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Abstract

Background: The Asia-specific PLA2G7 994G-T transversion leads to V279F substitution within the lipoprotein-associated
phospholipase-A2 (Lp-PLA,) and to absence of enzyme activity in plasma. This variant offers a unique natural experiment to
assess the role of Lp-PLA, in the pathogenesis of coronary artery disease (CAD) in humans. Given conflicting results from
mostly small studies, a large two-stage case-control study was warranted.

Methodology/Principal Findings: PLA2G7 V279F genotypes were initially compared in 2890 male cases diagnosed with
CAD before age 60 with 3128 male controls without CAD at age 50 and above and subsequently in a second independent
male dataset of 877 CAD cases and 1230 controls. In the first dataset, the prevalence of the 279F null allele was 11.5% in
cases and 12.8% in controls. After adjustment for age, body mass index, diabetes, smoking, glucose and lipid levels, the OR
(95% Cl) for CAD for this allele was 0.80 (0.66-0.97, p=0.02). The results were very similar in the second dataset, despite
lower power, with an allele frequency of 11.2% in cases and 12.5% in controls, leading to a combined OR of 0.80 (0.69-0.92),
p =0.002. The magnitude and direction of this genetic effect were fully consistent with large epidemiological studies on
plasma Lp-PLA, activity and CAD risk.

Conclusions: Natural deficiency in Lp-PLA, activity due to carriage of PLA2G7 279F allele protects from CAD in Korean men.
These results provide evidence for a causal relationship between Lp-PLA; and CAD, and support pharmacological inhibition
of this enzyme as an innovative way to prevent CAD.
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standard deviation (SD) unit increase in Lp-PLAy activity, after
correction for other cardiovascular risk factors [1]. The amplitude
of the association with CAD was comparable to that of non-HDL
cholesterol or systolic blood pressure in these populations. These
epidemiological studies have prompted the discovery of pharma-
cological agents which would inhibit this enzyme and so may
prevent the development of cardiovascular diseases. Such agents
have shown promise in pre-clinical and early clinical development
[2] and are presently in late-stage development [3,4].

A study of Lp-PLAy activity in Japanese subjects identified a
non-functional (null) V279F allele within the Lp-PLAy—encoding
gene PLA2G7, due to a G to T transversion in exon 9 at position
994 [5]. At least 10 separate reports [5—14] have demonstrated
that homozygous carriers of this variant are lacking the enzyme in
plasma and that heterozygous carriers have around 50% the
activity of individuals carrying two copies of the wild-type allele.
The 279F null allele is relatively frequent in Japan, with
approximately 25% and 2% of the population carrying one or
two copies[6], respectively, and its prevalence shows a declining
gradient towards the West, with intermediate frequencies in China
and Korea[8], rare carriers in the Middle East [15] and almost
complete absence in Europeans. This discovery provides a natural
experiment to gain insight into the causal contribution of Lp-PLA,
to the pathogenesis of CAD, and as such shall complement
epidemiological studies and contribute to our understanding of the
causality of Lp-PLAy in atherogenesis in humans. Other common
variants within PLA2G7 have been reported, and have minimal, if
any effects on Lp-PLAy activity as compared to the V279F. In
particular, the most well characterized of those, A379V confers
only a 7.2% difference in Lp-PLAs activity between AA and VV
homozygotes[16].

Several reports have been published on the association between
the V279F allele and CAD in Asians. An early study in Japanese
subjects showed an increased risk for myocardial infarction (MI)
and stroke in carriers of 279F variant[6,13], whereas a subsequent
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study showed only a male- and high cholesterol-specific increased
risk [17] . Others reported no association in either Japanese or
Chinese subjects[7,18]; lastly a decreased risk of CAD was
observed in male carriers of the 279F null allele from Korea [8].
As small sample size (i.e. <1000 CAD cases) and multiple-testing
issues due to subgroup analyses were likely factors in the disparity
of the results, an appropriately powered study was warranted to
better estimate the effect of the null allele on CAD risk. Here, we
report the results from a two-stage case-control analysis we
performed in men from South Korea. The first dataset (Study 1)
comprised 2890 cases diagnosed with relatively premature CAD
and 3128 controls clinically devoid of the disease. As a positive
control to test for any bias in ascertainment, we used a common
(allele frequency ~50%) single nucleotide polymorphism (SNP)
marker within the 9p21 CDEN2A4/B locus which has been robustly
associated with CAD in European [19-21] and in Asian
populations [19,22], including in Korea [23,24]. Recent meta-
analysis of the effect of 9p21 on CAD risk in 22 studies comparing
a total of 35877 cases and 95837 controls showed that carriage of 1
copy of the risk allele is associated with a ~25% increase in the
risk of CAD. [25] The PLA2G7 V279F variant was subsequently
tested within a second, independent group of 877 cases and 1230
controls (Study 2).

