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Lipoprotein (a), or Lp(a),' discovered by Kare Berg (1) more
than 25 years ago, remains today a fascinating subject of re-
search both because of its presumed association with athero-
sclerotic cardiovascular disease (ASCVD) (2-14) and the
many challenges it is offering to geneticists, structural biolo-
gists, physiologists, epidemiologists, cardiologists, and clini-
cians in general. Among these challenges is the elucidation of
the remarkable heterogeneity exhibited by this lipoprotein
particle, which is a key for understanding its biology. We will
examine the various aspects of this heterogeneity and attempt
to provide a global view on past and current knowledge on
Lp(a) and identify those controversial areas where intensified
research efforts are likely to provide important new advances.

Physicochemical basis of heterogeneity

The heterogeneity of Lp(a) went largely unrecognized until
Harvie and Schultz (15) reported that their preparations of
Lp(a) had a rather broad sedimentation coefficient distribu-
tion, and that 25% of them exhibited a bimodal Schlieren
peak. The first systematic study on Lp(a) heterogeneity was
carried out in 1984 by Fless et al. (16), who not only confirmed
the findings of Harvey and Schultz but by studying individual
rather than pooled human blood samples also found that Lp(a)
exhibits both inter- and intra-individual density heterogeneity,
and that this heterogeneity is accounted for by differences in
protein and lipid composition. In the same study, they also
observed that apolipoprotein(a) [apo(a)], the specific marker of
Lp(a), exhibits size heterogeneity owing to species that have
electrophoretic mobility either less than, equal to, or greater
than that of apo B,g, the protein moiety of low density lipo-
protein (LDL). In those studies it was also shown that apo(a)
mass contributed to Lp(a) density in that the larger apo(a) was
the main component of the denser particles and the smaller
apo(a) was preferentially associated to Lp(a) particles of a low
buoyant density. The importance of these studies did not be-
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come immediately apparent but clearly paved the way to
many of the recent developments in the field by providing the
notion that Lp(a) is not a discrete lipoprotein species but rather
a family of lipoprotein particles that has as a protein moiety a
single copy of apo B, more specifically apo B;o chemically
linked to a single copy of apo(a) of a variable mass. However,
species of Lp(a) that have 2 mol of apo(a) per mol of apo B,
have been found (17, 18).

Early studies dealt with normotriglyceridemic subjects and
the density limits used only permitted analyses of Lp(a) species
having a core rich in cholesteryl esters (CEs). However, Bersot
et al. (19), first noted that the apo(a) antigen can be present in
chylomicrons and chylomicron remnants of subjects in the
postprandial state. This finding prompted an inquiry into the
relationship between triglyceride (TG)-rich particles and Lp(a)
and between Lp(a) and hypertriglyceridemia in general. As an
approach to this problem Scanu et al. (20) and Fless et al. (21)
first established that the protein moiety of Lp(a), namely the
apo B-apo(a) complex contrary to apoBg, is water soluble
(Table I). This is likely because the highly glycosylated and
hydrophilic apo(a) by linking to apo B, raises the overall
hydrophilicity of the complex, thus preventing its precipita-
tion. This observation may prove to be of a high biological
significance since apo B, once linked to apo(a) would be able
to move in aqueous media independently from its association
with lipids. Of additional importance is the fact that the apo
B-apo(a) complex has lipophilic properties in that it can bind
to artificial chylomicrons, TG-phospholipid emulsions, natu-
rally occurring TG-rich particles (e.g., chylomicrons, chylomi-
cron remnants, very low density lipoprotein [VLDL], and in-
termediate density lipoprotein [IDL]) as well as CE-rich lipo-
proteins (e.g., LDL and high density lipoprotein [HDL]
although comparatively less effectively). Since apo(a) does not
bind lipids, at least in its reduced and carboxymethylated form
(21), it is apparent that the lipophilic properties of the apo
B-apo(a) complex and its ability to affiliate with both CE- and
TGe-rich particles are due to apo B,o which has been reported
to undergo structural changes as a consequence of its chemical
linkage to apo(a) (22).

