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Abstract

Within the last decade, a broad range of biomarkers associated with an increased risk
for death and cardiovascular/cerebrovascular endpoints have been identified. Epide-
miological studies clearly indicate that lipoprotein-associated phospholipase A, (Lp-
PLA,) has the potential to become clinically useful emerging biomarker in the true
sense, linking plaque biology with cardiovascular/cerebrovascular event rate. Lipo-
protein-associated phospholipase A, is a specific vascular inflammatory marker, a risk
factor, a prognostic biomarker, and also a therapeutic target. This chapter will sum-
marize our current knowledge on Lp-PLA, with emphasis on its potential pathophy-
siological mechanisms of action and on clinical relevance as cardiovascular/
cerebrovascular biomarker. This chapter gives comprehensive, systematic review of
studies assessing the significance of Lp-PLA, in cardiovascular/cerebrovascular dis-
eases with emphasis on clinical benefit of pharmacologic inhibition of Lp-PLA,.

Keywords: biomarker, cardiovascular disease, lipoprotein-associated phospholipase
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1. Introduction

Although an atherogenic lipoprotein phenotype was reported as a predictor of cardiovascular/
cerebrovascular disease, numerous recent studies have recognized additional lipid-related
markers as emerging biomarkers to identify patients with cardiovascular/cerebrovascular
disease risk. Among them the most promising biomarkers for cardiovascular/cerebrovascular
risk assessment is lipoprotein-associated phospholipase A, (Lp-PLA,).

I NT E C H © 2015 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use, distribution,
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2. Lipoprotein-associated phospholipase A,: structure and biology

Lipoprotein-associated phospholipase A, (Lp-PLA,), also known as platelet-activating factor
acetylhydrolase (PAF-AH), belongs to the phospholipase A, superfamily [1,2]. This Ca*-
independent phospholipase is encoded by PLA2G7 gene that consists of 12 exons and 11 introns
located on chromosome 6p21.2 to 12 [3,4]. Lp-PLA, is protein of 45,4 kDa that consists of 441
amino acid residues [5]. The major sources of Lp-PLA, in plasma are T lymphocytes, mono-
cytes/macrophages, activated bone marrow-derived mast cells, and liver cells [6-8]. The
secreted Lp-PLA,, circulates in plasma in active form. It predominantly binds to LDLs, and in
amuch smaller extent to HDLs, Lp(a), lipoprotein remnants, and platelet-borne microparticles
[6,9-12]. Indeed, Lp-PLA, is highly associated with the smallest LDL and HDL subclasses [13]
and with electronegative LDL, which overlaps with small dense LDL [14]. Lp-PLA, bound to
HDL has a much lower specific activity compared to when bound to LDL [10]. Different
distribution of Lp-PLA, in various plasma lipoproteins affects its functions.

Lp-PLA, catalyzes hydrolysis of the acetyl group at sn-2 position of PAF to generate lyso-PAF
and acetate [15]. On the other side, Lp-PLA, cleaves oxidatively modified lipoproteins from
the sn-2 position of the apoB100-containing lipoproteins into oxidized nonesterified fatty acids
(oxFFAs) and lysophosphatidylcholine.

3. Actions of lipoprotein-associated phospholipase A,

We can think about Lp-PLA, as a friend and foe at the same time. On the one hand, it functions
as PAF-AH, which hydrolyzes inflammatory mediator PAF, inhibits foam cell formation,
enhances cholesterol efflux in macrophages, and exerts its atheroprotective role [16].

On the other hand, Lp-PLA, has a proatherogenicrole. Lp-PLA, relates to anumber of different
proatherogenicbiological processes. Lp-PLA, hydrolyzes oxidized phospholipids on modified
LDL particles within the arterial intima, and thus contributes to the initiation and progression
of atheroma. Lp-PLA, is produced by macrophages and foam cells within atherosclerotic
plaque. Its expression is mainly confined to plaque areas with massive lipid accumulation and
leukocyte infiltration, cellular necrosis, and calcification, suggesting that Lp-PLA, is a marker
for rupture-prone plaque [16]. The amount of Lp-PLA, and its by-product, lysophosphatidyl-
choline in the coronary circulation is proportional to the extent of the atheroma and indirectly
affects local endothelial function [17]. Proatherogenic activities of lysophosphatidylcholine
are: expression of adhesion molecules; upregulation of cytokines and CD40 ligand by T-cells,
cytotoxic at concentrations higher than 30-50 uM; stimulation of macrophage proliferation;
release of arachidonic acid from endothelial cells; induction of MCP-1 and genes for growth
factors; release of myeloperoxidase; migration of vascular smooth muscle cells; chemoattrac-
tant for monocytes, macrophages, and T-cells; induction of apoptosis in smooth muscle cells
and macrophages; involvement in the antigenicity of oxidized LDL; inhibition of endothelium-
derived nitric oxide [18-20]. Furthermore, oxFFAs promote atherosclerosis by direct and
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indirect increasing of oxidative stress and the presence of oxidized LDL and other lipoproteins
in the plasma and arterial walls, thereby initiating fatty streak formation [21].

4. Assays for Lp-PLA, mass and activity determination

It is well known that circulating Lp-PLA, can be measured by different assays ascertaining
either its mass or activity. There is no definite decision about the potential superiority of the
tests.

According to the literature data, Lp-PLA, levels were determined preferentially using PLAC®
test. Lp-PLA, mass was determined by diaDexus PLAC Test ELISA, sandwich enzyme
immunoassay, followed by diaDexus PLAC® test based for Lp-PLA, mass measurement on
turbidimetric immunoassay technology. More recently, enzyme assay PLAC® Test for
measurement of Lp-PLA, activity has been developed and commercially available. The
preferred sample type is EDTA plasma, and serum is also acceptable. It should be noted that
methodological issues associated with Lp-PLA, measurement make comparisons between
studies difficult.

Recently published meta-analysis of 32 prospective studies in persons with stable vascular
disease or recent acute ischemic event revealed a moderate correlation between mass and
activity of Lp-PLA, [24]. The PROVEIT-TIMI 22 study [25] has also found a moderate corre-
lation between Lp-PLA, activity and mass measured at baseline and at 30-day after ACS. There
is still controversy about the method of estimating Lp-PLA, level. While Koenig et al. [26]
reported that Lp-PLA, mass was the better risk predictor of future cardiovascular events than
Lp-PLA, activity, Persson et al. [27] has reached the opposite conclusion. Jenny et al. [28]
showed no difference in Lp-PLA, activity and mass with respect to risk prediction.

Currently, there is no consensus on the best method to estimate Lp-PLA, level. A consensus
panel recommendation for incorporating Lp-PLA, testing into the cardiovascular disease risk
assessment guidelines used Lp-PLA, mass for stratifying patients [23].

Blood samples should be refrigerated after processing and should be kept frozen for long-term
storage. There are no restrictions to the time of day that the sample should be drawn and no
dietary restrictions. In contrast to other emerging risk markers, a very minimal biological
variation in Lp-PLA, concentrations has been demonstrated among individuals monitored
serially over several weeks [29].

In addition, Lp-PLA, levels are typically unaffected by conditions of systemic inflammation,
such as osteoarthritis and chronic obstructive pulmonary disease, whereas markers of
inflammatory response are often elevated by these conditions. The normal population medians
for men and women are in the range of 230-250 ng/mL, and a value of >300 ng/mL may be
considered elevated [30].

Gender differences in Lp-PLA, levels were found; men had significantly higher levels than
women. Also, a significant association between Lp-PLA, levels and smoking was noticed.
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These finding has been observed in previous studies [31,32,33,34]. Lower Lp-PLA, levels in
women could be explained by estrogen-mediated down-regulation of Lp-PLA, expression,
due to lower concentrations of LDL cholesterol in women or estrogen-related decrease in
platelet activating factor acetyl hydrolase activity [35,36]. Estrogen-replacement therapy can
significantly reduce Lp-PLA, activity in healthy postmenopausal women [37], while admin-
istration of steroids with progesterone-like activity increases Lp-PLA, activity [38]. Smoking
may increase the carrier (LDL) and the substrate (oxidized LDL) for Lp-PLA, [39].

5. Association of Lp-PLA, with cardiovascular disease risk

Lp-PLA, is an emerging inflammatory biomarker, characterized by high vascular specificity
and low biovariability. High Lp-PLA, levels are indicative of rupture-prone plaque [22].
Numerous epidemiological and clinical studies examined association between Lp-PLA,
concentration/enzyme activity and cardiovascular disease risk in apparently healthy individ-
uals, in subjects with stable cardiovascular disease, acute coronary syndrome (ACS), heart
failure (HF), stroke, transient ischemic attack (TIA) support, trying to answer in which patients
would determination of Lp-PLA, be the most valuable. There are novel data about the
prognostic significance of Lp-PLA, as a predictor of short-term or long-term outcome in
patients with cardiovascular disease. To evaluate this, systematic literature review concerning
the association of Lp-PLA, with cardiovascular disease risk and prognostic implications was
done. The studies on this issue were extracted from relevant electronic databases (Medline
(http://www.ncbinlm.nih. gov/pubmed/), Embase (http://www. embase.com/), Google
Scholar (http://scholar. google.com/), Yahoo (http:// www. yahoo. com/), Kobson (http://
www.kobson.nb.rs/), ClinicalTrails.gov.) and the obtained results were included in the text.

