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Lipoprotein(a): the common, likely causal, yet elusive risk
factor for cardiovascular disease'
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Lipoprotein(a) [Lp(a)], first described in 1963 by the
Norwegian Kaare Berg, consists of a low density lipopro-
tein (LDL)-like particle with an additional apolipoprotein
covalently bound to apolipoprotein B; apolipoprotein(a)
[apo(a)] (1). Lp(a) plasma concentrations are highly her-
itable with >50% of the variation in levels attributable to
genetic variation in the LPA gene locus coding for apo(a)
synthesized by hepatocytes. Of particular importance is
the so-called kringle-IV type 2 (KIV-2) LPA copy number
variant (CNV) determining the number of kringle-shaped
protein structures in apo(a), thus determining apo(a) iso-
form size, which correlates inversely with plasma Lp(a)
levels (1).

Over the years, numerous epidemiologic studies have
documented an association of elevated Lp(a) levels with
increased risk of cardiovascular disease, although the en-
thusiasm for Lp(a) was severely dampened in the early
nineties with the publication of the first two large prospec-
tive studies, both yielding null findings (2). Notably, both
studies used long-term frozen samples and questionable
assays, underscoring the importance of using appropriate
sample material and validated Lp(a) assays to yield reli-
able results (3). In the past decade, however, several large
epidemiologic and genetic epidemiologic studies have
confirmed the importance of elevated Lp(a) levels in
cardiovascular disease including coronary heart disease, to
some extent peripheral atherosclerosis and ischemic
stroke, and most recently also aortic valve stenosis and
heart failure (4-10). Thus, at present, strong genetic evi-
dence exists to support a causal role for Lp(a) in the devel-
opment of cardiovascular disease (1, 2, 11). This was most
recently demonstrated in a large genetic study where a
gene risk score based on just 4 LPA single nucleotide poly-
morphisms (SNPs), all strongly associated with low plasma
Lp(a) levels, predicted decreased risk of coronary heart
disease, peripheral arterial disease, stroke, aortic valve ste-
nosis, and heart failure (12). Currently, and largely moti-
vated by findings from the genetic epidemiologic studies
on Lp(a) levels, LPA gene variants, and risk of cardiovascu-
lar disease of later years, efforts are undertaken to develop
effective drugs targeting elevated Lp(a) levels found in 1
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in 5 individuals in the general population (13) and repre-
senting one of the strongest genetic risk factors for cardio-
vascular disease (11). This despite the fact that to this day,
Lp(a) is still associated with many unanswered questions
with regards to production, catabolism, normophysiologi-
cal function, and pathophysiological mechanism of action
(1), the latter which may include both proatherosclerotic,
prothrombotic, and proinflammatory effects (1, 2, 11).

In this issue of the Journal of Lipid Research, Mack et al.
(14) report on their efforts to identify genetic loci associ-
ated with Lp(a) concentrations by conducting a large hy-
pothesis-free meta-analysis of data from five genome-wide
association studies (GWASs) supplemented with a gene-
based test of association for candidate genes for possible
Lp(a) receptors and regulators. Altogether, 13,781 indi-
viduals were included and ~10 million SNPs analyzed. No-
tably, for all individuals, apo(a) isoforms were determined
using Western blot analyses, enabling adjustment of GWAS
findings for apo(a) isoform size (determined by the LPA
KIV-2 CNV), the most influential factor in determining
plasma Lp(a) levels. The authors identified 48 indepen-
dent SNPs in the LPA gene region and 1 SNP in the APOE
gene region to be associated with Lp(a) concentrations. A
weighted [by effect on Lp(a) levels] SNP-score based on
the 48 identified SNPs in the LPA gene region could ex-
plain 36% of the total variability in Lp(a) levels in the
study participants. The identified SNP in the APOE gene
region is identical to the SNP that defines the APOE2 al-
lele, explained 0.5% of the total phenotypic Lp(a) con-
centration variance, and each APOE2 copy decreased
Lp(a) concentrations by 3.3 mg/dl. In analyses adjusted
for apo(a) isoform size, 31 independent SNPs were identi-
fied (30 in the LPA gene region and again the APOE1s7412
SNP); for the LPA SNPs, most of them were different from
the SNPs found in the unadjusted analyses. In the gene-
based test of association for candidate genes, evidence of
the involvement of the TLR2 gene in the regulation of
Lp(a) levels was provided.

