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Abstract

Genetic variations of the scavenger receptor class B type I (SR-BI) have been demonstrated to be associated with plasma lipid parameters,
anthropomorphic parameters, and coronary artery disease. We determined the frequency of 3 single-nucleotide polymorphisms within the SR-
BI gene (SCARBI) in 354 patients with peripheral arterial disease (PAD) and 354 controls matched for age, sex, and diabetes and related to
lipids and disease state, that is, PAD. SCARBI combined genotype exon 1/intron 5/exon 8§ were found to be associated with plasma total and
low-density lipoprotein cholesterol levels, respectively. In terms of disease, a significant risk for PAD was observed in female subjects
carrying the common allele of exon & (odds ratio, 2.623; 95% confidence interval, 1.321-5.208; P =.003). The variant allele of intron 5 was
found to be a risk factor for PAD in men (odds ratio, 2.182; 95% confidence interval, 1.288-3.698; P = .005). Furthermore, the SCARBI
combined genotype intron 5/exon 8 proved predictive for PAD in the whole population (P = .006), which remained significant after
correction for traditional risk factors. In conclusion, in the present study population, SCARBI polymorphisms not only show associations
with plasma levels of total and low-density lipoprotein cholesterol, respectively, but also with the risk for PAD.

© 2007 Elsevier Inc. All rights reserved.

1. Introduction

The scavenger receptor class B type I (SR-BI) is a high-
density lipoprotein (HDL) receptor that mediates “selective
lipid uptake” of HDL-derived cholesteryl esters into cells
without internalization of the major apolipoproteins of HDL,
that is, apolipoprotein A-I and apolipoprotein A-II. The SR-
BI complementary DNA (cDNA) was first identified in
mice by expression cloning [1] followed by cloning of SR-
BI homologues of several species. The human homologue
of SR-BI originally identified as CD36 and LIMPII
analogous-1 was mapped to chromosome 12 [2,3]. In
rodents, SR-BI was shown in in vitro and in vivo studies to
function as physiologic and pathophysiologic germane
receptor for HDL metabolism [4-9] and to play a role in
the development of atherosclerosis [10-13]. In humans, the
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role of SR-BI on plasma HDL cholesterol and other lipids
and lipoproteins is not well known as studies concerning
SR-BI expression and function in humans are limited by the
availability of samples from SR-Bl-expressing tissues.
However, on the genetic level, several polymorphisms
have been identified in various populations, and associations
were found with plasma lipid levels and anthropomorphic
parameters [14-22]. Some of these studies are suggesting
that SCARBI genotypes may play a role in the development
of coronary artery disease (CAD); in female patients with
CAD, combined genotypes at exon 8§ (C—T transition at
cDNA 1050 base position) and intron 5 (C—T transition)
were associated with abnormal lipids [16]. The common
allele of the exon 8 polymorphism was higher in Korean
patients with CAD [22]. In addition, carriers of the exon 8
common allele showed an elevated risk for CAD [21].

In this study, we were interested whether these poly-
morphisms are also associated with atherogenic effects in
other vascular territories, that is, with peripheral arterial
disease (PAD).
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Many factors related to the development, outcome, and
prevention of atherosclerosis in peripheral arterial territories
are shared with coronary atherosclerosis. However, there are
some differences regarding traditional risk factors, patho-
physiology, genetic risk factors, and therapy [23]. Within the
classic risk factors for CAD, cigarette smoking and diabetes
convey the greatest risks for patients with PAD. In addition,
the combination of elevated triglycerides and low HDL
cholesterol, as well as sex and ethnicity are associated with
peripheral artery disease [23]. As an example for pathophy-
siologic differences, thrombosis may have a more important
role in PAD as inhibition of the platelet ADP receptor is more
effective in reducing cardiovascular events in patients with
PAD than with CAD [24]. Moreover, once disease is
apparent in one vascular territory, there is increased risk
for adverse events in other territories. Patients with PAD
have a 4-fold greater risk of myocardial infarction and a 2- to
3-fold greater risk of stroke than patients without PAD.