In 2008, the panel’s recommendation [23] incorporated Lp-PLA, testing as an adjunct to
traditional risk factors in assessing future cardiovascular risks. It endorses Lp-PLA, testing in
moderate-risk persons determined as having simply two risk factors. An Lp-PLA, >200 ng/mL
warrants reclassification of the moderate-risk patient as high cardiovascular risk and should
prompt reduction of the LDL-C target from 130 mg/dL to 100 mg/dL. The panel also recom-
mends Lp-PLA, testing for patients with coronary artery disease (CAD) or CAD risk equiva-
lents (diabetes, ischemic stroke, etc.) be considered at very high risk when Lp-PLA, is elevated,
warranting reduction in the LDL-C target from 100 mg/dL to 70 mg/dL. Today, Lp-PLA,
measurement for cardiovascular disease risk stratification of patients is included in four
international clinical guidelines: 2012 European Guidelines on CVD Prevention in Clinical
Practice European Society of Cardiology — Lp-PLA, may be measured as a part of a refined
risk assessment in patients at high risk of a recurrent acute atherothrombotic event. Class IIb;
2010 ACCF/AHA Guideline for Assessment of Cardiovascular Risk in Asymptomatic Adults
— Lp-PLA, testing may be considered in intermediate-risk asymptomatic adults; 2011
AHA/ASA Guidelines for the Primary Prevention of Stroke Measurement of inflammatory
markers such as high sensitive C-reactive protein (hs-CRP) or Lp-PLA, in patients without
CVD may be considered to identify patients who may be at increased risk of stroke; 2012 AACE
Guidelines for Management of Dyslipidemia and Prevention of Atherosclerosis Test for Lp-
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PLA,, which in some studies has demonstrated more specificity than highly sensitive CRP,
when it is necessary to further stratify a patient’s CVD risk [40-43].

Some studies suggested that Lp-PLA, predicts risk complementary to hs-CRP, although when
compared with hs-CRP, Lp-PLA, in some studies is suggested to be a more promising marker
of risk prediction. In multiple previous studies, correlation analysis revealed no association of
Lp-PLA, with CRP [28,31,44-47]. It can be expected because CRP is an acute-phase reactant
and its elevation can be caused by a wide range of inflammatory conditions. CRP shows
intraindividual variability of ~40%. On the other hand, Lp-PLA, is not affected by systemic
inflammation; it is a specific marker of vascular inflammation. Also, it shows significantly
lower biologic variability than CRP, and higher stability in states of myocardial ischemia [48].

Lp-PLA, is suggested to be a more promising marker of risk prediction than CRP [49]. Winkler
et al. [50] showed that increased Lp-PLA, levels in moderate-risk patients with hs-CRP<3 mg/
L doubled the risk for cardiac death. The WOSCOPS study [44] found that Lp-PLA, was
significantly associated with cardiovascular risk, compared with hs-CRP. Stankovic et al.’s [32]
results confirmed that Lp-PLA, have better risk prediction than CRP.

Although, the majority of published studies showed a significant relationship between Lp-
PLA, levels and cardiovascular events, there are several important differences across ethnic
groups; for example, African-Americans and Caucasians with respect to Lp-PLA,. Activity of
Lp-PLA, was higher among African-Americans with CAD. The difference in Lp-PLA, activity
levels between CAD and non-CAD patients was higher among African-Americans. Also, the
Lp-PLA, index was independently associated with the extent of CAD among African-
Americans [51-53].

From the WOSCOPS publication (West of Scotland Coronary Prevention Study, WOSCOPS)
[44], which revealed a positive association between elevated circulating concentrations of Lp-
PLA, and the risk of coronary heart disease (CHD), the interest in Lp-PLA, as a biomarker for
cardiovascular disease rapidly increased. The vast body of evidence derived from prospective
epidemiologic studies, two meta-analyses (79,036 participants in 32 prospective studies, and
52,995 subjects participated in 33 studies) and review revealed the positive association of
elevated Lp-PLA, with cardiovascular risk [24,54-56]. Furthermore, Lp-PLA, has been
confirmed to predict the presence of CAD, even among patients undergoing coronary
angiography. Uniquely, Lp-PLA, predicted the risk of CAD death, but not all cause death [57].

LpPLA, has been considered as a prognostic marker in patients with CAD. Li et al. [58]
identified prognostic value of Lp-PLA, baseline measurement for major adverse cardiac event
(MACE) (cardiovascular death, nonfatal myocardial infarction, and target vessel revasculari-
zation) in ACS patients during follow-up for a median of 6 months. Mockel et al. [59] demon-
strated that Lp-PLA, levels in the first 7 hours after onset of symptoms may be an independent
predictor of MACE within 42 days in ACS patients. PROVEIT-TIMI 22 study [25] has shown
that Lp-PLA, in patients randomized to atorvastatin or pravastatin measured 30 days after
ACS are associated with an increased risk of cardiovascular events (death, myocardial
infarction, unstable angina, revascularization, or stroke) over 24 months of follow-up. Gerber
et al. MACE [48] found that Lp-PLA, level measured early after myocardial infarction is
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strongly and independently associated with 1-year mortality. Stankovic et al. [32] demon-
strated that the Lp-PLA, may have short-term predictive value in pure STEMI patients treated
by primary percutaneous coronary intervention (PCI). They concluded that pre-interventional
plasma Lp-PLA, level is an independent predictor of 30-day MACE in patients with first
anterior STEMI treated by primary PCI, and suggested that Lp-PLA, level could help in very
early risk stratification of STEMI patients treated by PCI.

Previously published studies examined and suggested the association between Lp-PLA, and
heart failure (HF) incidence in a population-based cohort of healthy individuals, and in people
older than 65 years [60]. Baseline Lp-PLA, levels are associated with a high risk of developing
heart failure in 3,991 adults older than 65 years, independent of coronary risk factors [61]. Lp-
PLA, activity is significantly associated with congestive heart failure in 5,531 persons older
than 65 years [62]. Gerber et al. [63] evaluated the association of Lp-PLA, with mortality in
subjects with diagnosed HF. Lp-PLA, was strongly and independently associated with
mortality in patients under 80 years of age. Moldoveanu et al.’s study [64] in 208 patients with
HF found significantly increased Lp-PLA, activity in HF patients with preserved ejection
fraction (EF) than in HF with reduced EF. The literature data about the association of Lp-
PLA, and heart failure on admission in patients with acute myocardial infarction are missing.
Stankovic et al. [32] suggested that patients with the first anterior STEMI who had higher levels
of Lp-PLA, had a worse prognosis, but not with a greater probability of developing HF. In
Raichlin etal.’s [65] study in heart transplant patients, Lp-PLA, correlated with the progression
of cardiac allograft vasculopathy and increased risk of cardiovascular events/death suggesting
that it could be therapeutic target in heart transplant patients.

In 2005, the US Food and Drug Administration (FDA) approved Lp-PLA, blood test for
assessing patients at risk for ischemic stroke. The Rotterdam Study was the first population-
based study that determined the impact of elevated Lp-PLA, on stroke. It identified that Lp-
PLA, activity was an independent predictor of ischemic stroke in the middle-aged healthy men
and women population [31]. In the ARIC study, healthy middle-aged adults with increased
levels of both Lp-PLA, and hs-CRP had an 11-fold higher incidence of stroke than individuals
with low Lp-PLA, and hs-CRP levels [45]. This association between Lp-PLA, mass/activity and
first ischemic stroke was confirmed in the Malmo Diet and Cancer Study [66], Bruneck Study
[67], and Cardiovascular Health Study [28]. The Tsekepis et al. study [68] showed that Lp-
PLA, correlated with the intima-media thickness in patients with beta-thalassemia, suggesting
that Lp-PLA, may be implicated in premature carotid atherosclerosis.

Although some reports inconclusively found this positive association of Lp-PLA, and first-
ever and recurrent stroke, little is known about its influence on stroke outcome. Elkind et al.
[69] measured Lp-PLA, mass and activity in relation to outcome in first ischemic stroke
patients, determined as recurrent stroke, recurrence of vascular events, and mortality. Lp-
PLA,wasagood predictor of recurrent stroke risk. Delgado et al. [70] investigated the temporal
profile of Lp-PLA, mass and activity within the first 24 hours after stroke and found significant
changes in Lp-PLA, concentrations early after stroke onset. Patients with higher Lp-PLA, mass
were more likely to be resistant to intravenous t-PA administration with very low early
recanalization rates.
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Lp-PLA,, an inflammatory biomarker, has been described as able to predict risk of first-ever
or recurrent stroke and myocardial infarction [71]. Moreover, Lp-PLA, may also have a role
in the pathophysiology of cerebrovascular disease, particularly in strokes of atherosclerotic
etiology, since its expression is enhanced in atherosclerotic carotid lesions together with
markers of oxidative damage, inflammation, and instability [72].

