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1. ABSTRACT 
 

Lipoprotein(a) (also called Lp(a)) is a lipoprotein 
subclass. Different studies have identified Lp(a) as a 
putative risk factor for atherosclerotic diseases such as 
coronary artery disease and stroke. The physiological role 
of Lp(a) in humans is still unclear, but it seems that 
individuals with low concentrations of plasma Lp(a) 
manifest no deficiency syndrome or disease. Because of the 
high homology between plasminogen and apo(a) it is 
conceivable that Lp(a) plays a role in the coagulation 
system, especially in to thrombosis and impaired 
fibrinolysis processes. It can also contribute to coronary 
disease and can accumulate in the arterial walls and 
cerebral vessels. Lp(a) seems to play an active role in acute 
inflammation promoting the enhancement of intercellular 
adhesion molecules; that way it can contribute to develop 
atherosclerosis. Finally, we underline the relationship 
among Lp(a) levels and others inflammations molecules 
such as fibrinogen, fibronectin and TGF- β. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
2. INTRODUCTION 
 

Lipoprotein(a) (Lp(a)) was described for the 
first time about forty years ago by Berg (1) but still now 
little is known about it. The physiological role of Lp(a) is 
still unclear; nevertheless numerous epidemiological 
studies have identified elevated plasma Lp(a) 
concentrations as a risk factor for the development of 
atherosclerotic disorders, including coronary heart 
disease. Lp(a) is composed of a low-density lipoprotein 
(LDL)-like particle linked, by a single disulfide bridge, 
to a large, highly glycosylated apolipoprotein(a) 
(apo(a)); besides Lp(a) particles contain apo(a) and apo 
B in a 1:1 molar ratio. Apo B-100 is the major 
apolipoprotein component of the atherogenic lipoproteins 
(VLDL, LDL, IDL). Although epidemiological data 
relating apo B concentrations to CHD are limited, some 
case-control studies in patients with coronary heart 
disease (CHD) have found plasma apo B levels to be 
more discriminating than other plasma lipids and
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Figure 1. Lipoprotein(a). PAI-1= plasminogen activator inhibitor-1;   TGF-β = transforming growth factor;  tPA= tissuetype 
plasminogen activator.
 
lipoproteins (2). The special structure of Lp(a) makes 
difficult to understand the role of the single component 
in the development of cardiovascular diseases (CVD) and 
the right treatment to use to normalize the molecular 
levels. However, Lp(a) is a recognized independent risk 
factor for atherosclerotic CVD, although the mechanisms 
by which it contributes to IMA, stroke and CVD remain to be 
established. Early studies shown that Lp(a) plays a potential 
role in several steps of the fibrinolytic pathway leading to 
thrombogenesis. Over the last years, new biological 
functions have been increasingly assigned to Lp(a), 
including activation of various cell types that play 
important roles in atherogenesis (2). On the contrary few 
studies assessed the physiology and physiopathology of this 
molecule. For this reason the aim of this work is to focus 
on the physiological and pathophysiological role of Lp(a). 
 
3. STRUCTURE, ISOFORMS, SERUM LEVELS AND 
GENETIC OF Lp(a) 
 

Lipoprotein(a) was first described in 1963 by 
Berg in an electrophoretic band of pre-beta lipoprotein (1). 
Apoprotein(a) [Apo(a)] is linked to apolipoprotein B100 
(ApoB100) by a single disulphide bridge in both humans 
and human-apo(a)/apoB transgenic mice (3-4-5-6-7) 

(Figure 1).  

 
Biophysical studies of Lp(a) revealed several aspects of its 
structure. Lp(a) particle examined by electron microscopy 
appeared to be roughly circular, with a diameter of 25-30 
nanometres and molecular weight ranging between 280,000 
and 700,000 daltons.  