In the present study, we further addressed the question
regarding potential differences between coronary and peri-
pheral artery diseases. Accordingly, we determined genotype
frequency of 3 common SCARB! polymorphisms in exon I,
exon 8, and intron 5 cross-sectionally in 354 patients with
chronic atherosclerotic arterial disease of the lower extre-
mities and 354 controls matched for age, sex, and diabetes.

2. Materials and methods
2.1. Study population

Patients included in this study were participants of the
Linz Peripheral Arterial Disease (LIPAD) study [25].
Peripheral arterial disease was defined as chronic athero-
sclerotic disease of the lower extremities associated with
typical symptoms, such as claudication or leg pain upon
exertion, rest pain, or minor or major tissue loss, and was
verified by interview, physical examination, sonography, and
angiography. All cases with acute ischemia, defined as
described previously [26], were excluded. Further exclusion
criteria were PAD caused by nonatherosclerotic causes (eg,
cardioembolic disease, vasculitis) and the history or presence
of any malignancy. Diabetes mellitus was defined by use of
any glucose-lowering medication or by fasting glucose levels
of 126 mg/dL or higher. Control subjects were matched to
the patients with PAD in a 1:1 design by sex, age (+2 years),
and diabetes. All control subjects were patients of the
Konventhospital (Linz, Austria), were generally in good
health, and were admitted for treatment of minor health
problems, such as cataract surgery, vertebrogenic pain, or
nonvascular surgery (eg, herniotomia, varicose vein extirpa-
tion). All of them had an ankle-brachial pressure index of 1.0
or higher (median ankle brachial index, 1.17; interquartile
range, 1.09-1.29; range, 1.00-2.00), no pathologic pattern of
pulse waves in lower limbs by continuous-wave spectral
analysis, no ischemic heart disease, and no stenosis of the
internal carotid artery of 50% or greater on color duplex

sonography. Smoking was classified according to recom-
mended standards as any amount of tobacco use including
abstinence of less than 1 year [26]. Arterial hypertension was
defined as the use of any antihypertensive medication, or
systolic blood pressure of 145 mm Hg or higher, or diastolic
blood pressure of 90 mm Hg or higher as recommended by
Rutherford et al [26]. Blood samples were taken from all
subjects under standardized conditions after an overnight
fasting period. We measured conventional cardiovascular
risk factors, such as lipids, lipoproteins, fasting glucose,
glycosylated hemoglobin A, (HbA,.), total homocysteine,
and high sensitivity C-reactive protein. Eighty-seven cases
and none of the controls were on lipid-lowering medication.
All subjects provided informed consent, and the protocol
was approved by the review committee.

In this series of patients with PAD, the frequencies of
concomitant CAD and cerebrovascular disease were 109
(31%) and 72 (20%), respectively. Furthermore, 96 patients
with PAD exhibited internal carotid stenosis of 50% or
greater. At enrollment, 96 patients with PAD reported a
history of remote percutaneous transluminal angioplasty with
or without stenting; 74 patients, a history of vascular surgery;
and 20 patients, one of minor amputations, respectively. Per
definition, none of the 354 control subjects had CAD,
cerebrovascular disease, or an internal carotid stenosis of
50% or more. The median ankle-brachial pressure index in
patients with PAD was 0.65 £ 0.29 and 1.21 + 0.16 in
controls. In addition, all examination techniques used in the
LIPAD study have been described in more detail recently
[25]. In addition to the present study, 2 polymorphism-based
studies concerning the LIPAD population have been
performed so far [25,27].

2.2. DNA analysis

Genomic DNA was isolated from buffy coat prepared
from EDTA whole blood samples using the Purgene DNA
isolation kit (Gentra Systems, Lund, Sweden) and was frozen
at —80°C for further assessment. SCARBI genotyping was
carried out by digestion of polymerase chain reaction (PCR)
products for exon 1 (G—A at cDNA position 4, Gly—Ser
change at amino acid position 2), intron 5 (C—T, at intron
position 55), and exon 8 (C—T at cDNA position 1050,
silent mutation at amino acid position 350) [14], and/or by
allelic discrimination using the 5’ nuclease assay with
fluorogenic probes [28] on a Mx4000 Multiplex Quantitative
PCR System (Stratagene, La Jolla, CA) as described.

