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Chapter 10
Molecular Mechanisms of Lipoprotein(a) 
Pathogenicity: Tantalizing Clues 
and Unanswered Questions

Michael B. Boffa and Marlys L. Koschinsky

�Introduction

Although lipoprotein(a) (Lp(a)) was discovered almost 50 years ago (Berg and New 
1963) and has been subsequently shown to be a causal and independent risk factor 
for atherosclerotic cardiovascular disease (ASCVD) and calcific aortic valve dis-
ease (CAVD) (Arsenault and Kamstrup 2022), the mechanisms by which Lp(a) 
mediates its pathogenic effects in  vivo remain unclear. Lp(a) comprises an 
apoB-100-containing lipoprotein to which is attached the unique apolipoprotein(a) 
(apo(a)) moiety (Fig. 10.1). Amino acid analysis followed by complete sequencing 
of the human apo(a) cDNA in 1987 revealed a high level of sequence identity with 
the profibrinolytic enzyme plasminogen (Eaton et al. 1987; McLean et al. 1987). 
Apo(a) contains a series of tri-looped structures called kringles that are similar to 
the KIV domain of plasminogen, followed by sequences similar to the plasminogen 
KV and protease domains (Fig. 10.1). Due to several critical amino acid substitu-
tions and a small deletion, the apo(a) protease-like domain has been shown to be 
catalytically inactive (Gabel and Koschinsky 1995).
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Fig. 10.1  Structure and functional domains of Lp(a). Lp(a) consists of apo(a) covalently linked to 
the apoB-100 moiety of an LDL-like lipoprotein particle. The lipid portion of the particle is a shell 
of phospholipids (PL) and free cholesterol (FC) surrounding a neutral lipid core of cholesteryl 
esters (CE) and triacylglycerols (TG). Apo(a) consists of ten types of KIV domains, a KV domain, 
and an inactive protease domain. KIV2 is repeated different numbers of times in different apo(a) 
isoforms. KIV5–KIV8 contain weak lysine-binding sites (wLBS), with those in KIV7 and KIV8 
binding to specific lysine residues in apoB-1000 during the noncovalent step of Lp(a) assembly. 
KIV9 contains a single-free cysteine that mediates disulfide bond formation with apoB-100. 
KIV10 contains a strong lysine-binding site (sLBS) as well as covalently bound oxidized phospho-
lipid (OxPL). The sLBS is required for OxPL addition, and together these features promote several 
pathogenic effects on vascular and immune cells. OxPL is also present noncovalently associated 
with the lipid moiety of Lp(a), and accounts for up to 50% of the total OxPL on Lp(a). EC endo-
thelial cell, SMC smooth muscle cell, VIC valve interstitial cell

M. B. Boffa and M. L. Koschinsky



175

Apo(a) kringle IV sequences are present in ten types based on amino acid 
sequence; these have been designated KIV1–KIV10 (McLean et al. 1987; van der 
Hoek et al. 1993). The KIV2 sequence is present in a variable number of identically 
repeated copies (from 3 to greater than 40) which is a hallmark of Lp(a) and reflects 
allele size variation in LPA, the gene encoding apo(a) (Fig. 10.1) (Lackner et al. 
1993; Marcovina et  al. 1996). Interestingly, there is a strong inverse correlation 
between apo(a) size and Lp(a) plasma levels, which likely arises due to less efficient 
secretion of larger isoforms as a result of presecretory degradation of misfolded spe-
cies in the endoplasmic reticulum (Boffa and Koschinsky 2022). The KIV9 domain 
houses the only unpaired cysteine in apo(a) and is involved in disulfide bond forma-
tion with a cysteine residue in the carboxyl-terminus of apoB-100 (Koschinsky 
et al. 1993). The KIV5–8 domains each contain a weak lysine-binding site (wLBS); 
the wLBS in KIV7 and KIV8 is required for intracellular noncovalent interaction 
between apo(a) and apoB that precedes extracellular disulfide bond formation 
(Fig. 10.1) (Becker et al. 2004; Youssef et al. 2022).

