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ABSTRACT
The aim of this review is to highlight the role of lipoprotein(a) [Lp(a)] in atherogenesis and coronary artery disease.
After 40 years from discovery, Lp(a) still remains an enigma and we are still far in understanding the
pathophysiological role of Lp(a). Based on its peculiar structure, Lp(a) has both atherogenic and thrombogenic
potentials as it is internalized by macrophages and has structural similarity with plasminogen. The results of the
prospective studies performed over the past decade have also shown that Lp(a) is a predictor of coronary artery disease
(CAD), even though some of the studies have failed to show a statistically significant difference in Lp(a) levels on
subjects that subsequently developed CAD and those that did not. Within the population, the plasma levels can vary
from <0.5 mg/dl to >200 mg/dl. There is currently no safe drug for long term treatment of patients with high levels of
Lp(a). However, it has been proposed that there is a possibility of interfering with apolipoprotein(a) (apoA) translation
by using adenovirus mediated antisense RNA technology. Despite more than 3 decades of intense scientific research,
the physiopathological role of Lp(a) is still poorly understood and the extent to which Lp(a) levels should be assessed
in clinical practice remain controversial until now.
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ipoprotein(a) [Lp(a)] was first identified by
L
Berg in 1963 as a low density lipoprotein
(LDL) variant and was initially thought to be a
1

cause of unexplained transfusion reactions. It
remained pernicious when previous study succeeded
in separating it into its lipid and protein
components. They determined that the molecule
comprised of a lipid which was very similar to that
found in LDL and was linked to a molecule of
apolipoprotein(b)
(apoB)
and
a
second
apolipoprotein called apolipoprotein(a) (apoA).2
Lipoprotein(a) is the most complex and
polymorphic of the lipoprotein particles. It was later
found that apoA was linked to apolipoprotein B-100
(apoB100) of LDL by disulfide linkages.3 The
structural gene for apoA is located on chromosome
number 6 with the gene for plasminogen, giving a

clue that both may have arisen from a common
ancestral gene.4 The most intriguing feature of apoA
is that it shares an extensive structural homology
with plasminogen, a key proenzyme of the
fibrinolytic cascade. Kringle V and the protease
domain of apoA share >85% amino acid identity
with the corresponding plasminogen domains, even
though the protease domain of apoA does not
appear to have a catalytic function.3 The number of
kringle IV type 2 repeats, which is encoded by a
varying number of copies in the apoA gene,5 varies
both within and among individuals and
approximately 35 apoA size isoform have been
detected in human plasma. 6 The aim of this article is
to highlight the role of Lp(a) in coronary heart
disease and thrombogenesis.
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Pathogenecity. Based on its peculiar structure,
Lp(a) has both atherogenic and thrombogenic
potentials. Lipoprotein(a) is believed to contribute
to lipid induced atherogenesis similar to LDL
particles.7 Lipid peroxidation of LDL particles
modifies its structure and makes it susceptible to be
engulfed by macrophages, leading to foam cell
formation and initiation of atherosclerosis.8
Compared with LDL, it contains lower amount of
antioxidants and exhibits a high affinity to
extracellular matrix and fibrinogen, which prolongs
residence time in the subintima.9 A number of
potential mechanisms have been invoked to explain
the role of Lp(a) in atherogenesis. There is an
evidence that oxidized Lp(a) can be internalized by
macrophages, thus, contributing to foam cell
formation.10,11 Both properties of Lp(a) facilitate its
oxidative modification and may enhance its capacity
to cause injury.
There are 3 potential mechanisms whereby Lp(a)
may exert a prothrombic effect by inhibiting
generation of plasmin, a protease causing
fibrinolysis (Figure 1). Lipoprotein(a) competes
with plasminogen for binding to endothelial cells
and fibrin. This leads to reduced activation of
endothelial cell and fibrin dependent activation of
plasminogen by tissue plasminogen activator (t-PA).
