
 

 

 

 

ABSTRACT 

           Reports have shown that lipoprotein (Lp)(a) can serve as an indicator of 

atherosclerosis and cardiovascular diseases. Several cardiovascular disease risk factors 

including age, ethnicity and type 2 diabetes mellitus have been linked to Lp(a) metabolism. 

Given the structural similarity between Lp(a) and plasminogen, there may be a relationship 

between Lp(a) level and thrombosis and atherogenesis. 

In this review, we summarize the latest data about Lp(a) and related conditions on the 

PubMed database using the following keywords: “Lp(a) and diseases” and “Lp(a) and racial 

groups”. All available information was extracted and categorized according to the purpose of 

this study. In conclusion, evidence suggest that increased level of Lp(a) results in coronary 

artery disease and increases the risk of ischemic stroke. Lack of Lp(a) has no adverse effect 

on human health. Moreover, Lp(a) can be effective in wound healing as it degrades 

apolipoprotein(a) products which might have anti-tumor and anti-angiogenetic effects. 

           Keywords: Lipoprotein(a), Atherosclerosis, Apo(a). 
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Lipoprotein (a) Structure  

Lipoprotein (a) particles were first detected by 

Berg in 1963 (3). This particle has a round 

macromolecular complex with a thickness of 

about 25 nm and density of 1.05-1.12 g/ml. 

Another protein called apo(a) is produced 

through non-covalent disulfide bonds with 550 

kDa apoB100 (4). The protein consists of an 

inactive domain of protease or serine protease 

with 94% similarity of amino acid sequence 

with that of plasminogen. In addition, two 

other domains exist in heavy chain three-

dimensional structure that contains large 

amounts of glycosyl called "Kringle"(5). 

Apolipoprotein(a) serine protease domain 

shows a substitution of serine for arginine in 

activation site that is equivalent to 

plasminogen. Similar to plasminogen III, this 

entity prevents the tissue plasminogen 

activators (t-pA) such as urokinase or 

streptokinase from converting Lp(a) to active 

protease (6). One domain of Kringle apo(a) is 

similar to Kringle V plasminogen and only 9% 

difference in amino acid is observed. The rest 

of Kringle IV within the structure of 

plasminogen correlates with 10 different 

structure in apo(a). 

Only Kringle type 2 is permanently present in 

the structure of apo(a) which has 84% 

similarity to that of plasminogen; thus 

KringleV exists as a unique copy, while 

KringleIV is 10-40times repeated in the 

structure of apo(a). KringleIV repetition times 

are genetically determined. Repetition times 

range from 12 to 51 times, producing 34 

different apo(a) isoforms (5,6). 

Six different forms for Lp(a) have been 

identified using electrophoresis and 

immunoblotting: Lp(a) F, Lp(a) BT, Lp(a) S1, 

Lp(a) S2, Lp(a) S3 and Lp(a) S4. The letters F 

(fast), S (slow), B (similar apoB100) are 

related to apo(a) movement compared to 

apoB100. Isoforms of apo(a) are indicative of 

Lp(a) concentration in plasma. Smaller 

proteins are secreted more effectively 

compared to proteins with higher molecular 

weights.  

The concentration of Lp(a) is mostly 

dependent on isoforms with smaller KIV, 

which also have more thrombogenic activity. 

Therefore, there is an inverse relationship 

between molecular weight and apo(a) isoforms 

and Lp(a) plasma concentration. The presence 

 

INTRODUCTION 

            Lipoprotein (LP) (a) is a unique 

lipoprotein and an independent risk factor for 

vascular diseases. High level of this 

lipoprotein (300 mg/dl) in humans, especially 

when accompanied with other lipids or 

thrombogenic factors, increases the risk of 

developing cardiovascular diseases (CVDs). 

Studies have shown that the level of Lp(a) is 

highly variable according to individual genetic 

control. The Lp(a) level varies widely and is 

controlled by genetic factors. Some reports 

have shown that Lp(a) is highly associated 

with arterial wall and atherosclerosis, 

displaying many thrombogenic properties, but 

no certain function has yet been identified for 

Lp(a)(1). 

Different studies have highlighted the 

relationship between Lp(a) and risk of 

developing CVDs. Direct deposition of Lp(a) 

in arterial wall increases low-density 

lipoprotein (LDL) oxidation. Despite the 

pathogenic effects of Lp(a), it is not yet proven 

that decreased concentration of Lp(a) can 

reduce the risk of CVD.  