 
In 1986 Fless and coll. made a chemical 

reduction of human plasma lipoprotein (a) by zonal 
ultracentrifugation (3). Apolipoprotein(a) was completely 
recovered from the bottom of the gradient, whereas 
lipoprotein(a-) (Lp(a-)), which contained all of the lipids 
and apo-B100 of Lp(a), floated. Further investigation by 
the techniques of circular dichroism and viscometry 
revealed that Lp(a-) was identical to low density lipoprotein 
(LDL). Lp(a-) was slightly larger in mass than autologous 
LDL and contained proportionally more triglycerides. The 
different mass between Lp(a) and Lp(a-) was accounted for 
by the loss of 2 molecules of apo(a) from the Lp(a) particle. 
By circular dichroism the structure of apo(a) was mostly 
random (71%) with the remainder representing 8% alpha-
helix and 21% beta-sheet. 

 
The amino acid composition was characterized 

by an unusually high content of proline (11.4 mol %) as 
well as tryptophan, tyrosine, arginine, threonine, and a low 
amount of lysine, phenylalanine, and isoleucine. Apo(a) 
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contained 28.1% carbohydrate by weight represented by 
mannose, galactose, galactosamine, glucosamine, and sialic 
acid. Overall, the structure of Lp(a) appears to be consistent 
with a rigid spherical LDL-like core particle which, as a 
consequence of its association with a flexible glycoprotein 
such as apo(a). Furthermore, the Lp(a-) remnant generated 
by the removal of apo(a) from Lp(a) was similar in 
structure but not identical to autologous LDL (3-8-9). 

 
The LDL moiety of Lp(a) is similar to the 

plasma-derived LDL with reference to the lipid 
composition and the presence of apolipoprotein B-100 
(apoB-100).  

As such, the apo(a) component likely confers the 
unique structural and functional properties attributed to 

Lp(a). Apo(a) contains tandem repeats of a sequence that 
closely resembles plasminogen kringle IV ( 75−85% similarity), 

followed by sequences that are highly homologous to the 
kringle V and protease domains of plasminogen. 

 
Apo(a) contains 10 distinct subclasses of 

plasminogen kringle IV-like domains (KIV1−KIV10). 
Apo(a) KIV types 1 and 3−10 are present as single copies, 
whereas the kringle IV type 2 domain (KIV2) is present in 
a variable number of identically repeated copies and is the 
molecular basis for the observed isoform size heterogeneity 
of Lp(a) (10). 

 
The apo(a) gene is a member of the plasminogen 

superfamily of evolved genes and is located on 
chromosome 6. It has been described in primates and the 
hedge-hog (11). 

 
The discovery that the LPA gene has evolved 

from the plasminogen gene lead to hypothesize that LPA 
genes could influence components or processes related to 
thrombogenesis or thrombolysis in different ways. 

 
Berg showed the interrelationship between 

fibrinogen levels and Lp(a) levels (12); LPA genes appear 
to affect levels as well as variability of fibrinogen; there 
could be “level gene” as well as “variability gene” effects 
on fibrinogen (12). 

The effect of LPA genes on absolute fibrinogen 
level may be more pronounced at higher age than at young 
age. The same may be true respect to the “variability gene” 
effect of LPA genes and this effect may also be stronger in 
women than in men (12). 

 
Apo(a) proteins vary in size due to a 

polymorphism caused by a variable number of so called 
kringle IV repeats in the LPA gene(each of the variable 
kringle IV consists of 114 amino acids). These variable 
apo(a) sizes are known as "apo(a) isoforms".  

 
Originally were discovered six different isoforms 

(F, B, S1, S2, S3 and S4 according to different 
electrophoretic motilities) that vary in size from 300 to 800 
kDa (13-14). More recently, Guerra et al described a 
seventh isoform category, S5 (15). Therefore improved 
techniques at higher resolution revealed >20 protein 
isoforms. These different isoforms can be grouped into low 

(LMW) and high molecular weight (HMW) isoforms 
according to the number of kringle IV repeats in the apo (a) 
molecules. In healthy subjects Lp(a) levels are mainly 
dependent on the isoform type, with those with LMW 
isoforms having high levels and those with HMW isoforms 
having lower levels (15). 

 
There is a general inverse correlation between 

the size of the apo(a)isoform and the Lp(a) plasma 
concentration which is caused by a variable rate of 
degradation before the apo(a) protein has matured for Lp(a) 
assembly. Apo(a) is expressed by the liver cells 
(hepatocytes) and the assembly of apo(a) and LDL particles 
seems to take place at the outer hepatocyte surface. The 
half-life of Lp(a) in the circulation is about 3 to 4 days.  