Results

A total of 2890 CAD cases and 3128 non-CAD controls were
included in Study 1 (Table 1). Given the design of the study, CAD
cases were younger than controls. As expected and despite their
younger age, cases had a larger BMI and higher levels of glucose
and lipids, with lower HDL-cholesterol levels, and a larger
proportion of them were smokers or diabetic. The majority of
CAD cases were on statins, which may explain the lower levels of
total and LDL-cholesterol. After correction for statin usage, LDL-
cholesterol levels were slightly higher in cases than controls.

Table 1. Characteristics of the participants in Studies 1 and 2.

Study 1 Study 2
Characteristic CAD Control p value* CAD Control p value*
n 2890 3128 877 1230
Age (yrs) 51.1%6.5 58.4+6.0 3.5E-267 56.6+8.2 52.7%9.0 1.0E-28
BMI (kg/m?) 25.3+29 24.0+2.8 6.8E-57 25.1+29 24.2+26 1.8E-11
Glucose (mmol/L) 6.3+2.4 51%1.1 2.6E-120 5.69+1.9 5.08+0.67 7.9E-06
Triglycerides (mmol/L) 1.57(0.11-23.5)" 1.53(0.34-8.9) 0.03 1.50(0.36-10.8) 1.33(0.17-8.5) 1.8E-07
Total cholesterol (mmol/L) 4.62+1.1 4.94+0.91 3.9E-35 434+1.1 5.07+0.90 8.6E-54
HDL-cholesterol (mmol/L) 1.06+0.26 1.19+0.30 5.9E-63 1.14+0.30 1.27+0.34 7.4E-21
LDL-cholesterol (mmol/L) 2.74%0.99 2.96+0.86 9.2E-23 2.43+0.90 3.09+0.85 1.2E-53
Corrected LDL-cholesterol (mmol/L)** 3.11x1.2 2.96+0.86 0.01 2.75+1.02 3.09+0.85 1.4E-18
Myocardial Infarction (%) 42% 0% na 46% 0% na
Diabetes (%): Missing n 29%: 208 5%: 85 1.2E-132 29%: 0 0%: 0 1.1E-108
Statin (%): missing n 58%: 385 0.1%: 640 1.0E-267 59%: 4 0.1%: 159 1.4E-227
Smoking (%): missing n 83%: 337 59%: 73 3.6E-89 85%: 3 74%: 2 3.1E-09
Values are mean * SD.
Value is median (minimum - maximum).
**LDL-cholesterol levels were adjusted for the use of statins by multiplying levels by 1.25.
*Continuous data were tested using 2-tailed Student t-test or Wilcoxon test and categorical data were tested using Chi-square test for comparison between CAD and
controls.
na: not applicable.
doi:10.1371/journal.pone.0018208.t001
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RS10757274 within the 9p21 locus was used as a positive
control for genetic association with CAD. As expected, the risk
allele (G) frequency was significantly higher among CAD cases,
and in the subgroup with MI (Table 2 lower panel). The PLA2G7
279F null allele (Table 2 upper panel) was slightly under-
represented among cases with CAD (11.5%) and MI (11.2%)
compared to controls (12.8%).

Logistic regression analysis was performed to adjust for
differences in various cardiovascular risk factors between the cases
and the controls (Table 3). Smoking, diabetes, BMI, glucose,
triglycerides and HDL-cholesterol levels were significantly associ-
ated with CAD. After inclusion of these covariates into the model,
each copy of the 9p21 locus SNP was associated with an increased
risk of CAD 0f 1.28 (95% CI 1.16-1.42, p=2.4x10"°). Converscly,
the PLA2G7 279F allele was associated with a reduced CAD risk of
0.80 (0.66-0.97, p=0.02), and the effect tended to be gene-dosage
dependent, with an OR 0.79 (0.64-0.98) and 0.69 (0.33-1.44) for
carriers of one and two copies of the 279F allele, respectively. The
protective effect of the null allele was slightly more pronounced for
CAD cases with MI [OR 0.72 (0.56-0.94), p=0.01].

