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A b s t r a c t

Introduction: The prevalence of acute myocardial infarction (AMI) among 
young patients is increasing. Although the risk factors of AMI are well de-
fined in the middle aged population, they are not clearly elucidated in young 
patients. Alternative risk factors such as genetic factors are being investi-
gated. The P-selectin ligand gene, encoding P-selectin glycoprotein ligand-1 
(PSGL-1), plays a role in atherosclerosis. In this study, we aimed to investigate 
whether there is an association between the PSGL-1 variable numbers of tan-
dem repeats (VNTR) polymorphism and AMI in a young Turkish population.
Material and methods: We examined 119 young patients, less than 40 years 
old, presenting ST elevation AMI and undergoing percutaneous coronary in-
tervention, and 53 sex and age matched controls with a  normal coronary 
angiogram. Genomic DNAs were collected from whole blood samples by 
standard methods. The PSGL-1 was amplified by polymerase chain reaction.
Results: Ninety four (78.9%) showed AA, 15 (12.6%) showed AB, 4 (3.3%) 
showed BB, 4 (3.3%) showed AC and 2 (1.7%) showed BC genotype in the 
young AMI group, and 40 (75.4%) showed AA, 9 (16.9%) showed AB, 3 (5.6%) 
showed BB, 0 (0%) showed AC and 1 (1.8%) showed BC genotype in the con-
trol group. PSGL-1 VNTR genotype frequencies were similar between groups  
(p = 0.64). Smoking was significantly higher in the young AMI group (p = 0.025).
Conclusions: In this study, we found no significant difference between 
the PSGL-1 variable numbers of tandem repeats polymorphism and AMI in 
a young Turkish population. Further studies with additional polymorphisms 
are needed for further information about the genetic influences on prema-
ture myocardial infarction.

Key words: P-selectin, P-selectin glycoprotein ligand-1, premature 
myocardial infarction.

Introduction

Although age is a well-known risk factor for coronary artery disease 
(CAD) and acute myocardial infarction (AMI), the prevalence of CAD 
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and AMI are increasing in the young population  
(< 40 years old) [1]. Six to ten percent of AMI cas-
es are observed in patients younger than 45 years 
old [2, 3]. Coronary artery disease risk factors are 
well defined in middle and advanced aged pa-
tients. However, it is believed that different risk 
factors such as genetic predisposition may have 
relevance in the development of premature AMI 
[1–5]. Inflammation is a  cornerstone of athero-
sclerosis [5]. Adhesion of circulating leukocytes to 
injured endothelium is the first step [5–7]. The se-
lectin family plays a role in initiating this cascade 
[5–8]. P-selectin (PSEL), a member of the selectin 
family, initiates leukocyte rolling, and plays a role 
in leukocyte-endothelium, platelet-endothelium  
and leukocyte-platelet interaction [6–9]. In order to  
perform its actions, PSEL needs a counter-ligand 
[6–9]. The major ligand of PSEL is P-selectin gly-
coprotein ligand-1 (PSGL-1), expressed in myeloid 
cells and localized in the coding region of the 
gene; it controls the initial interaction between 
leukocytes, platelets and endothelium [7, 9–11]. 
Recently, studies have demonstrated the function-
al relevance of PSGL-1 polymorphism and differ-
ent forms of cardiovascular diseases [9]. The most 
frequently studied polymorphism of PSGL-1 is the 
“variable number of tandem repeats” (VNTR) poly-
morphism [9, 11]. The extracellular domain length 
of PSGL-1 is altered by VNTR polymorphism that 
affects the binding efficacy of PSEL to PSGL-1 and 
leukocytes to platelets [6, 7, 9]. Activated plate-
lets are less prone to bind to neutrophils carrying 
short alleles [6, 7, 9]. Therefore these alleles may 
be protective against thrombosis [6, 7, 9]. 

In this study, we aimed to investigate whether 
there is an association between PSGL-1 variable 
numbers of tandem repeats (VNTR) polymorphism 
and AMI in a young Turkish population.