The apo(a) KIV10 domain contains a relatively strong lysine-binding site (sLBS) 
that has been studied extensively in attempts to understand the pathophysiology of 
Lp(a) in the vasculature. Lp(a) has been demonstrated to be the preferential lipopro-
tein carrier of proinflammatory oxidized phospholipids (OxPL), compared to LDL 
(Bergmark et al. 2008). These species are present both on the lipid portion of Lp(a) 
as well as covalently associated with apo(a) (Bergmark et  al. 2008; Leibundgut 
et al. 2013). Interestingly, in this regard, it has been shown that the KIV10 sLBS is 
absolutely required for the covalent addition of oxidized phospholipid to this krin-
gle, likely involving addition of the OxPL adduct to a histidine side chain through 
Michael reaction addition (Fig. 10.1) (Leibundgut et al. 2013; Scipione et al. 2015). 
The proinflammatory effect of the OxPL on KIV10 has been demonstrated in many 
studies, both in vitro and in vivo (Koschinsky and Boffa 2022; Dzobo et al. 2022). 
In vitro studies have shown the role of OxPL on KIV10 in promoting proinflamma-
tory and phenotypes in a variety of vascular and inflammatory cells including valve 
interstitial cells (VICs) (see below).

Many studies using a variety of vascular cell types have shown that the apo(a) 
sLBS can compete with plasminogen for binding to cell surfaces, thereby inhibiting 
plasminogen activation to the active enzyme plasmin (Boffa 2022). Downstream 
effects on fibrin clot lysis have also been studied, with variable results, and the sig-
nificance of Lp(a) in promoting thrombosis in the arterial and venous circulation 
remains controversial (Boffa 2022). Indeed, Lp(a) appears to confer risk for venous 
thromboembolism only in individuals with extremely high Lp(a) levels (Kamstrup 
et al. 2012). The role of Lp(a) in platelet function and coagulation, and in the lysis 
of platelet-rich clots, is not clear (Boffa 2022). Importantly, it is difficult to assess 
the contribution of Lp(a) to lysis of clots formed upon rupture of vulnerable athero-
sclerotic plaques (see below).

Despite the demonstration of elevated plasma Lp(a) levels as an independent and 
causal risk factor for ASCVD and CAVD, the mechanism of action of Lp(a) in these 
disease processes remains unclear. This reflects, in part, the complexity of the Lp(a) 
structure, as well as the lack of suitable animal models for Lp(a); together these 
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present significant challenges to understanding the molecular and cellular basis of 
Lp(a) pathogenicity. Indeed, LPA is only present in Old World monkeys and apes 
and humans. Of note, the Old World species all lack a functional LBS in KIV10 
preventing covalent OxPL addition to this kringle. Work on transgenic mice express-
ing human Lp(a) is progressing (Yeang et al. 2016), and ultimately should comple-
ment the significant insights that are being made on probing the effect of Lp(a) on 
human vascular and valve interstitial cell phenotypes (Fig. 10.2).

Fig. 10.2  Overlapping pathogenic mechanisms of Lp(a) in atherosclerosis and calcific aortic 
valve disease. There are several common mechanisms mediated by Lp(a) in the two disorders. 
Compromised endothelial cell function leads to barrier permeability, infiltration of Lp(a) and 
monocytes, expression of endothelial cell surface receptors for monocytes, and mural thromboses. 
Lp(a) activates monocytes leading to cytokine secretion and enhanced potential for transendothe-
lial migration. Within the vessel wall or valve, Lp(a) promotes macrophage foam cell formation 
and macrophage apoptosis, as well as stimulating the release of proinflammatory cytokines such as 
interleukin-8 (IL-8) from macrophages. Lp(a) promotes smooth muscle cell (SMC) migration and 
proliferation in the arterial intima. Lp(a) also promotes calcification of SMC in the atrial intima 
and osteogenic differentiation and calcification of valve interstitial cells. Many functions of Lp(a), 
indicated in red, are mediated by its bound oxidized phospholipid (OxPL). Lp(a) also transports 
the phospholipase D enzyme autotaxin into the aortic valve leaflet, where it catalyzed generation 
of the highly proinflammatory lysophosphatidic acid (lysoPA) using lysophosphatidylcholine 
(lysoPC) as a substrate. The OxPL on Lp(a) thus helps to explain why elevated Lp(a) is a causal 
risk factor for both atherothrombosis and aortic stenosis, despite the disease processes underlying 
each of these disorders being distinct. TNF-α tumor necrosis factor-α
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�Effect of Lp(a) on Vascular and Immune Cell Phenotype

