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Abstract
Selenoprotein S (SelS), has previously been associated with a range of inflammatory markers,
particularly in the context of cardiovascular disease (CVD). The aim of this study was to examine
the role of SELS genetic variants in risk for subclinical CVD and mortality in individuals with
type 2 diabetes mellitus (T2DM). The association between 10 polymorphisms tagging SELS and
coronary (CAC), carotid (CarCP) and abdominal-aortic calcified plaque (AACP), carotid intima
media thickness (IMT) and other known CVD risk factors was examined in 1220 European
Americans from the family-based Diabetes Heart Study. The strongest evidence of association for
SELS SNPs was observed for CarCP; rs28665122 (5′ region; β=0.329, p=0.044), rs4965814
(intron 5; β=0.329, p=0.036), rs28628459 (3′ region; β=0.331, p=0.039) and rs7178239
(downstream; β=0.375, p=0.016) were all associated. In addition, rs12917258 (intron 5) was
associated with CAC (β =−0.230, p=0.032) and rs4965814, rs28628459 and rs9806366 were all
associated with self reported history of prior CVD (p=0.020–0.043). These results suggest a
potential role for the SELS region in the development subclinical CVD in this sample enriched for
T2DM. Further understanding the mechanisms underpinning these relationships may prove
important in predicting and managing CVD complications in T2DM.
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INTRODUCTION
Cardiovascular disease (CVD) is the major cause of mortality in Western industrial
countries accounting for ~35% of all-cause mortality [1]. Although there is clear evidence
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that CVD clusters in families, neither incident CVD, nor any of its associated subclinical
signs and symptoms segregate in families as a single Mendelian trait. Clearly, CVD risk
arises from complex interactions between multiple genetic and environmental factors. In
individuals with type 2 diabetes mellitus (T2DM), the hyperglycemic environment favours
atherogenesis, culminating in diabetic macrovascular disease. Individuals with T2DM are at
least twice as likely to have coronary artery disease compared to non-diabetic individuals
and CVD accounts for >65% of mortality in T2DM patients [1, 2].

With atherosclerosis recognized as involving an inflammatory process within the sub-
endothelial tissues, factors involved in the regulation of inflammation are logical candidates
when attempting to profile the heritable risk for CVD. Selenoprotein S (SelS) is one recently
identified gene that warrants further investigation. Encoded by the SELS gene on
chromosome 15q26.3, SelS belongs to a unique family of ~25 proteins, all of which contain
selenocysteine residues [3, 4], and is located on both the endoplasmic reticulum (ER) and
plasma membranes [5, 6]. SelS participates in the retro-translocation of mis-folded proteins
from the ER for degradation [7, 8] thereby protecting the cell from oxidative stress and
inflammatory events which accompany the mis-folded protein response [9, 10]. ER stress
has recently been considered in the pathogenesis of T2DM and atherosclerosis [11–13]. In
this context, a potential regulatory role of SelS cannot be discounted, particularly given the
identification of a proposed ER stress response element sequence in the promoter region of
the SELS gene [14].

SELS gene expression has been reported to be influenced by a polymorphism in the
promoter region [15]. In addition, SELS polymorphisms have also been associated with
circulating levels of pro- and anti-inflammatory cytokines [15, 16] providing further
evidence supporting a likely role of SelS in the regulation of inflammation. Despite such
evidence, there are only a limited number of studies directly examining the role of genetic
variation in SELS in CVD risk [5, 6]. To further elucidate a potential role of SelS in the
pathogenesis of CVD, we evaluated the association between SELS SNPs and established
quantitative measures of subclinical CVD, including vascular calcified plaque [17] and
carotid intima-medial thickness [18, 19], in the Diabetes Heart Study (DHS); a study of
CVD in a T2DM-enriched families [20, 21].

RESEARCH DESIGN AND METHODS
Study Design and Sample

The study sample consisted of 1220 self-described European American (EA) individuals
(1021 T2DM-affected individuals, 199 T2DM-unaffected individuals from 474 families) in
the Diabetes Heart Study. Ascertainment and recruitment have been described in detail
previously [20, 22–24]. Briefly, siblings concordant for T2DM, but without advanced renal
insufficiency were recruited with additional non-diabetic siblings also enrolled when
possible. T2DM was defined clinically as diabetes developing after the age of 35 years
treated with insulin and/or oral agents, in the absence of historical evidence of ketoacidosis.