To consolidate these findings, the PLA2G7 V279F variant was
subsequently examined in Study 2, an independent dataset. The
clinical characteristics of the participants in this study were very
similar to the ones observed in Study 1 (Table 1), with the
difference that a less restrictive age criteria was used. The
prevalence of the PLA2G7 279F allele was almost identical in cases
from Studies 1 and 2, and also in controls from these two
independent studies; in particular, the prevalence of 279F in Study
2 was equally lower in cases with CAD (11.2%) and MI (11.3%)
compared to controls (12.5%)(Table 2). In the logistic regression
model, this allele tended to offer a protection against CAD with a
magnitude and direction which were similar to the one observed in
Study 1 [OR 0.80 (0.65-0.98), p=0.04]. If an identical age
criteria to the first study was used in Study 2, despite a smaller
sample size the results were very similar [OR 0.81 (0.62-1.06),
p =0.13], therefore only results from the full sample are presented.
Meta-analysis of the two studies revealed that the 279F null allele
was associated with an overall 20% [OR 0.80 (0.69-0.92),
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p=0.002] and 25% reduction [OR 0.75 (0.62-0.90), p=10.002)
in the risk of CAD or MI, respectively (Table 3 and Figure 1). The
association with CAD was not solely dependent on the MI group,
as an analysis of CAD without MI remained significant, OR 0.82
(0.73-0.98), p=10.03.

One potential limitation of this study is the fact that not all cases
and controls were collected from the same sites. In order to assess
heterogeneity between sites, we examined the prevalence of the
279F allele in each site individually. The allele frequency was very
consistent between sites, ranging from 11.3% to 11.8% for CAD
cases and from 12.6% to 13% in controls (Table S1), without any
overlap between the two groups.

Discussion

In this study, the largest to date to explore the association
between the PLA2G7 V279F variant and CAD, we provide
consistent evidence that this null allele offers a significant
protection against CAD, in particular myocardial infarction, in
Korean males.

The present data shows that carriage of one copy of the 279F
null allele was associated with a 20% reduction in risk for CAD.
Our finding is consistent with the expected reduction in CAD risk,
when considered in light of prior reports showing that each allele is
associated with a ~50% reduction in plasma Lp-PLA2 activity [5—
14]. In the meta-analysis by Thompson et al [1], a 50% reduction
in Lp-PLA, activity/mass corresponded to ~1.5-2.0 SD,
depending on the studies included in the meta-analysis, and each
SD was associated with an 11% reduction in risk of CAD. This is
fully consistent with the estimate of 20% reduction obtained
empirically here. The convergence and consistency of the present
genetic results with the epidemiological data on Lp-PLA2 activity
and CAD risk supports a causative role for Lp-PLAy in the
generation of CAD.

Taken together, these findings support the use of pharmaco-
logical agents that would inhibit Lp-PLA, as a way to prevent
CAD. Pharmacological inhibition of the enzyme using darapladib
averages 80%, and therefore the effect may be more pronounced
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Table 2. Genotype (n, %) and allele frequencies of V279F (PLA2G7) and RS10757274 (9p21) in Studies 1 and 2.
Study 1 Study 2
CAD Mi Control p1 p2 CAD Mmi Control p1 p2
PLA2G7
WV n(%) 2205(76) 876(77) 2345(75) 0.10° 0.17° 692(79) 317(77.9) 933(76) 0.44° 0.23°
VF n(%) 564(20) 217(19) 679(22) 174(20) 88(21.6) 264(21)
FF n(%) 40(1) 16(1) 53(2) 11(1) 2(0.5) 20(2)
MAF* (%) 115 11.2 12.8 0.03° 0.10° 1.2 13 125 0.21° 0.37°
Missing n(%)  81(3) 25(2) 51(1) 0(0) 0(0) 13(1)
9p21
AA n(%) 693(24) 256(23) 979(31) 1.4E-117 2.4E-09°
AG n(%) 1402(49) 556(49) 1485(47)
GG n(%) 698(24) 280(25) 586(19)
MAF* (%) 50.1 51.1 436 1.7E-12° 3.9E-10°
Missing n(%)  97(3) 42(4) 78(2)
*Minor Allele Frequency. MI: myocardial infarction.
p1: p value for comparison of CAD vs control; p2: p value for comparison of myocardial infarction vs control.
?p value for comparison of genotype frequency;
Py value for comparison of allelic frequency.
doi:10.1371/journal.pone.0018208.t002
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Table 3. Logistic regression model of CAD and MI in Studies 1 and 2.