�Effects of Lp(a) on Vascular Endothelium

The vascular endothelial cell layer is critical in maintaining a nonpermeable barrier 
that protects the vessel wall from exposure to blood contents. As such, there have 
been a number of studies aimed at determining the effect of Lp(a) on endothelial 
function. Lp(a) deposition in the intimal layer of the arterial wall was reported nearly 
30 years ago and suggested that Lp(a) can cross the endothelial cell layer and be 
preferentially retained in this milieu compared to LDL (Rath et al. 1989). In 2004, it 
was reported that the apo(a) component of Lp(a) elicits a dramatic rearrangement of 
the actin cytoskeleton characterized by increased central actin stress fiber formation, 
redistribution of focal adhesions, and VE-cadherin disruption; these effects are a 
consequence of apo(a)-mediated activation of the Rho-Rho kinase signaling path-
way leading to increased myosin light chain phosphorylation (Pellegrino et al. 2004). 
A subsequent study showed that these effects are the product of increased phos-
phorylation of the myosin phosphatase regulatory subunit and hence inhibition of 
myosin phosphatase activity, that Lp(a) and apo(a) resulted in enhanced EC perme-
ability, and that the KIV10 sLBS was required for these effects (Cho et al. 2008). 
Therefore, increasing EC permeability represents a mechanism by which Lp(a) can 
elicit a program of EC dysfunction in early atherosclerosis, facilitating deposition of 
Lp(a) and LDL in the vessel wall (Fig. 10.2). In a follow-up study, enhanced prosta-
glandin E2 synthesis and secretion were observed when cultured HUVECs were 
treated with apo(a) as a result of stimulation of β-catenin nuclear translocation and 
increased cyclooxygenase activity (Cho et al. 2013). Lp(a) and apo(a) were shown to 
activate a phosphatidylinositol-3 kinase and Akt-dependent pathway that resulted in 
phosphorylation and inhibition of GSK3β to promote β-catenin translocation; once 
again, these effects were attributable to the KIV10 domain of apo(a) (Cho et al. 2013).

Early studies demonstrated the ability of Lp(a) to elicit a proinflammatory 
response in HUVECS through enhanced expression of E-Selectin, VCAM1, and 
ICAM1 (Fig. 10.2) (Takami et al. 1998; Allen et al. 1998). The apo(a) component of 
Lp(a) binds to the β2-integrin Mac-1  in a lysine-dependent manner; this in turn 
promotes the adhesion of THP-1 monocytes to ECs and enhances their Mac-1-
dependent transendothelial migration (Fig. 10.2) (Sotiriou et al. 2006). Interestingly, 
the Lp(a)-Mac-1 binding resulted in increased expression of tissue factor in these 
cells. Furthermore, the interaction between apo(a) and Mac-1 induces activation of 
the inflammatory transcription factor NFκB (Sotiriou et al. 2006). Taken together, 
these studies define a novel role for apo(a)/Lp(a) in promoting inflammatory cell 
recruitment, which may represent a novel mechanism for Lp(a) atherogenicity 
in vivo (Fig. 10.2). In a more a recent study, the oxPL on KIV10 was shown to acti-
vate human aortic endothelial cells, resulting in transendothelial migration of mono-
cytes (Fig. 10.2) (Schnitzler et al. 2020). Transcriptome analysis of Lp(a)-stimulated 
ECs showed upregulation of inflammatory pathways related to monocyte adhesion 
and migration; these effects increased 6-phophofructo-2-kinase/fructose-2,6-
biphosphatase (PFKFB)-3-mediated glycolysis and could be abolished by inhibi-
tion of PFKFB3 (Schnitzler et al. 2020).
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�Effects of Lp(a) on Vascular Smooth Muscle Cells

