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Summary

Degenerative aortic stenosis is the second most common 
acquired valvular heart disease in adults (after mitral 
insufficiency) and the second most common cause for 
cardiac surgery (after coronary heart disease). The reasons 
for the occurrence of these diseases (congenital 
abnormality of the valve: bicuspid aortic valve disease, 
advanced renal failure, impaired calcium-phosphorus 
metabolism) have been established only in a small portion 
of these patients. The absence of a specific reason, causing 
calcification and narrowing of the aortic valve in recent 
years has challenged researchers to start investigating 
genetic factors that may correlate with the development of 
degenerative aortic stenosis. Regardless of the conducted 
studies, knowledge and identification of predictive 
genetic factors in the occurrence and progression of aortic 
stenosis are still insufficient. It is assumed that a specific 
genetic variant in the Lipoprotein (a) locus (LPA locus), 
reflected by the Lipoprotein (a) [Lp(a)] plasma levels, is 
connected to the pathology of aortic stenosis in 
multiethnic groups. The study of the genetic nature of 
aortic stenosis and significance of Lp(a) plasma levels and 
genetically determined variations of its structure 
associated with the manifestation and progression of 
valvular calcification in the future might provide 
predictive intervention. Similar studies relating to genetic 
polymorphisms in LPA locus, plasma concentrations of 
Lp(a) and their correlation with aortic stenosis have not 
been conducted in Bulgaria so far.
Key words: aortic stenosis, genetic polymorphisms, 
rs1544410, LPA locus, valvular calcification, “kringle” 
IV repeat.

GENETIC POLYMORPHISMS, PLASMA LEVELS OF LIPOPROTEIN (A) 
AND ITS POSSIBLE LINKS WITH DEGENERATIVE AORTIC STENOSIS

ReviewReview

Introduction

Degenerative aortic stenosis is the second most 
common acquired valvular heart disease in adults 
(after mitral insufficiency) and the second most 
common cause of cardiac surgery (after coronary 
heart disease). However, only in an insufficient 
number of patients with congenital abnormality of 
the valve (bicuspid aortic valve disease), advanced 
renal failure, impaired calcium-phosphorus 
metabolism the occurrence can be attributed to a 
particular reason. The absence of a specific reason 
that leads to calcification and narrowing of the aortic 
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valve has, in the last few years, made researchers 
investigate genetic factors that may correlate 
with the development of degenerative aortic 
stenosis. Regardless of the studies conducted, the 
knowledge and identification of predictive 
genetic factors in the occurrence and progression 
of aortic stenosis are still insufficient. It is 
assumed that a specific genetic variant in the 
Lipoprotein (a) locus (LPA locus), reflective of 
Lipoprotein (a) [Lp(a)] plasma levels is 
connected with the pathology of aortic stenosis in 
multiethnic groups. According to Vahanian et al., 
aortic stenosis occurs in 2% to 7% of the 
population over 65 [1], while in other studies the 
frequency reported varies in a wider range – 2.6% 
to 21-29 % [2]. These differences are most likely 
due to the use of different evaluation criteria 
applied by research teams, i.e. whether they 
included only clinical manifestations of 
degenerative aortic stenosis (severe or 
moderate), or whether the sub-clinically ongoing 
degenerative valvular lesions were taken into 
account, including those with high calcium levels 
without any formation of hemodynamically 
significant obstruction of the left ventricular 
ejection, as assessed by CT or MRI.

Aortic stenosis has a high social significance 
not only because of its prevalence but also 
because it may progress for a long period without 
any clinical manifestation (7-8 years on the 
average). With the onset of severe aortic stenosis 
and the accompanying clinical symptoms, the 
probability of surviving for two years without 
surgical intervention is 50% [3]. Even in the case 
of mild symptoms, patients with aortic stenosis 
are at increased risk of cardiovascular 
complications, such as coronary artery disease 
and myocardial infarction, whether or not 
directly correlated with the disease. All of the 
above contribute to increase the risk of 
cardiovascular mortality in people with 
degenerative aortic valve disease without 
hemodynamically significant stenosis by 50% 
[4-7].

The most common morphological form of 
aortic stenosis in patients over the age of 50 is the 
calcification of the aortic valve, which occurs in 
80% of cases. For a long time it was thought that 
this medical condition was due to the gradual 
wear of the aortic valve associated with age. 
Recently, however, it has been suggested that this 
is an active process of chronic inflammation 
involving biochemical, genetic and humoral 
factors [8, 9]. In many cases, it resembles 
atherosclerosis but there are some significant 

differences. For example, in valvular 
calcification, an increased level of specific 
inflammatory markers has been observed, such as 
cytokines and leukocytes in the area of the lesion 
[antibodies against oxidized low density 
lipoprotein (LDL), cytokines ‒ transforming 