2.3. Statistical analysis

Statistical analysis was performed using SPSS version
11.5 (SPSS, Chicago, IL). Differences in allele frequencies
and assumption of Hardy-Weinberg equilibrium were
estimated by gene counting followed by % test. Differences
in mean values between cases and controls were determined
using 2-tailed Student ¢ test. Normality distribution for all
continuous variables was checked using Kolmogorov-
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Table 1

Clinical characteristics of cases and controls

Characteristic Controls (n = 354) Patients with PAD (n = 354) P

Sex, M/F (n [%]) 248 (70.1)/106 (29.9) 248 (70.1)/106 (29.9) 1.000*°
Age (y) 67.1 = 10.6 66.8 = 10.6 700"
Body mass index (kg/m?) 27.0+4.0 26.7 +4.1 267
HbA . (%) 6.42 +1.54 6.70 £ 1.69 .011°¢
Fasting glucose (mg/dL) 120.3 £ 54.5 123.1 £ 56.3 .500
Total cholesterol (mg/dL) 212 + 44 228 £53 <.001
LDL cholesterol (mg/dL) 134 + 34 152 £ 46 <.001
HDL cholesterol (mg/dL) 53+17 51+18 .020°
Triglycerides (mg/dL) 134+ 76 166 +103 <.001°
Total homocysteine (umol/L) 156 +£7.2 17.7+7.9 <.001°
hs C-reactive protein (mg/L) 79+19.5 15.8 £40.8 .001
Current smoking® (n [%]) 40 (11.3) 154 (43.5) <.001?*
Arterial hypertension (n [%]) 159 (44.9) 207 (58.5) <.001*%
Ankle brachial index 1.21 £0.16 0.65 + 0.29 <.001°¢

hs indicates high sensitivity.
* Statistical test was performed with y? test for categorical values.
® Matched variables.

¢ Statistical test was performed with Student ¢ test, where logarithmic transformations were applied to nonnormally distributed parameters.
4 Current smoking was defined as any amount of tobacco use including abstinence for less than 1 year.

Smirnov statistic, and logarithmic transformations were
applied for ankle brachial index, HDL cholesterol, HbA .,
homocysteine, and triglyceride plasma levels. y” test was
used to compare categorical variables. Differences between
genotypes concerning lipid parameters were examined with
analysis of variance. Relationship between SCARBI geno-
types and PAD was tested using multivariate logistic
regression with PAD as dependent variable. Current
smoking, arterial hypertension, low-density lipoprotein
(LDL) cholesterol, triglycerides, HbA;., and total homo-
cysteine were included as covariates into the final model.
Covariate selection was based on significant univariate
differences and clinical relevance. P values of less than .01
were considered to indicate statistical significance to correct
for multiple testing.

3. Results

3.1. Main characteristics of study population

Patients included in this study were participants of the
LIPAD study [25]. Clinical characteristics of our study
sample consisting of 354 patients with PAD and 354 controls
matched for age, sex, and diabetes are shown in Table 1. The
prevalence of current smoking and arterial hypertension was
significantly lower in the control group. In addition, there
was also a statistically significant difference between cases
and controls with respect to their HbA,., total and LDL
cholesterol, triglycerides, high-sensitivity C-reactive protein,
and total homocysteine.

