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Abstract: Lipoprotein(a) [Lp(a)] is one of the most ath-
erogenic lipoproteins consisting of a core low-density
lipoprotein particle and the specific glycoprotein apo(a).
Apo(a) is homologous to plasminogen yet in contrast
exhibits a specific size polymorphism. This polymor-
phism is due to the fact that the number of kringle-IV
(K-IV) repeats ranges between two and approximately
50. Apo(a) is synthesized almost exclusively in the liver,
and there is still some discussion regarding whether the
assembly of Lp(a) occurs intracellularly or in the circu-
lating blood. The plasma Lp(a) concentration is markedly
skewed to the right and extends from <1 mg/dL to more
than 200 mg/dL. Up to 90% of the variance of Lp(a) con-
centrations may be genetically determined and the Lp(a)
concentration correlates inversely with the number of
K-IV repeats. In the apo(a) promoter there are numerous
response elements for transcription factors and nuclear
receptors, whereby the HNF4o binding sequence is the
most important one. Activation of FXR causes the disso-
ciation of HNF4a from its response element and in turn
a significant down regulation of apo(a) transcription.
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Recent large epidemiological studies document beyond
any doubt that Lp(a) is an independent causal risk fac-
tor for coronary heart disease and myocardial infarction.
Hence, novel approaches to correct elevated Lp(a) are
under investigation. Among the established lipid-lower-
ing drugs, only nicotinic acid lowers Lp(a) in a consistent
and clinically relevant fashion, and we recently eluci-
dated the molecular mechanism underlying this effect.
Novel medicines in clinical trials include CETP inhibitors,
PCSK9 antibodies, the MTP inhibitor lomitapide and anti-
sense oligonucleotides. APO(a), ®, an antisense oligonu-
cleotide, which is specifically directed against the mRNA
for apo(a), has the strongest effect on Lp(a). It offers the
opportunity to examine the impact of selective Lp(a) low-
ering on clinical events. Lp(a) emerged as an important
screening parameter to assess the risk for atherosclerosis.
Its quantitation in the clinical laboratory had not been
standardized for a long period of time. New commer-
cial methods, in particular enzyme immunoassays with
monoclonal antibodies that recognize single epitopes in
apo(a), or nephelometric and turbidimetric assays hold
the potential to warrant comparable results in different
laboratories.

Keywords: atherosclerosis; coronary heart disease; drug
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Introduction

Lipoprotein(a) [Lp(a)] has been known since the early
1960s, and its role in atherogenesis has long been con-
troversial. This is largely so because, to date, it has been
impossible to allocate any function to it, and especially
because hardly any specific therapies exist. Lp(a) consists
of a “core” LDL and the specific antigen, apolipoprotein(a)
[apo(a)]. The latter is highly homologous to plasminogen,
which is why it was thought that apo(a) served functions
relative to fibrinolysis. There is now a large number of
publications dealing with this issue (see review in [1]) and
pointing out pathophysiological effects in coagulation,
but in practice these hypotheses gained little importance.
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Of much greater interest is the now unequivocally proven
causal relationship between elevated Lp(a) and the inci-
dence rates for atherosclerosis, coronary heart disease
and stroke [2-4]. It is noteworthy, however, that there
are scientific studies that suggest that Lp(a) plasma con-
centrations increase with age, and/or that 90-year-olds
exhibit significantly higher Lp(a) levels than the young
population [5].

Lp(a) metabolism

The protein fraction of Lp(a) is composed of two main
components: ApoB-100 and apo(a) [6]. ApoB-100 is pro-
duced in the liver and is the main component of LDL, the
end product of VLDL metabolism. LDL are probably also
directly secreted by the liver; however, such LDL have a
different composition than those originating from VLDL.
Apo(a) consists of 11 unique “kringles IV”’s, which are
highly homologous to the kringles IV of plasminogen,
and of a varying number of repetitive K-IVs: this is being
discussed as the main cause of many discrepancies in
the immunochemical determination of Lp(a). Apo(a)
also has a kringle V and an inactive protease domain
(for further details on the Lp(a) structure, see Ref. [6]).
How and where Lp(a) is assembled from these two com-
ponents is irrelevant to the analysis, but has important
implications for the development of Lp(a)-lowering
medications and the interpretation of their modes of
action. If one mixes recombinant apo(a) with LDL in a
test tube, the result, after a short incubation period, will
be a lipoprotein that is indistinguishable from native
Lp(a), which suggests an extracellular formation. Meta-
bolic studies performed by the group around Hans Die-
plinger in Innsbruck showed, by contrast, that the rates
of synthesis of the protein components in Lp(a) [ApoB-
100 and apo(a)] are identical, while those of ApoB-100 in
LDL are different, suggesting an intrahepatic assembly
of Lp(a) [7].

It is known that there are not only serious ethnic
differences in the plasma concentrations of Lp(a) (the
Black population has the highest and Asians have
the lowest Lp(a) concentrations [8]), but also within
ethnic groups, with varying plasma concentrations
of between <1 mg/dL and >200 mg/dL. This is partly
due to polymorphisms in the apo(a) promoter and the
coding regions, as well as the size polymorphism of the
different number of “K-IV repeats”, with a significant
negative correlation between the number of K-IVs and
the plasma concentration.
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The biosynthesis of apo(a)

The gene locus of apo(a) is located on chromosome 6
(6026-q276). Apo(a) is synthesized in the same manner as
is usual with glycoproteins. The relationship between the
number of K-IV repeats and the plasma concentration is
explained by the fact that high molecular weight apo(a)’s
remain in the cytoplasm much longer than low molecu-
lar weight ones, and thus also have a much higher rate of
degradation.

