Identification of the G*** — T Missense Mutation in Exon 9 of the Plasma
Platelet-Activating Factor Acetylhydrolase Gene as an Independent Risk Factor
for Coronary Artery Disease in Japanese Men
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Platelet-activating factor (PAF) acetylhydrolase may play important roles in the pathophysiology of thrombosis and
atherosclerosis related to its catalytic action in the degradation of PAF and oxidized phospholipids. A missense mutation
(G — T transversion at nucleotide 994) in the plasma PAF acetylhydrolase gene results in a Val — Phe substitution at amino
acid 279 of the mature protein and a consequent loss of catalytic activity. However, the role of a deficiency or low activity of this
enzyme caused by the missense mutation in the etiology of coronary artery disease (CAD) has not been determined. The
relation between this mutation and the incidence of CAD in the Japanese population is investigated herein. The genotype of
plasma PAF acetylhydrolase (MM, normal; Mm, heterozygote; and mm, deficient homozygote) was determined with a
polymerase chain reaction (PCR) assay for 454 patients with myocardial infarction (MI} and 602 control subjects. The frequency
of the m alleie was significantly higher in male patients with Ml (odds ratio, 1.8) than in controls, an association that was more
marked in a low-risk subgroup (odds ratio, 2.3). In contrast, the m allele was not associated with Ml in women. These results
indicate that the G4 — T missense mutation in exon 9 of the plasma PAF acetylhydrolase gene is an independent risk factor

for CAD in Japanese men, especially low-risk individuals, but not in women.
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ORONARY ARTERY DISEASE (CAD) is a major clini-
cal problem because of its large contribution to mortality.
Various CAD risk factors, including hypertension, hyperlipid-
emia, and diabetes mellitus, have been identified epidemiologi-
cally based on their relation to the incidence of CAD. However,
in some individuals, CAD is not associated with such conven-
tional risk factors, which suggests that other genetic factors may
contribute to the predisposition to CAD.!

Platelet-activating factor (PAF) is a biologically active phos-
pholipid that activates platelets, leukocytes, monocytes, and
macrophages? as a result of its binding to a cell-surface
receptor.” Recently, Mueller et al* showed that PAF is synthe-
sized locally at the site of endothelial injury during thrombosis
and accumulates in the atherosclerotic plaques of some patients
with advanced CAD, suggesting that PAF actively participates
in the pathophysiology of thrombosis and atherosclerosis. A
strongly oxidizing environment induces fragmentation of the
polyunsaturated fatty acids of membrane phospholipids.> The
resulting oxidized phospholipids are structurally similar to PAF
and mimic its biological actions.5” The biological actions of
both PAF and oxidized phospholipids are abolished by hydroly-
sis of the sn-2 residue, a reaction catalyzed by PAF acetylhydro-
lase.81! In plasma, PAF acetylhydrolase associates tightly with
both low-density lipoprotein (LDL) and high-density lipopro-
tein,®!? and it may serve not only to regulate the plasma
concentration of PAF but also to protect LDL from oxidative
modification, !> which is thought to be an important step in
atherosclerosis.>!16 Given that PAF acetylhydrolase constitutes
a key defense against the biological actions of PAF and oxidized
phospholipids, a decrease in its activity may result in pathologi-
cal conditions such as thrombosis and atherosclerosis.

Tjoelker et al'’7 determined the corresponding cDNA se-
quence of human plasma PAF acetylhydrolase and demon-
strated an antiinflammatory effect of the recombinant protein on
PAF-induced inflammation in animal models. Recently, Stafforini
et al’® determined the genomic structure for human plasma PAF
acetylhydrolase, showing that the gene is located in chromo-
some 6pl12-21.1 and comprises 12 exons spanning at least 45
kilobases of DNA sequence. These researchers also detected a
single point mutation (G — T transversion) at nucleotide posi-
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tion 994 in exon 9, which encodes the catalytic domain, in 14
Japanese families with a deficiency of plasma PAF acetylhydro-
lase activity. This nucleotide change results in a Val — Phe
substitution at amino acid residue 279 of the mature protein and
is responsible for the loss of catalytic activity. The activity of
plasma PAF acetylhydrolase is decreased in children with
severe bronchial asthma; the frequency of plasma PAF acetylhy-
drolase deficiency in children with this condition is threefold
that in normal children.!® However, the role of deficiency or low
activity of this enzyme caused by the missense mutation in the
etiology of CAD has not been determined.