3.2. Genotype distribution

Frequencies of SCARBI polymorphisms in exon 1, intron 5,
and exon 8 were analyzed by allele-specific Tagman PCR in all
study samples. Results from comparison of these measurements

with data obtained using restriction digestion of amplified
fragments in 20 patients were in total agreement (data not
shown). The genotype distribution of all 3 polymorphisms did
not differ from that expected in Hardy-Weinberg equilibrium
(data not shown) and are listed in Table 2. Regarding the total
population, allele frequencies of SCARBI polymorphisms were
not different between patients with PAD and controls,
respectively. However, post hoc analyses of men and women
showed significant different frequencies of infron 5 variants
exclusively in men and those of exon § variants exclusively in
women, respectively (Fig. 1). Accordingly, a significant risk for
PAD was observed in subjects carrying the common allele of
exon 8 in women (odds ratio [OR], 2.623; 95% confidence
interval [CI], 1.321-5.208; P =.003) but not in men (OR, 1.000;
95% CI, 0.767-1.879; P = .494). Concerning subjects carrying
the variant allele of infron 5, a borderline significant risk for

Table 2

Genotype frequencies of cases and controls

Genotype Controls Cases P-value *
(n [%]) (n [%])

Exon 1

GG 283 (79.9) 284 (80.2)

GA 68 (19.2) 65 (18.4) 752

AA 3(0.8) 5(1.4)

Intron 5

cC 311 (87.9) 288 (81.4)

CT 39 (11.0) 63 (17.8) .036

TT 4(1.1) 3(0.8)

Exon 8

CcC 101 (28.5) 107 (30.2)

CT 170 (48.0) 188 (53.1) .077

TT 83 (23.4) 59 (16.7)

* As compared by +*-test (Pearson).
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Fig. 1. Genotype frequencies of polymorphisms exon 8 and intron 5 shown for the total population, for men, and for women, respectively. P values of 3> tests
(Pearson) comparing genotype frequencies between patients with PAD (black bars) and controls (white bars) are given.

PAD was found in the total population (OR, 1.657; 95% CI,
1.093-2.513; P = .022). In subgroup analysis, this association
turned out to be significant in men (OR, 2.182; 95% CI, 1.288-
3.698; P =.005) but not in women (OR, 1.000; 95% CI, 0.496-
2.018; P = 1.000).

In agreement with previous studies, polymorphisms in
exon 8 and intron 5 were in strong linkage disequilibrium
(P <.0001). The linkage between these polymorphisms was
found not only in the total population but also in separate
analyses of men and women. Further examination of
combined genotype exon 8/intron 5 showed an association
of this combined genotype with case/control status (P =
.006, Fig. 2).

Next to univariate analysis, we performed a multivariate
logistic regression analysis adjusting for classic risk factors
of atherosclerosis including current smoking, arterial
hypertension, LDL cholesterol, triglycerides, HbA,., and
total homocysteine. Concerning individual polymorphisms,
a borderline significant increased OR was found for intron 5
(OR, 1.736; 95% CI, 1.123-2.684; P = .013) but not for
polymorphism exon 8 (OR, 1.536; 95% CI, 0.958-2.464;
P =.075). However, the combined SCARBI genotype intron
S/exon 8 proved predictive for PAD (OR, 2.321; 95% CI,
1.280-4.208; P = .006) (Table 3).

3.3. Genotype-phenotype associations

Concerning individual polymorphisms, a borderline
significant association could be found between SCARBI
exon 1 and total cholesterol (222 +49 vs 211 + 50 mg/dL for

genotypes GG and GA + AA, P=.012), as well as with LDL
cholesterol (145 £ 42 vs 135 £ 41 mg/dL for genotypes GG
and GA + AA, P=.013), respectively. In addition, we found
significant associations between SCARBI combined geno-
type exon 1/intron 5/exon 8 with total and LDL cholesterol,
respectively (Table 4).

4. Discussion

Results from recent studies suggest a role of SCARBI
genotypes for the development of CAD in humans; in
female patients with CAD, combined genotypes at exon §

100 4
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Fig. 2. Genotype frequencies of combined exon 8/intron 5 genotypes.
P value of y° test (Pearson) comparing genotype frequencies between
patients with PAD (black bars) and controls (white bars) is given.
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Table 3

Multivariate logistic regression analysis for the presence of PAD including
SCARBI exon 8 (A) and intron 5 (B) polymorphisms, as well as combined
genotype of SCARBI exon 8 and intron 5 polymorphisms (C), respectively

OR of PAD 95% CI pP?
A.
Current smoking” 7.588 4.892-11.770  <.001
Arterial hypertension 2.485 1.736-3.557  <.001

HbA . (per 0.1%) 1.014
Total homocysteine (per 1 umol/L) 1.047
LDL cholesterol (per 10 mg/dL) 1.119
Triglycerides (per 10 mg/dL) 1.009
Exon 8 C-allele (CC + CT vs TT)  1.736

1.003-1.025 .015
1.019-1.075 .001
1.070-1.171  <.001
0.988-1.030 406
1.123-2.684 .013

B.