Furthermore it interferes with plasminogen
activation by reducing the activity of t-PA by
competitive inhibition and by itself enhances the
expression of plasminogen activator inhibitor 1
(PAI 1).4 It is also possible that the pathogenicity of
Lp(a) may also reside in unique functions of this
lipoprotein that are independent of its structural
similarity to either LDL or plasminogen.10
Metabolism. So far, little is known on the
metabolic pathways involved in Lp(a) handling.
Despite the presence of LDL, apoA imparts to Lp
(a)'s unique properties with respect to synthesis and
catabolism. In fact, apoB-100 in Lp(a) particles does
not appear to mediate the catabolism of this
lipoprotein via the LDL receptor, thus, suggesting
that the attachment to apoA produces a steric
hindrance or a conformation change of apo B-100.
Whereas, the rate of removal from the circulation
determines the level of LDL, evidence has been
provided that the rate of synthesis is the primary
determinant of Lp(a) levels.12 Plasma Lp(a)
concentration is primarily controlled at the level of
the gene that encodes apoA,13 and an inverse
correlation has been shown between plasma Lp(a)
concentration and apoA size that may arise, at least
in part, from the relatively inefficient secretion of
the larger apoA isoform from hepatocytes.14 We are
still far from understanding the pathways involved
in Lp(a) catabolism and the physiological function
of this lipoprotein.
Lipoprotein(a) and coronary artery disease
(CAD). Although, clinical interest in this particle
430
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Figure 1 - Representation of the interaction between lipoprotein(a)
and fibrinolytic system. Lipoprotein(a) competes with
plasminogen for binding to endothelium and fibrin.
FDPs - Fibrin degradation products, t-PA - Tissue
plasminogen activator, PAI-1 - Plasminogen activator
inhibitor

was limited for many years, it was stimulated again
in the late 1970s with the discovery that high
concentrations of Lp(a) may be associated with
CAD. Moreover, it was found that raised values are
associated with severity of CAD and with increased
risk of future cardiac events. The relative risk of
myocardial infarction has been reported to be 1.75
fold higher when Lp(a) levels are above 30 mg/dl.15
Numerous follow up studies have now confirmed
that Lp(a) is an independent risk factor for CAD.16
In contrast to the initial studies in which Lp(a) was
considered to be a fixed parameter, it has been
found that it is changeable and is significantly
affected by lipoproteins metabolic pathways. This
observation may have important implications
regarding the design of therapies aimed at reducing
CAD risk due to high Lp(a) concentrations. 17
Since its discovery, Lp(a) has been recognized as
a risk factor for CAD and in the majority of case
control studies, Lp(a) concentrations have been
found to be higher in patients with existing CAD
than in matched control subjects. The results of the
prospective studies performed over the past decade
have also shown that Lp(a) is a predictor of CAD,
even though, some of the studies of this design have
failed to show a statistically significant difference in
Lp(a) levels between subjects that subsequently
developed CAD and those that did not.18 The major
reasons for the discrepant results of the prospective
studies have been attributed to variations in study
design, collection and storage of samples, methods
used for statistical analysis and population
differences that reflect the known ethnic variability
in the distribution of Lp(a) levels and apoA size
isoforms.19,20 Additionally, it has been demonstrated
that apoA size heterogeneity greatly affects the
accuracy of Lp(a) analytical methods if the assay is
based on antibodies that recognize the variably
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repeated kringle IV type 2. It has been shown that
Lp(a) values can be substantially underestimated or
overestimated based on apoA size.21 This can have a
great effect on the interpretation of clinical studies if
the distribution of apoA size isoform is different
between patients and control subjects. More
recently, the results of several studies have cast
some doubt on the independent role of Lp(a) as a
risk factor for CAD, suggesting that Lp(a)
synergistically contributes to CAD by potentiating
the effect of other lipid risk factors. Evidence has
been provided that Lp(a) and LDL can act
additively in the development of angiographically
detectable CAD. 22 In a study of men with CAD and
elevated apoB and LDL cholesterol, Lp(a) values at
baseline were the best predictor of CAD severity.