growth factor-β1, interleukin-1β, monocytes, 
macrophages, T-lymphocytes, foam cells, etc.]. 
Factors that are associated with the development 
of this pathological process are not entirely clear, 
but it is assumed that the starting point is 
mechanical damage of the aortic valve 
endothelium, with subsequent transition of lipids 
in the interstitium of the valve and initiation of the 
process of inflammation. A group of lipoproteins 
playing an important role in the process of 
atherogenesis – LDL and Lp(a) are found in the 
initial lesions, which subsequently undergo 
oxidative modification. Oxidized lipoproteins 
are highly cytotoxic and stimulate inflammatory 
response and the mineralization that follows [10-
12]. The increased expression of endothelial cell 
adhesion molecules such as E-selectin leads to 
migration of inflammatory cells (macrophages 
and act ivated T-lymphocytes)  to  the 
subendothelial area, where they release enzymes 
such as matrix metalloproteinases that break 
down collagen, elastin and proteoglycans in the 
aortic valve leaflet.

The process of mineralization is typical for 
both inflammation and calcified valvular lesions. 
It is usually localized close to the area of 
inflammation and it is observed in all stages of the 
disease. Some of the histopathological signs of 
surgically excised samples resemble the 
processes of osteogenesis.

The processes of calcification and 
atherosclerosis appear to be similar, but they 
differ in their cellular and mineral composition of 
the lesions. Lipid-enriched smooth muscle cells 
and macrophages are the leading features of 
vascular atherosclerotic plaques, but they are not 
common in the valvular lesions seen in aortic 
stenosis. Mineralization (calcification) occurs 
earlier and is more apparent in degenerative 
aortic stenosis, as compared to vascular 
atheromas. These differences confirm the 
hypothesis that although the two processes bear a 
strong resemblance, they are not identical. 
Moreover, this partly explains why only 40% of 
the patients with severe degenerative aortic 
stenosis have significant coronary artery disease, 
and why the majority of patients with significant 
coronary stenosis do not show signs of aortic 
valvular calcification [2, 4]. Another important 



61

clinical evidence for the differences between 
these two processes is the effect of lipid-lowering 
therapy with statins, which influences the course 
of the atherosclerotic process in the vessels, but 
does not affect the progression of degenerative 
aortic stenosis [13]. This fact was confirmed by a 
meta-analysis including nine clinical studies that 
demonstrated the effectiveness of statin therapy 
in non-rheumatic aortic stenosis. The results 
obtained showed no significant improvement in 
the average annual change of transvalvular aortic 
gradient, as regards the rate of lumen narrowing 
between the patients receiving statins and the one 
receiving placebo [14]. According to recent 
research, the studied polymorphisms can be 
divided into groups depending on the level of 
evidence for their relationship with degenerative 
valvular stenosis.

Discussion

The genetic polymorphisms associated with 
apolipoprotein B (ApoB), angiotensin-
converting enzyme (ACE), interleukin-10 (IL-
10), and Lp(a) correlate with the development of 
calcific valvular stenosis with a relatively high 
level of evidence provided. Another group of 
polymorphisms within the oestrogen receptor α, 
c a l c i u m  s e n s i n g  r e c e p t o r ,  I L - 1 0 ,  
paraoxonase/arylesterase , myosin VIIA,  1
angiotensin II receptor type 1, elastin, interleukin 
36 gamma, genes have moderate correlation with 
the risk of developing valvular calcification. The 
third group of polymorphisms with a low level of  
correlation with development of degenerative 
valvular calcification includes rs1544410 
polymorphism within the vitamin D (1, 25-
dihydroxyvitamin D3) receptor gene, E2 and E4 
alleles within apolipoprotein E gene, rs6254 
polymorphisms within the parathyroid hormone 
gene and rs1800871 polymorphisms within the 
IL-10 gene [15].

A comprehensive 2013 study, initiated by the 
“Heart and Aging Research in Genomic 
Epidemiology” (CHARGE) showed correlation 
between numerous genetic factors and the 
development of mitral annular calcification and 
aortic stenosis [15]. This meta-analysis included 
three cohorts of patients enrolled in the 
Framingham Heart Study (FHS), the Age, 
Gene/Environment Susceptibility-Reykjavik 
Study (AGES-RS) and white European 
participants in the Multi-Ethnic Study of 
Atherosclerosis (MESA) – a total of 6942 
individuals with CT-confirmed aortic valvular 

calcification and 3795 individuals with 
calcification of the mitral ring. Those findings 
were then tested in additional European and 
multiethnic cohorts, including white European 
participants in the Heinz Nixdorf Recall Study 
(HNR), African-Americans, Chinese-Americans 
and Spanish-Americans participants in MESA 
study, and Swedish and Danish participants in the 
aortic stenosis studies Malmö Diet and Cancer 
Study (MDCS) and the Copenhagen City Heart 
Study (CCHS) [15, 16].