Material and methods

Study population

In this case control study, we included 119 pa-
tients younger than 40 years old admitted to the 
tertiary heart center with the diagnosis of AMI and 
undergoing primary percutaneous coronary inter-
vention (PPCI) between 2010 and 2013. The di-
agnosis of AMI was performed in the presence of 
detection of a rise and/or a fall of the cardiac bio-
marker troponin with at least one value above the 
99th percentile upper reference limit together with 
at least one of the following: symptoms of myo-
cardial ischemia, new or presumed new ST-seg-
ment changes or new left bundle branch block, 
pathological Q waves in the electrocardiogram 
(ECG), imaging evidence of new regional wall mo-
tion abnormality and/or loss of viable myocardium 
[10]. All of the patients received similar medical 

treatment. Primary percutaneous coronary inter-
vention was performed to all patients. The control 
group consisted of 53 patients younger than 40 
years old undergoing coronary angiography for 
any reason and having a normal invasive coronary 
angiogram (CAG) or multi-detector computed to-
mography coronary angiogram (MDCT). The CAG 
or MDCT was performed in those patients for pre-
operative evaluation for congenital heart defects 
or valvular heart disease because they had con-
ventional CAD risk factors. Patients with unsta-
ble angina pectoris, recent myocardial infarction 
(MI), heart failure or left ventricular hypertrophy 
were excluded. Traditional cardiovascular risk fac-
tors, medical history and the clinical parameters 
were assessed according to the medical records. 
Blood pressure measurement more than systolic  
140 or diastolic 90 mm Hg was defined as hy-
pertension. Fasting blood glucose level of more 
than 126 mg/dl was defined as diabetes mellitus 
(DM). Total blood cholesterol level over 240 mg/dl  
or low-density lipoprotein (LDL) cholesterol level 
over 130 mg/dl was defined as hyperlipidemia. 
Patients previously diagnosed as hypertensive/
diabetic/hyperlipidemic were also regarded as 
hypertensive/diabetic/hyperlipidemic. Body mass 
index (BMI) was defined as weight in kg divided 
by height in m2. Family history was defined as CAD 
in a parent or sibling before 60 years of age. Sub-
jects were defined as smokers if they were current 
smokers. The study protocol was approved by the 
local ethics committee, and written informed con-
sent was taken from all patients. The study was 
conducted in accordance with the Declaration of 
Helsinki, Good Clinical Practice (GCP) and Interna-
tional Conference on Harmonization (ICH) guide-
lines. 

Genotyping and detection of P-selectin 
glycoprotein ligand-1 polymorphism

Two milliliters of venous blood samples were 
collected from all subjects into the EDTA-treat-
ed vacutainers. The genomic deoxyribonucleic 
acid (DNA) was extracted by using a spin column 
DNA isolation kit (Quick Blood DNA Isolation Kit, 
HibriGen, Istanbul, Turkey). Oligonucleotide prim-
ers specific for the PSGL-1 VNTR genomic regions 
listed below were used in this study (5′- CAT GAG 
AGA CAT CGC CTC TG-3′, 5′- GAC CTA ACA TGT TCT 
AGC CAG AAG- 3′).

Polymerase chain reaction (PCR) conditions 
(for 50 ml reaction)

Three milliliters of genomic DNA were added 
to the main mixture of 23 ml of sterilized water, 
0.5 ml of primer-reverse, 0.5 ml of primer-forward, 
and 24 ml of 2X PCR master mix (PCR Master Kit, 
HibriGen, Istanbul, Turkey). Then, the mixture was 
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vortexed and loaded to a thermal cycler. A total of 
35 cycles were performed for 3 min at 95°C, 25 s 
at 95°C, 45 s at 56°C and 45 s at 72°C. Extension 
time was adjusted to 10 min for the last cycle and 
then ended. Polymerase chain reaction products 
(8–10 ml) were collected and controlled on 1% 
agarose gel.

Interpretation of the results

A/A  (homozygote) genotype showed 1 frag-
ment of 558 bp, and A/B (heterozygote) genotype 
showed 2 fragments of 558 and 538 bp.

Statistical analysis

Number Cruncher Statistical System (NCSS) 
2007 Statistical Software (NCSS Statistical Soft-
ware, Utah, USA) was used for statistical assess-
ment of this trial. Mean value, standard deviation, 
median and interquartile range were used for 
descriptive statistical evaluation. Normally distrib-
uted variables were compared between groups 
using the independent t-test, and non-normally 
distributed variables were compared using the 
Mann-Whitney U test. Qualitative data were eval-

uated by the c2 test. A  p-value lower than 0.05 
was considered statistically significant.