 
The values for Lp(a) serum levels are between 

0.1 and 300 mg/dl (16). Lp (a) levels do not seem to be 
significantly affected by age or sex, diabetes, dietary 
cholesterol or HMG-CoA-reductase inhibitors, but studies 
are controversial (25). 

The mechanism by which the apo(a) 
polymorphism determines Lp(a) concentrations in plasma 
is unknown. 

 
Lp(a) particles can suffer oxidative modification 

and scavenger receptor uptake, with cholesterol 
accumulation and foam cell formation, thus leading to 
atherogenesis. (Box 2) 
 

Oxidation of LDL and Lp(a) affects the 
catabolism of the lipoproteins, including changes in 
receptor recognition, catabolic rate, retention in the vessel 
wall, and propensity to accelerate atherosclerosis; oxidative 
modification of apo(a) may have an influence on 
Lprecognition by scavenger receptors of macrophages. Some 
studies show that Lp(a) particles are prone to oxidation and 
that the increased risk of coronary artery disease associated 
with elevated Lp(a) levels may be related in part to their 
oxidative modification and uptake by macrophages, resulting 
in the formation of macrophage-derived foam cells. 
Additionally, non enzymatic glycation of lipoprotein may 
contribute to the premature atherogenesis. 

 
 It has been observed that the proportion of 

plasma lipoprotein(a) Lp(a) in glycated form is 
significantly higher in diabetic patients rather than in non-
diabetic controls.  

 
Glycation does not appear significantly related to 

the atherogenic potential respect of unmodified Lp(a) (17-
18). 

Previous studies have demonstrated that oxidized 
phospholipids (OxPL) can be directly bound to apo(a) 
forming covalent bonds with the active lysine of its kringle-
V domain, although it is possible that there may be 
additional or alternative binding sites for OxPL on other 
kringles of apo(a). Furthermore, others data suggest that 
additional OxPLs are present in the lipid phase of Lp(a) . 
These results may be influenced by both the heterogeneity 
of Lp(a). 
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The biological effects of Lp(a) have been 
attributed either to apo(a) or to constituents of its LDL-like 
particle. Among the components of the LDL portion of 
Lp(a) is the enzyme platelet-activating factor 
acetylhydrolase. Platelet-activating factor acetylhydrolase 
primarily exhibits a Ca2+-independent phospholipase A2 
activity and is complexed to lipoproteins in plasma; thus, it 
is also referred to as lipoprotein-associated phospholipase 
A2 (Lp-PLA2). Substrates for Lp-PLA2 are the 
proinflammatory phospholipids platelet activating factor, as 
well as phospholipids containing oxidative fragmented 
residues (oxidized phospholipids; OxPLs). Such 
phospholipids are thought to play key roles in inflammatory 
reactions and particularly in vascular inflammation and 
atherosclerosis (19-20).  
 
4. METABOLISM OF Lp(a) 
 

Many evidences suggest that Lp(a) assembly 
occurs in circulation after secretion of apo(a) from the liver 
and metabolism of VLDL to LDL into circulation. Apo(a) 
is biosynthesized in liver cells and the size of the isoform 
determines its rate of synthesis and excretion. It is generally 
accepted that the assembly of LDL and apo(a) into the 
Lp(a) particle is a two-step process in which a noncovalent 
interaction between apo(a) and apoB-100 precedes 
disulfide bond formation between a free cysteine residue 
(Cys4507) within the KIV9 module of apo(a) and a 
cysteine residue of apoB-100, whose identity remains to be 
definitively identified. Biochemical and biophysical studies 
have implicated Cys3734 of apoB-100 in the covalent step, 
while more recent site-directed mutagenesis studies 
suggested that Cys4326 in apoB-100 was required for Lp(a) 
formation (8). 