!'See referenced article, J. Lipid Res. 2017, 58: 1834-1844.
? To whom correspondence should be addressed.
e-mail: pia.roerbaek.kamstrup@regionh.dk

Journal of Lipid Research Volume 58, 2017 1731


http://crossmark.crossref.org/dialog/?doi=10.1194/jlr.C079111&domain=pdf&date_stamp=2017-08-24

In additional analyses using data retrieved from the
CARDIoGRAMplusC4D consortium, seven of the identi-
fied SNPs in the LPA gene region were found to be signifi-
cantly associated with CAD on a genome-wide scale (14).
The highest effect, corresponding to an odds ratio of 1.73
(P=3.35x10"%) for coronary artery disease per minor al-
lele copy, was found for SNP rs186696265, where each
copy of the minor allele increased Lp(a) levels by 48 mg/dl
in a model adjusting for other SNPs independently asso-
ciated with Lp(a) levels. As noted by the authors, the
rs186696265 SNP is located between two intergenic en-
hancer regions suspected to regulate LPA expression. Over-
all, the authors observed a direct proportional relationship
of the Lp(a)-associated variants with CAD risk increase for
Lp(a)-increasing variants and a corresponding decrease in
risk for Lp(a)-decreasing variants, thus further adding to
the present strong genetic evidence of elevated Lp(a) levels
as a causal factor in cardiovascular disease development.

The finding by Mack et al. concerning the APOE rs7412
SNP is consistent with findings from (most) previous stud-
ies on APOE genotypes and Lp(a) levels, including a very
large recent study in 431,239 patients (15), and as summa-
rized by the authors (14). Interestingly, the APOE2 Lp(a)-
lowering effect has recently been demonstrated to be
independent of plasma apoE levels and to not modify Lp(a)
associated risk of myocardial infarction or of aortic valve
stenosis after subjects are stratified for Lp(a) levels (16).
Indeed, Lp(a) levels may be a determinant of the appar-
ent protective effect of APOE2 in cardiovascular disease.
However, the underlying biologic mechanism between the
APOF-Lp(a) associations still has not been elucidated and
merits further research, as do the findings in the present
study of an association between the TLR2 genotype and
Lp(a) levels.

The study by Mack et al. (14) represents a timely and
valuable effort to gain further insights into the regulation
of Lp(a) levels. Importantly, the authors undertook the
laborious effort of determining apo(a) isoform size to con-
trol for the well-known effect of the LPA KIV-2 CNV on
levels, thus increasing power to detect other genes that
may affect Lp(a) levels. Of note, the adjustment for apo(a)
isoform size was carried out by adjusting for only the pre-
dominantly expressed isoform in heterozygous individu-
als, whereas the contribution of the second isoform was
not taken into account, which constitutes a partial and not
a complete adjustment for apo(a) isoform size, which the
authors also rightly point out. Although one might have
hoped that the apo(a) isoform adjustment approach of
the present study would have yielded more genetic hits
outside of the LPA gene locus to ultimately guide new
strategies for clarification of Lp(a) production, catabolism
and (patho-) physiology, the findings nonetheless under-
score the importance of the LPA gene locus in determin-
ing Lp(a) levels. Thus, the results of the present timely
and important study by Mack et al. support a treatment
strategy for elevated Lp(a) levels targeting Lp(a) produc-
tion at the LPA gene [i.e., apo(a) mRNA] level, as, for ex-
ample, by use of antisense specific oligonucleotides, which
have resulted in mean Lp(a) lowering of >80% in early

1732 Journal of Lipid Research Volume 58, 2017

clinical trials (17). Data from outcome clinical trials are
needed to provide final evidence of a direct causal associa-
tion of Lp(a) with cardiovascular disease risk and to provide
treatment options for individuals at high risk of cardiovas-
cular disease due to high Lp(a) levels. Bl
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