Sarlon-Bartoli et al. [73] reported that Lp-PLA, mass is increased in patients with high-grade
carotid stenosis and unstable plaque and suggest that Lp-PLA, could be an important bio-
marker for classifying carotid plaque as vulnerable and predict neurological risk of a carotid
stenosis in asymptomatic subjects. Although these findings have the potential to improve
cerebrovascular disease stratification, correlation with ultrasonic or MRI markers of plaque
instability or the presence of infarction on brain imaging must be performed [74].

Shoamanesh et al. [75] investigated the association between circulating biomarkers of inflam-
mation including Lp-PLA, and MRI markers of cerebral small vessel disease in 1,763 stroke-
free Framingham offspring. They observed higher levels of lipoprotein-associated
phospholipase A, mass in patients with greater white matter hyperintensity volumes and silent
cerebral infarcts. These results could improve stroke risk prognosis.

The accumulating results of numerous studies demonstrate a significant positive association
between Lp-PLA, levels and incident cardiovascular disease and heart failure. A dissociation
could be noted between mass and activity in terms of risk prediction. Several of the epidemi-
ology studies have measured only Lp-PLA, mass (26,30,33,44,47,57,63,65,69), whereas others
measured only enzyme activity (31,50,62,64,67) and a few have measured both in the same
study population (25,27,28, 76). Recently published meta-analysis assessed the 32 prospective
studies of Lp-PLA, and cardiovascular outcomes. For each standard deviation Lp-PLA,
increase, the relative risks for the primary endpoint of coronary heart disease were 1.10 (1.05—
1.16) and 1.11 (1.07-1.16) for Lp-PLA, activity and mass, respectively. The relative adjusted
risks for ischemic stroke were 1.08 (0.97-1.20) and 1.14 (1.02-1.27); vascular mortality 1.16
(1.09-1.24) and 1.13 (1.05-1.22); and nonvascular mortality 1.10 (1.04-1.17); and 1.10 (1.03-1.18)
for Lp-PLA, activity and mass, respectively. The final decision whether to measure the Lp-
PLA, mass orits enzyme activity may help transition of this biomarker from research to routine
clinical practice.

6. Lp-PLA, and genetic influences

Several Lp-PLA, gene polymorphisms and their role in affecting the regulation or production
of LpPLA, assessed as activity and mass were described; many in small studies and some in
recently published genome-wide association studies. It is known that genetic factors account
for 62% of the variation in Lp-PLA, activity [76,77].

Although familial factors explain about one-half and one-quarter of the variance in Lp-PLA,
activity and mass, respectively [78,79], few genetic determinants of Lp-PLA, have been
identified. The first genome-wide association study using data from 6,668 Caucasian subjects
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in population-based Framingham Heart Study identified one locus associated with Lp-PLA,
mass, and four loci associated with Lp-PLA, activity [80]. Twelve SNPs in the region of
chromosome 6p12.3 near the gene for PLA2G7 were associated with Lp-PLA, mass at a
genome-wide level of significance. The top hit SNP rs1805017, is a nonsynonymous change
(H92R) within the PLA2G7 gene. It was found that T allele that corresponds to the amino acid
histidine was associated with higher Lp-PLA, mass. On the other side, four loci achieving
genome-wide significance for association with Lp-PLA, activity was identified: a) first within
the APOE/APOCI gene cluster on chromosome 19q13.32 (rs41377151); b) second locus on
chromosome 1p13.3, which includes the genes PSRC1 (rs599839), CELSR2 (rs4970834); c) third
locus within an intron of SCARB1 on chromosome 12q24.31 (rs10846744); d) fourth locus in
ZNF259 gene and BUD13 gene on chromosome 11q23.3 near the apolipoprotein gene cluster
APOA5/APOA4/APOC3/APOAT1 (rs12286037, rs11820589). Investigation from Suchindran’s
study was extended by Grallert et al. who made meta-analysis with additional four cohorts
[81]. They performed genome-wide association study as part of the Cohorts for Heart and
Aging Research in Genomic Epidemiology (CHARGE) Consortium in five population-based
studies with the aim to identify genetic loci related to Lp-PLA, mass/activity [82]. This study,
in the popoulation of 13,664 subjects, revealed the association of PLA2G?7 loci variants with
Lp-PLA, mass/activity, and genetic variants (APOC1, CELSR2, LDL, ZNF259, SCARBI)
related to low-density lipoprotein cholesterol levels with Lp-PLA, activity.

Also, Lp-PLA, mass was associated with SNP rs247616 on chromosome 16 within the choles-
teryl ester transfer protein gene. The T allele of rs247616 was associated with higher HDL-C
concentration and higher mean Lp-PLA, mass [83]. The additional value of this study was the
revealed significant association of four polymorphisms (in APOCI1, CELSR2, SCARBI,
ZNF259), but not PLA2G7 with coronary heart disease. Large-scale analysis focusing on
variants in PLA2G7 did not identify any SNP that achieved experiment-wide statistical
significance [79].

The most frequently studied SNPs within PLA2G7 are: variants in exon 9 (Val279Phe;
rs45619133), exon 11 (Val379Ala; rs1051931), exon 7 (I1le198Thr, 1so195Thr; rs1805018), and
exon 4 (Arg92His; rs1805017) [84-86].

The V279F SNP was found in subjects of Asian ancestry. The Val279Phe substitution is located
within the catalytical domain of Lp-PLA, and leads to reduction of enzyme activity in V/F
heterozygous individuals or complete loss of enzymatic activity in homozygous F/F individ-
uals. The 279F null allele is relatively frequent in Japan, with approximately 25% and 2% of
the population carrying one or two copies. Its prevalence declines toward the West, has
intermediate frequencies in China and Korea, is rare in the Middle East, and almost completely
absent in European populations. The results from the association studies on this V279F variant
and coronary artery disease have thus far been inconclusive. Li et al. [87] in Chinese Han
population, found significant association of V279F and coronary artery disease, indicating that
carrier of F allele increases the risk of coronary artery disease. This result was consistent with
the Yamada et al. [88] study (850 cases/1,684 controls), which found that subjects carrying the
mutant allele are at higher risk of arterial events (MI or stroke), and the Shimokata study (3,085
subjects with coronary artery disease/2,163 controls) [89]. The Jang et al. [90] study in two
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different patient sets (2,890 men diagnosed with CAD before age 60/3,128 male controls and
877 CAD cases/1,230 controls) confirmed that deficiency in Lp-PLA, activity due to carriage
of PLA2G7 279F allele protects from CAD in Korean men. Nevertheless, in the South Korean
population (532 cases/670 controls) and Chinese study (827 cases/947 controls), V279F variant
results in an unexpectedly opposite outcome [91,92]. Meta-analysis of 14 association studies
focusing on R92H polymorphism in PLA2G7 gene and risk of CHD in 8,280 cases/5,656 controls
indicate 92H allele had probably increased the risk of CHD [92]. The missense polymorphisms
I198T and A379V are identified mainly in Caucasians. A379V variant in which alanine is
substituted by valine is functional. Some studies explored the contribution of A379V to Lp-
PLA, activity with contradictory results; some found the association of A379V variant with
increased [86,93] and some with decreased Lp-PLA, activity [94].

There are also different reports about the association between the A379V variant and cardio-
vascular disease [94-97]. A recent Taiwanese population study reported that subjects carrying
the 379 V allele had increased severity of coronary atherosclerosis [94]; two studies in Cauca-
sian subjects reported that the 379 V allele was associated with decreased atherosclerosis risk
[93,96]; a large meta-analysis showed that the 379 V allele was associated with Lp-PLA,
activity, but not with cardiovascular risk markers [97]; and another study showed no associ-
ation [95].

Intriguingly, in the study conducted by Liu and colleagues [94], the outcome was quite
contradictory. They found that in the Chinese Taiwan Han population, A379V variant is
significantly associated with Lp-PLA, activity and the severity of coronary atherosclerosis.
Recently, a meta-analysis including a total of 12 studies shows that in the populations from
European ancestry, among the 7 SNPs, A379V variant shows the strongest association with
Lp-PLA, activity; however, no significant correlation is found between PLA2G7 variants and
cardiovascular risk markers, coronary atheroma, or CHD [97].

7. Lp-PLA, as a therapeutic target

It is well known that lipid-altering medications, including statins, fenofibrate, prescription of
omega-3 fatty acids, for weight loss, have been shown to reduce Lp-PLA, levels. The degree
of its reduction correlates with the extent of lipid lowering.

Lp-PLA, wasidentified as a potential novel target of therapy. The most used therapy targeting
Lp-PLA, in plasma in advanced stages of clinical investigation is darapladib. Darapladib is a
selective, potent, reversibile, oral inhibitor of lipoprotein-associated phospholipase A,. The
basicidea of applying darapladib is to improve patient outcomes in addition to evidence-based
treatments and potentially reduce cardiovascular and cerebrovascular events by decreasing
cytokines concentrations, stabilizing atherosclerotic plaque, inhibiting macrophage infiltra-
tion, and thickening of the connective tissue cap.