Study 1 Study 2

CAD Ml CAD Mi
Characteristic OR (95% ClI) p value OR (95% CI) p value OR (95% ClI) p value OR (95% Cl) p value
Smoking 2.85(2.31-3.51)  7.8E-23 5.52 (3.93-7.77) 1.1E-22 2.15 (1.68-2.75) 1.3E-09  2.68 (1.89-3.79) 2.6E-08
Diabetes* 2.01 (1.36-2.98) 0.0005 2.00 (1.17-3.42) 0.01
BMI (per 1 kg/mz) 1.06 (1.03-1.10) 0.0005 1.06 (1.01-1.11) 0.01 1.10 (1.06-1.14) 1.9E-07 1.11 (1.06-1.16) 1.2E-05
Glucose (per 1 mmol/L) 1.46 (1.32-1.61) 5.4E-14 1.39 (1.23-1.58) 3.2E-07 1.45 (1.32-1.59) 1.2E-14 1.46 (1.29-1.65) 9.1E-10
Triglycerides (per 1 mmol/L) 0.81 (0.74-0.87)  6.9E-08 0.79 (0.70-0.88) 1.7E-05 1.03 (0.93-1.14) 0.6 1.0 (0.88-1.14) 0.96
HDL-cholesterol (per 1 mmol/L) 0.13 (0.09-0.18)  2.4E-29 0.09 (0.06-0.16) 1.8E-20 0.28 (0.20-0.39) 2.1E-13  0.26 (0.17-0.40) 9.9E-10

PLA2G7 FvsV 0.80 (0.66-0.97) 0.02% 0.72 (0.56-0.94) 0.01% 0.80 (0.65-0.98) 0.04° 0.77 (0.59-1.01) 0.06°
FF vs W 0.69 (0.33-144)  0.07° 0.60 (0.22-1.60)  0.05° 0.63 (0.28-1.42) 0.12° 0.21 (0.05-0.95) 0.08"
VF vs W 0.79 (0.64-0.98) 0.71 (0.53-0.95) 0.81 (0.64-1.02) 0.86 (0.64-1.15)
9p21 Gvs A 1.28 (1.16-1.42) 2.4E-06 1.44 (1.22-1.71) 2.5E-05
GG vs AA 1.64 (1.34-2.01) 3.6E-06 2.07 (1.47-2.91) 1.0E-04
GA vs AA 1.14 (0.96-1.35) 1.60 (1.20-2.14)
Meta
CAD Mmi
Characteristic OR (95% ClI) p value OR (95% CI) p value
Smoking 2.53 (2.16-2.97) <1.0E-25 3.89 (3.05-4.96) <1.0E-25
Diabetes*
BMI (per 1 kg/mz) 1.08 (1.05-1.11) 1.11E-09 1.08 (1.04-1.11) 9.4E-07
Glucose (per 1 mmol/L) 1.45 (1.36-1.55) <1.0E-25 1.43 (1.31-1.56) 1.8E-15
Triglycerides (per 1 mmol/L) 0.88 (0.83-0.94) 8.36E-05 0.87 (0.80-0.95) 0.001
HDL-cholesterol (per 1 mmol/L) 0.20 (0.16-0.26) <1.0E-25 0.17 (0.12-0.23) <1.0E-25
PLA2G7 FvsV 0.80 (0.69-0.92) 0.002° 0.75 (0.62-0.90) 0.002°
FF vs W 0.66 (0.38-1.14) 0.05° 0.43 (0.19-0.96) 0.03°
VF vs W 0.72 (0.62-0.84) 0.78 (0.64-0.95)

?p value for comparison of allelic frequency;

doi:10.1371/journal.pone.0018208.t003

than the effect of heterozygous carriage of the null allele. While
this offers promise for inhibition, it remains challenging to
extrapolate the effect of a genetic defect, established since the
time of conception, to a pharmacological intervention of limited
duration, usually initiated during adult life. As an illustration, for a
similar amplitude, reduction of LDL-cholesterol levels associated
with a genetic variant in PCSKY appears to provide a stronger
protection against CAD than would statins [26].

The present study has some limitations. First, we only report
here data from men. The PLA2G7 V279F and the 9p21 variants
were originally typed in 1130 female cases (diagnosed before age
65) and 1680 controls (clinically devoid of CAD above age 55)
from Study 1. No association was observed between V279F
mutation and the risk of CAD in this dataset [OR 1.09 (0.85—
1.39), p=10.50]. However, for reasons which were unclear as the
9p21 locus has been equally associated with CAD in males and
females, [21,27] including in Asia [28], no association either was
observed with this positive control [OR 1.11 (0.94-1.30)]. One
possible explanation for these results is the presence of asymp-
tomatic coronary artery disease among control females, and a
corresponding misclassification leading to an absence of detectable
association. In these conditions, and considering the fact that no
women were available in Study 2 to increase power and replicate
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bp value for comparison of genotypic frequency. *no estimate in study 2 and meta-analysis, due to zero count in control group.

findings, it was felt more appropriate, and rigorous, to restrict the
present report to males.