The discovery of the structural similarity 

between apo (a) and plasminogen shed light on 

the possible association between plasma Lp 

concentration and thrombosis/athrogenosis. It 

is hypothesized that Lp(a) intervenes with the 

fibrinolytic system by competing with 

plasminogen at its endothelial cell bindings 

site. This leads to fibrinolysis inhibition and 

intra-arterial thrombus formation and 

consolidation. In this hypothesis, Lp(a) is a 

factor linking athrogenosis to thrombogenosis 

(Figure 1) (2).  

Lipoprotein (a) Biology and Importance 

As shown in figure 2, chemical structure of 

Lp(a) is similar to that of LDL. In the Lp(a) 

structure, apo(a) is connected to apoB (100) 

through disulfide bonds. Lipoprotein (a) is 

synthesized in the liver and its concentration in 

plasma ranges from less than 1 mg/dl to over 

1000 mg/dl. However, Lp(a) level of 20 to 30 

mg/dl doubles the risk of CVDs.  

Black people seem to have distinctively higher 

levels of Lp(a) compared to Caucasians and 

Asians; but this difference is not associated 

with increased incidence of CVD. 

Nevertheless, the risk of this factor in 

progression of CVD in black people should be 

taken into account. Sex and age also have little 

effect on Lp(a) level (2). 
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Several studies have shown that Lp(a) binds to 

specific LDL receptors in spite of less affinity 

(14). There are two interpretations for different 

tendencies: 1) A portion of Lp(a) domains 

bind to apo(a) close to the LDL receptor 

domain, 2) apo(a) does not bind to apoB100 in 

its receptor binding sites(14). Evidence 

suggest that LDL receptor is not very 

important in plasma Lp(a) uptake by cells. 

Large clinical studies have reported that statins 

have no effect on Lp(a) concentration. Statins 

stimulate expression of LDL receptors, 

resulting in increased Lp(a) plasma uptake; 

hence it is expected that Lp(a) level decreases. 

Macrophages play an important role in Lp(a) 

uptake. By further uptake of lipoproteins, 

macrophages transform to foam cell that is a 

major mechanism of atherogenesis (15). 

Although the LDL receptor plays a role in 

Lp(a) uptake, its effectiveness in the process is 

limited (16). 

Apolipoprotein (a) Genetics and Related 

Ethnic Aspects 

The gene encoding apo(a) protein in humans 

has been cloned and sequenced in 1987. The 

gene is located on human chromosome 6q26-

27, in the same cluster of plasminogen. There 

is 70% similarity between this gene and 

plasminogen gene. 

 Since genetic variability of apo(a)and other 

genes are dependent on Lp(a) synthesis and 

metabolism, the plasma lipoprotein levels may 

vary over 1,000 times among different 

individuals (17). Apolipoprotein (a) gene is 

responsible for 91% of variability in Lp(a) 

concentrations. Greater allele frequency 

variations among different races indicates that 

the racial factors have a significant impact on 

the level of Lp(a) (18). 

In a study performed on 7 races, Lp(a) 

polymorphism ranged from 17% to 77%  

correlation with variations in Lp(a) 

concentrations (19). 
 

 

 

 

 

 

 

of seventh allele called Lp(a) (o) null that 

leads to lipoproteins deficiency in plasma, has 

been shown using sensitive techniques. 

However, its serum levels have not yet been 

determined (6). 

The presence of apoB100 in Lp(a) causes 

precipitation of lipoprotein with LDL. In the 

chemical deposition method, LDL is 

calculated using the Friedewald formula. 

Therefore, in patients with high Lp(a) 

concentration, Lp(a) level should be adjusted 

in the formula to correctly calculate the LDL 

concentration (7). 

Lipoprotein (a) Measurement  

Generally, the concentration of Lp(a) is 

determined by antibody-based methods such 

as radioimmunoassay, radial immunodiffusion 

(8), ELISA and nephelometry or turbidometry 

using monoclonal antibody against apo(a). 

Notable alterations in apo(a) molecular weight 

cause volume to molar ratio variability among 

people. Different studies must be compared to 

standardize the methodologies used to 

determine Lp(a). Thus, methodologies need to 

be improved to determine Lp(a) level (9). 

