelly et al. 2006). In brief, this dataset consisted of 2954 individuals, among which
were 966 affected sibling pairs and 825 discordant sibling pairs.

Selected SNPs for Screening LSAMP
It was recently reported that the mouse lsamp gene has an alternative first exon 1a located 1.5
megabases from the originally described first exon (now exon 1b) (Pimenta & Levitt 2004).
Using RT-PCR, we confirmed the existence of these LSAMP alternative transcripts generated
by exon 1a (LSAMP_1a) and exon 1b (LSAMP_1b) in several human tissues, including aorta
(data not shown). Ninety tagSNPs across both LSAMP transcripts were examined in the initial
analysis (Figure 2 and Supplementary Table 2). The LD relationships between the selected
SNPs were displayed in Supplementary Figure 1.

Association Tests in the Initial Dataset
To test our hypothesis that association in LSAMP was driven by severe CAD as represented
by left main cases (see Introduction), subset analysis in the old affected and the left main cases
was performed in the initial dataset. Despite the smaller sample size of the left main CAD
subgroup, this analysis revealed stronger SNP associations in the left main cases than in the
old affecteds (Figure 2), supporting our hypothesis that left main CAD was the major phenotype
underlying the association at LSAMP.

The strongest association was found at rs1875518 (p = 0.008, OR = 1.7, Figure 2 and
Supplementary Table 2). Additional genotyping surrounding rs1875518 and linkage
disequilibrium analysis found that LD surrounding rs1875518 extends over 40 kb, from
rs1501885 to rs2937673 (data not shown). Therefore, novel SNPs were sought to partition this
LD block by resequencing this 40 kb region. Two novel SNPs (ss70458781 and ss70458782)
and one novel 27 bp duplication (ss70458783) were identified through this effort. However,
only ss70458782 was not highly correlated with rs1875518 (r2 = 0.27). As a single marker,
ss70458782 was marginally associated with left main CAD (p = 0.091) (Supplementary Table
2).

Association Validation in Multiple Additional Datasets
To validate the left main CAD-associated LSAMP SNPs identified in our initial analysis, we
tested the promising SNPs (p<0.1 in the initial dataset) in an independent validation dataset of
left main CAD cases and controls ascertained by the same criteria as the initial dataset. Odds
ratio (OR) estimates were compared between the initial and validation datasets to identify
consistent trends of association. Since analyzing genetic markers in large datasets may be more
effective in identifying true-positive associations for complex traits than replicating analyses
in two smaller datasets (Shephard et al. 2005), joint analysis of both the initial and validation
datasets was also performed. Among the ten SNPs tested in the validation dataset, five SNPs
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were designated as ‘significant SNPs’, as they displayed the same risk allele in both the initial
and validation datasets and met the significant level of 0.05 in the joint analysis adjusting for
gender (p = 0.005 to 0.028, Table 2). In the full model analysis which includes additional CAD
risk factors as covariates (see Methods), three of the five SNPs remained significant (p = 0.021
to 0.044, listed in Table 2).

To avoid potential ascertainment bias with control subjects identified through the cardiac
catheterization laboratory, and to provide an independent control dataset, we then studied the
five significant LSAMP SNPs by analyzing the independent third control dataset along with
the combined left main CAD cases from the initial and validation datasets. This analysis
demonstrated significant association of rs4404477 with left main CAD (p = 0.006) (Table 3).
To maximize the statistical power and the precision of OR estimate, we then compared the
combined left main CAD cases with all of our control subjects from the initial, validation, and
third control datasets. This analysis found that four LSAMP SNPs were significantly associated
with left main CAD, with rs4404477 being the most significant (p = 0.003, OR = 1.7) (Table
3). Finally, we evaluated association of the five significant SNPs in the family-based
GENECARD samples. Both SNP rs1676232 (p = 0.020, 0.087 and 0.285, evaluated by APL,
PDT, and GenoPDT, respectively) and rs4404477 (p = 0.091, 0.011 and 0.044, evaluated by
APL, PDT, and GenoPDT, respectively) displayed evidence for association in the
GENECARD dataset.