However, the synthesis rate of the apo(a) is also deter-
mined significantly by the activity of the promoter, and
its activation by transcription factors and nuclear recep-
tors. We have been able to show that the apo(a) promoter
has binding sites for over 70 transcription factors; among
them, HNFs, FXR, PPARs, RXR, SREBPs, CCAAT enhancer,
IL-6, as well as a number of others that play an important
role in the lipoprotein metabolism [9].

Due to the large number of binding sites for transcrip-
tion modulators, it can be assumed that the regulation of
apo(a) transcription is complex. Meanwhile, we have suc-
ceeded in identifying the most important element in the
apo(a) promoter that is responsible for the transcription
and plasma Lp(a) concentration (Figure 1).

Lp(a) catabolism

Not only is the biosynthesis of Lp(a) still largely in the
dark, but so also is the site of degradation or uptake into
the cell. In vivo turnover studies involving test animals
that themselves do not produce Lp(a) show that more
than 50% ends up in the liver and that apo(a) degrada-
tion products are excreted via the bile [10]. However,
significant radioactivities of labeled Lp(a) also reach the
kidney, spleen, lungs and the pancreas. It is unknown
whether these tissues are relevant to the degradation in
humans. Since the liver represents the main organ of the
catabolism of lipoproteins facilitated by the LDL receptor,
it was necessary to investigate whether Lp(a) would take
a similar path of degradation. In vivo experiments at our
laboratory and various working groups, however, indi-
cate that the LDL-R binds only little Lp(a). This is mainly
supported by the fact that patients with homozygous FH
exhibit a fractional degradation rate similar to healthy
controls [11]. Since an understanding of the catabolism
of Lp(a) is crucial to strategies for developing Lp(a)-low-
ering drugs, there have been increased efforts to examine
the role of other lipoprotein receptors in the binding of
Lp(a). In fact, there is hardly a receptor, including LRP,
VLDL-R, asialo-R and various scavenger receptors, which



DE GRUYTER

CDCA

Liver cell
CDCA
v FXR
FXR*

DR-1
-826-814
GGGCCA

Figure 1: Inhibition of apo(a) transcription by bile acids. Cheno-
deoxycholic acid (CDOA), the agonist with the highest affinity for
FXR in humans, binds and activates the farnesoid X receptor (FXR)
and suppresses the binding of HNF4o. to the positive transcrip-
tion element in the promoter reagion — 826 to 814 relative to the
transcription start site.

is not considered a “hot candidate” for Lp(a) binding.
Unfortunately, all of these results are based on in vitro
experiments, which in some cases have little relevance to
the in vivo situation. A probably important mechanism
of the binding and cellular uptake of Lp(a) is based on
the affinity of apo(a) kringles to lysine side groups of cell
surface structures. We were thus able to demonstrate that
the feeding of Lys analogs, such as tranexamic acid, to
transgenic apo(a) or Lp(a) mice increased the concentra-
tion of Lp(a) by a factor of 1.5 to 2, which correlated with
a decreased cellular uptake [12].

Lp(a) — a risk factor for
atherosclerosis, coronary heart
disease and stroke

If one enters in MEDLINE the search terms Lp(a) and ath-
erosclerosis or CHD, one will receive more than 1500 hits.
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It is therefore impossible to consider all of these publica-
tions in this context, which is why we focus on the essen-
tial. Semi-quantitative analyses of Lp(a) in Scandinavia
performed by the discoverer of Lp(a), Kare Berg, showed
that individuals with an increased presence of “sinking
pre-beta” lipoprotein [corresponding to Lp(a)] exhibited
an increased incidence of angina pectoris and coronary
heart disease [13]. The first quantitative analyses of Lp(a)
were conducted in our laboratory in collaboration with
the “Avogaro group” (Venice). In a case-control study of
only 183 subjects, we observed that the relative risk (RR)
of myocardial infarction — depending on the recognized
threshold — increased about twofold [14]. As the upper
limit of Lp(a), 30 mg/dL was adopted in connection with
this study and subsequently by most working groups. In
our first study we were also able to show that an approxi-
mately sixfold increase in the risk of myocardial infarction
existed when elevated Lp(a) was accompanied by a type
ITa phenotype (characteristic of familial hypercholester-
olemia). Our observations were followed by countless
— some prospective — studies most of which found a signif-
icant CHD risk for persons with elevated Lp(a). However,
some studies were also negative (see overview in [15]).
However, the mortal dagger for Lp(a) research came in
the form of a publication by Ridker et al. [16]: based on
the results of a “nested case—control” study involving test
subjects from the prospective “Physician’s Health Study”
with almost 15,000 participants, no significant associa-
tion between elevated Lp(a) and the risk of CHD was found
(verbatim: In this prospective study of predominantly mid-
dle-aged white men, we found no evidence of association
between Lp(a) level and risk of future MI. These data do not
support the use of Lp(a) level as a screening tool to define
cardiovascular risk among this population.).

However, Lp(a) research was revived by publica-
tions of various working groups in 2009-2011, which
included more than 100,000 test subjects/patients and
demonstrated significant and obvious causal correlations
between elevated Lp(a) and CHD [2-4, 17, 18].