From the above it is apparent that apo(a) not only serves as
a distinctive marker of Lp(a) but also plays an important role
in determining size and density of Lp(a) through its association
with apoB;g. With this notion in mind, let us now examine
the unique structural properties of apo(a).

Structure of apo(a)

Joint studies between scientists at Genentech and the Univer-
sity of Chicago initiated in the late part of 1986 led to the
discovery that a striking structural similarity exists between
apo(a) and plasminogen based on partial amino acid sequence
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Table I. Water Solubility and Lipid-binding Capacity
of Delipidated Human Plasma Lp(a)*

Product Water soluble Lipid binding
Apo B100-apo(a) Yes Yes
Apo B100 No* Yes
Apo(a) Yes No

* Data taken from Fless et al. (21).

data (23) and the analysis of the apo(a) cDNA isolated from
human liver libraries (24). The findings summarized in Table
II showed that (a) three of the five kringles (K) known to be
present in plasminogen, e.g., K;, K;, and K3, are missing in
apo(a), (b), K4 however, is repeated many times, and (c¢) Ks is
present as a single copy. It was also found that K, apo(a) is
highly homologous (82-84%) to K4 of plasminogen, and that
Ser is substituted for Arg at the site of activation to plasmin.
Thus, apo(a) appears to be a giant zymogen that cannot be
converted into an active fibrinolytic enzyme. The cDNA anal-
yses have also shown that the 36th K, of apo(a) has a cysteine
residue, which likely is involved in the disulfide attachment of
apo(a) to apo B;e, and that each kringle likely has amino-
linked gycosylation sites contrary to the K, linking regions, 36
amino acids long, which has six O-linked glycosylation sites
(25). The site of attachment of apo B,g to apo(a) has not been
clearly established although it appears to be in its carboxyl
region as indicated by the observations that apo Bgg species are
not found in Lp(a), and that apo B4 a mutant of apo B con-
tains no apo(a) (Fless, G. M., S. Young, and A. M. Scanu,
unpublished observations). The close structural relationship
between apo(a) and plasminogen is also reflected by the immu-
nological cross-reactivity between these two proteins (23), an
observation that has stimulated recent developments of new
specific techniques for their immunochemical quantification.
Thus the tools of molecular biology have further corrobo-
rated the notion of apo(a) heterogeneity and provided a frame-
work for further structural and functional analyses of apo(a)
isoforms. Apo(a) is considered to vary in size between 280 and
800 kD. These figures, however, may not be accurate because

they are derived from electrophoretical analyses in low-per-
centage gel media generally not ideally suited for the molecular
mass determination of glycoproteins also owing to the lack of
suitable standards. It is also apparent that apo(a) with its pre-
dominant kringle structure and poor amphipilic properties
cannot be considered as a true apolipoprotein. Because of its
water solubility, it could occur in unconjugated form in the
circulation; however, although very small amounts have been
detected in the plasma, their artifactual derivation cannot be
ruled out. Plasminogen also lacks the structural requirements
for binding to lipids as well as the free cysteine residue present
in apo(a). Thus, neither apo(a) nor plasminogen qualify as
apolipoproteins. Unfortunately the terminology apo(a) has
been in the literature for several years and it would be difficult
to change it in spite of its inappropriateness. A schematic view
of the structure of Lp(a) is presented in Fig. 1.

Genetics of Apo(a)