The first study that showed as a secondary endpoint a change in coronary artery plaque
necrotic core with darapladib after 12 months of treatment was Integrated Biomarkers and
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Imaging Study (IBIS)-2 [98]. It was a multicenter, randomized, double-blind placebo-control-
led study that included 330 patients with angiographically confirmed coronary artery disease.
Inhibition of Lp-PLA, with darapladib also prevented necrotic core expansion of coronary
plaque as measured on intravascular ultrasound.

One multicenter, randomized, double-blind placebo-controlled study examined the effects of
darapladib on biomarkers of cardiovascular risk in 959 CAD and CAD-risk equivalent patients
who were previously randomized to atorvastatin 20 mg or 80 mg and then randomized to oral
darapladib 40, 80, 160 mg, or placebo for 12 weeks. Overall dose-dependent inhibition of Lp-
PLA, activity was sustained over the study period and was present in both atorvastatin dose
groups, at different baseline LDL cholesterol < or 270 mg/dl, and high-density lipoprotein
cholesterol HDL-C < or 240 mg/dl [99].

The first study that examined the effects of darapladib on Lp-PLA, activity in Japanese
dyslipidemic patients with/without the Val279Phe single-nucleotide polymorphism (SNP)
of the PLA2G7 gene showed that darapladib produced sustained inhibition of Lp-PLA,
activity [100].

Two large-scale studies with hard clinical endpoints were completed: the Stabilization of
Atherosclerotic Plaque by Initiation of Darapladib Therapy (STABILITY) trial, with 15,828
randomized patients, and the Stabilization of Plaques using Darapladib-Thrombolysis In
Myocardial Infarction 52 Trial (SOLID-TIMI 52), with an estimated recruitment of 13,026
patients [101-103].

The SOLID-TIMI 52 was a randomized, double-blind, placebo-controlled, multicenter, and
event-driven trial that determined the clinical benefit of direct inhibition of Lp-PLA, activity
with darapladib in patients after an acute coronary syndrome (non-ST-elevation or ST-
elevation myocardial infarction). Subjects were randomized to darapladib (160 mg enteric-
coated tablet daily) or matching placebo within 30 days after acute coronary syndrome. The
primary endpoint was the composite of coronary heart disease death, nonfatal myocardial
infarction, or nonfatal stroke, and secondary endpoints were major and total coronary events,
individual components of the primary endpoint, and all-cause mortality. Patients were
followed up for a median of 2.5 years. In patients who experienced an ACS event, direct
inhibition of Lp-PLA, with darapladib added to optimal medical therapy and initiated within
30 days of hospitalization did not reduce the risk of major coronary events.

The STabilization of Atherosclerotic plaque By Initiation of darapLadIb TherapY (STABILITY)
trial was a double-blind trial in patients randomized more than one month after a myocardial
infarction to double-blind darapladib (160 mg daily) or placebo (daily). The primary endpoint
was a composite of cardiovascular death, myocardial infarction, or stroke. Secondary end-
points included the components of the primary endpoint as well as major coronary events
(death from coronary heart disease, myocardial infarction, or urgent coronary revasculariza-
tion for myocardial ischemia) and total coronary events (death from coronary heart disease,
myocardial infarction, hospitalization for unstable angina, or any coronary revascularization).
Patients were followed up for a median of 3.7 years. In patients with stable coronary heart
disease, darapladib did not significantly reduce the risk of the primary composite endpoint of
cardiovascular death, myocardial infarction, or stroke.
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Darapladib is a selective Lp-PLA, inhibitor that is under investigation for its potential to
stabilize high-risk atherosclerotic plaques and potentially reduce cardiovascular events
[104,105]. A phase 2 clinical trial in 959 patients with CHD or CHD-risk equivalents demon-
strated that darapladib was effective at producing sustained inhibition of plasma Lp-PLA,
activation in patients on atorvastatin therapy. This study was a post hoc analysis of this phase
2 trial studying high-risk patients with a diagnosis of peripheral arterial disease (PAD). Despite
amore aggressive baseline risk factor profile, darapladib was equally effective at reducing Lp-
PLA, in patients with and without PAD [106]. Johnson et al. [107] assessed the effects of
darapladib on both plasma and plaque Lp-PLA, activity in patients undergoing elective carotid
endarterectomy randomized to darapladib 40 mg (n = 34), 80 mg (n = 34), or placebo (n = 34)
for 14 days. Patients were followed by carotid endarterectomy 24 hours after the last dose of
study medication. Darapladib reduced plasma and plaque Lp-PLA, activity compared with
placebo.

8. Conclusion

Within the last decade, a broad range of biomarkers associated with an increased risk for death
and cardiovascular/cerebrovascular endpoints have been identified. Epidemiological studies
clearly indicated that Lp-PLA, has the potential to become a clinically useful biomarker
because it promotes independent information in the diagnosis, and especially cardiovascular/
cerebrovascular risk stratification. In the future, we can expect new drugs (new Lp-PLA,
inhibitors) that will affect patient’s management, and assessing the effect of Lp-PLA, inhibition
on cardiovascular endpoints can provide definitive answers.

However, further clinical validation in well-designed observational and interventional studies
is needed before these recommendations can be properly evaluated in order to include them
in the clinical diagnostic algorithms.

Currently, Lp-PLA, measurement has only been reserved to patients with moderate and high
cardiovascular risk, rather than healthy population or low-risk patients, since the values of Lp-
PLA, in these population groups are insignificant. Also, the evaluation of Lp-PLA, in combi-
nation with noninvasive imaging could be expected. The formation of best-case model from
Lp-PLA, and other biomarkers can yield the best patient stratification algorithm. The next step
could be cost-effectiveness analysis of more accurate risk stratification with biomarker testing.
Future studies need to focus on exploring the potential of this biomarker and evaluating the
effects of Lp-PLA, inhibition on human populations.

The final decision on which test to use for Lp-PLA, determination, testbased on mass or activity
of Lp-PLA,, together with the development of commercially available automated, robust,
valid, high throughput, cost-effective test capable of increasing agility and reducing the
analytical imprecision can be adopted routinely in clinical practice for better risk stratification
and therapeutic choice in patients with cardiovascular/cerebrovascular disease.

123



124

Lipoproteins - From Bench to Bedside

Author details

Sanja Stankovic and Milika Asanin

*Address all correspondence to:

Clinical Center of Serbia, Belgrade, Serbia

References

[1]

[2]

[3]

[4]

[5]

[7]

(]

Schaloske RH, Dennis EA. The phospholipase A2 superfamily and its group number-
ing system. Biochim Biophys Acta 2006;1761(11):1246-1259.

Burke JE, Dennis EA. Phospholipase A2 biochemistry. Cardiovasc Drugs Ther 2009;
23:49-59.

Tew DG, Southan C, Rice SQ, Lawrence MP, Li H, Boyd HF, Moores K, Gloger IS,
Macphee CH. Purification, properties, sequencing, and cloning of a lipoprotein-asso-
ciated, serine-dependent phospholipase involved in the oxidative modification of
low-density lipoproteins. Arterioscler Thromb Vasc Biol 1996;16(4):591-599.

Zalewski A, Macphee C. Role of lipoprotein-associated phospholipase A2 in athero-
sclerosis: biology, epidemiology, and possible therapeutic target. Arterioscler Thromb
Vasc Biol 2005;25(5):923-931.

Tjoelker LW, Wilder C, Eberhardt C, Stafforini DM, Dietsch G, Schimpf B, Hooper S,
Le Trong H, Cousens LS, Zimmerman GA, Yamada Y, McIntyre TM, Prescott SM,
Gray PW. Anti-inflammatory properties of a platelet-activating factor acetylhydro-
lase. Nature 1995;374(6522):549-553.

Stafforini DM, Elstad MR, McIntyre TM, Zimmerman GA, Prescott SM. Human mac-
rophages secret platelet-activating factor acetylhydrolase. | Biol Chem 1990;265(17):
9682-9687.

Asano K, Okamoto S, Fukunaga K, Shiomi T, Mori T, Iwata M, Ikeda Y, Yamaguchi
K. Cellular source(s) of platelet-activating-factor acetylhydrolase activity in plasma.
Biochem Biophys Res Commun 1999;261(2):511-514.

Tarbet EB, Stafforini DM, Elstad MR, Zimmerman GA, McIntyre TM, Prescott SM.
Liver cells secrete the plasma form of platelet-activating factor acetylhydrolase. | Biol
Chem 1991;266(25):16667-16673.

Mitsios JV, Vini MP, Stengel D, Ninio E, Tselepis AD. Human platelets secrete the
plasma type of platelet-activating factor acetylhydrolase primarily associated with
microparticles. Arterioscler Thromb Vasc Biol 2006;26(8):1907-1913.



[10]

[11]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

Lipoprotein-Associated Phospholipase A, — Pathophysiological Role and Clinical Significance as a...
http://dx.doi.org/10.5772/60608

Tellis CC, Tselepis AD. The role of lipoprotein-associated phospholipase A2 in athe-
rosclerosis may depend on its lipoprotein carrier in plasma. Biochim Biophys Acta
2009;1791(5):327-338.