Results

Demographic characteristics of the groups are 
given in Table I. Mean age, sex, height, weight and 
BMI were similar among the groups (p > 0.05). 
Smoking was significantly higher in the young 
AMI group than the control group (80 (82.47%) vs. 
26 (49.06%), p = 0.025). Diabetes and hyperten-
sion frequencies were similar among the groups 
(p = 0.08 and p = 0.74, respectively). Family history 
of CAD was similar among the groups (p = 0.38). 
The allele frequencies were 0.89 for the A allele, 
0.08 for the B allele and 0.02 for the C allele in the 
young AMI group and 0.84 for the A allele, 0.14 
for the B allele and 0.09 for the C allele in the con-
trol group (Table II). PSGL-1 gene VNTR polymor-
phism analyses of the groups are given in Table III.  

Table I. Demographic and clinical characteristics of the groups

Parameter Young AMI (n = 119) Control (n = 53) P-value

Age [years] 35.71 ±4.27 36.74 ±4.27 0.55

Height [cm] 170.06 ±8.15 170.32 ±7.2 0.799

Weight [kg] 79.2 ±15.96 80.57 ±13.51 0.776

BMI 27.28 ±4.54 27.78 ±4.4 0.499

Gender:

Male 103 86.55% 39 75.00% 0.647

Female 16 13.45% 13 25.00%

Smoking 80 82.47% 26 49.06% 0.025

Diabetes 8 6.72% 2 3.77% 0.086

Hypertension 17 14.28% 7 13.20% 0.741

Family history 58 48.74% 22 41.51% 0.38

Creatinine [mg/dl] 0.8 (0.7–0.9) 0.9 (0.7–1) 0.224

LDL [mg/dl] 123.74 ±38.62 133.5 ±38.87 0.095

BMI – body mass index, AMI – acute myocardial infarction.

Table II. Allele frequencies of the groups

Allele Young AMI (n = 119) Control (n = 53)

A  86.97% 84.90%

B 10.50% 14.15%

C 2.52% 0.94%

AMI – acute myocardial infarction.

Table III. PSGL-1 gene VNTR polymorphism analysis 
of the groups

PSGL-1  
polymorphism

Young AMI  
(n = 119)

Control  
(n = 53)

P-value

AA 94 (78.99%) 40 (75.47%) 0.64

AB 15 (12.60%) 9 (16.98%)

BB 4 (3.36%) 3 (5.66%)

BC 2 (1.68%) 0 (0.00%)

AC 4 (3.36%) 1 (1.89%)

PSGL-1 – P-selectin glycoprotein ligand-1, VNTR – variable number 
of tandem repeats, AMI – acute myocardial infarction.
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Ninety four (78.9%) showed AA, 15 (12.6%) show
ed AB, 4 (3.3%) showed BB, 4 (3.3%) showed AC 
and 2 (1.7%) showed BC genotype in the young 
AMI group, and 40 (75.4%) showed AA, 9 (16.9%) 
showed AB, 3 (5.6%) showed BB, 0 (0%) showed 
AC and 1 (1.8%) showed BC genotype in the con-
trol group. The genotype frequencies were not sta-
tistically different between the groups (p = 0.64).

Discussion

The main finding of this study is that there is 
no significant difference in PSGL-1 VNTR polymor-
phism frequency between young MI patients and 
control patients with cardiovascular risk factors. 
This finding is in agreement with previous studies 
that also reported no association between VNTR 
polymorphism and different types of CAD. To our 
knowledge, although there are limited numbers 
of studies evaluating the role of PSGL polymor-
phism in premature MI, our study is the first with 
a  control group which consisted of patients with 
cardiovascular risk factors and normal coronary 
arteries demonstrated via CAG or MDCT. In most 
of the studies evaluating PSGL polymorphism, con-
trol groups were composed of subjects who were 
considered to be healthy. We also demonstrated 
that smoking is the most significant risk factor for 
premature MI in the Turkish population. Previous 
studies have also demonstrated higher smoking 
prevalence in premature MI patients compared to 
elderly MI patients [1–3]. 