In situ hybridization studies have localized the apo(a) gene to
the long arm of chromosome 6 adjacent to the plasminogen
gene (26, 27). A linkage between these two genes has been
established from studies of a large kindred with a high inci-
dence of premature cardiovascular disease (28, 29). According
to Utermann et al. (30, 31), apo(a) is under the control of a
single gene locus that specifies for several alleles each coding
for an apo(a) isoform differing in size. In keeping with this
concept are the observations from studies in humans (32) and
in baboons (33) that show that there is a linear relation be-
tween the size of apo(a) RNA transcripts and apo(a) isoforms
whose size is determined by the number of kringle 4 domains.
Utermann and his colleagues (34) have identified by SDS-
PAGE isoforms designated F, B, or S with mobility that is
either faster, equal to or slower than apo B,q, in keeping with
the original observations by Fless et al. (16). Only one F and
one B isoform have been identified in contrast to four S forms
(S1, Sz, S3, and S,) that occur in a relatively high frequency. A
null allele was also postulated although only in operational
terms since the complete absence of Lp(a) or apo(a) in plasma
has not been established. Based on these observations and on
the proposal that any individual exhibits either one or two
isoforms, Utermann et al. (31) have suggested that the trans-
mission of Lp(a) should obey a simple Mendelian mode with a

Table I1. Structural Comparison between Human Plasma Apo(a) and Plasminogen

Parameter Apo(a) Plasminogen
Molecular weight 280,000-800,000 ~ 90,000
Signal sequence 19 residues* 19 residues*
NH; terminus Glu-Gln-Ser-His-Val-Val. . . Glu-Pro-Leu-Asp-Asp-Tyr. . .
Kringle 1 Absent 1
Kringle 2 Absent 1
Kringle 3 Absent 1
Kringle 4 13-37¢ 1
Kringle 5 1 1
Activation site Ser-Ile Arg-Val

4308-4309 561-562

Catalytic triad Ser-His-Asp Ser-His-Asp

* Apo(a): -Met-Glu-His-Lys-Glu-Val-Val-Leu-Leu-Leu-Leu-Leu-Phe-Leu-Lys-Ser-Ala-Ala-Pro  # Plasminogen: -Met-Glu-His-Lys-Glu-Val-

Val-Leu-Leu-Leu-Leu-Leu-Phe-Leu-Lys-Ser-Gly-Gln-Gly-. . .
yet documented.
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Figure 1. Schematic model of the structure of human plasma Lp(a).
Lp(a) is made up of an LDL-like structure in which apo B, the
protein moiety of authentic LDL, is covalently linked to a glycopro-
tein, apo(a), which is the specific marker of Lp(a) and exhibits a
striking similarity to plasminogen. The dominant structural motif of
apo(a) is the “kringle,” a three-disulfide, triple-loop structure named
for its resemblance to a Danish pretzel. K, is repeated 13-37 times,
whereas there is only one ks. It is now established that the size of
each apo(a) isoform is under strict genetic control and determined by
the number of kringles that it contains. Usually, there is 1 mol of
apo(a) and 1 mol of apo B,go in each Lp(a) particle. However, species
of Lp(a) having one copy of apo B,y and 2 mol of apo(a) have been
reported (17).

codominant expression. This genetic model, however, must be
considered tentative. At least 11 alleles and not just 6 have
been observed by other investigators (35) and the contribution
of polysaccharide chains to apo(a) polymorphism has not been
critically taken into account. These uncertainties are com-
pounded by the technical difficulty of unequivocally identify-
ing plasma apo(a) phenotypes by SDS-PAGE particularly
when dealing with individuals with low plasma levels of Lp(a).
Thus, there is a need for improving the technology for apo(a)
phenotyping, for establishing the actual number of the apo(a)
isoforms, and for defining their physicochemical characteris-
tics. Boerwinkle et al. (36) have also proposed that the apo(a)
gene determines total plasma Lp(a) concentrations, and that
there is an inverse relationship between apo(a) size and plasma
Lp(a) levels. However, the apo(a) gene would only account for
~ 40% of the Lp(a) levels, thus leaving unexplained the po-
tential contribution of either genetic or environmental factors.
Recently, Gavish et al. (37) by using probes specific for the K,
and K5 domains of the apo(a) cDNA and quantitative South-
ern blotting analyses, have shown that the ratio of K4/K; is
inversely correlated with plasma Lp(a) concentrations. More-
over, an effect by the LDL receptor gene on plasma Lp(a)
levels has recently been suggested from studies of Lp(a)* sub-
jects with familial hypercholesterolemia (38). If this suggestion
were to be true, factors affecting LDL receptor expression
would be expected to have an effect on plasma Lp(a) levels.
This, however, has not proven to be the case. For instance,