A number of early in vitro studies suggested that Lp(a) could contribute to cul-
tured vascular SMC migration and proliferation through the ability of apo(a) to 
inhibit the plasmin-dependent activation of TGF-β (Fig.  10.2) (Grainger et  al. 
1993, 1994; O’Neil et  al. 2004). More recently, the ability of OxPL on apo(a) 
KIV10 to stimulate the expression of Klf-4, an important factor in phenotypic 
switching of SMCs in atherosclerotic lesions, was attributed to the apo(a)-medi-
ated activation of the long noncoding RNA MIAT (Fig. 10.2) (Fasolo et al. 2021). 
Lp(a) has also been implicated in the calcification of human aortic SMCs through 
Notch1-NFκB and Notch1-BMP2-Smad1/5/9 pathways (Peng et  al. 2022). The 
Notch1-NFκB pathway resulted in increased osteopontin and inflammatory cyto-
kine expression, while Lp(a)-mediated Notch1-BMP2-Smad1/5/9 activation also 
contributed to calcification of the cells. The ability of Lp(a) to increase VSMC 
calcification is another mechanism by which Lp(a) contributes to vascular disease 
(Fig. 10.2).

�Lp(a) and Monocyte/Macrophage Phenotype

It is well-established that Lp(a) can contribute to macrophage foam cell formation 
(Fig. 10.2) (Keesler et al. 1996). However, the role of the OxPL on apo(a) in mac-
rophage function is a relatively recent finding. The first direct evidence of the 
OxPL on Lp(a)/apo(a) mediating a proinflammatory response in macrophages was 
provided by Seimon and coworkers (Seimon et al. 2010); these investigators dem-
onstrated that the OxPL was capable of inducing apoptosis in endoplasmic reticu-
lum (ER)-stressed macrophages in a CD36/TLR2-dependent manner (Fig. 10.2). 
Lp(a)/apo(a) has also been shown to contribute to monocyte recruitment through 
enhancing secretion of chemokines I-309 and interleukin(IL)-8 from cultured 
macrophages (Fig. 10.2) (Scipione et al. 2015; Haque et al. 2000; Edelstein et al. 
2003). In our own studies of the apo(a)-induced IL-8 expression in macrophages, 
we conclusively determined that this stimulatory effect was attributable to the 
covalent OxPL modification on apo(a) (Scipione et al. 2015). The apo(a)/OxPL-
induced signaling cascade in our study also suggested a role for CD36/TLR2 and 
involved the JNK- and ERK-dependent activation of NFκB—a well-known series 
of molecular events in inflammatory pathways—in response to OxPL-containing 
apo(a). The OxPL moiety on apo(a) has also been implicated in the proinflamma-
tory priming of human peripheral blood mononuclear cells (Fig. 10.2) (van der 
Valk et al. 2016). The same study used high-resolution in vivo imaging to show 
that monocytes from high Lp(a) individuals had a propensity of trafficking to the 
arterial wall, a result not seen in subjects with lower Lp(a) levels (van der Valk 
et al. 2016).
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�Lp(a) and Valve Interstitial Cell Phenotype