The present study is based on a cross-sectional, age-discordant
case-control design. Because relatively younger CAD cases (who
may have a higher genetic burden than older cases) were
compared with older controls, one cannot exclude the possibility
that the benefits of carrying the 279F allele may have been over-
estimated here. This possibility, however, is unlikely, as similar
ORs were observed in Study 2 which was not age-restricted.
Another limitation of the study is that controls did not have any
coronary angiogram performed on them, and some of them may
have clinically asymptomatic CAD, which may have led to under-
estimation of the effect of the variants tested here. Conversely, the
angiographic case definition for CAD in non-MI individuals was
relatively lenient, and there is a possibility of over-diagnosis of
CAD. Still, the overall amplitude of the effect of the positive
control 9p21 locus marker in the present study (a 28% increase in
CAD risk, Table 3) matched quite closely the effect reported in
other case-control studies performed in Korea [23,24] and a
recent meta-analysis on this marker [25] [OR 1.25 (1.21-1.29)],
suggesting that the amplitude of the protective effect of PLA2G7
279F reported here is quite accurate. Next, in the present study,
cases and controls were not all collected from the same centers.
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Cases Controls

Study 1
CAD 2890 3128 i
MI 1109 3128 =
Study 2
CAD 877 1230 ]
M 407 1230 o
Combined
CAD 3767 4358 ——
Mi 1516 4358 =
QOdds Ratio

Figure 1. CAD and MI risk (OR and 95% Cl) in carriers of the
PLA2G7 279F compared to subjects homozygous for the
common V279 allele are shown by study and combined using
meta-analysis. An additive model was used therefore homozygous
carriers of the 279F would be expected to have twice as much risk
reduction as compared to heterozygous carriers. CAD - coronary artery
disease and MI — myocardial infarction.

doi:10.1371/journal.pone.0018208.g001

The genetic homogeneity of the South Korean population, [29]
the fact that the allele frequencies did not differ markedly between
recruitment centers and the fact that the significance of the results
were not affected upon controlling for genomic control inflation
factor measured in other studies (1.061) [29] are reassuring. If this
inflation factor were applied to our results, the meta-p value
marginally increased (0.0027 vs 0.002) and remained significant.
Finally, Lp-PLA, levels in plasma were not measured in the
present study. However, given the large, unambiguous body of
published observations, [5-14] one can reliably anticipate that
heterozygous carriage of 279I allele is associated with a ~50%
reduction in activity and homozygosity with almost complete
absence of the enzyme in plasma.

In conclusion, the present study indicates that natural, genetic
deficiency in Lp-PLAj activity due to carriage of PLA2G7 279F
null allele offers a certain protection against CAD, in particular
MI, in Korean men. As such, these results provide strong evidence
for a causal relationship between Lp-PLA; and CAD, and
additional support to the concept that pharmacological inhibition
of Lp-PLA, represents an innovative way to prevent this disease.

Methods

Study Subjects

For Study 1, CAD cases were enrolled in the Seoul National
University Hospital [30], Samsung Medical Center [24] and
Yonsei Cardiovascular Hospital [31]. The diagnosis of CAD was
based on the presence of MI or on angiographic findings. The
diagnosis of MI was made using the World Health Organization
criteria including symptoms, enzyme elevation and electrocardio-
graphic changes. Coronary angiograms were interpreted by a
consensus of two independent observers. CAD was defined as
=50% luminal stenosis in one or more major coronary arteries.
CAD cases were selected among CAD patients diagnosed up to
age 60 years. Patients with the following conditions were excluded
from participation: valvular heart disease, peripheral vascular
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disease, significant systemic disease, history of inflammatory
disease and history of congestive heart failure with left ventricular
ejection fraction <30%. Overall, Seoul National University
Hospital, Samsung Medical Center and Yonsei Cardiovascular
Hospital contributed PLA2G7 V279F genotypes for 943, 526 and
1340 CAD cases, respectively [this genotype was missing for the
remaining 81 cases (2.8%) due to technical reasons, sece below]
(Table S1).

Controls for Study 1 were healthy volunteers who participated
in the Seoul National University Hospital genome study (n =281
genotypes) [30], in the Cardiovascular Genome Study (n=667)
[24], in the Korean Health and Genome Study (KoGES,
n=1812) [29] or at the Health Promotion Center in University
Hospitals (n=317) [32], with missing genotypes for 51 individuals
(1.6%). Controls were aged over 50 years and had not been
diagnosed with any cardiovascular diseases at the time of
recruitment. Coronary angiography was not performed on the
controls since they had no evidence of CAD by symptoms, history
or non-invasive testing (electrocardiography). Controls were
studied using the same protocol in each center, including a
standardized interview focusing on medical history, physical
activity, medication, personal habits, a physical examination and
blood testing.

