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A b s t r a c t: In the etiology of coronary artery disease there are many factors 

involved as a result of the complex interaction between genetic predisposition and envi-
ronmental influences. The lipoprotein lipase (LPL) plays a very important role in lipid 
metabolism. It hydrolyzes the triglycerides in hylomicrones and very low density 
lipoproteins – VLDL. PvuII polymorphism in the LPL gene is a frequent variant and it 
increases triglyceride levels and the risk of the appearance of coronary arterial disease. 

Aim: The aim of this work is to show LPL-PvuII polymorphism as an indepen-
dent risk factor and also as a predictor of coronary arterial disease in the Macedonian 
population. 

Material and Methods: The study included 109 randomized patients with coro-
nary artery disease (CAD) (83 males, 26 females), treated at the Cardiology Clinic. The 
stenosis of coronary arteries greater than 70% of the artery lumen was angiographically 
documented in the CAD group. The control group consisted of 32 patients (25 males, 7 
females) with documented normal coronarographic findings. The patients’ age ranged 
from 50 to 59; the mean age in the CAD group was 59.4 and the mean age in the control 
group was 57.9. LPL-PvuII polymorphism in the intron 6 in the CAD and control group 
was detected by PCR amplification and restriction enzyme digestion. 

Results: A statistically significant association between CAD and the control 
group was found regarding the presence of hyperlipidaemia (p < 0.001), diabetes (p < 
0.05) and the use of antilipidaemic drugs (p < 0.049). The presence of LPL-PvuII poly-
morphism in both investigated groups does not represent a statistically significant risk 
factor for the appearance of coronary artery disease (p = 0.816). 
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The PvuII + allele frequency of 0.495 and 0,469 was obtained in both the an-
giographically confirmed CAD and the control groups, respectively. This finding indi-
cates no significant differences between the prevalence of the LPL-PvuII genotypes in 
both study groups, suggesting a lack of association of LPL-PvuII polymorphism with 
CAD.  

However, the homozygous genotype (PvuII +/+) was more prevalent in the 
CAD group (22.9%) in comparison with the control group (15.6%). 

Conclusion: In our study LPL-PvuII polymorphism was not identified as an 
independent risk factor for the appearance of CAD. 

 
Key words: LPL-PvuII polymorphism, coronary artery disease. 

 
 

Introduction 
 
Coronary artery disease (CAD) is a leading cause of exceptionally high 

invalidity, mortality and morbidity in the world. Atherosclerosis is a complex 
process, and several major risk factors and a growing number of new risk mar-
kers have been reported which contribute to an understanding of the etiopatho-
genetic mechanisms of CAD [14]. Thus, when evaluating the individual risk 
concerning coronary artery disease, the determination of the genotype for cer-
tain mutations and polymorphism has an important role, besides the relevant 
phenotype measurable laboratory and clinical parameters. In the greatest num-
ber of cases of coronary artery disease, specific polymorphism or mutations in 
certain genes can be found [24, 28].  

The association between polymorphisms and mutations in the lipo-
protein lipase (LPL) gene has been the subject of numerous studies [6]. The 
LPL gene is located on the short branch of the 8p22 chromosome and extends to 
a length of 30 kb. It consists of 10 exons with high evolutionary conservation 
(homology between the species). The complementary DNA (cDNA) codes a 
protein with 475 amino acid residues including a 27 amino acids signal peptide. 
The protein product of this gene is the LPL enzyme. It is a multifunctional pro-
tein which hydrolyzes the triglycerides from the circulating hilomicrones and 
from the cholesterol complexes with very low density (VLDL). The liberated 
triglycerides are metabolized in hepathocytes or converted into LDL particles 
by the hepatic lipase. During this process, the free cholesterol and phospholipids 
transfer into HDL particles thus increasing the concentration of HDL-choleste-
rol. The catalytic centre of the enzyme is formed by three amino acid residuals, 
namely serin-132, asparagine acid-156 and histidin-241. About 100 mutations 
and single nucleotide polymorphisms (SNPs) in the human LPL gene have been 
described so far. The missense mutations dominate (61) by substitution of one 
into another amino acid residual. The greatest number of them is located in the 
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exons 5 and 6. The nonsense mutations (12) follow and they lead to a shortened 
protein product. At least ten mutations have been identified in the promoter re-
gion of the LPL gene. Small deletions or insertions lead to the frame shift. The 
frequency of mutations in the LPL gene varies significantly among different po-
pulations. In patients with a certain polymorphism of LPL, the gene effects are 
only faintly expressed and environmental factors determine the intensity and 
result of the clinically manifested arteriosclerosis [10]. 