Notable studies over the past 3 years have under-
scored the importance of Lp(a) as a risk factor for vascular
disease: The PROCARDIS CONSORTIUM [19] addressed
the long-debated question whether apo(a) isoforms with
different numbers of K-IV repeats are variously athero-
genic; there had been indications in the literature that
not only the concentration of Lp(a), but also the size
polymorphism had to be taken into account when esti-
mating the risk of atherosclerosis. In the PROCARDIS
study Lp(a) was measured in the plasma in nearly 1000
CHD patients and a similar number of control subjects
by means of a “latex-enhanced immunoturbidimetric
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immunoassay” (see below). Apo(a) isoforms were ana-
lyzed by conventional methods by means of SDS-PAGE,
followed by immuno-blotting using an isoform standard
of the company Immuno AG in Vienna, Austria. Immuno
AG has been defunct for years, and the isoform standard
is no longer available. The authors calculated the odds
ratio (OR) between patients and controls between the first
and the fifth quintile of the Lp(a) concentrations before
and after adjustment for the number of K-IV repeats. In
both cases, an OR of 2.05 (p<0.001) was found, so it does
not matter whether the number of K-IV kringles was taken
into account or not. This provides a clear answer to a long
discussion, and proves that the size polymorphism affects
the atherogenic risk only via its effect on the Lp(a) con-
centration. Florian Kronenberg penned an editorial on
this article, in which he points out that the analysis of
SNPs — especially rs41272114, rs10455872 and rs3798220,
which have the strongest associations with the Lp(a) con-
centration — can be neither a surrogate nor a substitute for
the number of K-1V repeats. More than half of the carriers
of small apo(a) isoforms (<22 K-IV repeats) and with an
increased risk of CHD are not covered by this SNP analysis!
The PROCARDIS Consortium recently published
another interesting study in ATVB [20] and presented
the question regarding to what extent the LPA null allele
(rs41272114) affects the plasma Lp(a) concentration (in
heterozygous gene carriers) and determines the risk of
atherosclerosis. This study, which included about 8000
CAD patients and controls, found an rs41272114-allele fre-
quency of about 3%. Null allele carriers exhibited highly
significantly lower Lp(a) concentrations than control sub-
jects and fewer CHD cases (OR 0.79; p=0.023). As is known
from studies of the group headed by Gerd Utermann [21],
the rs41272114 SNP is a “donor-splice site” mutation and
leads to the biosynthesis of a truncated apo(a) with only
7 K-IVs (K-IV 17). The absence of K-IV type 9, which also
contains the free -SH group for attachment to ApoB-100,
requires that the apo(a) fragment is indeed secreted from
the liver into the blood, but is very quickly degraded there.
The PROCARDIS study, then, clearly showed that people
with only one apo(a) isoform have a very large variation
in their plasma concentration and a sigmoidal correlation
between the number of K-IV repeats and plasma Lp(a)
levels. However, the cause of this has not been identified
yet. Based on their findings, the authors demanded that
future epidemiological SNP studies include the rs41272114
polymorphism in order to identify CHD risk factors.
Further evidence for the thesis established in 1981
that Lp(a) was a significant risk factor [14] was provided
by the prospective Bruneck study [22] with 826 male and
female subjects. A follow-up 15 years later showed that
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the inclusion of Lp(a), in addition to the Framingham
algorithm, improved the C-index by 0.016. The measure-
ment of Lp(a) improved the success rate in predicting CHD
by 40%.

Lp(a) and stroke

The question regarding whether Lp(a) may also be used as
a predictor for stroke was addressed in numerous publica-
tions (see overview in [23]). Recently, a meta-analysis was
published that correlated the risk of ischemic stroke in chil-
dren with plasma concentrations of Lp(a) [24]. Taking into
account ten published studies that mostly set 30 mg/dL as
a cut-off for elevated Lp(a), the authors found a positive
association with a Mantel-Haenszel OR of 4.24 (p<0.00001).

As mentioned, the physiological role of Lp(a) is con-
troversial, if not unknown. Sam Tsimikas in San Diego
believes the high affinity of Lp(a) for oxidized phospho-
lipids [25] is responsible for its atherogenic effects. It is
said that oxidized phospholipids stimulate the formation
of pro-inflammatory cytokines and recruit monocytes,
which specifically bind modified LDL and transform them
into foam cells. This seems to establish a connection to
atherogenesis.

However, negatively charged phospholipids are not
only a part of oxidized lipoproteins, but also bind with
high affinity to beta-2-glycoprotein I (32-GPI). What is also
known about B2-GPI is that it forms a complex with Lp(a).
In a recent paper [26], it has been reported, interestingly
enough, that serum levels of Lp(a), Ox-Lp(a) and 32-GPI-
Lp(a) complexes were higher in stroke patients than in
controls (124 patients vs. 64 controls) and that the con-
centration correlated with the severity of brain stroke. A
positive correlation between B2-GPI-Lp(a) and Ox-Lp(a)
was also established. These findings must be interpreted
to mean that Lp(a) does not neutralize the inflammatory
PL by binding them; on the contrary, it should mean that
the atherogenic effect of Ox-PL is, in fact, potentiated by
Lp(a).