 
Specific kringle-4 domains in apo(a), mainly T-6 

and T-7, bind in a first step to circulating LDL, followed by 
the stabilization of the newly formed Lp(a) complex. 
Circulating Lp(a) interacts specifically with kidney cells, or 
possibly other tissues, causing cleavage of 2/3-3/4 of the N-
terminal part of apo(a) by a collagenase-type protease. Part 
of the apo(a) fragments is found in the urine, but there are 
indications that they represent the biologically active form 
of apo(a). The core portion of Lp(a) is, in turn, cleared by 
the LDL-receptor or by another liver’s specific binding 
system. Strategies for reducing plasma Lp(a) levels with 
medication should aim, on one hand, at interfering with the 
assembly of Lp(a) and, on the other hand, to stimulate 
apo(a) fragmentation. 

 
The mechanism and sites of Lp(a) catabolism are 

largely unknown. Uptake via the LDL receptor is not a 
major pathway of Lp(a) metabolism like several studies 
demonstrated (21-22) . 

 
5. Lp(a) IN POPULATION 
 

Lp(a) concentrations vary over one thousand fold 
between individuals, from < 0.2 to > 200 mg/dL. Such a 
wide range of concentrations is observed in all populations 
studied so far. The mean and median concentrations 
between different world populations show distinct 

particularities, the main being the two- to threefold higher 
Lp(a) plasma concentration of populations of African 
descent compared to Asian, Oceanic, or European 
populations (22).The general inverse correlation between 
apo(a) isoform size and Lp(a)plasma concentration is 
generally observed in all populations, whereas mean Lp(a) 
associated with certain apo(a) isoforms varies between 
populations. In Caucasians more than 90% of the variation 
in Lp(a) levels is explained by variation in the number of 
K-IV repeats and by a largely unknown sequence variation 
at the apo(a) gene locus. Several studies have shown that 
Lp(a) levels may be partly determined by other variables, 
such as age, sex, waist-hip ratio, glucose tolerance, alcohol 
consumption and smoking, but the results of such studies 
are untypical. Akita et al. concluded that ageing elevates 
plasma Lp(a) concentrations, thus having a putative role in 
the prevalence of coronary heart disease in the elderly (23-
24). 
 
6. PHYSYOLOGY OF Lp(a) 
 

The physiology and function of Lp(a) are still 
poorly understood. 
 
It is well known that a high plasma concentration of 
lipoprotein Lp(a) is considered to be a major and 
independent risk factor for cerebro- and cardiovascular 
atherothrombosis. We are going to shortly analyze the 
relationship between Lpa and several factors involved in 
cardiovascular risks. 
 
6.1. Lp(a), plasminogen and fibrinolysis  

Apolipoprotein(a) homology (75-90%) with 
plasminogen suggests that Lp(a) might contribute to the 
thrombotic and to the atherogenic aspects of ischemic heart 
disease (25). 

 
Lp(a) decreases t-PA (tissue-type plasminogen 

activator) secretion from human umbilical vein endothelial 
cells; Lp(a) was also shown to inhibit competitively the 
binding of plasminogen to its endothelial receptor as well 
as to fibrinogen or fibrin, which might reduce the surface-
dependent activation of plasminogen (26). (Box 1) 

 
Particularly, one of the plasminogen-like kringle 

4 copies present in apo(a), kringle IV type 10, contains a 
lysine binding site (LBS) that is similar to that of 
plasminogen. This structure allows binding of these 
proteins to fibrin and cell membranes. Bound plasminogen 
is cleaved at Arg561-Val562 by plasminogen activators and 
transformed into plasmin. This mechanism ensures 
fibrinolysis and pericellular proteolysis. Because of this 
structural/functional homology between Lp(a) and 
plasminogen and enzymatic difference, Lp(a) may compete 
with plasminogen for binding to lysine residues and impair, 
thereby, fibrinolysis and pericellular proteolysis. (Figure 2) 

 
High concentrations of Lp(a) in plasma may, 

therefore, represent a potential source of antifibrinolytic 
activity. Indeed, a recent study has recently shown that 
during the course of the nephrotic syndrome the amount of 
plasminogen bound and plasmin formed at the surface of 
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Figure 2. Lp(a) and coagulative cascade: inhibition of the activation of plasminogen.
 