Numerous studies have been conducted in which candidate genes were 
investigated for the putative association with CAD [19, 20]. Only a few gene 
polymorphisms and mutations were found to correlate with the risk of CAD or 
the clinically manifested disease, but the reports were often giving contradictory 
results. There are several reasons for these apparent inconsistencies that include, 
but are not restricted to, genetic heterogeneity, environmental factors, statistical 
methods, etc. [9, 13, 18]. It is believed that the presence of polymorphism in se-
veral genes at the same time (as those for the enzymes involved in the lipid me-
tabolism, coagulation factors, inflammatory mediators and other proteins), is the 
basis for the multi-gene nature of arteriosclerosis and CAD [8, 34]. 

The LPL gene contains the polymorph sequence CAG↓CTG in intron 6 
that can be recognized by the PvuII endonuclease restriction enzyme. LPL-
PvuII polymorphism is one of the genetic variants that are described in the LPL 
gene that is associated with CAD appearance and progression in numerous 
studies [3, 5, 35–37]. On the other hand, other authors did not find a significant 
connection to CAD [1, 34, 26, 36].  

Given the importance of LPL as a candidate gene for cardiovascular 
risk, we evaluated an independent, angiographically controlled Macedonian po-
pulation to determine whether LPL- PvuII polymorphism was associated with 
defined CAD [2, 21, 27]. Therefore, the aim of this study is to show the possible 
associations of LPL-PvuII polymorphism and clinically verified coronary artery 
disease in the Macedonian population. 

 
 

Aim 
 

The aim of this study is to investigate the LPL-PvuII polymorphism as 
an independent risk factor, but also as a predictor of coronary artery disease in 
the Macedonian population. 

 
 

Material and methods 
 

The study is of a prospective character and it is randomized. Two insti-
tutions were involved, namely the Cardiology Clinic and the Molecular Biology 

Prilozi, Odd. biol. med. nauki, XXIX/2 (2008), 213–225 



216 Georgiev A., Panov S. et al. 

Laboratory at the Natural and Mathematical Sciences Faculty at the Ss Cyril and 
Methodius University in Skopje. 

The study included 109 patients as the examined group (CAD group – 
83 males, 26 females), treated at the Cardiology Clinic. It was angiographically 
documented that the patients suffered from stenosis of the coronary arteries over 
70% of the artery lumen. The control group consisted of 32 patients (25 males, 
7 females) and they had normal coronarographic findings, which were also 
angiographically documented. 

 The realization of the study was approved by the Ethical Committee of 
the Medical Doctors' Chamber of the Republic of Macedonia. 

The following data on the patients were analyzed: demographic data: 
age, sex, place of living, and nationality; risk factors for CAD and their inci-
dence (according to Joint Task Force for Cardiac Prevention, 1998 and ATP, 
2001): profession, family predisposition to CAD, information on myocardial 
infarction, history of hyphercholesterolaemia, hypherlipidaemia, hypertension 
or diabetes mellitus, smoker or non-smoker, data on physical activity, educa-
tion, use of antilipemics, use of alcohol, and BMI (Body-Mass Index). 

The patients were chosen randomly, consecutively, according to the 
time of the angiographic examination performed at the Cardiology Clinic, and 
whether s/he satisfied the criteria for inclusion or exclusion from the study. 

 
Sample Collection and DNA Extraction 
Five millilitres of peripheral blood were aseptically collected in a test 

tube (Vaccutainer®) with anticoagulant (EDTA disodium salt), following infor-
med consent, from all individuals who participated in this study. The standard 
isolation of genomic DNA was performed on nucleated cells, using DNA 
extraction with sodium chloride and chloroform, and ethanol-precipitation [23].  
 