3-hydroxy-3-methylglutaryl coenzyme A (HMGCoA) reduc-
tase inhibitors have been shown either to have no significant
effect (39, 40) or in one case, to raise plasma Lp(a) levels (41).
We have also recently shown that members of a rhesus mon-
key pedigree with a genetically based familial hypercholester-
olemia exhibit no correlation between LDL receptor function
and plasma Lp(a) levels (42, 43). Thus, there are uncertainties
regarding the genetics of Lp(a) and the role that the apo(a) gene
plays in determining apo(a) size polymorphism and plasma
Lp(a) levels. These uncertainties are likely to persist until we
gain knowledge on the structure of the apo(a) gene and on the
factors affecting its expression.

Regulatory events in Lp(a) synthesis and degradation

Synthesis. The liver is the main and may be the sole site of
production of Lp(a). Tomlinson et al. (44) found small
amounts of apo(a) message in the testis and the brain of a male
rhesus monkey but provided no documentation about apo(a)
production by these organs. Current experimental evidence
obtained from cultured hepatocytes, although not extensive,
supports the view that the linkage between apo B, and apo(a)
occurs intracellularly and that the apo B,g—apo(a) complex is
incorporated into the Lp(a) complex before secretion. The best
documentation comes from studies of cultured baboon pri-
mary hepatocytes (45) indicating that secreted products react-
ing with the anti-Lp(a) antibody floated in the density range of
plasma Lp(a). However, this interpretation is not unequivocal
since as we indicated earlier, the apo B,g-apo(a) complex is
both hydrophilic and lipophilic and might acquire lipids after
secretion from the liver cell. At this time we lack suitable cell
culture models capable of expressing a sizable amount of
apo(a) message either in the resting phase or after suitable
upregulation. Considering the paucity of information it is not
surprising that essentially nothing is known on the factors af-
fecting the synthesis of the various Lp(a) components and their
mode of assembly. The evidence that both (CE)Lp(a) and
(TG)Lp(a) particles are present in the plasma invites one to
consider that there are at least two distinct synthetic pathways
which might be under different regulation.

Degradation. Whereas the site of synthesis of Lp(a) is rea-
sonably well established, the issue concerning the mecha-
nism(s) of degradation of this lipoprotein is still unsettled and
characterized by a number of conflicting views. According to
some studies, the LDL receptor is either not involved or only
to a minimal extent (46-50) and probably does not contribute
to Lp(a) catabolism in a major way. On the other hand, Floren
et al. (48) and very recently, Hofmann et al. (51) have shown
that intact Lp(a) binds with high affinity to the LDL receptor.
Hofmann et al. (51) have also demonstrated that transgenic
mice with an overexpression of the LDL receptor clear rapidly
Lp(a) from the circulation. Evidence is now accruing in favor
of a nonspecific receptor pathway, both in human skin fibro-
blast cultures (46, 52) and human monocyte-derived macro-
phages (Fless, G. M., M. Snyder, and A. M. Scanu, unpub-
lished observations). However, the overall quantitative contri-
bution by this pathway has not been established. The
scavenger receptor does not appear to be significantly involved
in Lp(a) degradation at least based on studies in human blood
macrophages in culture and using native unmodified Lp(a)
particles (53). Evidence in this direction comes also from stud-
ies in the rat (54). Yet Powell et al. (55) have recently reported
that both human Lp(a) and recombinant apo(a) bind to the
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macrophage cell line P338D. It has also been shown that Lp(a)
can bind to the plasminogen receptor (56, 57). This however, is
not an endocytotic process and thus likely not involved in
Lp(a) degradation to a significant extent. The recently pub-
lished studies by Rath et al. (58) and Cushing et al. (59) show-
ing that Lp(a) can accumulate in either the arterial wall and in
vein grafts, respectively, suggest that this lipoprotein particle
may be able to transverse the endothelium by non-receptor-
mediated mechanisms (pinocytosis?). If this were to be the
case, this transport process might be influenced by the den-
sity/size of Lp(a). In general, the interpretation of the binding
and degradation studies has been complicated by the fact that
Lp(a) preparations were pooled from several donors and that
no attempt was made to distinguish between aggregated and
monodisperse species. Moreover, in essentially all cases, the
apo(a) phenotypes were not established.