Recent studies have demonstrated a key role for Lp(a) in both the development and 
progression of aortic valve disease (Thanassoulis et al. 2013; Capoulade et al. 2015). 
This is likely mediated, in large part, by the ability of the OxPL component of 
apo(a) to modify the phenotype of valve interstitial cells to resulting in proinflam-
matory and pro-osteogenic responses in these cells (Fig. 10.2). In a recent study by 
Zheng and coworkers, treatment of VICs by Lp(a) or recombinant apo(a) resulted in 
osteogenic differentiation in these cells through the induction of IL6, BMP2, and 
RUNX2 expression (Zheng et al. 2019). The effects were attributed to the OxPL on 
Lp(a) and apo(a): the anti-oxPL antibody E06 blocked the effects of Lp(a) as did 
mutation of the KIV10 LBS which significantly reduced the effect of apo(a) (Zheng 
et al. 2019). OxPLs transported by Lp(a) also increase the load of reactive oxygen 
species in the aortic valve, loading to ROS-mediated activation of the NFκB path-
way, and induction of a program of inflammatory gene expression (Bouchareb et al. 
2015; Mathieu et al. 2017). Additionally, Lp(a) binds to autotaxin and delivers it to 
valves (Bouchareb et al. 2015; Mathieu et al. 2017); autotaxin promotes inflamma-
tion and osteogenic transdifferentiation of VICs through the production of LysoPA 
which in turn binds and signals through the lysoPA receptor (Fig.  10.2). Taken 
together, these studies suggest that Lp(a) can initiate a program of inflammation and 
osteoblastic differentiation in valvular interstitial cells which is a major contributing 
factor to AVS and CAVD. Lp(a) could also promote CAVD through promotion of 
valve endothelial cell dysfunction, immune cell infiltration, and foam cell formation 
(Fig. 10.2).

�Effect of Lp(a) on Thrombosis and Thrombolysis

The homology of apo(a) and plasminogen revealed by cloning of a cDNA-encoding 
apo(a) immediately invited speculation of an antifibrinolytic role for Lp(a) (McLean 
et al. 1987). However, the decades of research that have ensued have yet to provide 
a definitive answer on this question (Boffa 2022). There is certainly a large body of 
evidence from in vitro studies pointing to the ability of Lp(a) and—especially—
apo(a) to inhibit plasminogen activation and impede fibrinolysis (Fig. 10.3). The 
earliest studies showed that Lp(a) could compete with plasminogen for binding to 
fibrin, endothelial cells, and monocytes (Miles et al. 1989; Hajjar et al. 1989; Rouy 
et al. 1992). Subsequent studies showed that Lp(a) and/or apo(a) could inhibit lysis 
of fibrin clots and inhibit plasminogen activation on the surface of fibrin, fibrin deg-
radation products, and platelets (Sangrar et al. 1995, 1997; Hancock et al. 2003; 
Ezratty et al. 1993). Definitive demonstration of inhibition on plasminogen activa-
tion on the cell surface was only recently provided by our group (Romagnuolo et al. 
2014, 2018a, b). Apo(a) was shown to inhibit thrombolysis in rabbit jugular vein 

10  Molecular Mechanisms of Lipoprotein(a) Pathogenicity: Tantalizing Clues…



180

Fig. 10.3  Effects on imbalance between coagulation (formation of fibrin by thrombin cleavage of 
fibrinogen) and fibrinolysis (degradation of insoluble fibrin into soluble fibrin degradation prod-
ucts) can cause thrombosis. Lp(a) and apo(a) promote this imbalance by favoring coagulation 
(green mechanisms) and impeding fibrinolysis (red mechanisms). TFPI tissue factor pathway 
inhibitor

and mouse pulmonary embolism models (Biemond et  al. 1997; Palabrica et  al. 
1995); notably, however, Lp(a) itself was not tested in these studies. Indeed, the 
available data from human epidemiological and genetic studies do not provide evi-
dence for a direct antifibrinolytic/prothrombotic impact of elevated Lp(a) (Boffa 
2022). Moreover, in a recent study using subjects undergoing Lp(a) lowering with 
antisense oligonucleotide therapy, we found that despite dramatic reductions in 
plasma Lp(a) concentrations, ex vivo plasma clot lysis time was not affected (Boffa 
et al. 2019). Furthermore, recombinant apo(a) had a potent antifibrinolytic effect 
whereas Lp(a) purified from human plasma lacked this effect (Boffa et al. 2019). 
Against this backdrop, we summarize below the clinical evidence with respect to 
Lp(a) and thrombosis and thrombolysis, and we outline areas for future studies of 
this issue.