A single nucleotide polymorphism (SNP) in 
LPA locus (rs10455872) appears to be 
significantly associated with the presence of 
aortic valve calcification (odds ratio allele 2.05; 

‒10
p=9.0x10 ), these findings being confirmed by 

additional cohorts of white Europeans, African-
Americans and Spanish-Americans (p<0.05 for 
all comparisons). Genetically determined plasma 
levels of Lp(a) are also associated with aortic 
valvular calcification, which suggests a causal 
role of Lp(a) in this process [15, 17-20]. In 
multiple prospective analyses, the LPA genotype 
is associated with cases of aortic stenosis [hazard 
ratio allele 1.68; 95% confidence interval (CI) 
1.32-2.15] and aortic valve replacement (hazard 
ratio 1.54; 95% CI 1.05-2.27) in a large Swedish 
cohort; an independent Danish cohort study also 
confirmed this association. The relationship 
between rs10455872 polymorphism in the LPA 
locus and clinical manifestations of aortic 
stenosis remains probable after adjustment for 
age, smoking, body-mass index (BMI) – a 
positive predictive value of 90% [21, 22]. 
Researchers believe that this genetic variation in 
the LPA locus – reflected by plasma levels of 
Lp(a) is associated with clinical aortic valve 
calcification in multiethnic groups [16-25].

Lipoprotein (a) belongs to a subclass of 
plasma lipoproteins. It is synthesized by the liver 
and is composed of a LDL-like particle and a 
specific Lp(a), a glycoprotein with high 
molecular weight, which is covalently attached 
via a disulfide bond to one molecule of apoB. The 
physiological and pathological role of Lp(a) 
remains largely unclear. Research has suggested 
that Lp(a) is the link between cholesterol 
transport and modulatory function of fibrinolytic 
system in the process of coagulation and 
fibrinolysis [26, 27]. Genetic and numerous 
epidemiological studies suggest that Lp(a) is a 
r isk factor  for  numerous developing 
cardiovascular and coronary diseases [28, 29]. 
Plasma concentrations of Lp(a) are hereditary 
and controlled by the gene encoding Lp(a) on 
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chromosome 6q26-27. Apolipoprotein (a) 
protein has various dimensions due to the 
polymorphism Kringle IV-2 variable number 
tandem repeats (VNTR) repeated in the LPA 
gene. Variations in the size of the gene are 
manifested at protein level, leading to the 
presence of apolipoproteins (a) with a variable 
number of “kringle” IV repeats, between 10 to 50 
[30-31]. Apolipoprotein (a) proteins with varying 
sizes are called apo (a) isoforms. Kringle 
domains are autonomous protein domains which, 
upon formation of the tertiary structure, bend and 
form large loops stabilized by three disulfide 
bridges. These are key domains, involved in 
protein-protein interactions with coagulation 
factors. Such domains are also found in 
plasminogen, hepatocyte growth factor, 
prothrombin and Lp(a) [32]. It is assumed that 
they act as mediators in various interactions 
between membranes, proteins, phospholipids, 
and also as regulators of the proteolytic activity of 
different enzymes [33]. The locations and 
mechanism of the Lp(a) catabolism is unknown. 
Uptake by LDL receptor is not a major 
mechanism of Lp(a) metabolism [34]. It has been 
established that the kidneys are responsible for 
the plasma clearance [35]. Plasma concentrations 
of Lp(a) vary from <0.2 to >200 mg/dl. Similar 
variability was observed in all tested populations. 
However, individuals with none or very low 
levels of Lp(a) were healthy, indicating that 
plasma Lp(a) is not essential, at least under 
normal conditions [36]. The structure of Lp(a) is 
similar to those of plasminogen and tissue 
plasminogen activator (tPA), and therefore Lp(a) 
competes with plasminogen for its receptor, 
leading to reduced fibrinolysis. Furthermore, 
Lp(a) stimulates the secretion of plasminogen 
activator inhibitor PAI-1), which results in -1 (
increased thrombogenesis. Lipoprotein (a) also 
carries cholesterol, thus contributing to the 
development of atherosclerosis [37].

Conclusions

Since the biological significance of this 
lipoprotein is still unclear and controversial, we 
can only assume that genetically determined 
modifications in the structure of Lp(a) are 
relevant to the development of degenerative 
aortic stenosis and, generally, of valvular 
calcification (including calcification of the mitral 
v a l v e ) .  O n e  p o s s i b i l i t y  i s  t h a t  i t s  
pathophysiological effects are due to its specific 

structural variation rather than its plasma levels.
Studying the genetic nature of degenerative 

aortic stenosis and the significance of Lp(a) 
plasma levels, and genetically determined 
variations of its structure resulting in the 
manifestation and progression of valvular 
calcification, could open up new horizons for 
research. The outcomes could eventually lead to 
the development of an effective treatment and 
preventive measures of this common and socially 
significant disease, whose treatment is limited at 
this point to the relief of symptoms and valve 
replacement.

Studies on genetic polymorphisms in LPA 
locus, plasma concentrations of Lp(a) and their 
correlation with calcified aortic stenosis in 
Bulgaria are yet to be conducted.
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