Cases and controls from Study 2 were all recruited from the
Cardiovascular Genomic Center at Yonsei University Medical
Center [31] using a similar inclusion and exclusion criteria, but
with a less restrictive age criteria (age <80 for cases and >40 years
old for controls). A total of 877 CAD cases (407 MI) and 1230 non-
CAD controls were included in Study 2. All cases and 1217
controls had complete genotype data. If the same age criteria from
Study 1 are applied, there were 686 CAD cases and 701 non-CAD
controls, with complete genotype information.

Written informed consent was obtained from each study
participant, and the study protocol was approved by the ethics
committee or institutional review board in each of the participat-
ing centers (Institutional Review Board of Human Research of
Yonset University, Institutional Review Board of Seoul National
University Hospital, Samsung Medical Center Ethics Committee,
National Institute of Health Ethics and the Institutional Review
Board of the Korean Health and Genomic Study).

Genotyping

Genomic DNA was prepared from peripheral blood samples
using the Puregene DNA purification kit (Gentra, Minneapolis
MN, USA). SNPs were genotyped using the TagMan fluorogenic
5" nuclease assay (ABI, Foster City CA, USA). The final volume of
polymerase chain reaction (PCR) was 5 pl, containing 10 ng of
genomic DNA and 2.5 pul TagMan Universal PCR Master Mix,
with 0.13 pl of 40X Assay Mix (Assay ID C__11915291_20 for
PLA2G7 RS16874954 and C__26505812_10 for 9p21 locus
RS10757274). Thermal cycle conditions were as follows: 50°C
for 2 min, 95°C: for 10 min followed by 45 cycles of 95°C for 15 s
and 60°C for 1 min. PCR was performed using a Dual 384-Well
GeneAmp PCR System 9700 (ABI) and the endpoint fluorescent
readings were performed on an ABI PRISM 7900 HT Sequence
Detection System. Duplicate samples (n =212 for V279F and
n =322 for 9p21) and negative controls were included to ensure
genotyping accuracy. The genotyping error rate was 0.2%.

Statistics

Hardy-Weinberg equilibrium was confirmed for both markers
using standard approaches. For Studies 1 and 2, the clinical
characteristics were compared between CAD patients and control
subjects using the chi-square test for categorical variables and 2-
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tailed Student t-tests or Wilcoxon test (for non-normally
distributed triglycerides levels) for continuous variables. The
association between genotype and CAD was examined using
logistic regression analysis adjusting for age, smoking status
(former and current smoker vs never smoker), BMI, diabetes and
plasma levels of glucose, triglycerides, HDL-cholesterol and LDL-
cholesterol. As a large fraction of CAD cases were taking statins,
LDL-cholesterol levels were corrected as recommended by Tobin
[33] by multiplying LDL-cholesterol levels by a factor of 1.25,
corresponding to a conservative average 20% reduction in LDL-
cholesterol levels in subjects taking statins [34,35]. Since the age
distribution of cases (aged <60) and controls (aged >50) differed
by design, age was included in the regression model, but the
parameter estimate was not valid. To test for multi-collinearity
between the genotype and covariates which could inflate any
association, we calculated the variance inflation factor (VIF) and
tolerance for all explanatory variables used in the linear regression
analysis. All tolerances were close t0.60 and none of the VIFs
exceeded 2.2 in the regression model, providing no evidence of
multi-collinearity. A meta-analysis of the two datasets was
performed to provide an overall statistical evaluation of the effect

References

1. Thompson A, Gao P, Orfei L, Watson S, Di Angelantonio E, et al. (2010)
Lipoprotein-associated phospholipase A(2) and risk of coronary disease, stroke,
and mortality: collaborative analysis of 32 prospective studies. Lancet 375:
1536-1544.

2. Wilensky RL, Macphee CH (2009) Lipoprotein-associated phospholipase A(2)
and atherosclerosis. Curr Opin Lipidol 20: 415-420.

3. Packard CJ (2009) Lipoprotein-associated phospholipase A2 as a biomarker of
coronary heart disease and a therapeutic target. Curr Opin Cardiol 24:
358-363.

4. Serruys PW, Garcia-Garcia HM, Buszman P, Erne P, Verheye S, et al. (2008)
Effects of the direct lipoprotein-associated phospholipase A(2) inhibitor
darapladib on human coronary atherosclerotic plaque. Circulation 118:
1172-1182.

5. Stafforini DM, Satoh K, Atkinson DL, Tjoelker LW, Eberhardt C, et al. (1996)
Platelet-activating factor acetylhydrolase deficiency. A missense mutation near
the active site of an anti-inflammatory phospholipase. J Clin Invest 97:
2784-2791.