Drug-based control of high Lp(a) levels
(see also summary in ref. [27])

Although the studies cited above yield a very strong indi-
cation — if not proof — that there is a causal relationship
between elevated Lp(a) and coronary heart disease as
well as stroke, what is still missing is “final proof”, which
only intervention studies with specific Lp(a)-lowering
medications can deliver. Unfortunately, there are hardly
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any medications that target and reduce specifically only
Lp(a). The results of epidemiological studies, however,
have given rise to intensive work to develop such medica-
tions, while all lipid reducers and HDL-boosting drugs in
development are examined for their Lp(a)-lowering effect.

There are now a number of suggested treatments for
patients with elevated Lp(a) (overview in [15]). Many are
recommended based on anecdotal observations, while
others are either not very practical or not sufficiently
effective. As noted above, not much Lp(a) is metabolized
via LDL-R, which is why medications that specifically
increase LDL-R activity will achieve hardly any reduc-
tion in Lp(a) concentrations. There is even evidence that
patients with severely elevated Lp(a) respond to statin
therapy with yet another increase in Lp(a) levels [28]. The
pathological mechanism behind this observation is not
known, unfortunately. The only established method so
far for a drastic Lp(a) reduction is apheresis, which also
demonstrably reduces the risk of CHD [29]. It is especially
recommended for secondary prevention in patients with
very high Lp(a) levels.

Another option is the treatment with nicotinic acid
preparations. Nicotinic acid (niacin) and/or the acid
amide or different extended release and combination
products were prescribed in many countries for a long
time — mainly because of the HDL-boosting effect. In
addition, these preparations have been ascribed Lp(a)-
reducing effects, depending on the dose, of up to 30%
[30]. We were recently able to explain the molecular mech-
anism behind the Lp(a) reduction by nicotinic acid: In the
APOA promoter, there are several cAMP response ele-
ments (binding sites) that influence apo(a) transcription
[31]. Nicotinic acid interferes in the liver with the binding
of cAMP to these elements and reduces apo(a) biosynthe-
sis (see diagram in Figure 2).

As a result of the known side effects of nicotinic acid
— especially “flushing” - these preparations are no longer
commercially available or rarely prescribed in most coun-
tries. This type of medication suffered another setback
after the publication of the HPS2-THRIVE study (http://
www.thrivestudy.org/): the additional administration of
ER niacin/laropiprant did not produce a significant reduc-
tion in myocardial infarction or in the incidence of stroke
in 25,000 patients.

Selective Lp(a) drugs
Based on our observations that patients with cholestasis

have very low Lp(a) levels, which significantly increased
again after successful treatment of the underlying disease,
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Figure 2: Suggested mechanism of action of nicotinic acid on
apo(a) biosynthesis.

The apo(a) biosynthesis is activated by cAMP, which binds to
specific “response elements” in the apo(a) promoter. Nicotinic acid
inhibits adenylate cyclase, and thus the cAMP concentration in the
liver, reducing apo(a) transcription.

we succeeded in identifying FXR as a major nuclear recep-
tor for apo(a) expression (see Figure 1). However, FXR is a
pluripotent nuclear receptor that plays an important role
not only in bile acid and glucose metabolism, but is also
related to LXR, the master regulator of cellular cholesterol
metabolism. Negative “feed-back loops” between LXR,
FXR and other transcription factors and interleukins are
also involved in the control of apo(a) production. There-
fore, the use of FXR agonists in long-term drug treatment
should be considered with the utmost of caution. Never-
theless, such agonists (and also antagonists) are in devel-
opment and are being tested, among other things, with
respect to Lp(a) reduction. The company Phenex, which
specializes in the development of nuclear receptor mimet-
ics, has run clinical trials on the FXR agonist Px-102° since
2011  (http://www.phenex-pharma.com/pdf/PR-Phenex-
Phase%201%20finished_5%20M%20Euros_engl.pdf.). In
animal experiments, it has exhibited significant choles-
terol-reducing effects, and is also tested for use against
liver tumors. We eagerly await further results regarding
Px-102° - especially with respect to the effect on Lp(a).

More advanced still are drugs that were developed
primarily against high cholesterol and/or to boost HDL
levels, such as PCSK-9 inhibitors, CETP activators, MTP
inhibitors and thyromimetics.


http://www.phenex-pharma.com/pdf/PR-Phenex-Phase%20I%20finished_5%20M%20Euros_engl.pdf.
http://www.phenex-pharma.com/pdf/PR-Phenex-Phase%20I%20finished_5%20M%20Euros_engl.pdf.
http://www.thrivestudy.org/
http://www.thrivestudy.org/
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PCSK-9 inhibitors

In a recent article published in Circulation, it was reported
that AMG145, the monoclonal antibody against PCSK9
from Amgen® (Thousand Oaks, CA, USA), reduced the
Lp(a) concentration by an average of 32%, using a dose of
105 mg Q2W [32]. At such a dose, the authors observed an
LDL-C or apoB reduction of 60% or 50%, respectively. Of
the 626 (m+f) patients, however, about halfhad Lp(a) levels
below the median of 43 nmol/L. Even though there was a
significant positive correlation between the Lp(a)-lower-
ing effect of AMG-145 (140 mg Q2W) and the reduction of
LDL-C, it became clear that patients with low Lp(a) exhib-
ited a much more drastic Lp(a) reduction than patients in
the 3" and 4™ quartiles of Lp(a). At a dose of 420 mg Q4W,
no Lp(a) reduction at all was observed in patients of the 4™
quartile. AMG 145 (Evolocumab, Repatha®) is now on the
market in Europe and Alirocumab (Praluent®) is expected
to follow soon. However, the cost for this treatment will be
considerably higher than that of statin therapy.