The present study investigates whether the G** — T mis-
sense mutation in exon 9 of the plasma PAF acetylhydrolase
gene is an independent risk factor for CAD in the Japanese
population.

SUBJECTS AND METHODS
Study Population

A total of 1,056 unrelated Japanese subjects (825 men and 231
women) who presented to 14 participating hospitals between July 1994
and July 1995 were entered onto the study. Informed consent was
obtained from all subjects. Four hundred fifty-four patients with
myocardial infarction ((MI] 373 men and 81 women) all underwent
coronary angiography and left ventriculography. The diagnosis of MI
was based on typical electrocardiographic changes and increased serum
activities of enzymes such as creatinine kinase, aspartate aminotransfer-
ase, and lactate dehydrogenase, and was confirmed by the presence of
wall-motion abnormality on left ventriculography. The 602 control
subjects (452 men and 150 women) were randomly selected from
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individuals presenting to the participating hospitals and were matched
with the MI group for age, sex, body mass index (BMI), and other risk
factors for CAD, including a history of smoking, hypertension (systolic
blood pressure =160 mm Hg and/or diastolic blood pressure =95 mm
Hg), diabetes mellitus (fasting blood glucose =140 mg/dL), and
hypercholesterolemia (total cholesterol =220 mg/dL). They had no
history of CAD and had normal resting electrocardiograms and showed
no signs of myocardial ischemia in exercise stress tests. We also
selected low-risk men, defined as individuals with a BMI less than 27
kg/m? and no history of hypertension, diabetes mellitus, or hypercholes-
terolemia (94 MI patients and 155 control subjects).

Assay for Plasma PAF Acetylhydrolase Activity

Venous blood was collected into a tube containing EDTA (disodium
salt, 50 mmol/L) and centrifuged at 1,600 X g for 15 minutes at 4°C.
Plasma samples were stored at —30°C until assayed. The activity of
PAF acetylhydrolase was measured as previously described.?

Genotyping of Plasma PAF Acetylhydrolase

For isolation of genomic DNA, 7 mL venous blood was collected into
tubes containing EDTA (disodium salt, 50 mmol/L), and after separa-
tion of leukocytes, genomic DNA was isolated with a DNA extraction
kit (Biologica, Nagoya, Japan). The genotype of plasma PAF acetylhy-
drolase was determined with an allele-specific polymerase chain
reaction (PCR) as previously described.’® The sense primer (5'-
CTATAAATTTATATCATGCTT-3') was the same for all reactions, and
three antisense primers (1, 5’-TTTACTATTCTCTTGCTTTAC-3'; 2,
5'-TCACTAAGAGTCTGAATAAC-3"; and 3, 5'-TCACTAAGAGTC-
TGAATAAA-3") were used. Reactions were performed in a total
volume of 50 pL. containing 0.5 pg genomic DNA, 20 pmol of each
primer, 0.2 mmol/L each of dATP, dGTP, dCTP, and dTTP, 1 U Tag
DNA polymerase (Takara, Otsu, Japan), 50 mmol/L. KCl, 1.5 mmol/L
MgCly, and 10 mmol/L Tris hydrochloride (pH 8.3). The thermocycling
procedure consisted of initial denaturation at 94°C for 5 minutes; five
cycles of denaturation at 94°C for 1 minute, annealing at 56°C for 1
minute, and extension at 72°C for 1 minute; 30 cycles of 94°C for 30
seconds, 52°C for 30 seconds, and 72°C for 30 seconds; and a final
extension at 72°C for 5 minutes. PCR products were analyzed by 2%
agarose gel electrophoresis and visualized by ethidium bromide stain-
ing. The expected sizes of the PCR products were 160 base pairs (bp)
with antisense primer 1 and 108 bp with antisense primers 2 or 3.
Because the G — T transversion at nucleotide 994 produces a new
restriction site for Maell, genotypes were designated MM (normal), Mm
(heterozygous), and mm (homozygous deficient). In some experiments,
PCR products obtained with sense and antisense 1 primers were purified
and digested with Maell to confirm genotypes.