 
 

Figure 3. Effects of lipoprotein(a) on fibrinolytic system. 
 

fibrin are directly related to in vivo variations in the 
circulating concentration of Lp(a) (27-28). This 
antifibrinolytic effect is primarily defined by the size of the 
apo(a) polymorphs, which show heterogeneity in their 
fibrin-binding activity, as only small size isoforms display 
high affinity binding to fibrin (29). The effect of the 
different isoforms was directly proportional to the amount 
of Lp(a) bound to the carboxy-terminal lysine residues of 
degraded fibrin. The relative affinity of the binding (kd 
range, 16 to 180 nmol/L) reflected the ability of individual 
Lp(a) isoforms to inhibit the binding of plasminogen (kd, 
600 nmol/L). These data suggest that apo(a) isoform types 
with high affinity for fibrin may influence the ability of 
Lp(a) to interfere with fibrinolysis, thereby contributing to 
the association of elevated levels of Lp(a) with 
atherosclerotic and thrombotic risks. (Figure 3) 

 
Thus, the real risk factor is the Lp(a) 

subpopulation with high affinity for fibrin. According to 
this concept, some Lp(a) phenotypes may not be related to 
atherothrombosis and, therefore, high Lp(a) in some 
individuals might not represent a risk factor for CVD. In 
agreement with these data, it has been recently reported that 
Lp(a) particles containing low molecular mass apo(a) 
emerged as one of the leading risk conditions in advanced 
stenotic atherosclerosis (30). The predictive value of high 
Lp(a) as a risk factor, therefore, depends on the relative 

concentration of Lp(a) particles containing small apo(a) 
isoforms with the highest affinity for fibrin. 

Moreover, lipoproteins receptors that belong to 
the LDL receptor superfamily bind fibrinolytic enzymes 
and participate in regulating the proteolytic surface activity 
of the cell (29). 
 
6.2. Lp(a) and fibrinogen 

Some studies demonstrated that serum Lp(a) 
concentrations correlate significantly with plasma 
fibrinogen levels. Plasma fibrinogen has been recognized as 
an independent risk factor for atherosclerosis and its 
thrombotic complications in adults too. Fibrinogen 
enhances platelet activity, and elevated plasma fibrinogen 
concentrations are predictors of vascular events. Fibrinogen 
promotes the binding of apo(a) to the vessel walls in vivo, 
thus being crucial in the pathogenesis of atherosclerosis. 
Experiments on transgenic mice demonstrated that in vessel 
wall of apo(a) transgenic mice, fibrin(ogen) deposition was 
found to be essentially co-localized with focal apo(a) 
deposition and fatty-streak type atherosclerotic lesions. 
Fibrinogen deficiency in apo(a) transgenic mice decreased 
the average accumulation of apo(a) in vessel walls by 78% 
and the average lesion (fatty streak type) development by 
81%. Fibrinogen deficiency in wild-type mice did not 
significantly reduce lesion development. Study results 
suggested that fibrin(ogen) provides one of the major sites
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Figure 4. Role of Lipoprotein(a) and fibronectin in the develop of atherosclerotic plaque. 
 

to which apo(a) binds to the vessel wall and participates in 
the generation of atherosclerosis (31). 

 
Moreover, fibrinogen is an independent risk 

factor for ischemic atherothrombotic stroke (32). 
Fibrinogen levels remain elevated after stroke, with an 
increased risk of recurrent vascular events. Fibrinogen is 
also associated with a decrease in white blood cell elasticity 
and red blood cell deformability, with increased plasma 
erythrocyte viscosity. 

 
However, most in vitro studies have shown that 

human Lp (a) decreases agonist-stimulated platelet 
aggregation whereas in vivo it appears to decrease 
aggregation as implied by increased bleeding times with 
higher blood serum concentrations of Lp(a). Lp (a) binding 
to platelets mediated by apo (a) increases platelet 
intracellular c-AMP levels in resting platelets, and 
decreases platelet production of thromboxane A2 and 
fibrinogen binding to platelets all of which reduce platelet 
aggregation. One, though not the only, explanation of these 
conflicting data may be that Lp(a) self-regulates its 
interference with fibrinolysis by reducing platelet 
aggregation and platelet binding of fibrinogen and hence 
the degree of requirement for fibrinolysis. However, further 
in vivo studies are needed to fully understand whether, if at 
all, Lp(a), at various concentrations and isoforms, favors 
reduced platelet aggregation or fibrinolysis (33). 
 