In a similar study involving SAR236553, the PCSK-9
antibody from the company Sanofi (Gentilly, France), Lp(a)
reductions of up to 28.6% on average were observed [33].

These studies can at best be seen as pilot testing for
the effect of PCSK-9 inhibitors on Lp(a). They leave a lot
of unanswered questions, such as regarding the mecha-
nism of action. It is indeed known that PCSK-9 antibodies
increase the LDL-R activity mainly in the liver, and that
this receptor has only a relatively low affinity for Lp(a).

CETP inhibitors

CETP is an “exchange-transfer” protein, which catalyzes
the exchange of neutral lipids (TG and CE) between VLDL
or LDL and HDL. We were able to show years ago that
this is also true of Lp(a) and that neutral lipids are also
exchanged between Lp(a) and HDL [34], which may be the
basis of a possible mechanism of action. Theoretically,
this class of drugs would be ideal, as, in particular, those
at high risk of a stroke exhibit significantly reduced HDL
and elevated Lp(a) [35]. The CETP inhibitors torcetrapib
and dalcetrapib were withdrawn due to adverse effects or
lack of positive effects; anacetrapib and evacetrapib are in
phase III development. Anacetrapib has been repeatedly
reported as being capable of lowering Lp(a) by up to 25%.
However, important details regarding the effects on Lp(a)
are not known.

While other drugs — like eprotirome®, a thyromimetic,
lomitapide, an MTP inhibitor from Aegerion (Cambridge,
MA, USA) [36], and mipomersen from the class of antisense
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oligonucleotides against ApoB — do reduce Lp(a) [37], it
is far from clear that they will ever be approved for this
indication.

The latter class of medications also includes APO(a), ,
which is being developed by ISIS (Carlsbad, CA, USA). We
already demonstrated in 2001, in transgenic mice, that
using mRNA interference allowed for an almost 100%
inhibition of apo(a) synthesis [38]. In fact, ISIS achieved
a reduction of plasma Lp(a) levels of up to 95% in a phase
I study on patients with 10 mg/dL to almost 100 mg/dL
Lp(a) (http://www.isispharm.com/Pipeline/Therapeutic-
Areas/Cardiovascular.htm#ISIS-APOARXx). If ISIS APO(a),,,
were to be approved, this strategy would appear to be the
most promising possibility at this moment of a specific,
effective and practicable Lp(a) therapy.

When should Lp(a) analyses be performed?
(see also [15])

To date, the laboratory-based analysis of Lp(a) has had a
rather shadowy existence, especially when considering
the argument that there is no viable medication for hyper-
Lp(a) patients. It appears that this argument will soon be
obsolete, and even if it takes years before the drugs men-
tioned above are approved, the knowledge of an “addi-
tional risk factor” in the risk assessment will be of great
importance. Although it was originally reported that the
Lp(a) concentration remained constant over time, and
could not be lowered by diet or lifestyle changes, it became
apparent after the systematic evaluations of individual
patients that plasma Lp(a) levels did fluctuate within rela-
tively wide margins. Repeated testing, therefore, is appro-
priate in the event of elevated levels or borderline values.

In any case, it is recommended that Lp(a) be tested
for CHD and stroke patients where the conventional risk
factors do not explain the clinical picture. Since high Lp(a)
levels can be inherited, testing family members of index
patients with elevated Lp(a) is also indicated. We further
recommend Lp(a) testing in cases of premature myocardial
infarction or stroke and for patients with borderline risk,
because they will fall into a higher risk group should Lp(a)
become elevated. Since a specific medication for Lp(a) is
not currently possible, elevated Lp(a) should trigger a
more intensive treatment of the risk factors that can be
influenced. Furthermore, the monitoring of Lp(a) is indi-
cated in patients who, despite “state of the art” therapy,
exhibit a progressive course of vascular disease, as well
as in all FH patients or in connection with genetic dysli-
poproteinemia, in groups of patients with reduced HDL,
pathologically elevated homocysteine and hemostasis


http://www.isispharm.com/Pipeline/Therapeutic-Areas/Cardiovascular.htm#ISIS-APOARx
http://www.isispharm.com/Pipeline/Therapeutic-Areas/Cardiovascular.htm#ISIS-APOARx
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disorders. Finally, Lp(a) testing is recommended in con-
nection with diabetes mellitus and autoimmune diseases.

According to a consensus of the European Atheroscle-
rosis Society, Lp(a) testing is recommended for patients
with a 10-year risk of atherosclerosis above 3%. Particu-
lar attention should also be paid to hemodialysis patients
and patients with any type of kidney disease. In the latter
cases, it is of course important to control the underlying
primary disease as much as possible and rigorously treat
the modifiable risk factors, including LDL-C, high blood
pressure, smoking, high blood sugar and obesity. LDL/
Lp(a) apheresis and nicotinic acid preparations have to be
taken into consideration for such patients, if practicable,
although there is very little evidence from controlled inter-
vention studies.