However, in the group of patients in whom LDL
was substantially reduced, high Lp(a) levels were no
longer predictive, which suggests that Lp(a) may
not be a primary causative agent in atherogenesis. 23
Kronenberg et al24 found that in subjects with high
LDL levels (3.3 mmol/L), plasma Lp(a)
concentrations were predictive of risk of
development of early atherogenesis in a dose
dependent manner. However, the risk was not
correlated with apoA isoform size and was not
present when LDL levels were <3.3 mmol/L. These
results are in keeping with other studies that
suggested that Lp(a) risk may be dependent on
additional lipid risk factors and indicate that Lp(a)
may not be an independent risk factor for the
development of early lesions.
A meta analysis of 27 prospective studies with
information on 5436 CAD cases observed during
mean follow up of 10 years provided the most
reliable assessment of the association between
plasma Lp(a) and CAD.25 In this regard, it was
already been demonstrated that both Lp(a) levels
and apoA isoform size distribution vary between
racial groups.20 As such, it is possible that apoA
isoform size may not be predictive of advanced
atherosclerosis in all populations. Clearly, additional
large prospective studies to evaluate the risk
associated with both Lp(a) concentrations and apoA
phenotypes in different racial groups are required to
address this question. It is also clear that additional
structure function studies need to be carried out to
address the mechanism by which low molecular
weight (LMW) apoA isoform confer increased risk
in advanced lesions. Finally, the question arises as
to whether Lp(a) concentration and apoA
phenotypes should be determined in the general
population. The relative risk of myocardial
infarction has been reported to be 1.75 fold higher
when Lp(a) levels are above 30 mg/dl. Numerous
follow up studies have now confirmed that Lp(a) is
an independent risk factor for CAD.26

Lipoprotein(a) in clinical studies. Population
Lp(a) values follow a skewed distribution with
median values lower than mean values, thus
sometimes necessitating the use of non parametric
statistics when evaluating a data.3 Previous study
reported that based on the Physician’s Heart Study
there was no evidence of association between
baseline plasma concentration of Lp(a) and future
risk of thromboembolic stroke in healthy
individuals. 27,28 While Gillum29 included Lp(a) in a
review paper as one of the risk factors for stroke in
black Caucasians. In another study, Lp(a) was
suggested as one of the important risk factors for
venous thromboembolism during childhood. 30
Racial differences have also been reported with
black caucasians having a less skewed distribution
and higher levels than white caucasians.31 Age
related differences are also relevant. Lipoprotein(a)
levels are reported to increase during the early years
of life, reaching a plateau in adulthood.32 No
significant difference has been observed as far as
gender is concerned. However, gender related
differences may arise during later years of life when
women report to have higher values after the
menopause. The significant decrease in its level has
been seen with estrogen and progesterone
therapy.33,34 Lipoprotein(a) is also raised in patients
of hyperlipidemias.35 Lipoprotein(a) has also been
shown to be an acute phase reactant with levels
increasing after myocardial infarction,36 stroke 37 and
coronary artery bypass graft.38 Studies have also
reported that Lp(a) levels are increased in renal
diseases.39 Raised levels of Lp(a) have been
observed in smokers but it is proposed that the
impact of cigarette smoking on premature CAD
incidence far out weighs abnormalities in any of the
major lipid or lipoprotein fractions, hypertension or
glucose intolerance.15 Lipoprotein(a) continues to
be a focus of intense research and new exciting data
have been continuously documented. Therefore,
both the prothrombic and atherogenic mechanisms
of Lp(a) may be better elucidated in the near future,
thus, providing more defined indications for the
determination of Lp(a) values and apoA isoform in
clinical practice.
Shall we perform Lp(a) estimation routinely?