6.3. Lp(a) and fibronectin 

It has been demonstrated that increased levels of 
fibronectin together with Lp(a) are present in early 
atherosclerotic lesions and in atherosclerotic plaques. 
Fibronectin is a high molecular weight glycoprotein present 
in plasma in a soluble form and in connective tissue 
matrices in an insoluble form (34). 

  
The apo(a) portion of Lp(a) binds to the 

carboxyterminal heparin binding domain of fibronectin. 
Lp(a) bound to fibronectin is internalized through the 
fibronectin receptor pathway and thereby causes increased 
accumulation of lipid and foam cell formation (Figure 4). 

 

A peculiarity of fibronectin is its multiple 
interaction with other proteins including fibrin, collagen 
and others components of the coagulation system, such as 
plasminogen and its activators (35).  

Fibronectin has been shown to be an early 
marker for atherosclerotic lesions. 

 
Thus, following cellular damage, fibronectin is 

deposited in damaged tissues and in fibrin clots before 
tissue repair commences. This could be followed by 
deposition of Lp(a) and the formation of an early 
atheromatous plaque. This hypothesis would explain the 
atherogenecity of Lp(a) and provide a link between 
thrombus formation and atheroma (36-37). 

 
It is well known that inflammation plays a 

central role in the pathogenesis of atherosclerosis and its 
complications (38), and that atherogenic lipoproteins, such 
as oxidized low density lipoprotein (LDL), remnant 
lipoprotein (beta-VLDL) and lipoprotein(a), take part in the 
pro-inflammatory reaction. On the contrary high density 
lipoproteins (HDL), anti-atherogenic lipoproteins, exert 
anti-inflammatory functions. All these studies demonstrate 
that Lp(a) is a pleiotropic molecule involved in the 
activation of acute inflammation (30). Lp(a) can increases 
the production of cytokines by vascular cells and through 
the autocrine and paracrine mechanisms (39-40). 
 
6.4. Lp(a) and TGF-β 

TGF-β is now recognized to be a multifunctional 
cytokine involved in growth promoting and growth 
inhibiting activities. TGF- β inhibits growth of epithelial 
cells, lymphocytes, endothelial cells, and smooth muscle 
cells (41-42-43-44-45-46). 

 
Lp(a) inhibits the activation of transforming 

growth factor β (TGF-β) and contributes to the growth of 
arterial atherosclerotic lesions by promoting the 
proliferation of vascular smooth muscle cells and the 
migration of smooth muscle cells to endothelial cells. 

 
The inverse relationship between Lp(a) levels 

and activated TGF-β is related to the inhibition of the 
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Figure 5. Lp(a) and oxidation. 
 
conversion of plasminogen to plasmin, which is 

indispensable for the activation of TGF- β (45). 
 
Lp(a) and TGF- β1 are thought to influence the 

expression of cellular adhesion molecules (CAMs), also 
involved in the process of atherogenesis (48). 

 
Lp(a) can inhibit the activation of TGF- β by 

competing with the binding of plasminogen to cell or 
matrix surfaces.  

 
It should be noted that the amount of Lp(a) 

required to block LTGF-β (latent molecule of TGF-β 
requiring activation for function) is relatively high and 
exceeds the circulating levels found in normal and 
pathological conditions. The circulating level of 
plasminogen is ~1 µM, while the Lp(a) plasma 
concentration is 1 nM-1µM. However, recent reports 
indicate that the tissue concentrations of Lp(a) in the intima 
of the arterial wall may be much higher than the circulating 
levels (49-50-51). 

 
Recently it has been proposed a molecular 

mechanism for the Lp(a)- induced inhibition of LTGF-β 
activation and suggested a relationship between the 
activation of LTGF- β and atherosclerosis. 