What to consider when testing
Lp(a)

The original laboratory methods, on which the athero-
genicity of Lp(a) was based, were radial immunodiffusion,
rocket electrophoresis and, coming later, nephelometry.
Today, of course, only high through-put methods are in
demand - mostly ELISA and DELFIA, nephelometry and
turbidimetry. In all these methods, one must be aware that
the molecular weight of Lp(a) and apo(a) varies within very
wide margins, that Lp(a), as a main component in addition
to apo(a), also contains ApoB-100, that Lp(a) has a high
affinity to other proteins such as 2-GPI, and especially
that there are repetitive structures in apo(a): The number
of K-IV repeats varies from two to around 40. With many
immunochemical methods, this results in an overestima-
tion of the concentration of Lp(a) with large isoforms and
an underestimation of Lp(a) with small isoforms. Finally,
the plasma also contains free apo(a) fragments the con-
centration of which strongly correlates with the plasma
Lp(a) concentration. To avoid the problems of Lp(a) analy-
sis, ELISA and DELFIA methods have been developed in
which the “capture” antibody can bind, relatively non-
specifically, all apo(a) isoforms, while the “detection”
antibody either represents a monoclonal antibody (MOAB)
that recognizes only one epitope in all apo(a) isoforms, or
detects the ApoB component in Lp(a). The latter method
comes at the risk that, in hyperlipidemic plasma samples,
Lp(a) may bind further LDL particles, which leads to an
overestimation of the concentration.

Due to the above-mentioned problems with the stand-
ardization of Lp(a) analysis, a panel of experts took it
upon itself to address these problems, releasing various
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reference standards and methodological recommenda-
tions. Our research group, too, participated in these
experiments involving apo(a)-apo(a) and apo(a)-ApoB
DELFIA assays — our results were not always in line with
all the members of the rest of the expert group [39]. The
main problem, which was responsible for the relatively
large differences among the 29 participating laboratories,
was the reference material, as it turned out, which was dif-
ferent in most of the assays used.

In our view, all of the above theoretical considerations
play a minor role in laboratory practices when it comes
to many of the Lp(a) assays commercially available today.
Three important questions must always be answered:
1. Which methods work independently of apo(a) isoforms?
2. Can units be converted from mg/dL to molar concen-
tration? 3. What cut-off values should be applied for risk
stratification?

Method

Our preferred commercially available assay is latex-
enhanced nephelometry and/or the turbidimetric immu-
noassay. This stems from the fact that the size of the latex
particles compared to Lp(a) is so much greater that the
size polymorphism of apo(a) does not matter anymore.
Furthermore, in our experience, this method delivers high
precision and can be implemented with all standard auto-
mated laboratory equipment. ELISA and DELFIA methods
are independent of isoforms if monoclonal antibodies are
used that recognize only one epitope in apo(a).

Another possibility, which is not yet generally practi-
cable, as there is no harmonized approach yet with respect
to routine laboratory practices, is the urine-based analysis
of apo(a) fragments. It is mainly fragments with repetitive
K-IV that are secreted into urine. Their concentration cor-
relates well with the plasma levels. This method is also at
least as effective in differentiating at-risk patients as the
plasma-based analysis of Lp(a) [40].

Units

This question is academic to a large extent, since most
individuals are heterozygous, i.e. they have two apo(a)
isoforms with a very large difference in mass. We, there-
fore, prefer to state the plasma concentration of Lp(a) in
mg/dL, and in our laboratory we use a conversion factor of
3.17, which crystallized from our standardizations: 1 mg/dL
apo(a) corresponds to 3.17 nmol/L. This factor also arises
when the molecular weight of Lp(a) is assigned a value of
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3,150,000, a number confirmed by means of quasielastic
light scattering. John Albers, the US expert in the field of
Lp(a) analysis, suggests a conversion factor of approx..2.5,
which applies to Lp(a) isoforms with a high number of
K-1V repeats and a molecular weight of 4 million.

Cut-off values

Most studies in recent years have pointed out that Lp(a) is
not a “continuous” risk factor, but an increased risk that
will only manifest itself once a certain threshold has been
reached. Evidence for this thesis is still inadequate, but
practical considerations have given rise to cut-off values
that, when reached, are supposed to represent an elevated
CHD risk. In the first original study that put Lp(a) forward
as a risk factor, a cut-off value of 30 mg/dL constituted a
relative risk of myocardial infarction of 1.75; a cut-off of
50 mg/dL, 2.3 [14]. These values are very close to those
published in subsequent years on the basis of meta-analy-
ses of prospective studies. According to recommendations
of the EAS Consensus Report, which are largely based
on the Copenhagen Heart Study [4], the cut-off for Lp(a)
should be 50 mg/dL, corresponding to about 150 nmol/L.

Author contributions: All the authors have accepted
responsibility for the entire content of this submitted
manuscript and approved submission.

Research funding: None declared.

Employment or leadership: None declared.

Honorarium: None declared.

Competing interests: The funding organization(s) played
no role in the study design; in the collection, analysis, and
interpretation of data; in the writing of the report; or in the
decision to submit the report for publication.

References

1. Voetsch B, Loscalzo J. Genetics of thrombophilia: impact on
atherogenesis. Curr Opin Lipidol 2004;15:129-43.

2. Clarke R, Peden JF, Hopewell JC, Kyriakou T, Goel A, Heath SC,
et al. Genetic variants associated with Lp(a) lipoprotein level and
coronary disease. N Engl) Med 2009;361:2518-28.