Statistical Analysis

Clinical laboratory data were compared between MI subjects and
controls by unpaired Student’s ¢ test or the Mann-Whitney U test. Allele
frequencies were estimated by the gene-counting method, and Hardy-
Weinberg equilibrium was confirmed by the chi-square test. Data were
compared among PAF acetylhydrolase genotypes by one-way ANOVA
and Scheffe’s multiple-range test. We performed multivariate logistic
regression analysis to adjust risk factors, in which the dependent
variable was MI and independent variables were age, BMI, smoking
status (0, nonsmoker; 1, smoker), metabolic variables (0, no history of
hypertension, diabetes mellitus, or hypercholesterolemia; 1, positive
history), and PAF acetylhydrolase genotype (0, MM; 1, Mm and mm).
The odds ratio and 95% confidence interval (CI) were also calculated. A
P value less than .05 was considered statistically significant.

RESULTS

Characteristics of the study population are shown in Table 1.
The age, BMI, and incidence of other conventional risk factors
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Table 1. Characteristics of the Study Population

Men Women

Control Mi Contro! Mi

Characteristic

No. of subjects 452 373 150 81

Age {yr) 566 =7.7 57.3+7.8 604 +83 622+65
BMI (kg/m2) 23.6+25 235+26 238+32 233+32
Positive history (%)
Smoking 70.8 74.3 20.7 27.2
Hypertension 39.6 35.9 54.0 44.4
Diabetes mellitus 16.4 20.1 24.0 321
Hypercholester-
olemia 40.9 44.8 67.3 66.7

NOTE. Age and BMI are expressed as the mean = SD.

for CAD, including history of smoking, hypertension, diabetes
mellitus, and hypercholesterolemia, did not differ between
subjects with MI and controls for either men or women. The
allele-specific PCR assay accurately detected the G** —T
mutation in the plasma PAF acetylhydrolase gene (Fig 1). There
was a significant association between the plasma PAF acetylhy-
drolase activity and genotype for both men and women in both
control and patient groups (Table 2). The plasma activity in
individuals with the MM genotype significantly exceeded that in
individuals with the Mm genotype. As expected, no activity was
detected in mm homozygotes. Plasma activity in male patients
with MI was significantly lower than in control subjects. Plasma
activity did not differ significantly between men and women or
between control subjects and MI patients of the same genotype.

Among controls, the frequency of the MM, Mm, and mm
genotype was 76.8%, 21.0%, and 2.2%, respectively, in men,
and 68.7%, 30.0%, and 1.3%, respectively, in women (Table 3).
The genotype distribution was in Hardy-Weinberg equilibrium
and did not differ significantly between men and women.
Logistic regression analysis revealed that the frequency of the m
allele was significantly higher in MI subjects than in controls for
men, but not for women (Table 3). Association of the m allele of
the PAF acetylhydrolase gene with MI in men was further
investigated in low-risk individuals. In the low-risk group,
increased association of the m allele with MI was reflected in an
odds ratio of 2.3 (P = .007; CI, 1.3 t0 4.6).

DISCUSSION

The etiology of CAD is multifactorial, with complex interac-
tions between genetic and environmental components. In gen-
eral, the incidence of CAD shows an additive increase with an
increase in the number of conventional risk factors.2® However,
some individuals with CAD exhibit no conventional risk
factors. We have now demonstrated association of the m: allele
of the PAF acetylhydrolase gene with MI in Japanese men.
Although the frequency of mm homozygotes was similar
between male controls and patients with M1, the frequency of
heterozygotes among male MI patients was significantly higher
than among male control subjects. Furthermore, association of
the m allele with MI in men was more marked in low-risk
individuals. These results indicate that the m allele is an
independent risk factor for CAD in Japanese men, especially
those who lack other conventional risk factors.