Study protocols were approved by the Institutional Review Board at Wake Forest University
School of Medicine, and all participants provided written informed consent. Participant
examinations were conducted in the General Clinical Research Centre of the Wake Forest
University Baptist Medical Centre, and included interviews for medical history and health
behaviours, anthropometric measures, resting blood pressure, electrocardiography, fasting
blood sampling for laboratory analyses and spot urine collection. Standard laboratory
analyses included a blood lipid profile, fasting glucose, glycated haemoglobin (HbA1C) and
high-sensitivity C-reactive protein (CRP). Subjects were assessed for the presence of
Metabolic Syndrome (MetS) using criteria established in the Third Report of the National
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Cholesterol Education Program Expert Panel Detection, Evaluation and Treatment in Adults
(ATP III) [25].

Carotid artery intima-media thickness (IMT) was measured by high-resolution B-mode
ultrasonography with a 7.5-MHz transducer and a Biosound Esaote (AU5) ultrasound
machine (Biosound Esaote, Inc., Indianapolis, IN) as previously described [24]. Coronary
artery calcified plaque (CAC), carotid artery calcified plaque (CarCP) and infra-renal
abdominal aortic calcified plaque (AACP) were measured using fast-gated helical CT
scanners, and calcium scores were calculated as previously described [26, 27]. Not all
measurements were available for all participants.

For all participants, vital status was determined from the National Social Security Death
Index maintained by the United States Social Security Administration. For those participants
confirmed as deceased, length of follow-up was determined to date of death. For deceased
participants, copies of death certificates were obtained from relevant county Vital Records
Offices to confirm cause of death. For all other participants the length of follow-up was
determined from the date of the initial study visit to a follow-up telephone interview during
the first half of 2011.

Genotyping
Total genomic DNA was purified from whole blood samples obtained from subjects using
the PUREGENE DNA isolation kit (Gentra, Inc., Minneapolis, MN). DNA concentration
was quantified using standardized fluorometric readings on a Hoefer DyNA Quant 200
fluorometer (Hoefer Pharmacia Biotech Inc., San Francisco, CA). Samples were diluted to a
final concentration of 5 ng/μl.

A total of 10 SNPs, spanning the SELS gene (NM_203472.1) were selected for analysis. Of
these, six SNPs were found in the HapMap database (http://www.hapmap.org). The
additional four SNPs were chosen from the literature [5, 15, 28]. The genotypic variation
across the region encompassing the 10 selected SNPs was assessed using the greedy
pairwise tagging algorithm implemented in the Tagger program of Haploview v4.2 (Broad
Institute, Cambridge, MA).

Genotypes, were determined using a MassARRAY SNP Genotyping System (Sequenom
Inc., San Diego, CA) following standard protocols as described previously [29]. This system
uses single-base extension reactions to create allele-specific products that are separated and
scored in a matrix-assisted laser desorption ionization/time of flight mass spectrometer.
Primers for PCR amplification and extension reactions were designed using the
MassARRAY Assay Design Software (Sequenom Inc). Genotype calls were reviewed using
the Sequenom MassArray Typer v3.4 software (Sequenom Inc).

A total of 41 quality controls samples were included in the genotyping analysis to serve as
blind duplicates and allow for evaluation of genotyping accuracy. The concordance rate for
these blind duplicates was 100%. For all SNPs the minimum acceptable call frequency was
95%. The average call frequency was 98.3 ± 0.7% (mean ± SD). Samples with genotyping
efficiency rates <90% were excluded from further analysis; the average genotyping
efficiency rate was 99.5 ± 0.05% (mean ± SD).

Statistical Analysis
Allele and genotype frequencies for each SNP were calculated from unrelated individuals
and tested for departures from Hardy-Weinberg equilibrium using a Chi-squared goodness
of fit test. Association between each of the 10 SNPs and four primary phenotypes of interest
was performed using variance components methods implemented in Sequential Oligogenic
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Linkage Analysis Routines (SOLAR) v 4.3.1 (Texas Biomedical Research Institute, San
Antonio, Tx, USA) to account for the relatedness between subjects [30]. The primary
phenotypes of interest were CAC, CarCP, AACP and, IMT. Additional association analysis
was undertaken with a number of other phenotypes including, self-reported history of CVD,
hypertension, MetS, HbA1c, CRP, total cholesterol, HDL cholesterol, LDL cholesterol and
triglyceride concentrations. Continuous variables were transformed prior to analysis to
approximate conditional normality and to reduce heterogeneity of residual phenotypic
variance across SNP genotypes. Results from the additive model are reported here; results
from dominant and recessive models are included in Supplementary Material. All analyses
presented herein are adjusted for, age, gender and diabetes affected status. Statistical
significance was accepted at p<0.05. Additional models adjusting for (i) age and gender only
and (ii) age, gender, diabetes affected status and smoking status (history of current or prior
smoking) were also performed, but inferences largely similar (Supplementary Material).