 
Kojiima et al. suggest that under normal 

conditions, LTGF- β may be activated at sites where 
endothelial cells and smooth muscle cells are in contact and 
here its role is to maintain the tissue architecture. Thus, 
excess tissue levels of Lp(a) may decrease TGF- β 
production thereby reducing the block on smooth muscle 
cells migration. This may account for the migration of 
smooth muscle cells from the media to the intima and 
thereby contribute to the generation of atheroma (52). 
 
6.5. Lp(a) and adhesion molecules 

Lp(a) may lead to an inflammatory process by 
inducing the expression of adhesion molecules on 
endothelial cells, the chemotaxis of monocytes, and the 
proliferation of smooth muscle cells.  

 
Among these molecules, intercellular adhesion 

molecule (ICAM-1) was shown to be expressed in human 
atherosclerotic plaques by an immunohistochemical 
method and may be a candidate that plays an important role 
in mediating the localization of monocytes in the intima of 
arteries. Adhesion molecules were shown to contribute to 
the development not only of atherosclerotic but also of 
inflammatory vascular disorders by regulating cell adhesion 
between leukocytes and endothelial cells; given that Lp(a) 

might play an essential role in both the earliest stage of 
atherosclerosis and inflammatory CVDs by the 
enhancement of intercellular adhesion molecule (ICAM-1) 
(53-54). 

 
Finally, it is of interest the demonstration that 

Lp(a) stimulates the production of vascular cell adhesion 
molecule (VCAM-1) in cultured human coronary artery 
endothelium(55-56). 

 
P-selectin is one of the major adhesion molecules 

able to mediate the interaction between monocytes, 
platelets and endothelial cells. Increased expression of P-
selectin has been frequently found in atherosclerotic 
lesions. Zhao et al. assessed the effects of native and 
oxidized LDL (n-LDL and ox-LDL) and Lp(a) (n-Lp(a) 
and ox-Lp(a)) on the expression of P-selectin in cultured 
human umbilical vein endothelial cells (HUVECs). Results 
showed that P-selectin protein expression was not 
influenced by n-LDL, but was moderately increased by ox-
LDL and n-Lp(a). Ox-Lp(a) was the most potent stimulus 
for P-selectin expression. In addition, authors showed a 
dose dependent induced monocyte adherence to endothelial 
cells after incubation of HUVECs with ox-Lp(a). These 
results demonstrate that ox-Lp(a) can induce P-selectin 
expression in HUVECs, which may thereby influence the 
pathogenesis of atherosclerosis (55-57). (Figure 5) 
 
7. SUMMARY AND PERSPECTIVE 
 

Lp(a) is involved in the development of 
atherothrombosis and activation of acute inflammation 
exerting a pro-atherogenic and hypofibrinolytic effect. This 
molecule can be considered as a common linkage among 
different metabolic systems. Moreover, lipoprotein(a) plays 
a critical role in the pro-inflammatory reaction. 

 
This pleiotropic effect is primarily regulated by 

the size of the apo(a) polymorphs: for example, only small 
size isoforms display high affinity binding to fibrin (58-60). 
According to this concept, some Lp(a) phenotypes may not 
be related to atherothrombosis and, therefore, high Lp(a) in 
some individuals might not represent a risk factor for CVD 
(61-62). Future studies need to clarify better its own 
function. We suppose that Lp(a) lipoprotein evolution 
during centuries could be due to the need to provide 
protection against several oxidative stressors. For example, 
Lp(a) lipoprotein has been demonstrated to be involved in 
wound healing (63). Others activities have been 
demonstrated in vitro and in vivo tumor models where 
Lp(a) exhibited an anti-angiogenic action. 

 
Moreover Thillet et al. showed elevated Lp(a) 

levels in human centenarians, where probably Lp(a) 
correlated with human longevity (64-68). 

 
Recently Tregouet et al. (69) identify the 

SLC22A3-LPAL2-LPA gene cluster as a strong 
susceptibility locus for coronary artery disease through a 
genome-wide haplotype association study. This locus was 
not identified from previous genome-wide association 
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studies focused on univariate analyses of SNPs (69). 
Further studies will be required to assess this relationship. 
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