Current smoking® 7.370 4.760-11.411 <.001
Arterial hypertension 2.531 1.769-3.623  <.001
HbA, . (per 0.1%) 1.013 1.002-1.024 .020

Total homocysteine (per 1 umol/L) 1.045
LDL cholesterol (per 10 mg/dL) 1.116
Triglycerides (per 10 mg/dL) 1.010
Intron 5 T-allele (TT + CT vs CC)  1.536

1.107-1.073 .001
1.067-1.167  <.001
0.989-1.031 346
0958-2.464 .075

C.
Current smoking® 7.436 4.791-11.542  <.001
Arterial hypertension 2.492 1.738-3.574  <.001

1.002-1.025 .019
1.018-1.075 .001
1.068-1.169  <.001
0.989-1.030 388
1.280-4.208 .006

HbA, . (per 0.1%) 1.013
Total homocysteine (per 1 umol/L) 1.046
LDL cholesterol (per 10 mg/dL) 1.117
Triglycerides (per 10 mg/dL) 1.009
Exon 8/intron 5 2.321

? Multivariate odds ratios were calculated with logistic regression
analysis without variable selection technique (all variables were included
simultaneously into the model). Age and sex were not included into the
analysis because patients and controls were matched for these variables.

® Current smoking was defined as any amount of tobacco use including
abstinence for less than 1 year.

and intron 5 were found associated with an abnormal lipid
profile [16]; in Korean patients with CAD, the frequency of
the common allele of exon 8 polymorphism was elevated
[22]; and in the Prospective Cardiac Gene study, carriers of
the exon 8§ common allele showed an elevated risk for
CAD [21]. In this report we present the first study to extend
these findings to patients with PAD; in women carrying the
common allele of exon 8§ and in men carrying the variant

Table 4
Plasma lipoproteins by SCARBI combined phenotypes

allele of intron 5, the risk for PAD was found significantly
elevated. These relationships may be explained by the
known associations between SCARBI genotypes and
plasma lipid parameters. We indeed found significant
associations between SCARBI combined genotype
exon l/intron 5/exon 8 with total and LDL cholesterol in
our study. Further explanations may be envisioned looking
at additional functions of SR-BI without considerable
influence on plasma levels of lipoproteins, for example,
efflux of cholesterol from foam cells within atherosclerotic
plaques, which is not believed to result in significant
changes of plasma lipid levels. However, data concerning
the relative contribution of SR-BI to cholesterol efflux from
macrophages are still controversial [29-31].

Surprisingly, we found a greater incidence of PAD in
women that are heterozygous for the exon 8 polymorphism
than in women homozygous for either allele. This phenom-
enon may de due to a conceptual bias of this study due to use
of exclusion criteria leading to diminished representation of
female patients with PAD homozygous for the common
allele of exon 8. Alternatively, this phenomenon may be due
to a gene-dose effect. Accordingly, different levels of SR-BI
expression in mice led to controversial effects regarding the
development of atherosclerotic lesions. A moderate expres-
sion of SR-BI was shown to be antiatherogenic, but this
effect was reversed by highly elevated expression levels of
SR-BI in these animals [13].