Lipoprotein (a) Synthesis and Metabolism 

Despite the structural similarities between 

LDL and Lp(a), little is known about Lp(a) 

synthesis and metabolism except for the fact 

that it is entirely independent of LDL. Studies 

have shown that the apo(a) synthesis occurs in 

the liver and its relationship with apoB100 is 

built in epithelial cells (10). There is no 

proportionality between apo(a) and apoB100 

synthesis pathways, nor between Lp(a) and 

plasminogen. In patients with high triglyceride 

levels, Lp(a) is reduced which may be due to 

the increased clearance of lipoprotein (11, 12). 

Interestingly, the concentration of Lp(a) is not 

related to serum lipoprotein lipase activity. In 

this line, it has been shown that stimulation of 

lipolysis during heparin therapy does not affect 

serum Lp(a) concentrations (13). 
 

 

 

 

 

 

 

 

Figure 1- Competitive inhibition of plasminogen and Lp(a) 
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et al. reported that the risk of CVD increases 

up to 2.3 times in patients with more than 50 

mg/dl of Lp(a) (34). However, Porter and 

Riches estimated that the risk of CVD doubles 

with Lp(a) levels above 20mg/dl (32). The 

relationship between Lp(a), CVD and ischemic 

events has also been shown by Murai et al. 

(35). In a Japanese population, a study 

reported that the risk of CVD in individuals 

with high Lp(a) concentration decreases with 

age (36).   

In a Brazilian population, the risk of 

developing coronary artery disease increases 

by 2.3 when the level of Lp(a) reached above 

25mg/dl (37). 

Although most studies have not reported a 

relationship between gender and Lp(a) levels, 

it seems that increased level of Lp is a more 

specific risk factor in women than in men (38). 

In a study conducted on a Atherosclerosis Risk 

in Communities (ARIC) population, Lp(a) was 

considered a risk factor for sex-related 

atherosclerosis because plasma Lp(a) 

concentration was higher in women than in 

men (39). In postmenopausal women, 

increased level of Lp(a) and triglycerides are 

considered as predictors of coronary artery 

disease (40). Early prospective studies have 

shown no relationship between Lp(a) and risk 

of myocardial infarction (41,42). In a study 

performed on 68 patients with CVD, small-

sized apo(a) was identified as an independent 

risk factor (43). Apolipoprotein(a) is 

accompanied with plasminogen or fibronectin, 

which can be either bound or separated(44). 

Studies have shown that Lp(a) can bind to 

glycosaminoglycans (45), fibrin (46), platelets 

(47), Beta-2 glycoprotein (48) and 

glycoprotein 330 (gp330)/megalin (49) in 

human plasma. Lp (a) increases during 

fibrinolysisin patients with stroke (50). 

Lipoprotein (a) and Cancer 

The relationship of Lp(a) with certain cancers 

is well documented. Increase in Lp(a) levels 

has been reported in breast cancer (51) and 

lung cancer (52); however, Lp(a) level 

decreases in liver cancer (53) since the main 

site of apo(a) synthesis is impaired in this 

condition. Controlling angiogenesis should be 

considered as a main therapeutic objective. 

Early studies showed that removal of primary 

tumors increases the risk of cancer progression 

and metastasis. The led to the notion that 

primary  tumors  might  produce    angiostatic 

factors    that    inhibit    tumor    growth     and 

Lipoprotein (a) and Racial Groups  

Lipoprotein (a) concentration varies widely in 

the general population. Generally, Lp(a) 

concentration is lower in bigger isoforms and 

higher in CVD patients. In the African-

American population, normal distribution 

shifts toward higher concentrations of Lp(a) 

(20). High level of Lp(a) is a risk factor for 

CVD and stroke (21). 

Lipoprotein (a) Pathogenicity  

Similar to acute-phase proteins (haptoglobin, 

alpha-1 antitrypsin and C-reactive protein), 

Lp(a) increases temporarily in inflammation as 

a result of tissue damage but will return to 

baseline values within a month  (22). 

Following a heart attack, the level of Lp(a) 

increases in the first 24 hours and may return 

to baseline level within 30 days (23). In 

addition, Lp(a) increases in chronic 

inflammatory diseases, such as rheumatoid 

arthritis (24), systemic lupus erythematosus 

(25), acquired immunodeficiency syndrome 

(26), and some other conditions including 

heart transplantation (27), chronic renal 

diseases (28) as well as pulmonary arterial 

hypertension (29). 

Lp(a) decreases in some liver diseases or by 

intake of steroid hormones (28). The 

relationship between Lp(a) and diabetes 

mellitus has not been firmly established yet. 