�Is There Direct Evidence That Lp(a) Inhibits Fibrinolysis?

Earlier observational studies provided mixed results concerning whether elevated 
Lp(a) is a risk factor for the development of VTE (Boffa and Koschinsky 2016). 
This is notable in the sense that similar studies of atherosclerotic cardiovascular 
disease (ASCVD) quite consistently showed elevated Lp(a) to be an independent 
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risk factor. With the advent of genetic approaches to study the association of geneti-
cally elevated Lp(a) with disease—including Mendelian randomization studies—
the opportunity to assess a causal role for elevated Lp(a) in VTE and to eliminate 
confounding variables has arisen. Several large studies using genetic approaches 
have been published. All showed that genetically inherited elevated Lp(a) or geneti-
cal markers of high Lp(a) were not significant predictors of VTE (Kamstrup et al. 
2012; Helgadottir et al. 2012; Danik et al. 2013; Larsson et al. 2020). Importantly, 
in several of these studies, a causal role for elevated Lp(a) in the development of 
atherothrombotic disorders was observed in the same population (Kamstrup et al. 
2012; Helgadottir et al. 2012; Larsson et al. 2020). However, a posthoc observa-
tional study of one of these populations found that extremely high Lp(a) levels 
(≥95th percentile) were significantly associated with VTE (Kamstrup et al. 2012). 
A recent retrospective study of pulmonary embolism patients found no correlation 
between Lp(a) levels and the severity of pulmonary embolism (Gressenberger 
et al. 2022).

The general lack of association between elevated Lp(a) and risk for VTE (except 
for extremely high Lp(a) concentrations) is consistent with a minimal or absent 
antifibrinolytic ability of Lp(a). Venous thrombi are fibrin- and erythrocyte-rich and 
form as a consequence of blood stasis, hypercoagulability, and endothelial damage. 
Thrombi in the arterial tree are platelet-rich and fibrin-poor, and generally form as a 
sequela of atherosclerotic plaque erosion or rupture. Thus, mechanistic implications 
of associations between Lp(a) levels and ASCVD endpoints are confounded by the 
possibility that Lp(a) may contribute to atherosclerosis, thrombosis, or both. 
Interestingly, a consistent observation (albeit from relatively small sample sizes) 
has been the association between elevated Lp(a) levels and risk of ischemic stroke 
in children (Nowak-Gottl et  al. 1999; Strater et  al. 2002; Kenet et  al. 2010; 
Goldenberg et al. 2013). These events are frequently seen in patients with inherited 
dispositions toward thrombophilia such as Factor V Leiden. That the events would 
occur in the absence of underlying atherosclerosis are clear from the young age of 
the patients, and this may speak to a prothrombotic or antifibrinolytic effect of Lp(a).

Early studies examined the proposition that elevated Lp(a) could reduce the effi-
cacy of thrombolytic therapy. Most of these occurred in the setting of acute myocar-
dial infarction (MBewu et al. 1994; Tranchesi et al. 1991; Armstrong et al. 1990; 
von Hodenberg et al. 1991; Brugemann et al. 1994), although one examined isch-
emic stroke (Ribo et al. 2004). None of these studies showed that Lp(a) levels are a 
significant predictor of successful recanalization, although all of them were limited 
by small sample sizes (and thus few patients with high Lp(a)) and/or having sam-
pled blood for Lp(a) measurement in the postinfarct period where the acute phase 
response may have increased Lp(a) levels (Boffa 2022).

Taken together, the jury is still out on whether Lp(a) inhibits fibrinolysis 
in vivo. Further studies in animal models may be required to assess this question, 
and further assessment of the impact of Lp(a) on thrombolytic therapy in the set-
ting of ischemic stroke, deep vein thrombosis, and pulmonary embolism may be 
warranted.
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�Could Lp(a) Promote Thrombosis Indirectly?