Ostermann G, Kostner GM, Gries A, Malle E, Till U. The contribution of individual
lipoproteins to the degradation of platelet-activating factor in human serum. Haermo-
stasis 1989;19(3):160-168.

Blencowe C, Hermetter A, Kostner GM, Deigner HP. Enhanced association of plate-
let-activating factor acetylhydrolase with lipoprotein (a) in comparison with low
density lipoprotein. | Biol Chem 1995;270(52): 31151-31157.

Tselepis AD, Dentan C, Karabina SA, Chapman M], Ninio E. PAF degrading acetyl-
hydrolase is preferentially associated with dense LDL and VHDL-1 in human plas-
ma. Catalytic characteristics and relation to the monocyte-derived enzyme.
Arterioscler Thromb Vasc Biol 1995;15:1764-1773.

Benitez S, Sanchez-Quesada JL, Ribas V, Jorba O, Blanco-Vaca F, Gonzalez-Sastre F,
Ordonez-Llanos J. Platelet-activating factor acetylhydrolase is mainly associated with
electronegative low-density lipoprotein subfraction. Circulation 2003;108(1):92-96.

Stafforini DM, McIntyre TM, Carter ME, Prescott SM. Human plasma platelet-acti-
vating factor acetylhydrolase. Association with lipoprotein particles and role in the
degradation of platelet activating factor. | Biol Chem 1987;262:4215-4222.

Bhatti S, Hakeem A, Cilingiroglu M. Lp-PLA(2) as a marker of cardiovascular diseas-
es. Curr Atheroscler Rep 2010; 12(2):140-144.

Lavi S, McConnell JP, Rihal CS, Prasad A, Mathew V, Lerman LO, Lerman A. Local
production of lipoprotein-associated phospholipase A2 and lysophosphatidylcholine
in the coronary circulation: association with early coronary atherosclerosis and endo-
thelial dysfunction in humans. Circulation 2007;115:2715-2721.

Macphee CH. Lipoprotein-associated phospholipase A2: a potential new risk factor
for coronary artery disease and a therapeutic target. Curr Opin Pharmacol 2001;1(2):
121-125.

Kume N, Cybulsky MI, Gimbrone MA Jr. Lysophosphatidylcholine, a component of
atherogenic lipoproteins, induces mononuclear leukocyte adhesion molecules in cul-
tured human and rabbit arterial endothelial cells. | Clin Invest 1992,90:1138-1144.

Quinn MT, Parthasarathy S, Steinberg D. Lysophosphatidylcholine: a chemotactic
factor for human monocytes and its potential role in atherogenesis. Proc Natl Acad Sci
USA 1988;85:2805-2809.

Vittos Oana, Toana B, Vittos A, Moldoveanu E. Lipoprotein-associated phospholi-
pase A2 (Lp-PLA2): a review of its role and significance as a cardiovascular biomark-
er. Biomarkers 2012;17(4): 289-302.

125



126

Lipoproteins - From Bench to Bedside

[22]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

Zalewski A, Nelson JJ, Hegg L, Macphee C. Lp-PLA2: a new kid on the block. Clin
Chem 2006;52(9):1645-1650.

Davidson MH, Corson MA, Alberts M], Anderson JL., Gorelick PB, Jones PH, Lerman
A, McConnell JP, Weintraub HS. Consensus panel recommendation for incorporat-

ing lipoprotein-associated phospholipase A2 testing into cardiovascular disease risk
assessment guidelines. Am | Cardiol 2008;101:51F-57F.

Thompson A, Gao P, Orfei L, Watson S, Di Angelantonio E, Kaptoge S, Ballantyne C,
Cannon CP, Criqui M, Cushman M, Hofman A, Packard C, Thompson SG, Collins R,
Danesh J, for the Lp-PLA(2) Studies Collaboration. Lipoprotein-associated phospho-
lipase A(2) and risk of coronary disease, stroke, and mortality: collaborative analysis
of 32 prospective studies. Lancet 2010;375:1536-1544.

O'Donoghue M, Morrow DA, Sabatine MS, Murphy SA, McCabe CH, Cannon CP,
Braunwald E. Lipoprotein-associated phospholipase A2 and its association with car-
diovascular outcomes in patients with acute coronary syndromes in the PROVE IT-
TIMI 22 (PRavastatin Or atorVastatin Evaluation and Infection Therapy -
Thrombolysis In Myocardial Infarction) trial. Circulation 2006;113(14):1745-1752.

Koenig W, Khuseyinova N, Lowel H, Trischler G, Meisinger C. Lipoprotein-associat-
ed phospholipase A2 adds to risk prediction of incident coronary events by C-reac-
tive protein in apparently healthy middle-aged men from the general population:
results from the 14-year follow-up of a large cohort from southern Germany. Circula-
tion 2004;110:1903-1908.

Persson M, Hedblad B, Nelson JJ, Berglund G. Elevated Lp-PLA2 levels add prognos-
tic information to the metabolic syndrome on incidence of cardiovascular events
among middle-aged nondiabetic subjects. Arterioscler Thromb Vasc Biol 2007; 27(6):
1411-1416.

Jenny NS, Solomon C, Cushman M, Tracy RP, Nelson JJ, Psaty BM, Furberg CD. Lip-
oprotein-associated phospholipase A(2) (Lp-PLA(2)) and risk of cardiovascular dis-
ease in older adults: results from the Cardiovascular Health Study. Atherosclerosis
2010; 209(2):528-532.

Wolfert RL, Kim NW, Selby RG. Biological variability and specificity of lipoprotein
associated phospholipase A2, a novel marker of cardiovascular risk. Circulation
2004;110(Suppl III):111-309. (Abstract).

Ballantyne CM, Hoogeveen RC, Bang H, Coresh ], Folsom AR, Heiss G, Sharrett AR.
Lipoprotein-associated phospholipase A2, high-sensitivity C-reactive protein, and
risk for incident coronary heart disease in middle-aged men and women in the Athe-
rosclerosis Risk in Communities (ARIC) study. Circulation 2004;109:837-842.

Oei HH, van der Meer IM, Hofman A, Koudstaal PJ, Stijnen T, Breteler MM, Witte-
man JC. Lipoprotein-associated phospholipase A2 activity is associated with risk of



[32]

[33]

[35]

[36]

[38]

[39]

[40]

[41]

Lipoprotein-Associated Phospholipase A, — Pathophysiological Role and Clinical Significance as a...
http://dx.doi.org/10.5772/60608

coronary heart disease and ischemic stroke: the Rotterdam Study. Circulation
2005;111(5):570-575.

Stankovic S, Asanin M, Trifunovic D, Majkic-Singh N, Miljkovi¢ A, Ignjatovic S,
Mrdovic I, Matic D, Savic L, Ostojic M, Vasiljevic Z. Utility of lipoprotein-associated
phospholipase A2 for prediction of 30-day major adverse coronary event in patients
with the first anterior ST-segment elevation myocardial infarction treated by primary
percutaneous coronary intervention. Clin Lab 2012;58(11-12):1135-1144.

Sabatine MS, Morrow DA, O'Donoghue M, Jablonksi KA, Rice MM, Solomon S,
Rosenberg Y, Domanski MJ, Hsia J; PEACE Investigators. Prognostic utility of lipo-
protein-associated phospholipase A2 for cardiovascular outcomes in patients with
stable coronary artery disease. Arterioscler Thromb Vasc Biol 2007;27(11):2463-24609.

Hatoum IJ, Nelson JJ, Cook NR, Hu FB, Rimm EB. Dietary, lifestyle, and clinical pre-
dictors of lipoprotein-associated phospholipase A2 activity in individuals without
coronary artery disease. Am | Clin Nutr 2010;91(3):786-793.

Miyaura S, Maki N, Byrd W, Johnston JM. The hormonal regulation of platelet-acti-
vating factor acetylhydrolase activity in plasma. Lipids 1991;26:1015-1020.

Mendelsohn ME, Karas RH. The protective effects of estrogen on the cardiovascular
system. N Engl ] Med 1999; 340:1801-1811.

Yoshimura T, Ohshige A, Maeda T, Ito M, Okamura H. Estrogen replacement thera-
py decreases platelet-activating factor acetylhydrolase activity in post-menopausal
women. Maturitas 1999;31:249-253.

Ohshige A, Ito M, Koyama H, Maeda T, Yoshimura T, Okamura H. Effects of estro-
gen and progesterone on platelet activating factor acetylhydrolase activity in ovariec-
tomised rats. Artery 1994;21:234-242.

Yanbaeva DG, Dentener MA, Creutzberg EC, Wesseling G, Wouters EF. Systemic ef-
fects of smoking. Chest 2007;131:1557-1566.

Perk J, De Backer G, Gohlke H, Graham I, Reiner Z, Verschuren M, Albus C, Benlian
P, Boysen G, Cifkova R, Deaton C, Ebrahim S, Fisher M, Germano G, Hobbs R, Hoes
A, Karadeniz S, Mezzani A, Prescott E, Ryden L, Scherer M, Syvanne M, Scholte op
Reimer WJ, Vrints C, Wood D, Zamorano JL, Zannad F; European Association for
Cardiovascular Prevention & Rehabilitation (EACPR); ESC Committee for Practice
Guidelines (CPG). European Guidelines on cardiovascular disease prevention in clin-
ical practice (version 2012). The Fifth Joint Task Force of the European Society of Car-
diology and Other Societies on Cardiovascular Disease Prevention in Clinical

Practice (constituted by representatives of nine societies and by invited experts). Eur
Heart ] 2012;33(13):1635-1701.