3. Emerging Risk Factors C, Erqou S, Kaptoge S, Perry PL,
Di Angelantonio E, Thompson A, et al. Lipoprotein(a)
concentration and the risk of coronary heart disease, stroke,
and nonvascular mortality. ] Am Med Assoc 2009;302:
412-23.

4. Kamstrup PR, Tybjaerg-Hansen A, Steffensen R, Nordestgaard BG.
Genetically elevated lipoprotein(a) and increased risk of myocar-
dial infarction. ) Am Med Assoc 2009;301:2331-9.

DE GRUYTER

5. Zuliani G, Bader G, Imbastaro T, Mezzetti A, Taddeo U,

Kostner GM, et al. Lipoprotein(a) plasma levels and apo(a) iso-
forms are not associated with longevity or disability in a sample
of Italian octo-nonagenarians. Associazione Medica Sabin.
Aging (Milano) 1995;7:385-91.

6. Kostner KM, Kostner GM. Lipoprotein(a): still an enigma? Curr
Opin Lipidol 2002;13:391-6.

7. Frischmann ME, lkewaki K, Trenkwalder E, Lamina C,
Dieplinger B, Soufi M, et al. In vivo stable-isotope kinetic study
suggests intracellular assembly of lipoprotein(a). Atherosclero-
sis 2012;225:322-7.

8. Kronenberg F, Utermann G. Lipoprotein(a): resurrected by genet-
ics. J Intern Med 2013;273:6-30.

9. Chennamsetty I, Claudel T, Kostner KM, Baghdasaryan
A, Kratky D, Levak-Frank S, et al. Farnesoid X receptor
represses hepatic human APOA gene expression. ] Clin Invest
2011;121:3724-34.

10. Kostner GM, Wo X, Frank S, Kostner K, Zimmermann R, Steyrer
E. Metabolism of Lp(a): assembly and excretion. Clin Genet
1997;52:347-54.

11. Krempler F, Kostner GM, Roscher A, Haslauer F, Bolzano K,
Sandhofer F. Studies on the role of specific cell surface recep-
tors in the removal of lipoprotein (a) in man. J Clin Invest
1983;71:1431-41.

12. Frank S, Hrzenjak A, Kostner K, Sattler W, Kostner GM. Effect of
tranexamic acid and delta-aminovaleric acid on lipoprotein(a)
metabolism in transgenic mice. Biochim Biophys Acta
1999;1438:99-110.

13. Berg K. A new serum type system in man — the Lp system. Acta
Pathol Microbiol Scand 1963;59:369-82.

14. Kostner GM, Avogaro P, Cazzolato G, Marth E, Bittolo-Bon G,
Qunici GB. Lipoprotein Lp(a) and the risk for myocardial infarc-
tion. Atherosclerosis 1981;38:51-61.

15. Kostner KM, Marz W, Kostner GM. When should we measure
lipoprotein (a)? Eur Heart | 2013;34:3268-76.

16. Ridker PM, Hennekens CH, Stampfer M). A prospective study of
lipoprotein(a) and the risk of myocardial infarction. ) Am Med
Assoc 1993;270:2195-9.

17. LiY, Luke MM, Shiffman D, Devlin ]). Genetic variants in the
apolipoprotein(a) gene and coronary heart disease. Circ Cardio-
vasc Genet 2011;4:565-73.

18. Erqou S, Thompson A, Di Angelantonio E, Saleheen D,

Kaptoge S, Marcovina S, et al. Apolipoprotein(a) isoforms and
the risk of vascular disease: systematic review of 40 studies
involving 58,000 participants. ] Am Coll Cardiol 2010;55:2160-7.

19. Hopewell JC, Seedorf U, Farrall M, Parish S, Kyriakou T, Goel A,
et al. Impact of lipoprotein(a) levels and apolipoprotein(a)
isoform size on risk of coronary heart disease. ) Intern Med
2014;276:260-8.

20. Kyriakou T, Seedorf U, Goel A, Hopewell JC, Clarke R, Watkins H,
et al. Acommon LPA null allele associates with lower
lipoprotein(a) levels and coronary artery disease risk. Arterio-
scler Thromb Vasc Biol 2014;34:2095-9.

21. Ogorelkova M, Gruber A, Utermann G. Molecular basis of
congenital Ip(a) deficiency: a frequent apo(a) ‘null’ mutation in
caucasians. Hum Mol Genet 1999;8:2087-96.

22. Willeit P, Kiechl S, Kronenberg F, Witztum JL, Santer P, Mayr M,
et al. Discrimination and net reclassification of cardiovascular
risk with lipoprotein(a): prospective 15-year outcomes in the
Bruneck Study. ] Am Coll Cardiol 2014;64:851-60.



DE GRUYTER

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Ferraro M, Spagnuolo V, Sprovieri M, Mauro GF. [Lipoprotein (a)
and stroke]. Minerva Med 2008;99:399-409.

Sultan SM, Schupf N, Dowling MM, Deveber GA, Kirton A,
Elkind MS. Review of lipid and lipoprotein(a) abnormalities in
childhood arterial ischemic stroke. Int | Stroke 2014;9:79-87.
Hung MY, Witztum JL, Tsimikas S. New therapeutic targets for
calcific aortic valve stenosis: the lipoprotein(a)-lipoprotein-
associated phospholipase A2-oxidized phospholipid axis. ] Am
Coll Cardiol 2014;63:478-80.