Several important factors strongly support the
suggestion that determination of Lp(a) levels should
not be performed when the general population is
screened for risk of CAD. Within the population the
plasma levels can vary from less than 0.5 mg/dl to
over 200 mg/dl.40 The lack of standardized and
apoA size independent methods for Lp(a)
measurement makes it impossible to compare
results from different clinical studies. Different
methods have been used for measurement of Lp(a).
Early
methods
included
immunodiffusion,
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radioimmunoassay but later was replaced by more
sensitive and less laborious enzyme linked immuno
absorbent assays.3 The cutoff Lp(a) value to classify
subjects as being at increased risk for CAD varies
greatly among studies and ranges from 20-40 mg/dl.
These differences may be both method and
population dependent and constitute a serious
obstacle to clinicians in the interpretation of patient
values and in the correct assessment of risk. As the
National Institutes of Health National Heart, Lung
and Blood Institute (NIH-NHLBI) awarded a
contract for the standardization of Lp(a)
measurements, substantial improvement in this area
is expected in the coming years. Additional factors
that do not support a generalized measurement of
Lp(a) are the relative resistance of Lp(a)
concentration to diet and drug treatment and the
lack of evidence to support the clinical benefit of
lowering Lp(a).41,42 However, as Lp(a) values
continue to emerge as a potent CAD risk factor, at
least in Caucasians, as also confirmed by the present
study by Kronenberg et al24 determination of Lp(a)
levels may provide an important contribution to the
clinical assessment of individuals at high risk for
CAD or of patients with existing CAD.
Additionally, considering the evidence indicating
that high Lp(a) levels may increase the risk
imparted by high LDL cholesterol, the knowledge
of Lp(a) concentration may aid in the choice of the
most appropriate treatment of high risk individuals.
Given the uncertainty related to the Lp(a) cutoff
value, It has been suggested that clinicians use a
conservative Lp(a) value of 20 mg/dl, particularly in
patients with concomitantly elevated LDL
cholesterol. Given the uncertainty related to Lp(a)
cutoff value, it has been suggested that clinicians
use a conservative Lp(a) value of 30 mg/dl,
particularly in patients with concomitantly elevated
LDL cholesterol.43,44
At present, it does not seem cost effective to add
the estimation of apoA isoform to assess CAD risk
assessment. Clinicians should decide on an
individual basis whether the determination of apoA
isoform is necessary to generate a more complete
risk profile. Lipoprotein(a) continues to be a focus
of intense research and a new exciting data are
continuously being produced. Therefore, both the
prothrombic and atherogenic mechanisms of Lp(a)
may be better elucidated in the near future, thus,
providing more defined indications for the
determination of Lp(a) values and apoA isoform in
clinical practice.
Treatment of high risk levels of Lp(a). There is
currently no safe drug for long term treatment of
patients with high levels of Lp(a). However, it has
been proposed that there is a possibility of
interfering with apoA translation by using
adenovirus mediated antisense RNA technology.
The administration of antisense apoA has led to an
432
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almost complete disappearance of apoA from
plasma. As antisense technology becomes routine
for human use, it may be used for treatment of high
risk levels of Lp(a).45 Apolipoprotein(a), however,
suppresses angiogenesis and may interfere with the
infiltration of tumor cells.
Despite more than 3 decades of intense scientific
research on the structure and biochemistry of Lp(a),
the physiopathological role of Lp(a) is still poorly
understood. In spite of its recognition as a risk
factor for CAD, the role of Lp(a) in atherogenesis
and the extent to which Lp(a) levels should be
assessed in clinical practice remain controversial
until now. However, intense research is continuing
on Lp(a) and new exciting data are continuously
being produced. Thus, both the prothrombic and
atherogenic mechanisms of Lp(a) may be better
elucidated in the near future, providing more
defined indications for the determination of Lp(a)
values and apoA isoform in clinical practice.
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