Elevated Lp(a) is clearly and consistently associated with ASCVD events, though 
less so with intermediate phenotypes such as intimal-medial thickness and coronary 
calcium scores (Kivimaki et  al. 2011; Raitakari et  al. 1999; Razavi et  al. 2021; 
Mehta et al. 2022). This can be interpreted to mean that Lp(a) plays a more impor-
tant role in precipitating atherothrombotic events, rather than in promoting the 
underlying atherosclerotic process. Two scenarios can be contemplated.

	1.	 Lp(a) could be promoting thrombus formation directly through an impact on the 
coagulation system or on platelet activation (Fig. 10.3). Little to no data on an 
effect of Lp(a) on coagulation have been published, although early studies 
showed that Lp(a) could exert a procoagulant effect by binding and inhibiting 
tissue factor pathway inhibitor (Fig. 10.3) (Caplice et al. 2001). We and others 
have shown that Lp(a) and apo(a) can impact fibrin clot structure, leading to a 
form resistant to lysis (Scipione et al. 2017; Skuza et al. 2019; Rowland et al. 
2014) (Fig. 10.3); we also demonstrated that apo(a) could accelerate the rate of 
fibrin formation, which could also impact clot structure (Scipione et al. 2017). 
Lp(a) does bind to platelets (Ezratty et al. 1993; Martinez et al. 2001), and Lp(a) 
and apo(a) have been shown increase the proaggregant effect of certain agonists 
(such as the protease-activated receptor-1 ligand peptide SFLLRN and arachi-
donic acid) in washed platelets (Martinez et al. 2001; Rand et al. 1998). However, 
two recent studies in platelet-rich plasma showed that Lp(a) level did not predict 
the aggregation response to several agonists including ADP, collagen, or arachi-
donic acid (Salsoso et al. 2020; Kille et al. 2021).

	2.	 Lp(a) could be promoting a “vulnerable” plaque phenotype with a greater pro-
pensity to rupture and hence cause an atherothrombotic event (Fig.  10.3). 
Consistent with this scenario, it was reported in a carotid ultrasound study that 
Lp(a) level predicted the extent of stenosis but not total plaque area (Klein et al. 
2008); the extent of stenosis could be interpreted to reflect ongoing rupture and 
thrombus formation. The proinflammatory effects of Lp(a) owing to its OxPL 
could result in a larger necrotic core and/or a thinner fibrous cap, both hallmarks 
of rupture-prone plaques. Very little direct study of this question has been 
attempted. In an immunohistochemical study of human coronary atherosclerotic 
plaques of varying phenotypes, apo(a) immunostaining was found in proximity 
to oxidation-specific epitopes—such as the OxPL recognized by E06—specifi-
cally in vulnerable or ruptured plaques (van Dijk et al. 2012).

It is clear from the above that, while some evidence for Lp(a)-promoting vul-
nerable plaque and/or arterial thrombosis exists, more research is necessary. This 
will require both work in animal models, such as transgenic mice expressing 
human Lp(a), as well as more imaging and biomarker studies in human patients. 
Such research is important because it may help to stratify risk in patients with high 
Lp(a) to identify those who would most benefit from emerging Lp(a)-lowering 
therapies.
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�Concluding Remarks

These are exciting times in the Lp(a) field, with burgeoning interest in this causal 
risk factor for CVD on from both basic researchers and clinicians. The quantitative 
importance of elevated Lp(a) as a risk factor is now widely accepted, although at 
present clinical adoption of Lp(a) measurement has lagged because of a lack, cur-
rently, of Lp(a)-lowering therapies. With Phase III cardiovascular outcomes trials in 
progress on an antisense oligonucleotide-targeting LPA mRNA, we are potentially 
on the cusp of having an effective treatment for lowering Lp(a) as well as definitive 
proof that elevated Lp(a) is harmful. At the same time, our understanding of the 
pathogenic mechanisms of Lp(a) continues to expand, with the role of Lp(a) as a 
proinflammatory mediator emerging as a key factor. Further studies of these mecha-
nisms may lead to an alternative therapeutic strategy to mitigate the effect of ele-
vated Lp(a)—interference with its pathogenic effects in the vasculature.
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