Greenland P, Alpert JS, Beller GA, Benjamin EJ, Budoff MJ, Fayad ZA, Foster E, Hlat-
ky MA, Hodgson JM, Kushner FG, Lauer MS, Shaw L], Smith SC Jr, Taylor AJ, Wein-
traub WS, Wenger NK, Jacobs AK, Smith SC Jr, Anderson JL, Albert N, Buller CE,

127



128

Lipoproteins - From Bench to Bedside

[42]

[44]

[46]

[47]

[48]

Creager MA, Ettinger SM, Guyton RA, Halperin JL, Hochman JS, Kushner FG, Nishi-
mura R, Ohman EM, Page RL, Stevenson WG, Tarkington LG, Yancy CW; American
College of Cardiology Foundation; American Heart Association. 2010 ACCF/AHA
guideline for assessment of cardiovascular risk in asymptomatic adults: a report of

the American College of Cardiology Foundation/American Heart Association Task
Force on Practice Guidelines. ] Am Coll Cardiol 2010;56(25):e50-e103.

Goldstein LB, Bushnell CD, Adams R], Appel L], Braun LT, Chaturvedi S, Creager
MA, Culebras A, Eckel RH, Hart RG, Hinchey JA, Howard V], Jauch EC, Levine SR,
Meschia JF, Moore WS, Nixon JV, Pearson TA; American Heart Association Stroke
Council; Council on Cardiovascular Nursing; Council on Epidemiology and Preven-
tion; Council for High Blood Pressure Research; Council on Peripheral Vascular Dis-
ease; and Interdisciplinary Council on Quality of Care and Outcomes Research.
Guidelines for the primary prevention of stroke: a guideline for healthcare professio-
nals from the American Heart Association/American Stroke Association. Stroke
2011;42(2):517-584.

Jellinger PS, Smith DA, Mehta AE, Ganda O, Handelsman Y, Rodbard HW, Shep-
herd MD, Seibel JA; AACE Task Force for Management of Dyslipidemia and Preven-
tion of Atherosclerosis. American Association of Clinical Endocrinologists’
Guidelines for Management of Dyslipidemia and Prevention of Atherosclerosis. En-
docr Pract 2012;18 (Suppl 1):1-78.

Packard CJ, O'Reilly DS, Caslake M], McMahon AD, Ford I, Cooney ], Macphee CH,
Suckling KE, Krishna M, Wilkinson FE, Rumley A, Lowe GD. Lipoprotein-associated
phospholipase A2 as an independent predictor of coronary heart disease. West of
Scotland Coronary Prevention Study Group. N Engl | Med 2000;343(16):1148-1155.

Ballantyne CM, Hoogeveen RC, Bang H, Coresh ], Folsom AR, Chambless LE, Myer-
son M, Wu KK, Sharrett AR, Boerwinkle E. Lipoprotein-associated phospholipase
A2, high-sensitivity C-reactive protein, and risk for incident ischemic stroke in mid-
dle-aged men and women in the Atherosclerosis Risk in Communities (ARIC) study.
Arch Intern Med 2005;165(21):2479-2484.

Corsetti JP, Rainwater DL, Moss AJ, Zareba W, Sparks CE. High lipoprotein-associat-
ed phospholipase A2 is a risk factor for recurrent coronary events in postinfarction
patients. Clin Chem 2006;52:1331-1338.

Brilakis ES, McConnell JP, Lennon RJ, Elesber AA, Meyer JG, Berger PB. Association
of lipoprotein-associated phospholipase A2 levels with coronary artery disease risk
factors, angiographic coronary artery disease, and major adverse events at follow-up.
Eur Heart | 2005;26:137-144.

Gerber Y, McConnell JP, Jaffe AS, Weston SA, Killian JM, Roger VL. Lipoprotein-as-
sociated phospholipase A2 and prognosis after myocardial infarction in the com-
munity. Arterioscler Thromb Vasc Biol 2006;26:2517-2522.



[49]

[50]

[53]

[54]

[55]

[56]

[57]

[58]

[59]

Lipoprotein-Associated Phospholipase A, — Pathophysiological Role and Clinical Significance as a...
http://dx.doi.org/10.5772/60608

Anderson JL. Lipoprotein-associated phospholipase A2: an independent predictor of
coronary artery disease events in primary and secondary prevention. Am | Cardiol
2008;101:23F-33F.

Winkler K, Hoffmann MM, Winkelmann BR, Friedrich I, Schafer G, Seelhorst U,
Wellnitz B, Wieland H, Boehm BO, Marz W. Lipoprotein-associated phospholipase
A2 predicts 5-year cardiac mortality independently of established risk factors and
adds prognostic information in patients with low and medium high-sensitivity C-re-

active protein (the Ludwigshafen risk and cardiovascular health study). Clin Chem
2007;53(8):1440-1447.

Yusuf S, Hawken S, Ounpuu S, Dans T, Avezum A, Lanas F, McQueen M, Budaj A,
Pais P, Varigos ], Lisheng L. Effect of potentially modifiable risk factors associated
with myocardial infarction in 52 countries (the INTERHEART study): case-control
study. Lancet 2004; 364:937-952.

2002 Third Report of the National Cholesterol Education Program (NCEP) Expert
Panel on Detection, Evaluation, and Treatment of High Blood Cholesterol in Adults
(Adult Treatment Panel III) final report. Circulation 2002; 106:3143-3421.

Anuurad E, Ozturk Z, Enkhmaa B, Pearson TA, Berglund L. Association of lipopro-
tein-associated phospholipase A2 with coronary artery disease in African-Americans
and Caucasians. | Clin Endocrinol Metab 2010;95(5):2376-2383.

Corson MA, Jones PH, Davidson MH. Review of the evidence for the clinical utility
of lipoprotein-associated phospholipase a2 as a cardiovascular risk marker. Am | Car-
diol 2008;101[suppl]:41F-50F.

Madjid M, Ali M, Willerson JT. Lipoprotein-associated phospholipase A2 as a novel
risk marker for cardiovascular disease: a systematic review of the literature. Tex Heart
Inst ] 2010;37:25-39.

Mallat Z, Lambeau G, Tedgui A. Lipoprotein-associated and secreted phospholipases
A2 in cardiovascular disease: roles as biological effectors and biomarkers. Circulation
2010;122:2183-2200.

May HT, Horne BD, Anderson JL, Wolfert RL, Muhlestein JB, Renlund DG, Clarke
JL, Kolek M], Bair TL, Pearson RR, Sudhir K, Carlquist JF. Lipoprotein-associated
phospholipase A2 independently predicts the angiographic diagnosis of coronary ar-
tery disease and coronary death. Am Heart ] 2006;152 (5):997-1003.

LiN, LiS, Yu C, Gu S. Plasma Lp-PLA2 in acute coronary syndrome: association with
major adverse cardiac events in a community-based cohort. Postgrad Med 2010;122(4):
200-205.

Mockel M, Miiller R, Vollert J, Miiller C, Danne O, Gareis R, Stork T, Dietz R, Koenig
W. Lipoprotein-associated phospholipase A2 for early risk stratification in patients
with suspected acute coronary syndrome: a multi-marker approach: the North

129



130

Lipoproteins - From Bench to Bedside

[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]

Wuerttemberg and Berlin Infarction Study-II (NOBIS-II). Clin Res Cardiol 2007;96(9):
604-612.

van Vark LC, Kardys I, Bleumink GS, Knetsch AM, Deckers JW, Hofman A, Stricker
BH, Witteman JC. Lipoprotein-associated phospholipase A2 activity and risk of heart
failure: the Rotterdam Study. Eur Heart | 2006;27:2346-2352.

Suzuki T, Solomon C, Jenny NS, Tracy R, Nelson JJ, Psaty BM, Furberg C, Cushman
M. Lipoprotein-associated phospholipase A(2) and risk of congestive heart failure in
older adults: the Cardiovascular Health Study. Circ Heart Fail 2009;2:429-436.

Furberg CD, Nelson JJ, Solomon C, Cushman M, Jenny NS, Psaty BM. Distribution
and correlates of lipoprotein-associated phospholipase A2 in an elderly cohort: the
Cardiovascular Health Study. ] Am Geriatr Soc 2008;56:792-799.

Gerber Y, Dunlay SM, Jaffe AS, McConnell JP, Weston SA, Killian JM, Roger VL.
Plasma lipoprotein-associated phospholipase A2 levels in heart failure: association
with mortality in the community. Atherosclerosis 2009;203(2):593-598.

Moldoveanu E, Serban M, Marta D, Serban I, Huica R. Lipoprotein-associated phos-
pholipase A2 in patients with preserved left ventricular ejection fraction. Biomarkers
2011;16(7):587-589.