Overall, we are still unclear about the factors that deter-
mine the plasma levels and distribution of the various Lp(a)
particles. Turnover studies, thus far, have not been highly
contributory in this regard although they have suggested a
predominant role of synthesis over degradation (50, 52). Al-
though the apo(a) gene may partially control the plasma Lp(a)
levels, other factors are likely to be at play, involving other
genes, hormones or environment.

Physiological role and philogenetic considerations

About 80% of the adult Caucasian white population regardless
of age and gender has “normal levels” of plasma Lp(a) as
reflected by the frequency distribution of plasma Lp(a) (30).
Adult American blacks have levels of plasma Lp(a) that are
higher than whites (60) and this is also the case of black chil-
dren (61). Considering the fact that everyone is Lp(a)* (a true
null allele has not yet been unequivocally demonstrated), it is
legitimate to ask what the physiological role of Lp(a) might be.
In addition to humans, Lp(a) has been found in the plasma of
nonhuman primates of the Old World (62) but not of the New
World (63). No Lp(a) has been reported in the plasma of com-
mon laboratory animals (e.g., dogs, rats, mice etc.). On the
other hand, relatively large amounts of Lp(a) have been re-
ported in the plasma of the hedgehog, a hibernating animal
low in the evolutionary scale (64). At this point, it is difficult to
assess whether having Lp(a) in “normal ranges” is of any ad-
vantage. Considering that in man the levels of plasma LDL far
exceed those of Lp(a), it is evident that only a relatively small
percentage of the plasma pool of apo B, and cholesterol (as
well as phospholipids and TGs) are associated with Lp(a).
However, this pool by escaping the LDL receptor degradation
route may potentially become available for utilization at sites
where there is rapid cell regeneration, active membrane bio-
genesis or an acute inflammatory process. Lp(a) has been re-
ported to be an acute phase reactant (65, 66), although this
observation has to be validated by ‘more extensive studies.
Overall, we know little about the physiological role of Lp(a).
We also know little about the relation between plasma and
tissue levels of Lp(a) and whether there is a physiological ad-
vantage to having one type of apo(a) isoform vs. another.

Lp(a) AS A CARDIOVASCULAR RISK

Several epidemiological studies have shown that high plasma
levels of Lp(a) are associated with an increased risk for
ASCVD (see for recent reviews references 30 and 67) and ac-
cording to some it represents an independent risk factor for
this disease (7-9, 11-13). However, the mechanism(s) for this
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pathogenicity is(are) unknown. From structural consider-
ations it has been postulated that Lp(a) might have both
proatherosclerotic and prothrombotic actions (68). We will
briefly review this evidence and attempt to provide an inte-
grated view of Lp(a) as a cardiovascular pathogen.