RESULTS
The clinical characteristics of the 1182 EA subjects with available genotyping data are
presented in Table 1. As anticipated, a predominance of known CVD risk factors, including
high body mass, hypertension and high blood lipids, was evident in this sample. In addition,
calcification scores across the different vascular beds reflect a substantial burden of
subclinical CVD in these diabetes-affected individuals and their siblings. Determination of
vital status revealed 216 (18.2%) individuals were deceased over an average follow-up time
of 7.3 years; of these, 95 (8.0%) had a documented CVD-related cause of death.

Ten SNPs encompassing a 14.9 kb region containing the SELS gene were chosen for
genotyping. These SNPs capture 0.861 of the genetic variation in the selected region as
defined by r2. Figure 1 shows the location of the 10 SNPs examined relative to the SELS
gene structure and the linkage disequilibrium structure generated from Haploview. Two of
the SNPs are 5′ to the coding region including rs28665122, previously reported to influence
SELS gene expression. The additional eight SNPs are intronic, 3′ to the coding sequence or
downstream of the gene. All SNPs were consistent with Hardy-Weinberg proportions
(p=0.42–1.00).

Table 2 summarizes the results of the association analysis with four quantitative traits: CAC,
CarCP, AACP and IMT. Overall, five SNPs showed statistically significant evidence of
association with at least one of the vascular calcification phenotypes examined. The
strongest evidence of association was for CarCP, which was significantly associated with
rs28665122, rs4956814, rs28628459 and rs7178239 (Table 2). For rs28665122, rs28628459
and rs7178239 CarCP scores were 10–50% higher in the minor allele homozygotes
compared to the major allele homozygotes. For all three of these SNPs similar patterns were
noted for CAC and AACP scores (10–60% differences), however these were not statistically
significant (Table 2). For rs4986814, CarCP scores were ~8% lower in the minor allele
homozygotes. Finally, rs12917258 was significantly associated with CAC; scores were
~30% lower in the minor allele homozygotes. Again, similar patterns were also noted for
CarCP and AACP (20–30% differences), although these were not significantly different
(Table 2).

SELS associations with the secondary phenotypes were less consistent (Table 3). The SNPs
rs4965814, rs28628459 (both associated with CarCP) and rs9806366 were all associated
with self-reported history of prior CVD. In addition, rs12438654 was associated with blood
glucose; rs4965373 and rs2101171 were associated with blood glucose and HbA1c;
rs34713741 was associated with HDL and triglyceride concentrations; and rs12917258 (also
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associated with CAC) was also associated with triglyceride concentrations. SELS was not
associated with mortality, CVD mortality, hypertension, MetS, CRP, cholesterol, or LDL.

DISCUSSION
While SELS has been identified as a candidate gene contributing to risk for CVD [5, 28],
few studies have examined the association with subclinical CVD-related traits, or in cases
with T2DM. The current study evaluated the association of 10 SNPs spanning 14.9 kb of the
SELS gene region with vascular calcification, IMT, and other known CVD risk factors in
European American families enriched for T2DM. Five SELS SNPs were modestly
associated with at least one of the measures of vascular calcification, but not at a level
considered statistically significant after correction for the multiple comparisons undertaken.
In addition, there was minimal association with IMT, likely the result of the poor correlation
between these phenotypes in the DHS [21] reflecting the contribution of different
mechanisms to the development of vascular calcification and IMT.

In the current study, the strongest evidence of association for these SELS SNPs was with
CarCP. An association between SELS and CVD-related traits extends earlier studies
examining relationships of SELS with CVD endpoints. A prospective study examining the
incidence of fatal and non-fatal coronary events and ischemic stroke in two independent
Finnish cohorts (n~1000 each) reported an association of two SELS SNPs rs8025174 and
rs7178239 with coronary heart disease (hazard ratio: 2.95) and ischemic stroke (hazard ratio:
3.35) respectively, in women [5]. In the current study we observed an association between
rs7178239 and CarCP (rs8025174 was not genotyped). Consistent with the earlier study in
which the minor allele was the risk allele, we also found the minor allele to be associated
with increased CarCP scores. However, in contrast to our findings, this earlier investigation
did not detect evidence of association for rs28665122 (rs12917258 and rs28628459 were not
measured) with the incident CVD phenotypes recorded [5], nor did another study examining
the association of rs28665122 with incident ischemic stroke in two smaller independent
samples (n~200 each) [28].

These conflicting findings may simply be the result of differences in the sample sizes across
studies or may be accounted for by differences in sample ascertainment (i.e. diabetes-
affected or unaffected) and the varying phenotypes/disease states examined. While the
current study has ~80% power to detect differences as small as 15% for SNPs with a MAF
of 0.2, we did observe MAFs as low as 0.06. If the MAFs observed in the current study are
consistent across other studies in European samples, the inability of some of the smaller
studies to replicate SELS associations with CVD traits is not surprising. As such, and given
the limited number of studies addressing these questions, further replication is required to
better clarify the association of SELS with incident CVD as well as with subclinical CVD
traits and to assess whether these associations are evident in a range of different racial
groups or if the diabetic environment enhances any effects of SELS polymorphisms.