6. Yamada Y, Yoshida H, Ichihara S, Imaizumi T, Satoh K, et al. (2000)
Correlations between plasma platelet-activating factor acetylhydrolase (PAF-
AH) activity and PAF-AH genotype, age, and atherosclerosis in a Japanese
population. Atherosclerosis 150: 209-216.

7. Hou L, Chen S, Yu H, Lu X, Chen J, et al. (2009) Associations of PLA2G7 gene
polymorphisms with plasma lipoprotein-associated phospholipase A2 activity
and coronary heart disease in a Chinese Han population: the Beijing
atherosclerosis study. Hum Genet 125: 11-20.

8. Jang Y, Kim OY, Koh SJ, Chae JS, Ko YG, et al. (2006) The Val279Phe variant
of the lipoprotein-associated phospholipase A2 gene is associated with catalytic
activities and cardiovascular discase in Korean men. J Clin Endocrinol Metab
91: 3521-3527.

9. Miwa M, Miyake T, Yamanaka T, Sugatani J, Suzuki Y, et al. (1988)
Characterization of serum platelet-activating factor (PAF) acetylhydrolase.
Correlation between deficiency of serum PAF acetylhydrolase and respiratory
symptoms in asthmatic children. J Clin Invest 82: 1983-1991.

10. Satoh N, Asano K, Naoki K, Fukunaga K, Iwata M, et al. (1999) Plasma
platelet-activating factor acetylhydrolase deficiency in Japanese patients with
asthma. Am J Respir Crit Care Med 159: 974-979.

11. Unno N, Nakamura T, Mitsuoka H, Uchiyama T, Yamamoto N, et al. (2002)
Association of a G994 —>T missense mutation in the plasma platelet-activating
factor acetylhydrolase gene with risk of abdominal aortic aneurysm in Japanese.
Ann Surg 235: 297-302.

12. Wang T, Karino K, Yamasaki M, Zhang Y, Masuda J, et al. (2009) Effects of
G994T in the Lp-PLA2 gene on the plasma oxidized LDL level and carotid
intima-media thickness in Japanese: the Shimane study. Am J Hypertens 22:
742-747.

13. Yamada Y, Ichihara S, Fujimura T, Yokota M (1998) Identification of the
G994->T missense in exon 9 of the plasma platelet-activating factor
acetylhydrolase gene as an independent risk factor for coronary artery disease
in Japanese men. Metabolism 47: 177-181.

14. Zhang SY, Shibata H, Karino K, Wang BY, Kobayashi S, et al. (2007)
Comprehensive evaluation of genetic and environmental factors influencing the
plasma lipoprotein-associated phospholipase A2 activity in a Japanese
population. Hypertens Res 30: 403-409.

@ PLoS ONE | www.plosone.org

Deficiency of LpPLA, Is Protective from CAD

of the V279F variant on CAD risk using the inverse variance
weighted average method [36]. Statistical analyses were performed

using SAS v9.0 (SAS Institute Inc, Raleigh NC, USA).

Supporting Information

Table S1 Genotype and allele frequencies of V279F
(PLA2G7) and RS10757274 (9p21) by centers.
(DOC)

Acknowledgments

The authors appreciate the careful reading and the comments by Matt
Nelson, Richard Davies and Colin Macphee.

Author Contributions

Conceived and designed the experiments: Y] DW J-EL KS JW LC VM
PV. Performed the experiments: SK J-EL H-Y]J E-YC. Analyzed the data:
Y] KS DW JW H-YJ E-YC LC VM. Contributed reagents/materials/
analysis tools: Y] H-SK KWP H-JC I-YO JEP B-SL HJK D-JS JHL SHJ
B-GH. Wrote the paper: Y] DW J-EL KS JW LC VM PV.

15. Balta G, Gurgey A, Kudayarov DK, Tunc B, Altay C (2001) Evidence for the
existence of the PAF acetylhydrolase mutation (Val279Phe) in non-Japanese
populations: a preliminary study in Turkey, Azerbaijan, and Kyrgyzstan.
Thromb Res 101: 231-234.

16. Casas JP, Ninio E, Panayiotou A, Palmen J, Cooper JA, et al. (2010) PLA2G7
genotype, lipoprotein-associated phospholipase A2 activity, and coronary heart
disease risk in 10 494 cases and 15 624 controls of European Ancestry.
Circulation 121: 2284-2293.

17. Shimokata K, Yamada Y, Kondo T, Ichihara S, Izawa H, et al. (2004)
Association of gene polymorphisms with coronary artery disease in individuals
with or without nonfamilial hypercholesterolemia. Atherosclerosis 172: 167-173.