Proatherogenic role. Since Lp(a) particles appear to be a
poor ligand for the LDL receptor, they may be assumed to be
preferentially taken up by the scavenger receptor pathway and
cause accumulation of cholesterol in macrophages and forma-
tion of foam cells which are precursors of the atherosclerotic
process. However, cell culture studies thus far have not been
supportive of this concept at least in the case of macrophages
derived from human blood monocytes. Recent studies by Ha-
berland et al. (53) have shown that contrary to the native
products, Lp(a) particles where the lysine residues had been
modified by malonyldialdehyde are readily taken up and de-
graded by macrophages. This conclusion is in keeping with the
general concept that modified LDLs are atherogenic. Thus it is
apparent that regardless of the mechanism, the plasma eleva-
tion of both LDL and Lp(a) would represent an additive risk as
suggested by the recent studies by Armstrong et al. (11) and by
Utermann et al. (38). Another possibility is that Lp(a) might
transverse the endothelium by non-receptor-mediated mecha-
nisms. The recent studies by Rath et al. (58) and Cushing et al.
(59) may be interpreted to be in keeping with this concept
based on the observations that (a) in both studies, one dealing
with arterial vessels (58) and the other with vein grafts (59), the
tissue Lp(a) was remarkably undegraded and was predomi-
nantly extracellular, and () in the Cushing studies the amount
of Lp(a) that accumulated in the vein graft was proportional to
the levels of plasma Lp(a). However, it is important to point
out that the quantitive aspect of these studies is difficult to
assess since little is known about the stability of tissue Lp(a)
and the potential degradation attending tissue extraction pro-
cedures. Nonetheless, it is evident that a relatively large
amount of Lp(a) can transverse the endothelium, possibly fa-
cilitated by a direct action of Lp(a) on endothelial functions.
Once Lp(a) enters the arterial wall, it would interact with the
tissue matrix (e.g., glycosaminoglycans, proteoglycans, etc.),
undergo chemical modification, and become a candidate for
uptake and degradation by macrophages through the scaven-
ger receptor pathway in macrophages (69).

Prothrombotic role. The close structural similarity between
apo(a) and plasminogen has invited studies assessing whether
Lp(a) might have a prothrombotic role by interfering with the
physiological functions of plasminogen. Investigations carried
out in several laboratories have now shown that Lp(a) can
compete in vitro with the binding of plasminogen to fibrino-
gen or fibrin monomer (70, 71) with the streptokinase-me-
diated activation of human plasminogen (72, 73) and the tis-
sue plasminogen activator-mediated lysis of fibrin clots (70). It
has been also shown that Lp(a) competes for the binding of
plasminogen to the plasminogen receptor on endothelial cells
and macrophages, at Lp(a) concentrations that are equivalent
to those occurring in the circulation (56, 57, 74). All of these
actions by Lp(a), if they were to occur in vivo, could create a
prothrombotic state. Moreover, owing to its preferential up-
take and degradation by macrophages, Lp(a) could colocalize
with fibrin at intimal tissue sites resulting in a complex which
is also atherogenic.

OVERALL VIEW ON Lp(a) AS A CARDIOVASCULAR PATHOGEN
From the data obtained thus far it is apparent that Lp(a) may



have both athero- and thrombogenic roles, the former through
its LDL-like characteristic and the latter through the plasmin-
ogen-like properties of apo(a). High levels of Lp(a) would be
necessary for these actions but different species of Lp(a), e.g.,
(CE) Lp(a) vs. (TG) Lp(a), might also be important in this
regard. Although Lp(a) has been suggested to act as an inde-
pendent pathogen, other factors may contribute as well (e.g.,
dyslipoproteinemia, endothelial dysfunction, local inflamma-
tion, etc.). There is a need to further explore mechanisms on a
cellular level and then obtain further clinical documentation
of pathogenicity, keeping in mind that high plasma concentra-
tions are needed for Lp(a) to have a pathogenic role.

THERAPEUTIC CONSIDERATIONS
The epidemiological evidence and the recent biochemical
studies all pointing to an athero/thrombogenic role of Lp(a),
have stimulated a great deal of interest in identifying means for
bringing plasma Lp(a) down to “safe” levels. It is important to
note, however, that it is not well established what these safe
levels ought to be. Plasma Lp(a) can vary from barely detect-
able levels to 80 mg/dl (in terms of protein) or 340 mg/dl (in
terms of total lipoprotein). Thus, although it is easy to recog-
nize very low from very high values it is difficult to decide on
intervention when confronted with middle range figures. At
this time it might be reasonable to consider as normal plasma
Lp(a) protein levels < 7 mg/dl [~ 30 mg/dl total Lp(a)]. These
are just orientation figures for directing therapy. At this time
therapeutic considerations are based only on total plasma
levels of Lp(a), but future programs may also have to address
Lp(a) heterogeneity. In normotriglyceridemic states, dietary
therapy has seen little success (69, 75). In fact, even in the
experimental animal it has been impossible to influence
plasma Lp(a) when using diets that caused a marked elevation
of total LDL cholesterol (76). However, in Lp(a)* subjects with
hypertriglyceridemia, some lowering of plasma Lp(a) may be
achieved by the use of w-3 fatty acids which are able to de-
crease the hepatic synthesis and secretion of TG-rich particles
or as recently reported by Gavish et al. (77) affect the post-
prandial association of apo(a) with TG-rich lipoprotein. In this
- case rather precise and sensitive techniques for measuring
Lp(a) are needed, since the mass of Lp(a) associated with TG-
rich particles is rather small when compared to (CE) Lp(a)
(18, 78).