The LSAMP Risk Haplotype Associates Strongly with Left Main CAD
Haplotype analysis using more than one SNP at a time can greatly increase information
generated through each SNP genotype by itself. Hence, we performed pairwise haplotype
analyses using the five significant SNPs in our largest case-control dataset (comprising the
initial and validation datasets, as well as the third control dataset). This analysis found that the
ss70458782. rs4404477A haplotype (HAP L) was highly significantly associated with left main
CAD (p = 0.00004, Table 4), and accounted for 35% of the risk for left main CAD, as estimated
by the population attributable risk in our largest dataset (95% CI: 13 to 52%). In addition, HAP
L demonstrated significant association with left main CAD in all independent subsets that
composed the largest datasets (p = 0.0001 to 0.021, Table 4).

The Reduced LSAMP Expression in Human Aortas: Association with Increased
Atherosclerosis and Dosage of Risk Haplotype

Since LSAMP has been shown to function as a tumor suppressor gene, (Chen et al. 2003) we
reasoned that diminished expression or function of LSAMP could promote atherogenesis by
potentiating smooth muscle cells (SMC) and/or macrophage proliferation in atherosclerotic
plaques (Hansson 2005). Alternatively, enhanced LSAMP expression or function could
diminish endothelial cell proliferation, and thereby promote atherosclerosis (Hansson 2005).
To begin testing these possibilities, we first examined LSAMP expression in cultured human
aortic endothelial cells and SMCs. We found that neither LSAMP_1a nor LSAMP_1b was
expressed in the endothelial cells, while both LSAMP isoforms were expressed in the SMCs.
Thus, we inferred that the genetic risk conferred by the LSAMP SNPs was most likely playing
out through LSAMP’s potentially pro-atherogenic role in SMCs, and not endothelial cells.

Within the aortic SMCs, LSAMP_1a was the more abundant transcript (Supplementary Figure
2). Interestingly, all the significant SNPs and haplotypes also reside in intron 1 of the
LSAM.1a transcript (Figure 3). To determine whether LSAMP expression in arterial tissue
correlates with human atherosclerosis, we measured LSAMP_1a mRNA in 28 human thoracic
aortas with varying amounts of atherosclerosis (Seo et al. 2004). Quantitative RT-PCR revealed
that aortas with severe atherosclerosis (N = 7) contained 2.7-fold less LSAMP_1a transcript
than those with mild or no atherosclerosis (N = 21) (p = 0.0001, Figure 4a).
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As the haplotype HAP L is strongly associated with risk for CAD, we examined whether the
decreased expression of LSAMP_1a mRNA was correlated with the presence of this risk
haplotype. Indeed, we found that LSAMP_1a mRNA levels correlated inversely not only with
the extent of aortic atherosclerosis, but also with the ‘dosage’ of HAP L: i.e., mRNA levels for
LSAMP_1a were twice as low in aortas with two copies (N = 17) of the risk haplotype HAP L
as they were in aortas with zero or one copy (N = 11) of HAP L (p = 0.0002, Figure 4b), thus
tying the risk genotype directly with the LSAMP atherosclerotic expression changes.

Down-Regulation of LSAMP Promotes SMC Proliferation
Data from our human aortas displayed a ∼2-3-fold LSAMP_1a down-regulation with
atherogenesis. To test directly whether LSAMP down-regulation could promote SMC
proliferation and thereby conceivably aggravate atherogenesis (Boucher et al. 2003), we used
siRNA to achieve a 2-3 fold knockdown of total LSAMP expression in human aortic SMCs
(Figure 5A,B). In response to serum, SMCs with reduced LSAMP expression demonstrated a
2-fold increase in cell proliferation as measured by thymidine incorporation (Figure 5C). Thus,
the magnitude of LSAMP down-regulation observed in aortas from subjects with two copies
of LSAMP HAP L might indeed be expected to potentiate atherogenic SMC proliferation.

Discussion
We provide the first genetic evidence that a risk haplotype in LSAMP is highly associated with
CAD, especially left main CAD. Moreover, expression study in human aortas suggested that
the risk haplotype is associated with less LSAMP expression in arterial wall, which could
exacerbate atherogenesis by enhancing SMC proliferation as evidenced by our functional
studies in human aortic SMCs.