18. Yamada Y, Izawa H, Ichihara S, Takatsu F, Ishihara H, et al. (2002) Prediction
of the risk of myocardial infarction from polymorphisms in candidate genes.
N Engl ] Med 347: 1916-1923.

19. Assimes TL, Knowles JW, Basu A, Iribarren C, Southwick A, et al. (2008)
Susceptibility locus for clinical and subclinical coronary artery disease at
chromosome 9p21 in the multi-ethnic ADVANCE study. Hum Mol Genet 17:
2320-2328.

20. McPherson R, Pertsemlidis A, Kavaslar N, Stewart A, Roberts R, et al. (2007) A
common allele on chromosome 9 associated with coronary heart disease. Science
316: 1488-1491.

21. Samani NJ, Erdmann J, Hall AS, Hengstenberg C, Mangino M, et al. (2007)
Genomewide association analysis of coronary artery disease. N Engl ] Med 357:
443-453.

22. Zhou L, Zhang X, He M, Cheng L, Chen Y, et al. (2008) Associations between
single nucleotide polymorphisms on chromosome 9p21 and risk of coronary
heart disease in Chinese Han population. Arterioscler Thromb Vasc Biol 28:
2085-2089.

23. Hinohara K, Nakajima T, Takahashi M, Hohda S, Sasaoka T, et al. (2008)
Replication of the association between a chromosome 9p21 polymorphism and
coronary artery disease in Japanese and Korean populations. ] Hum Genet 53:
357-359.

24. Shen GQ, Li L, Rao S, Abdullah KG, Ban JM, et al. (2008) Four SNPs on
chromosome 9p21 in a South Korean population implicate a genetic locus that
confers high cross-race risk for development of coronary artery disease.
Arterioscler Thromb Vasc Biol 28: 360-365.

25. Palomaki GE, Melillo S, Bradley LA (2010) Association between 9p21 genomic
markers and heart disease: a meta-analysis. JAMA 303: 648-656.

26. Cohen JC, Boerwinkle E, Mosley TH, Jr., Hobbs HH (2006) Sequence
variations in PCSK9, low LDL, and protection against coronary heart disease.
N Engl ] Med 354: 1264-1272.

27. Schunkert H, Gotz A, Braund P, McGinnis R, Tregouet DA, et al. (2008)
Repeated replication and a prospective meta-analysis of the association between
chromosome 9p21.3 and coronary artery discase. Circulation 117: 1675-1684.

28. Patsopoulos NA, Tatsioni A, Ioannidis JP (2007) Claims of sex differences: an
empirical assessment in genetic associations. JAMA 298: 880-893.

29. Cho YS, Go MJ, Kim YJ, Heo JY, Oh JH, et al. (2009) A large-scale genome-
wide association study of Asian populations uncovers genetic factors influencing
eight quantitative traits. Nat Genet 41: 527-534.

30. Park KW, Choi JH, Chae IH, Cho HJ, Oh S, et al. (2003) Hepatic lipase C514T
polymorphism and its relationship with plasma HDL-C levels and coronary
artery disease in Koreans. J Biochem Mol Biol 36: 237-242.

April 2011 | Volume 6 | Issue 4 | 18208



31.

32.

33.

Cha SH, Lee JK, Lee JY, Kim HT, Ryu H]J, et al. (2007) Association of CCR2
polymorphisms with the number of closed coronary artery vessels in coronary
artery disease. Clin Chim Acta 382: 129-133.

Yoon §J, Lee HS, Lee SW, Yun JE, Kim SY, et al. (2008) The association
between adiponectin and diabetes in the Korean population. Metabolism 57:
853-857.

Tobin MD, Sheehan NA, Scurrah KJ, Burton PR (2005) Adjusting for treatment
effects in studies of quantitative traits: antihypertensive therapy and systolic
blood pressure. Stat Med 24: 2911-2935.

@ PLoS ONE | www.plosone.org

34.

36.

Deficiency of LpPLA, Is Protective from CAD

Jones P, Kafonek S, Laurora I, Hunninghake D (1998) Comparative dose
efficacy study of atorvastatin versus simvastatin, pravastatin, lovastatin, and
fluvastatin in patients with hypercholesterolemia (the CURVES study).
Am ] Cardiol 81: 582-587.

. Zhou Z, Rahme E, Pilote L (2006) Are statins created equal? Evidence from

randomized trials of pravastatin, simvastatin, and atorvastatin for cardiovascular
disease prevention. Am Heart J 151: 273-281.
Cooper H, Hedges LV (1994) The Handbook of Research Synthesis.

April 2011 | Volume 6 | Issue 4 | 18208