In terms of drug therapy, the reported results do not en-
courage optimism. Drugs like bile acid sequestrants, niacin, or
fibrates when used alone have been attended by mixed results
(75). The same applies for HMGCOoA reductase inhibitors (39,
40). In fact, in a recent study, lovastatin (41) has been re-
ported to raise Lp(a) in ~ 30% of the cases, suggesting that this
HMGCOoA reductase inhibitor might increase the hepatic syn-
thesis of Lp(a). Niacin alone or in combination with either
cholestyramine or neomycin has been reported to lower the
plasma levels of Lp(a) (79-81). However, the beneficial effect
was seen only in some cases with high plasma levels of Lp(a)
and normalization of the values was not achieved. Moreover,
no information was provided on whether the patients treated
were normo- or hypertriglyceridemic. When the mechanism of
action of the chosen drug is not understood and the presenting
Lp(a) species are not defined, it is difficult to assess the true
value of the reported observations. One must keep in mind
that drugs used to lower plasma Lp(a) levels were designed for
apoB and not apoB-apo(a) containing particles. Thus, it may
be necessary to develop drugs specifically targeted to Lp(a). A

possible approach would be to modify Lp(a)* into Lp(a)~ par-
ticles by the removal of apo(a). This can be readily achieved in
vitro by the use of a reducing agent (30, 67). Whether the same
approach can also be safely used in vivo remains to be estab-
lished. The most effective way to reduce the levels of plasma
Lp(a) is LDL apheresis (82). However, this is an invasive ap-
proach that requires weekly treatments which at this time may
not be considered a treatment of choice in subjects presenting
with high plasma levels of Lp(a) but with no history of
ASCVD.

Concluding remarks

The recent discovery that apo(a), the glycoprotein marker of
Lp(a), has a striking structural similarity to plasminogen to-
gether with the clinical and experimental evidence that Lp(a)
when present in high levels in the plasma may have athero-
genic and thrombogenic potentials, have placed Lp(a) among
the challenging areas of cardiovascular research. A lot has been
learned in the past 4-5 years, but many unresolved questions
still remain. We need to go into more depth regarding the
regulatory mechanisms of synthesis, plasma transport and tis-
sue degradation of Lp(a). We must gain a better perspective of
the meaning of Lp(a) heterogeneity and also understand the
actual role (either physiological or pathological) of the poly-
morphism of apo(a). The recent introduction of specific
probes for apo(a) kringles (37) may aid in this direction. It
would also be of importance to establish “normal” levels of
Lp(a) and to elucidate the possible evolutionary advantage of
having Lp(a) at all. In spite of the many uncertainties, it is
apparent that the metabolic fate of Lp(a) is distinct from that
of LDL. LDL has long been recognized as the major carrier of
cholesterol in the plasma. Lp(a), on the other hand, might
preferentially be involved in the regulation of the fibrinolytic
system on the endothelial surface by acting as a competitor of
plasminogen. The understanding of the pathophysiology of
proteins that have a kringle domain has become a very active
research area, particularly with regards to the factors that are
involved in the coagulation and fibrinolytic systems. Just un-
derstanding how kringles work would be an achievement in
itself.
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