Raichlin E, McConnell JP, Bae JH, Kremers WK, Lerman A, Frantz RP. Lipoprotein-
associated phospholipase A2 predicts progression of cardiac allograft vasculopathy
and increased risk of cardiovascular events in heart transplant patients. Transplanta-
tion 2008;85:963-968.

Persson M, Berglund G, Nelson JJ, Hedblad B. Lp-PLA2 activity and mass are associ-
ated with increased incidence of ischemic stroke: a population-based cohort study
from Malmo, Sweden. Atherosclerosis 2008;200(1):191-198.

Tsimikas S, Willeit ], Knoflach M, Mayr M, Egger G, Notdurfter M, Witztum JL, Wie-
dermann CJ, Xu Q, Kiechl S. Lipoprotein-associated phospholipase A2 activity, ferri-
tin levels, metabolic syndrome, and 10-year cardiovascular and non-cardiovascular
mortality: results from the Bruneck study. Eur Heart | 2009;30:107-115.

Tselepis AD, Hahalis G, Tellis CC, Papavasiliou EC, Mylona PT, Kourakli A, Alexo-
poulos DC. Plasma levels of lipoprotein-associated phospholipase A(2) are increased
in patients with 3-thalassemia. | Lipid Res 2010;51(11):3331-3341.

Elkind MS, Tai W, Coates K, Paik MC, Sacco RL. High-sensitivity C-reactive protein,
lipoprotein-associated phospholipase A2, and outcome after ischemic stroke. Arch In-
tern Med 2006;166:2073-2080.

Delgado P, Chacon P, Penalba A, Pelegri D, Merino C, Rib6 M, Rubiera M, Alvarez-
Sabin ], Montaner J. Temporal profile and prognostic value of Lp-PLA2 mass and ac-
tivity in the acute stroke setting. Atherosclerosis 2012;220(2):532-536.



[71]

[72]

[73]

[74]

[73]

[76]

[78]

[79]

[80]

Lipoprotein-Associated Phospholipase A, — Pathophysiological Role and Clinical Significance as a...
http://dx.doi.org/10.5772/60608

Gorelick PB. Lipoprotein-associated phospholipase A2 and risk of stroke. Am | Cardi-
0l 2008;101:34F-40F.

Mannheim D, Herrmann J, Versari D, Gossl M, Meyer FB, McConnell JP, Lerman LO,
Lerman A. Enhanced expression of Lp-PLA2 and lysophosphatidylcholine in symp-
tomatic carotid atherosclerotic plaques. Stroke 2008;39:1448-1455.

Sarlon-Bartoli G, Boudes A, Buffat C, Bartoli MA, Piercecchi-Marti MD, Sarlon E, Ar-
naud L, Bennis Y, Thevenin B, Squarcioni C, Nicoli F, Dignat-George F, Sabatier F,
Magnan PE; RISC Study Group. Circulating lipoprotein-associated phospholipase A2
in high-grade carotid stenosis: a new biomarker for predicting unstable plaque. Eur |
Vasc Endovasc Surg 2012;43(2):154-159.

Kakkos SK, Tsolakis IA. The emerging role of lipoprotein-associated phospholipase
A2 in cerebrovascular disease. Eur | Vasc Endovasc Surg 2012; 43:160.

Shoamanesh A, Preis SR, Beiser AS, Vasan RS, Benjamin EJ, Kase CS, Wolf PA, De-
Carli C, Romero JR, Seshadri S. Inflammatory biomarkers, cerebral microbleeds, and
small vessel disease: Framingham Heart Study Neurology 2015;84(8):825-32.

Caslake MJ, Packard CJ, Suckling KE, Holmes SD, Chamberlain P, Macphee CH. Lip-
oprotein-associated phospholipaseA(2), platelet-activating factor acetylhydrolase: a
potential new risk factor for coronary artery disease. Atherosclerosis 2000;150:413-419.

Ishihara M, Iwasaki T, Nagano M, Ishii J, Takano M, Kujiraoka T, Tsuji M, Hattori H,
Emi M. Functional impairment of two novel mutations detected in lipoprotein-asso-
ciated phospholipase A2 (Lp-PLA2) deficiency patients. ] Hum Genet 2004;49:302-307.

Guerra R, Zhao B, Mooser V, Stafforini D, Johnston JM, Cohen JC. Determinants of
plasma platelet-activating factor acetylhydrolase: heritability and relationship to
plasma lipoproteins. | Lipid Res 1997;38: 2281-2288.

Schnabel R, Dupuis ], Larson MG, Lunetta KL, Robins SJ, Zhu Y, Rong J, Yin X, Stir-
nadel HA, Nelson J], Wilson PW, Keaney JF, Vasan RS, Benjamin EJ. Clinical and ge-
netic factors associated with lipoprotein-associated phospholipase A2 in the
Framingham Heart Study. Atherosclerosis 2009;204:601-607.

Suchindran S, Rivedal D, Guyton JR, Milledge T, Gao X, Benjamin A, Rowell ], Gins-
burg GS, McCarthy JJ. Genome-wide association study of Lp-PLA2 activity and mass
in the Framingham Heart Study. PLoS Genet 2010;6:€1000928.

Grallert H, Dupuis J, Bis JC, Dehghan A, Barbalic M, Baumert J, Lu C, Smith NL, Uit-
terlinden AG, Roberts R, Khuseyinova N, Schnabel RB, Rice KM, Rivadeneira F,
Hoogeveen RC, Fontes JD, Meisinger C, Keaney JF Jr, Lemaitre R, Aulchenko YS, Va-
san RS, Ellis S, Hazen SL, van Duijn CM, Nelson JJ, Marz W, Schunkert H, McPher-
son RM, Stirnadel-Farrant HA, Psaty BM, Gieger C, Siscovick D, Hofman A, Illig T,
Cushman M, Yamamoto JF, Rotter JI, Larson MG, Stewart AF, Boerwinkle E, Witte-
man JC, Tracy RP, Koenig W, Benjamin EJ, Ballantyne CM. Eight genetic loci associ-
ated with variation in lipoprotein-associated phospholipase A2 mass and activity

131



132

Lipoproteins - From Bench to Bedside

[82]

[83]

[84]

[87]

[88]

[89]

and coronary heart disease: meta-analysis of genome-wide association studies from
five community-based studies. Eur Heart | 2012; 33(2):238-251.

Psaty BM, O’Donnell CJ, Gudnason V, Lunetta KL, Folsom AR, Rotter ]I, Uitterlin-
den AG, Harris TB, Witteman JC, Boerwinkle E, on behalf of the CHARGE Consorti-
um. Cohorts for Heart and Aging Research in Genomic Epidemiology (CHARGE)
Consortium: design of prospective meta-analyses of genomewide association studies
from 5 cohorts. Circ Cardiovasc Genet 2009;2:73-80.

Willer CJ, Sanna S, Jackson AU, Scuteri A, Bonnycastle LL, Clarke R, Heath SC,
Timpson NJ, Najjar SS, Stringham HM, Strait J, Duren WL, Maschio A, Busonero F,
Mulas A, Albai G, Swift AJ, Morken MA, Narisu N, Bennett D, Parish S, Shen H, Gal-
an P, Meneton P, Hercberg S, Zelenika D, Chen WM, Li Y, Scott L], Scheet PA, Sund-
vall J, Watanabe RM, Nagaraja R, Ebrahim S, Lawlor DA, Ben-Shlomo Y, Davey-
Smith G, Shuldiner AR, Collins R, Bergman RN, Uda M, Tuomilehto J, Cao A, Collins
FS, Lakatta E, Lathrop GM, Boehnke M, Schlessinger D, Mohlke KL, Abecasis GR.
Newly identified loci that influence lipid concentrations and risk of coronary artery
disease. Nat Genet 2008;40:161-169.

Bell R, Collier DA, Rice SQ, Roberts GW, MacPhee CH, Kerwin RW, Price ], Gloger
IS. Systematic screening of the LDL-PLA2 gene for polymorphic variants and case
control analysis in schizophrenia. Biochem Biophys Res Commun 1997;241:630-635.

Kruse S, Mao XQ, Heinzmann A, Blattmann S, Roberts MH, Braun S, Gao PS, Forster
J, Kuehr J, Hopkin JM, Shirakawa T, Deichmann KA. The [1e198Thr and Ala379Val
variants of plasmatic PAF-acetylhydrolase impair catalytical activities and are associ-
ated with atopy and asthma. Am | Hum Genet 2000;66:1522-1530.

Hoffmann MM, Winkler K, Renner W, Winkelmann BR, Seelhorst U, Wellnitz B,
Boehm BO, Marz W. Genetic variants and haplotypes of lipoprotein associated phos-

pholipase A2 and their influence on cardiovascular disease (The Ludwigshafen Risk
and Cardiovascular Health Study). | Thromb Haemost 2009;7:41-48.

LiL,QiL, Lv N, Gao Q, Cheng Y, Wei Y, Ye ], Yan X, Dang A. Association between
lipoprotein associated phospholipase A2 gene polymorphism and coronary artery
disease in the Chinese Han population. Ann Hum Genet 2011;75(5):605-611.