Detection of LPL-PvuII polymorphism 
The LPL-PvuII polymorphism in intron 6 was identified by restriction 

enzyme digestion of the PCR-amplified segment of the LPL gene [2, 21]. The 
polymerase chain reaction (PCR) was performed with the primers: forward, 5'-
ATC AGG CAA TGC GTA TGA GGT AA-3'; reverse, 5'-GAG ACA CAG ATC 
TCT TAA GAC-3'. Each PCR-amplification reaction was performed using 100–
250 ng genomic DNA; 10 pmol of each primer; 200 mmol/L each of dATP, 
dCTP, dGTP, and dTTP; and 0.05 U of Taq polymerase in a total reaction volume 
of 20 :L. Amplification was performed in a GeneAmp PCR System 2400 (Perkin 
Elmer). The initial denaturation at 94ºC for 5 minutes was followed by 30 cycles 
of denaturation at 94ºC for 1 minute, annealing at 57ºC for 1 minute, and exten-
sion at 72ºC for 1 minute, with final extension at 72ºC for 10 minutes. 
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The LPL-PvuII polymorphism was identified by restriction fragment 
length polymorphism (RFLP) analysis of the amplified fragments using PvuII 
endonuclease (Sigma-Aldrich) digestion. The restriction products were resolved 
by agarose electrophoresis, visualized under UV-illumination (312 nm) follo-
wing ethidium bromide staining and recorded by a digital camera (Canon A70). 
Images were analyzed by GelPro software. 

 
Statistical data processing 
The statistical tests were calculated using SPSS 8.0 for MS Windows. 

A p-value less than 0.05 was considered as significant. 
 
 

Results 
 

The study (CAD) group included 114 patients with angiographically 
confirmed stenosis of the coronary arteries greater than 70% of the artery lu-
men. The control group consisted of 35 patients with angiographically normal 
coronary arteries. PCR amplification was unsuccessful in 5 samples of the CAD 
group and in 3 of the control group. LPL-PvuII polymorphism was identified by 
restriction fragment length polymorphism (RFLP) of the amplified fragments 
using PvuII endonuclease digestion (Figure 1). 

 

 
Figure 1 – Genotyping of PvuII polymorphism in intron 6 of LPL gene 

Slika 1 ‡ Genotipizacija na PvuII polimorfizmot vo intronot 6  
od LPL genot 

 
The LPL-PvuII genotype in this study was successfully determined in 

109 patients (83 males and 26 females) of the CAD group included and 32 
subjects (25 males and 7 females) of the control group. 
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Table 1 – Tabela 1 
 

Comparison of demographics and other parameters between CAD  
and the control groups 

Povrzanost na demografskite i drugite parametri me|u ispitanicite 
 so koronarna arteriska bolest i kontrolnata grupa 

 
Parameter Study group  

n = 109 
Control group  

n = 32 
P value 

 
Male/female 83 (76%)/26 (24%) 25 (78%)/7 (22%) p = 0.698 
Age (year) 59.4 ± 9.2 57.9 ± 6.6 p < 0.4 
BMI (kg/m2) 27.26 ± 3.45 26.22 ± 3.11 p < 0.1 
Family history of CAD (%) 42 7 p < 0.064 
Hiperlipidaemia (%) 64 6 p < 0.001* 
Diabetes (%) 31 4 p < 0.05* 
Hypertension (%) 71 23 p < 0.713 
Use of antilipidaemic drug (%) 47 8 p < 0.049* 
 
Use of Alcohol 

 
29 

 
6 

 
p < 0.311 

Smoking (%) 
Never 
Ex-smoker 
Current smoker 

 

 
38 
29 
47 

 
14 
8 
13 

 
 
p < 0.770 

Physical activity (%) 
Low 
Moderate 

    High 

 
38 
65 
11 

 
11 
19 
5 

 
p < 0.740 

 
Educational level 

Low (n) 
    High (n) 

 
 

91 
23  

 
 

26 
9 

 
 
p < 0.485 

PvuII+/+ or  
PvuII+/- 

 
83 

 
25 

 
PvuII-/- 

 
26 

 
7 

 
 
PvuII 
Polymorphism 
 Unamplifible 

by PCR 
 
5 

 
3 

 
 
p = 0.816 

*Significant p-value 
  

The demographics, biochemical, risk factors: hypertension, diabetes, fa-
mily history of CAD, physical activity, antilipidaemic drugs, alcohol consump-
tion, BMI and other parameters between groups are summarized and compared in 
Table 1. There was no difference in the sex distribution and mean age between 
groups. A statistically significant association between the CAD and control 
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groups was found regarding the presence of hyperlipidaemia (p < 0.001), diabetes 
(p < 0.05) and the use of antilipidemic drugs (p < 0.049).  