Ma L), Wu J, Niu DM, Yu R}, Song JX, Zhang CN, et al. Serum
lipoprotein(a) complexes with beta2-glycoprotein | lev-

els in patients with ischemic stroke. Clinica Chimica Acta
2014;429:163-7.

Norata GD, Ballantyne CM, Catapano AL. New therapeutic prin-
ciples in dyslipidaemia: focus on LDL and Lp(a) lowering drugs.
Eur Heart) 2013;34:1783-9.

Kostner GM, Gavish D, Leopold B, Bolzano K, Weintraub MS,
Breslow JL. Hmg Coa reductase inhibitors lower LDL cholesterol
without reducing Lp(a) levels. Circulation 1989;80:1313-9.
Jaeger BR, RichterY, Nagel D, Heigl F, Vogt A, Roeseler E, et al.
Longitudinal cohort study on the effectiveness of lipid apher-
esis treatment to reduce high lipoprotein(a) levels and prevent
major adverse coronary events. Nat Clin Pract Cardiovasc Med
2009;6:229-39.

Gurakar A, Hoeg JM, Kostner G, Papadopoulos NM, Brewer HB.
Levels of lipoprotein Lp(a) decline with neomycin and niacin
treatment. Atherosclerosis 1985;57:293-301.

Chennamsetty |, Kostner KM, Claudel T, Vinod M, Frank S,
Weiss TS, et al. Nicotinic acid inhibits hepatic APOA gene
expression: studies in humans and in transgenic mice. J Lipid
Res 2012;53:2405-12.

Desai NR, Kohli P, Giugliano RP, O’Donoghue ML, Somaratne R,
Zhou J, et al. AMG145, a monoclonal antibody against propro-
tein convertase subtilisin kexin type 9, significantly reduces
lipoprotein(a) in hypercholesterolemic patients receiving
statin therapy: an analysis from the LDL-C Assessment With
Proprotein Convertase Subtilisin Kexin Type 9 Monoclonal
Antibody Inhibition Combined With Statin Therapy (LAPLACE)-
Thrombolysis in Myocardial Infarction (TIMI) 57 Trial. Circulation
2013;128:962-9.

McKenney JM, Koren MJ, Kereiakes DJ, Hanotin C, Ferrand AC,
Stein EA. Safety and efficacy of a monoclonal antibody to

Chennamsetty et al.: Lipoprotein(a): when to measure, how to treat? =— 9

proprotein convertase subtilisin/kexin type 9 serine protease,
SAR236553/REGN727, in patients with primary hypercholester-
olemia receiving ongoing stable atorvastatin therapy. | Am Coll
Cardiol 2012;59:2344-53.

34. Groener JEM, Kostner GM. Lipid transfer protein-catalyzed
exchange of cholesteryl ester between high-density-
lipoproteins and Apo-B-containing lipoproteins. ] Lipid Res
1987;28:1053-6.

35. Kostner GM, Marth E, Pfeiffer KP, Wege H. Apolipoprotein-a-I,
Apolipoprotein-Aii and Hdl phospholipids but not Apo-B are risk
indicators for occlusive cerebrovascular-disease. Eur Neurol
1986;25:346-54.

36. Cuchel M, Meagher EA, Theron HD, Blom DJ, Marais AD,

Hegele RA, et al. Efficacy and safety of a microsomal triglyceride
transfer protein inhibitor in patients with homozygous familial
hypercholesterolaemia: a single-arm, open-label, phase 3
study. Lancet 2013;381:40-6.

37. Thomas GS, Cromwell WC, Ali S, Chin W, Flaim JD, Davidson M.
Mipomersen, an apolipoprotein B synthesis inhibitor, reduces
atherogenic lipoproteins in patients with severe hypercho-
lesterolemia at high cardiovascular risk. ) Am Coll Cardiol
2013;62:2178-84.

38. Frank S, Gauster M, Strauss J, Hrzenjak A, Kostner GM.
Adenovirus-mediated apo(a)-antisense-RNA expression
efficiently inhibits apo(a) synthesis in vitro and in vivo. Gene
Therapy 2001;8:425-30.

39. Tate JR, Berg K, Couderc R, Dati F, Kostner GM, Marcovina SM,
et al. International Federation of Clinical Chemistry and Labora-
tory Medicine (IFCC) standardization project for the measure-
ment of lipoprotein(a). Phase 2: Selection and properties of a
proposed secondary reference material for lipoprotein(a). Clin
Chem Lab Med 1999;37:949-58.

40. Kostner KM, Maurer G, Huber K, Stefenelli T, Dieplinger H,
Steyrer E, et al. Urinary excretion of Apo(a) fragments — Role
in Apo(a) catabolism. Arterioscl Throm Vas Biol 1996;16:
905-11.

Article note: Original German online version at: http://www.
degruyter.com/view/j/labm.2015.39.issue-2/labmed-2015-0002/
labmed-2015-0002.xml?format=INT. The German article was
translated by Compuscript Ltd. and authorized by the authors.


http://www.degruyter.com/view/j/labm.2015.39.issue-2/labmed-2015-0002/labmed-2015-0002.xml?format=INT
http://www.degruyter.com/view/j/labm.2015.39.issue-2/labmed-2015-0002/labmed-2015-0002.xml?format=INT
http://www.degruyter.com/view/j/labm.2015.39.issue-2/labmed-2015-0002/labmed-2015-0002.xml?format=INT