To our knowledge, this is the first genetic association study stratifying on left main CAD, a
particularly severe phenotype of CAD. Since CAD involving the left main coronary artery has
been shown to have a stronger genetic component than CAD involving more peripheral
coronary arteries (Fischer et al. 2005), this sub-phenotype of CAD most likely provides more
power in detecting genetic associations. Using the left main CAD phenotype, we successfully
identified strong association between polymorphisms in LSAMP and CAD. Whether LSAMP
polymorphisms are related specifically to left main CAD, or more generally to severe
atherosclerosis, remains to be determined. Mechanisms by which LSAMP may mediate the
high heritability of left main CAD remain to be fully elucidated, but could be related to the
unique anatomical position of the left main coronary artery, which may make it more
susceptible to the medial SMC proliferation that appears to be regulated by LSAMP.

LSAMP was first identified as a cell membrane protein that mediates cell-cell adhesion in
neurons (Pimenta et al. 1995; McNamee et al. 2002; Eagleson et al. 2003). Recently, however,
a tumor suppressor function has been ascribed to LSAMP. LSAMP expression is reduced in
tumors compared to normal samples, and LSAMP overexpression inhibits the proliferation of
tumor cells (Chen et al. 2003; Ntougkos et al. 2005). In addition, LSAMP expression is a
negative predictor of outcome in patients with epithelial ovarian cancer (Ntougkos et al.
2005). Therefore, we hypothesized that lower expression of LSAMP in arterial wall SMCs
confers a higher risk for developing atherosclerosis through promoting SMC proliferation.

Our data show that expression of the LSAMP_1a transcript in human aortas correlates inversely
with atherosclerosis burden and the risk haplotype HAP L, suggesting that the CAD risk
conferred by this haplotype might be mediated through down-regulation of LSAMP_1a. We
suspect that the presence of HAP L in LSAMP_1a intron 1 affects critical gene expression
regulatory elements, since blocks of sequence in this region are well conserved between species
(Ensemble release 41, Oct 2006). Mechanisms for such long-range control of gene expression
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include distanceindependent enhancers and chromatin remodeling through epigenetic
alterations such as methylation (de Kok et al. 1996; Kleinjan & van, V 2005). In fact,
LSAMP_1b expression is methylation-sensitive in renal cells (Chen et al. 2003). However, we
have no evidence as yet that any of the CAD-associated SNPs or HAP L actually represent
functional changes that modify LSAMP expression. While subsequent studies may show this
possibility to be true, it is possible that the LSAMP SNPs we identified are just proxies of the
gene variants that actually affect LSAMP down-regulation.

The LSAMP risk haplotype we identified resides within a previously unknown, unusually large
alternative intron 1 (∼ 1.5 megabases) of the LSAMP gene. This finding highlights a vital point
in the investigation of the genetics of common complex diseases: whereas Mendelian diseases
are caused by inherited mutations in or near an exon, complex disease susceptibility variants
may be intergenic and intronic. Elucidating the functional consequences of polymorphisms in
intergenic and intronic regions remains challenging. Among other effects on gene expression,
intergenic and intronic sequence could code microRNAs, molecules that regulate stability or
translation of particular gene transcripts. Polymorphisms in those sequences can directly affect
the amount and effectiveness of microRNAs.

Another complex aspect of genetic association studies is using the appropriate correction of
statistical significance of multiple tests to reduce false positive finding. These corrections range
from the most conservative Bonferroni correction, to False Discovery Rate, to weighted
correction of combined data, to no correction at all (Benjamini & Hochberg 1995; Skol et al.
2006). We have reported uncorrected p values and relied on validation in independent datasets
as well as the joint analysis of aggregated datasets to minimize false positive findings.
Furthermore, independent evidence to support the association of HAP L derives from our data
regarding down-regulation of LSAMP 1a expression in atherosclerotic aortas and enhancement
of SMC proliferation accompanying LSAMP down-regulation. Nonetheless, additional studies
will be required to confirm further and accurately estimate the genetic effects we report here.