In addition to the association between SELS variants and measures of subclinical CVD, we
also observed evidence of association between SELS SNPs and self-reported history of prior
CVD, in keeping with existing reports of SELS SNP associations with incident CVD.
However, these SNPs were not similarly associated with either all-cause or CVD-mortality.
This lack of replication across the prior CVD and CVD-mortality phenotypes may simply be
the result of the relatively small proportion of DHS participants deceased from documented
CVD causes (<10%). That said, the identified shortcomings of using cause of death
information obtained from death certificates [31, 32] should be acknowledged as a source of
potential heterogeneity in the classification of CVD mortality which may obscure any
underlying genetic associations. Alternatively, it is possible that the mechanisms through
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which SelS may mediate risk for CVD development become irrelevant in the context of
mortality where multiple other local and systemic responses may be at play.

The associations between SELS and blood glucose and HbA1C measurements are in keeping
with the possibility that SelS may be involved in the mechanisms contributing to diabetic
macrovascular disease. Consistent with findings for other known glucose-regulated proteins,
in vitro experiments have revealed a decrease in SELS expression with increasing glucose
concentrations [33] and an increase in SELS expression under insulin stimulation [6]. The
observed association of SELS with HbA1C in the current study suggests SELS as potentially
responsive to impaired glycemic control. Association with measures of glucose homeostasis,
including the homeostasis model of insulin resistance (HOMA-IR) and β-cell function
(HOMA-beta) may also be informative here, but were not available in the current study.

Also of note, alterations in SELS expression have been previously associated with cytokine
concentrations, suggesting that SelS may act to link T2DM and inflammation. For example,
the minor allele of rs28665122 has been associated with both decreased SELS expression
and increased inflammatory cytokine concentrations [15]. Our observation of more severe
vascular calcification phenotypes in association with the minor allele of rs28665122 is in
keeping with a potential inflammatory contribution to the lesion development in
atherosclerosis. However, measured SELS concentrations were not available in the DHS to
further examine these relationships. Although we did not see an association between these
SELS SNPs and systemic inflammation, reflected by CRP concentrations, other modulators
of inflammation were not examined and cannot be discounted as a possible mechanism
accounting in part for the SELS association with measures of subclinical CVD. In contrast,
we found no association between SELS and a range of other measures including
hypertension, blood cholesterol and LDL concentrations, all known to influence CVD risk.
This suggests that the contribution of SELS to risk for macrovascular complications in this
T2DM enriched sample was unlikely to be mediated through these other known risk factors.

In summary, findings from the current study reveal an association of SELS variants with
coronary and carotid calcified plaque in European Americans with T2DM. The observed
association of the SELS SNPs with both blood glucose and HbA1C suggests that SELS may
provide a link between glycemic control and vascular complications in T2DM. More
thorough characterization and improved understanding of these interactions may prove
important for the prediction and management of macrovascular complications of T2DM.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Location and linkage disequilibrium structure (represented by r2 values) for the 10 SELS
SNPs genotyped.
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Table 1

Clinical characteristics of European American (n=1182) participants in the Diabetes Heart Study.

Mean ± SD or %

Age (yrs) 61.5 ± 9.4

Gender (% female) 53.6%

Height (cm) 168.6 ± 9.7

Weight (kg) 90.6 ± 20.3

BMI (kg/m2) 31.8 ± 6.5

Diabetes affected (%) 83.5%

Diabetes Duration (yrs) 10.4 ± 7.2

Length of Follow-up (yrs) 7.3 ± 2.3

% smoking current or past 58.8%

Systolic BP (mmHg) 139 ± 19

Diastolic BP (mmHg) 73 ± 10

Hypertension (%) 85.4%

Lipid Lowering medication (%) 43.5%

Anti-hypertensive medication (%) 73.9%

Laboratory Measures

Cholesterol (mg/dL) 186.7 ± 42.3

HDL (mg/dL) 43.0 ± 12.4

LDL (mg/dL) 105.2 ± 32.7

Triglycerides (mg/dL) 200.9 ± 131.5

Blood Glucose (mg/dL) 138.6 ± 54.9

HbA1C (%) 7.3 ± 1.7

CRP (mg/L) 6.0 ± 9.8

Self reported history of

Angina 16.2%

Stroke 9.0%

Cardiovascular intervention* 23.6%

MI 19.1%

Vascular Imaging

CAC 1650 ± 3167

CarCP 315 ± 678

AACP 11112 ± 15889

IMT 0.694 ± 0.144

*
either coronary bypass grafting, coronary angioplasty or carotid endarterectomy
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