Some studies demonstrated a link between 

diabetes mellitus and increased levels of Lp(a) 

(30). 

Contrary to other studies, no difference was 

found in the concentration of Lp(a) in the San 

Antonio Heart Study (31). 

Direct deposition of Lp on arterial walls, 

similar to LDL oxidation, may be involved in 

the process of atherogenesis. In fact, Lp(a) is 

more tolerant to oxidation than LDL, which 

may be a result of facilitated uptake by 

macrophages (15).The effect of Lp(a) on the 

arteries is still open to debate. The relationship 

between inflammatory cytokines such as α 

TNF-, TGF-β, IL-6, MCP-1 and Lp(a) has 

been reported (32,33). In addition, reduced 

fibrinolysis, as well as platelet aggregation is 

the result of adhesion molecules expression, 

infiltration and migration of endothelial cells 

and smooth muscle cells and foam cells 

formation.  

Lipoprotein (a) as a Risk Factor for 

Atherosclerosis 

There are numerous research indicating an 

association  between  Lp(a) and CVD. Kostner  
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Nicotinic acid and its derivatives can reduce 

Lp(a) levels by up to 30%.The most effective 

method for lowering Lp(a) is extracorporeal 

elimination with apheresis (59). Taking statins 

or fibrates medication, the traditional treatment 

for hypertriglyceridemia, do not steadily cause 

Lp(a) reduction. Ezetimibe lowers Lp(a) 

concentration as much as 29%. Other agents 

that could lower Lp(a) concentration include 

mixture of L-lysine and ascorbate, 

thyromimetics, L-carnitine, cholesterylester 

transfer protein inhibitors, as well as 

monoclonal antibodies such as anti-proprotein 

convertase subtilisin/kexin type 9, anti-

tocilizumab antibody and proteins responsible 

for degrading LDL receptor (2). Despite the 

beneficial effects of curcumin on components 

of metabolic syndrome such as 

hypertriglyceridemia, low high-density 

lipoprotein-cholesterol and central obesity(60, 

61), it seems that this drug does not improve 

risk factors of CVD including cholesteryl ester 

transfer protein inhibitors (62) or Lp(a) (63) at 

doses prescribed in the studies. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

tissue repair and may have a protective effect 

on LDL cholesterol. Lipoprotein(a) can be 

effective in wound healing, but it is not clear 

whether this effect is related to the affinity of 

apo(a) to the extracellular matrix composition. 

Apolipoprotein(a) degradation products have 

anti-tumor, anti–angiogenetic effects. In this 

case, the Lp(a)/apo(a) can be beneficial for 

humans and therefore a relationship between 

Lp(a) and longer life expectancy can be 

anticipated. The balance between these roles 

of Lp(a)/apo(a) can be a subject of future 

investigations (65). 

 

 

metastasis (54).  

Expressing cDNA fragment containing apo 

(a), KIV-9, KIV-10 and KV in murine CT26 

colon carcinoma line inhibited liver metastasis 

in BALB/c mice (54). Effect of angiogenic 

activity on endothelial deformation is as 

follows (55): KV>KI>KIII>KII>KIV. 

Angiogenesis is required for wound healing 

and endothelium regeneration (56). Yano et al. 

reported that Lp(a) accumulation contributes 

to wound healing and stimulates migration and 

proliferation of vascular endothelial cells (57). 

In summary, Kringles are produced by break 

down of apo(a) and exhibit anti-tumor and 

anti-angiogenesis properties, while Lp(a) 

facilitates wound healing by activating 

endothelial repair of injured endothelium and 

removing angiogenesis . 

Several studies have shown that Lp(a) 

reduction is associated with progression of 

hepatocellular carcinoma (58). 

Drugs and Lp(a) 

Taking statins have different effects on plasma 

Lp(a) levels. 
 

 

 

 

 

 

 

 

 

CONCLUSION 

        Increased level of Lp(a) is an independent 

risk factor for CVD events and has been 

observed in coronary artery disease and 

ischemic stroke events (64). 

Lack of Lp(a) has no adverse effects on 

humans. However, the pathological effects of 

Lp(a) in vascular diseases with remaining 

oxidized LDL particles still requires further 

investigation.  

Apolipoprotein(a) is highly glycated and can 

attach to several different extracellular 

matrices, thus participating in vascular 

diseases.  However, Lp(a) also plays a  role  in 
 

 

Figure 2- Structural similarity between Lp(a) and LDL 
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