In summary, using an ‘unbiased’ positional approach, we have found that intronic
polymorphisms in LSAMP associate with left main CAD. This novel association was
strengthened by consistent results across multiple datasets, and by expression and functional
studies in human aortas and SMCs. Thus, our study identifies LSAMP as a novel candidate
gene for severe CAD.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Scheme for the stepwise analysis of association. Dataset size and the number of SNPs tested
in each step are indicated. In the initial dataset, tagSNPs were examined in the old affecteds
and left main cases separately. Stronger associations were found in the left main cases.
Promising SNPs that displayed evidence for association (p<0.1) with left main CAD were
further analyzed in the validation dataset composed of left main cases and controls only. Joint
analysis was performed on the initial and validation datasets to maximize statistical power in
evaluating association with left main CAD. Significant SNPs from the joint analysis (p<0.05)
were then further validated in the third control dataset and family-based GENECARD samples.
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Figure 2.
Association tests of 90 tagSNPs in the initial dataset. Each point represents an association test
in the initial dataset on one SNP in old affected (closed diamond) and left main case (open
diamond). The double arrowed line segment illustrates the location of the two LSAMP
transcripts, LSAMP_1a and LSAMP_1b. SNPs with p values less than 0.1 were further tested
in the validation dataset (Table 2).
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Figure 3.
LSAMP gene structure and the location of the risk haplotype. The human LSAMP gene structure
is shown in genomic context on the reverse strand. Exons and introns are depicted as dark
cylinders and solid lines. Alternative exons and introns are depicted as light cylinders and
dotted lines. The locations of the five significant SNPs are indicated with vertical arrows,
representing rs1910040, ss70458781, rs1875518, rs1676232, and rs4404477, from left to right.
The location of HAP L is indicated with horizontal arrow with the ends corresponding to the
two SNPs making up HAP L.

Wang et al. Page 13

Ann Hum Genet. Author manuscript; available in PMC 2009 July 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 4.
LSAMP_1a expression in human aortas is inversely correlated with atherosclerosis and the risk
haplotype HAP L. Human aortas collected from heart transplant donors were graded for
atherosclerosis as described (Seo et al. 2004). Aortic DNA was genotyped for HAP L. Total
aortic RNA was used for cDNA synthesis. LSAMP_1a mRNA levels were measured by real-
time RT-PCR and normalized to that of glyceraldehyde-3-phosphate dehydrogenase
(GAPDH). Plotted are the mean ± SEM from all samples measured in triplicate. A, Expression
of LSAMP_1a in aortas with mild (N = 21) or severe (N = 7) atherosclerosis. *,P = 0.0001. B,
Expression of LSAMP_1a in aortas grouped by copy number of HAP L: zero or one (N = 11)
or two (N = 17). *,P = 0.0002.
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Figure 5.
siRNA-mediated LSAMP knockdown enhances aortic SMC proliferation. Human aortic SMCs
were transfected with siRNA targeting either LSAMP or no known gene (control), and assayed
after 72 hours in serum-free medium. A, Membrane fractions of SMCs (50 μg) and whole
mouse brain (20 μg, as a positive control) were subjected to SDS-polyacrylamide gel
electrophoresis and immunoblotting (IB) with mouse monoclonal anti-LSAMP or non-immune
control IgG. The LSAMP blot was stripped and re-probed for tubulin (as a loading control).
Shown is an IB from a single experiment, representative of two performed in duplicate. B,
LSAMP expression was measured on total RNA by real-time RT-PCR in triplicate, and
normalized to GAPDH expression. *, P < 0.05. C, Quiescent SMCs were fed serum-free
medium lacking (basal) or containing 5% fetal bovine serum (FBS) for 24 hours, and [3H]
thymidine was added to the medium during the last 4 hours. Incorporation of [3H]thymidine
was determined. Shown are the results of a single experiment performed in triplicate,
representative of two independent experiments. *, P <0.001 compared with basal; #, P < 0.01
compared with stimulated control SMCs.
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