Yamada Y, Ichihara S, Fujimura T, Yokota M. Identification of the G994— T missense
in exon 9 of the plasma platelet-activating factor acetylhydrolase gene as an inde-

pendent risk factor for coronary artery disease in Japanese men. Metabolism
1998;47(2):177-181.

Shimokata K, Yamada Y, Kondo T, Ichihara S, Izawa H, Nagata K, Murohara T, Oh-
no M, Yokota M. Association of gene polymorphisms with coronary artery disease in
individuals with or without nonfamilial hypercholesterolemia. Atherosclerosis
2004;172(1):167-173.

Jang Y, Waterworth D, Lee JE, Song K, Kim S, Kim HS, Park KW, Cho HJ, Oh 1Y,
Park JE, Lee BS, Ku HJ, Shin D], Lee JH, Jee SH, Han BG, Jang HY, Cho EY, Vallance



[91]

[92]

[93]

[94]

[95]

[96]

[97]

[98]

Lipoprotein-Associated Phospholipase A, — Pathophysiological Role and Clinical Significance as a...
http://dx.doi.org/10.5772/60608

P, Whittaker J, Cardon L, Mooser V. Carriage of the V279F null allele within the gene
encoding Lp-PLA2 is protective from coronary artery disease in South Korean males.
PLoS One 2011;6(4): €18208.

Hou L, Chen S, Yu H, Lu X, Chen J, Wang L, Huang ], Fan Z, Gu D. Associations of
PLA2G7 gene polymorphisms with plasma lipoprotein-associated phospholipase A2
activity and coronary heart disease in a Chinese Han population: the Beijing Athero-
sclerosis Study. Hum Genet 2009;125:11-20.

Wang Q, Hao Y, Mo X, Wang L, Lu X, Huang J, Cao J, Li H, Gu D. PLA2G7 gene
polymorphisms and coronary heart disease risk: a meta-analysis. Thromb Res
2010;126(6):498-503.

Ninio E, Tregouet D, Carrier JL, Stengel D, Bickel C, Perret C, Rupprecht HJ, Cam-
bien F, Blankenberg S, Tiret L. Platelet-activating factor-acetylhydrolase and PAF-re-
ceptor gene haplotypes in relation to future cardiovascular event in patients with
coronary artery disease. Hum Mol Genet 2004;13:1341-1351.

Liu PY, Li YH, Wu HL, Chao TH, Tsai LM, Lin L], Shi GY, Chen JH. Platelet-activat-
ing factoracetylhydrolase A379V (exonll) gene polymorphism is an independent
and functional risk factor for premature myocardial infarction. | Thromb Haemost
2006;4:1023-1028.

Wootton PT, Stephens JW, Hurel S], Durand H, Cooper ], Ninio E, Humphries SE,
Talmud PJ. Lp-PLA2 activity and PLA2G7 A379V genotype in patients with diabetes
mellitus. Atherosclerosis 2006:189:149-156.

Abuzeid AM, Hawe E, Humphries SE, Talmud PJ. Association between the
Ala379Val variant of the lipoprotein associated phospholipase A2 and risk of myo-
cardial infarction in the north and south of Europe. Atherosclerosis 2003;168:283-288.

Casas JP, Ninio E, Panayiotou A, Palmen J, Cooper JA, Ricketts SL, Sofat R, Nico-
laides AN, Corsetti JP, Fowkes FG, Tzoulaki I, Kumari M, Brunner EJ, Kivimaki M,
Marmot MG, Hoffmann MM, Winkler K, Marz W, Ye S, Stirnadel HA, Boekholdt
SM, Khaw KT, Humphries SE, Sandhu MS, Hingorani AD, Talmud PJ. PLA2G7 gen-
otype, lipoprotein-associated phospholipase A2 activity, and coronary heart disease
risk in 10 494 cases and 15 624 controls of European Ancestry. Circulation

2010;121(21):2284-2293.

Serruys PW, Garcia-Garcia HM, Buszman P, Erne P, Verheye S, Aschermann M,
Duckers H, Bleie O, Dudek D, Batker HE, von Birgelen C, D'Amico D, Hutchinson T,
Zambanini A, Mastik F, van Es GA, van der Steen AF, Vince DG, Ganz P, Hamm
CW, Wijns W, Zalewski A; Integrated Biomarker and Imaging Study-2 Investigators.
Effects of the direct lipoprotein-associated phospholipase A(2) inhibitor darapladib
on human coronary atherosclerotic plaque. Circulation 2008; 118:1172-1182.

Mohler ER 3rd, Ballantyne CM, Davidson MH, Hanefeld M, Ruilope LM, Johnson JL,
Zalewski A; Darapladib Investigators. The effect of darapladib on plasma lipopro-

133



134

Lipoproteins - From Bench to Bedside

[100]

[101]

[102]

[103]

[104]

[105]

[106]

tein- associated phospholipase A2 activity and cardiovascular biomarkers in patients
with stable coronary heart disease or coronary heart disease risk equivalent: The re-
sults of a multicenter, randomized, double-blind, placebo-controlled study. ] Am Coll
Cardiol 2008; 51:1632-1641.

Daida H, Iwase T, Yagi S, Ando H, Nakajima H. Effect of darapladib on plasma lipo-
protein-associated phospholipase A2 activity in Japanese dyslipidemic patients, with
exploratory analysis of a PLA2G7 gene polymorphism of Val279Phe. Circ |
2013;77(6):1518-1525.

O’Donoghue ML, Braunwald E, White HD, Serruys P, Steg PG, Hochman ], Maggio-
ni AP, Bode C, Weaver D, Johnson JL, Cicconetti G, Lukas MA, Tarka E, Cannon CP.
Study design and rationale for the Stabilization of pLaques usIng Darapladib-Throm-
bolysis in Myocardial Infarction (SOLID-TIMI 52) trial in patients after an acute coro-
nary syndrome. Am Heart | 2011;162(4):613-619.

O’Donoghue ML, Braunwald E, White HD, Lukas MA, Tarka E, Steg PG, Hochman
JS, Bode C, Maggioni AP, Im K, Shannon JB, Davies RY, Murphy SA, Crugnale SE,
Wiviott SD, Bonaca MP, Watson DF, Weaver WD, Serruys PW, Cannon CP; SOLID-
TIMI 52 Investigators, Steen DL. Effect of darapladib on major coronary events after
an acute coronary syndrome: the SOLID-TIMI 52 randomized clinical trial. JAMA
2014;312(10):1006-1015.

STABILITY Investigators, White HD, Held C, Stewart R, Tarka E, Brown R, Davies
RY, Budaj A, Harrington RA, Steg PG, Ardissino D, Armstrong PW, Avezum A, Ayl-
ward PE, Bryce A, Chen H, Chen MF, Corbalan R, Dalby AJ, Danchin N, De Winter
RJ, Denchev S, Diaz R, Elisaf M, Flather MD, Goudev AR, Granger CB, Grinfeld L,
Hochman JS, Husted S, Kim HS, Koenig W, Linhart A, Lonn E, Lépez-Sendoén ],
Manolis AJ, Mohler ER 3rd, Nicolau JC, Pais P, Parkhomenko A, Pedersen TR, Pella
D, Ramos-Corrales MA, Ruda M, Sereg M, Siddique S, Sinnaeve P, Smith P, Sritara P,
Swart HP, Sy RG, Teramoto T, Tse HF, Watson D, Weaver WD, Weiss R, Viigimaa M,
Vinereanu D, Zhu J, Cannon CP, Wallentin L. Darapladib for preventing ischemic
events in stable coronary heart disease. N Engl ] Med 2014;370(18):1702-1711.

White H. Editorial: why inhibition of lipoprotein-associated phospholipase A2 has
the potential to improve patient outcomes. Curr Opin Cardiol 2010;25:299-301.

Wilensky RL, Shi Y, Mohler ER 3rd, Hamamdzic D, Burgert ME, Li ], Postle A, Fen-
ning RS, Bollinger ]G, Hoffman BE, Pelchovitz DJ, Yang ], Mirabile RC, Webb CL,
Zhang L, Zhang P, Gelb MH, Walker MC, Zalewski A, Macphee CH. Inhibition of
lipoprotein-associated phospholipase A2 reduces complex coronary atherosclerotic
plaque development. Nat Med 2008;14:1059-1066.

Berger JS, Ballantyne CM, Davidson MH, Johnson JL, Tarka EA, Lawrence D, Trivedi
T, Zalewski A, Mohler ER 3rd. Peripheral artery disease, biomarkers, and darapla-
dib. Am Heart ] 2011;161(5):972-978.



Lipoprotein-Associated Phospholipase A, — Pathophysiological Role and Clinical Significance asa... 135
http://dx.doi.org/10.5772/60608

[107] Johnson JL, Shi Y, Snipes R, Janmohamed S, Rolfe TE, Davis B, Postle A, Macphee
CH. Effect of darapladib treatment on endarterectomy carotid plaque lipoprotein-as-

sociated phospholipase A2 activity: a randomized, controlled trial. PLoS One
2014;9(2):e89034.



ntechOpen

ntechOpen