Most of the associations found in this work appear to act
in a sex-dependent way. Subgroup analysis of men and
women showed significant different frequencies of intron 5
variants exclusively in men and those of exon & variants
exclusively in women, respectively. These results were not
unexpected as sex-dependent associations between SCARBI
genotypes and various clinical parameters including lipid
parameter, BMI, and risk for CAD were found in most
investigations dealing with SCARBI polymorphisms. One
explanation for this phenomenon may be a possible
interaction between SCARBI genotype and estrogen-depen-
dent regulation of SR-BI expression; estrogens have been
shown to influence plasma HDL cholesterol levels on one
hand and expression of SR-BI on the other [32,33]. In
addition, the response of HDL cholesterol to hormone-

Combined phenotype?® (exon 1/intron 5/exon 8) n T-CHOL (mg/dL) HDL (mg/dL) LDL (mg/dL) Triglycerides (mg/dL)
GG/CC/TT 104 226 + 47° 53 +21 147 + 39 150 £ 96
GG/CC/(CT + CC) 379 218 +49 52+17 141 £ 42 147 + 83
GG/(CT + TT)/CT + CC) 82 236 + 48 54416 157 + 42 151 + 78
(GA + AA)/CC/TT 35 207 + 45 53+ 19 129 + 41 142 £ 98
(GA + AA)/CC/(CT + CC) 81 217 + 52 49+ 15 140 + 39 166 + 126
(GA + AA)/(CT + TT)/(CT+CC) 25 192 + 48 46 £ 15 123 £43 145 +£ 95
P=.002° P=.106 P=.002 P=.684

? Data of combined genotype 121 (n = 2) are not shown.
® Data are presented as mean + SD.
¢ One-way analysis of variance.
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replacement therapy in postmenopausal women has been
shown to be dependent on the presence of a genetic variant in
the estrogen receptor gene [34]. It has been proposed that
polymorphisms within the SCARBI gene could, in an
analogous manner, modulate the influence of estrogen on
both SR-BI expression and lipoprotein parameters [16,21].
Sex-specific effects may also be explained by the fact that
SR-BI is capable of exerting different functions depending
on the site of expression (steroidogenic tissues vs liver and
macrophages) and on parameters influencing its function,
for example, cholesteryl gradient in cells (liver cell vs foam
cell within atherosclerotic plaques), plasma concentration
and composition of HDL particles, as well as plasma
triglyceride levels influencing HDL metabolism via choles-
terol ester transfer protein. Major differences are observed
concerning these parameters between males and females.

Despite numerous studies having shown associations
between SCARBI genotypes in intron 5 and exon 8 with
various clinical parameters, the causative role of these
variants is still unclear. As both variants do not lead to any
change in amino acid sequence of SR-BI, possible effects
must be limited to regulatory mechanisms. The intron 5
polymorphism is not known to interfere with splicing or
gene regulation. Exon 8 polymorphism has been claimed to
constitute a marker of other functional polymorphisms.
However, no linkage has been found between a known
functional promoter variant with both exon &8 and intron 5
polymorphisms [21]. In addition, this promoter variant
seems to be extremely rare in white populations. As far as
the functionalities of the exon &8 and intron 5 polymorph-
isms are concerned, Rodriguez et al have indeed demon-
strated an association between SCARBI messenger RNA
levels and SCARBI exon 8/intron 5 haplotypes in isolated
peripheral blood mononuclear cells with highest levels of
expression in cells carrying the variant allele of exon § and
the common allele in intron 5. Taken together with data
demonstrating associations of these variants with CAD
shown by others and with PAD reported in this study,
these experiments suggest an atheroprotective role of
SR-BI in humans.

A limitation of the present study may be the fact that the
study design was cross-sectional and that the study
population was a selected subgroup of the overall
population with PAD as described in the Materials and
methods section (white patients admitted for inpatient
diagnostics and treatment of atherosclerotic PAD). Thus,
the findings cannot be generalized to patients who are not
of Caucasian origin, asymptomatic patients with PAD, or
patients who do not meet the criteria for hospitalization.
Another limitation may be due to the limited number of
patients, especially in subgroup analysis. This could be the
cause for the rather high ORs concerning PAD observed in
our population, as studies including rather small number of
patients have been shown to overestimate OR values [35].

In conclusion, showing associations between SCARBI
polymorphisms exon 8 and intron 5 and PAD, we suggest

that SR-BI not only is associated with the development of
CAD as was shown by others, but also plays a role in the
development of PAD in humans.
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