The presence of LPL-PvuII polymorphism in both investigated groups 
does not represent a statistically significant risk factor for the appearance of 
coronary artery disease (p = 0.816). 

LPL-PvuII genotype distribution and allelic frequencies of LPL-PvuII 
polymorphism among patients with coronary artery disease (CAD) and the con-
trol group are presented in Table 2. 

 
Table 2 – Tabela 2 

 
Genotype distribution and allelic frequencies of LPL-PvuII polymorphism among 

patients with coronary artery disease (CAD) and control groups. 
Distribucija na genotipovite i frekvenciite na alelite za LPL-PvuII 

polimorfizmot kaj ispitanicite so koronarna arteriska bolest  
i kontrolnata grupa 

Allele frequency Group: 
Genotype 

+/+ 
Genotype 

+/- 
Genotype 

-/- PvuII + PvuII - 
CAD n = 25 (22.9%) n = 58 (53.2%) n = 26 (23.9%) 0.495 0.505 
Control n = 5 (15.6%) n = 20 (62.5%) n = 7 (21.9%) 0.469 0.531 
p-value < 0.522 < 0.466 < 0.823  

 
 

Discussion 
 

In our study the accent was placed on the examination of LPL as a 
gene-candidate for coronary artery disease. A total of 109 Macedonian patients 
with angiographically confirmed CAD and a control group consisting of 32 pa-
tients with coronarographic findings were analysed for the possible connection 
of LPL-PvuII polymorphism with coronary artery disease. In addition, we exa-
mined whether LPL-PvuII polymorphism could be separated as an independent 
risk factor for the appearance of CAD, as well as the mutual influence of this 
polymorphism with the risk factors for the appearance of the disease. 

It was reported that the presence of LPL-PvuII polymorphism varies 
among different populations. [9] In our study the analysis showed that the dif-
ference in the distribution of LPL-PvuII polymorphism between the examined 
and the control group of patients, does not represent a significant risk factor for 
appearance of CAD (p = 0.816; table 1).  

The genotype LPL-PvuII+/+ has been found to be associated with hy-
pertrigliceridaemia, arteriosclerosis and pancreatitis, while the LPL-PvuII-/- ge-
notype is dominant in the healthy population. Population-based, long-term pros-
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pective studies and large-scale clinical trials have incontrovertibly demonstrated 
the association of lipid abnormalities with the appearance of CAD. According to 
these trials at least half of the variation in serum cholesterol and other lipids can 
be explained by genetic variation [9, 22, 30]. In the study of Wang, et al., [35] 
as well as in the Chinese population [15], no connection of LPL-PvuII poly-
morphism to increased values of triglycerides was found, while examinations of 
the Japanese [7] and French [11] population showed a significant association of 
triglyceride level with LPL-PvuII polymorphism. In the study of the Turkish 
population, LPL-PvuII polymorphism was identified as being associated with 
increased values in total lipids. [4] 

In this study, we did not evaluate the LPL-PvuII polymorphism associa-
tion with altered plasma lipids or elevated triglyceride levels since previous 
studies had failed to do so or had led to inconsistent results [16, 29, 32]. Instead, 
we investigated the possible association of this LPL polymorphism to angio-
graphically verified CAD in patients. In addition, we evaluated whether this po-
lymorphism can be used as an independent genetic risk factor for CAD in the 
Macedonian population. In the available literature to date, among the known 
LPL-PvuII genotypes, a very modest association between individuals who are 
homozygous LPL-PvuII genotype and CAD was reported [3].  

Among the angiographically confirmed CAD and the control groups 
tested for the LPL-PvuII genotypes, an LPL-PvuII + allele frequency of 0.495 
and 0.469 was obtained, respectively, obeying the Hardy-Weinberg equilibrium. 
This finding indicates no significant differences between the prevalence of the 
LPL-PvuII genotypes in both study groups, suggesting a lack of association of 
LPL-PvuII polymorphism and CAD. The LPL-PvuII + allele frequency rates 
observed in our population were comparable to the rates reported for other 
populations, which ranged from 0.49 to 0.64 [3, 14, 25, 33]. 

However, the homozygous genotype (LPL-PvuII +/+) was more preva-
lent in the CAD group (22.9%) in comparison with the control group (15.6%), 
respectively. 