Atherosclerosis is a  complex disease formed 
by interaction of genetic and environmental fac-
tors [1–7]. The genes involved in the inflammatory 
processes may also contribute to thrombotic pro-
cesses [4, 5, 8]. Previous studies have revealed the 
role of PSEL and its ligand PSGL-1 expression in 
early atherosclerosis [7, 9, 11, 12]. Molenaar et al. 
showed the key role of PSEL in PSEL-deficient mice 
by demonstrating the correlation between PSEL 
expression and early and advanced atherosclerot-
ic plaque development [12]. In the literature, the 
most frequently studied PSGL-1 polymorphism is 
the VNTR polymorphism [7]. There are 3 alleles of 
this gene: A, B and C. The most frequent allele is A, 
which has 16 repeating units, and the rare alleles 
B and C have 15 repeating units [8]. The length of 
PSGL-1 is modified in AA, BB and CC homozygotes, 
and the ligand-binding site configuration varies in 
AB, BC and AC heterozygotes, which affects their 
binding capacity to the activated platelets and de-
velopment of atherosclerosis [6, 8, 9]. Hancer et al. 
determined the PSGL-1 VNTR polymorphism da-
tabase of the Turkish population previously [13]. 
The A, B and C allele frequencies were 0.818, 0.16 
and 0.02 respectively, which was similar to our 
findings [13]. The allele frequencies were 0.89 for  
the A allele, 0.08 for the B allele and 0.02 for the  

C allele in the young AMI group in our study, which 
were not different from the control group and sim-
ilar to the general Turkish population.

Although it is not statistically significant, the 
C allele frequency was higher in the young AMI 
group than the control group in our study (2.52% 
vs. 9.94% respectively). Unlike us, Roldán et al. re-
ported a possible protective role of shorter VNTR 
alleles (B and C) against premature MI [14]. The 
frequency of the shorter alleles was significantly 
lower in AMI patients younger than 45 years old 
compared to healthy controls in their study (p = 
0.012) [14]. Bugert et al. performed two indepen-
dent studies regarding the association between 
PSGL-1 VNTR polymorphism and CAD [8]. In the 
first trial, conducted on 678 patients, heterozy-
gotes had higher CAD incidence, but in the other 
trial, conducted on 3662 patients, they did not 
find an association [8]. Therefore, similar to us, 
they concluded that PSGL-1 VNTR polymorphism 
may not be a risk factor for CAD [8]. Lozano et al.  
demonstrated an association between shorter  
VNTR alleles and cerebrovascular disease but not 
with CAD [15]. Ghazouani et al. were not able 
to find any significant difference among PSGL-1 
VNTR allele variants in Tunisian patients with CAD 
[11]. Ozben et al. also did not reveal any associa-
tion between PSGL-1 VNTR polymorphism and in-
stent restenosis in a Turkish population [9]. They 
also detected the AA genotype as the most com-
mon PSGL-1 VNTR allele (64%), and they found 
similar allele frequencies in patients younger than 
50 years old [9]. Similarly, we did not find any as-
sociation between PSGL-1 VNTR polymorphism 
and premature MI in a young Turkish population. 

Our study does have some limitations. The 
main limitations of our study were its single-cen-
tered basis and relatively small population size. 
Because of the comparative rarity of BB, BC and 
AC polymorphisms (< 4 individuals in each group), 
the results of our study were underpowered. 
However, we believe that our results reflect the 
general Turkish population. We did not look for 
any other polymorphisms suggested to be relat-
ed to premature AMI. Another limitation is the 
cross-sectional design of our study, which allows 
us only to explore associations. Also there may 
have been survival bias because we only includ-
ed patients surviving AMI, which may have led to 
polymorphism underestimation. We could have 
measured inflammatory markers while we were 
evaluating inflammation as the key mechanistic 
pathway. However, our aim was to explore the ge-
netic factors, not the inflammatory markers that 
were previously studied. Despite its limitations, 
an important feature of the present study is the 
comparison of premature MI patients with the 
controls consisting of angiographically normal 
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subjects. We believe that positive findings in small 
cohort studies may be incidentally or ethnicity re-
lated, as others also suggested [6].

In conclusion, in this study, we found no signif-
icant difference between PSGL-1 VNTR polymor-
phism and young AMI in a Turkish population. The 
traditional cardiovascular risk factor profiles of 
young AMI patients were very similar to controls 
in our study. Larger randomized trials conducted 
on Turkish and different ethnic groups with addi-
tional polymorphisms are needed for further infor-
mation about the genetic influences on premature 
myocardial infarction. 
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