MI and other forms of atherosclerotic CAD are the leading causes of 
death in men and women [12]. In domestic and foreign literature, authors and 
studies emphasize that in the etiology of CAD, many risk factors are involved 
and result in a complex interaction between genetic predisposition and environ-
mental influences [1, 3, 8, 29]. The environmental factors determine the inten-
sity and result of the clinically manifested CAD. In our study we analysed the 
connection of the major risk factors between groups and we found a significant 
influence of hyperlipidaemia (p < 0.001), diabetes (p < 0.05) and the use of anti-
lipidaemic drugs (p < 0.049; table 1).  

These preliminary observations with a small size sample need to be ve-
rified in a larger study group, including additional gene mutations and polymor-
phisms. Ethnic differences cannot be excluded, either. 
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Conclusion 
 

The presence of LPL-PvuII polymorphism in CAD and the control 
groups does not represent a statistically significant risk factor for coronary 
artery disease in the investigated Macedonian population.  

It remains for other gene polymorphisms and mutations to be resear-
ched by contemporary molecular, biological, and genetic techniques in order to 
shed light on the etiopathogenetic mechanisms of the heart and vascular di-
seases. 
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Voved: Vo etiologijata na koronarnata arteriska bolest se invol-

virani pove}e faktori koi se rezultat na kompleksna interakcija me|u 
genetskata predispozicija i environmentalnite vlijanija. Lipoprotein 
lipazata (LPL) igra mnogu va`na uloga vo lipidniot metabolizam, hidroli-
ziraj}i gi trigliceridite vo hilomikroni i lipoproteini so mnogu niska 
gustina VLDL. PvuII polimorfizmot na LPL genot e ~esta varijanta i go 
zgolemuva nivoto na trigliceridite i rizikot od pojava na koronarna arte-
riska bolest.  

Cel: prikaz na LPL-PvuII polimorfizmot kako nezavisen rizik fak-
tor i kako prediktor na koronarnata arteriska bolest kaj makedonskata 
populacija. 

Materijal i metodi: Vo studijata randomizirano se vklu~eni 109 
ispitanici so koronarna arteriska bolest (KAB), i toa 83 ma`i i 26 `eni, 
koi se lekuvani na Klinikata za kardiologija i kaj koi angiografski be{e 
dokumentirana stenoza na koronarnite arterii nad 70% od lumenot na 
arterijata. Kontrolnata grupa ja so~inuvaat 32 ispitanici (25 ma`i, 7 
`eni), kaj koi angiografski be{e dokumentiran ureden koronarografski 
naod. Najgolem broj od ispitanicite se na vozrast od 50‡59 godini, pri {to 
vozrasta na ispitanicite kaj KAB grupata e vo prosek 59,4, a dodeka kaj 
kontrolnata grupa 57,9 god. Vo studijata e primeneta PCR amplifikacija so 
posledovatelna restrikciska digestija za da se detektira PvuII polimor-
fizmot vo intronot 6 od LPL genot kaj ispituvanata i kontrolnata grupa. 

Rezultati: Statisti~ki signifikantna razlika me|u grupata so 
KAB i kontrolnata grupa be{e najdena vo odnos na slednite rizik-fak-
tori: hiperlipidemija (p < 0,001), dijabetes (p < 0,05) i koristewe na anti-
lipidemici (p < 0,049). Prisustvoto na LPL-PvuII polimorfizmot i kaj ispi-
tuvanata i kaj kontrolnata grupa ne pretstavuva{e statisti~ki signifi-
kanten rizik-faktor za pojava na KAB (p = 0,816). 

Alelnite frekvencii za PvuII+ alelata iznesuvaa 0,495 i 0,469 kaj 
angiografski potvrdenite pacienti KAB i kaj kontrolnata grupa ispita-
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nici, soodvetno. Vakviot naod ne indicira signifikantni razliki vo pre-
valencijata na LPL-PvuII genotipovite kaj dvete ispituvani grupi, {to upa-
tuva na otsustvo na povrzanost na LPL-PvuII polimorfizmot so KAB.  

Sepak, homozigotniot genotip (PvuII +/+) be{e pozastapen kaj KAB 
grupata (22,9%), vo sporedba so kontrolnata grupa (15,6%). 

Zaklu~ok: Vo na{ata studija PvuII polimorfizmot vo LPL genot ne 
be{e identificiran kako nezavisen rizik-faktor za pojava na KAB. 

 
Klu~ni zborovi: LPL-PvuII polimorfizam, koronarna arteriska bolest. 
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