We failed to detect an association of the m allele with MI in
women. In Japan, the morbidity of CAD is low in women,
especially those who are premenopausal, because they are likely
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Fig 1. Amplification of the polymorphic region in exon 9 of the plasma PAF acetylhydrolase gene by allele-specific PCR. Lanes 1 to 3, normal
(MM genotype); lanes 4 to 6, heterozygote (Mm genotype); lanes 7 to 9, deficient homozygote {mm genotype). PCR products in lanes 1, 4, and 7
correspond to the entire exon 9 (antisense primer 1}; products in lanes 2, 5, and 8 correspond to a partial exon 9 product containing the normal
sequence {antisense primer 2); and products in lanes 3, 6, and 9 correspond to a partial exon 9 product containing the mutation {antisense primer

3). Lane M, 100-bp ladder of molecular size markers.

protected by the secretion of large amounts of estrogen.?! In the
present study, MI mainly affected postmenopausal women. Our
female population may be inappropriate for detection of an
association, because the prevalence of MI in Japanese women
does not approximate that of men until a much later age or the
female sample size examined does not provide adequate power
to detect an association. The activity of PAF acetylhydrolase is
negatively correlated with the plasma concentration of estro-
gen.”? Given that estrogen reduces plasma PAF acetylhydrolase
activity in addition to its other antiatherosclerotic effects, its
effect on CAD may be greater than that of the G**—T
mutation in the PAF acetylhydrolase gene.

QOur study was performed in Nagoya and adjacent cities, a
central area in Japan; the study population was thought to share
the same ethnic ancestry and a homogeneous genetic back-
ground. Our control group consisted of individuals whose risk
factors were matched with those of the M1 group. Furthermore,

Table 2. Plasma Activity of PAF Acetylhydrolase in Control Subjects
and MI Patients According to Genotype

Men Women
Parameter Control Mi Control MI
No. of subjects 21 121 89 45
Age {yr} 578 =77 57676 588x89 624*64
PAF acetylhydro-
lase activity
{(nmol/mL/
min)
Genotype
MM 33.2 = 8.8* 31.8 £ 10.5% 32.0 = 7.56* 32.6 = 7.0*
Mm 17.7 + 5.6t 185 = 5.8t 18.9 = 4.4t 20.3 x 4.2t
mm 0.0x00 00x00 0.0+00 00=zx00
Mean 29.2 +10.8 254 +123 281=x96 28.1%=103
P .0035 .99

NOTE. Age and activity are expressed as the mean = SD.
*P<.01 vMmand mm.
tP<.01vmm.

the distribution of PAF acetylhydrolase genotypes in the
controls was in Hardy-Weinberg equilibrium, confirming the
genetic homogeneity of our study population. Miwa et al'®
detected plasma PAF acetylhydrolase deficiency in 3.9% of 816
healthy Japanese adults, and this condition was inherited in an
autosomal recessive manner. Stafforini et al'® showed that 4%
of 127 randomly selected Japanese subjects were mm homozy-
gotes. The frequency of mm homozygotes in our total study
population was 2.0% (2.0% each in controls and MI patients).
Our value may differ from those of the two previous studies!®!?
because of the difference in study populations: healthy adults'?
and the general population'® versus MI patients and controls
with conventional risk factors (our study). It is also possible that
there are other missense mutations causing a loss of catalytic
activity.

A limitation of this study is its retrospective character. The
study population actually consisted of survivors of MI, which
does not appear representative of all MI cases. The prognosis of
MI in Japan is better than in the United States and Europe: MI
mortality in Japan is approximately one fifth of that in the
United States and approximately one seventh of that in the
United Kingdom. Therefore, we believe that a sarvivor bias is
very small in our study population. However, it is possible that

Table 3. Distribution of Plasma PAF Acetylhydrolase Genotypes
in Control Subjects and MI Patients

Men Women
Control Mi Control Mi
Parameter No. % No. % No. % No. %

Genotype

MM 347 768 242 649 103 687 62 765

Mm 95 210 123 33.0 45  30.0 17 210

mm 10 2.2 8 2.1 2 1.3 2 2.5
P .0002 .09
Odds ratio 1.8
95% Ci 1.3-25
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the similar frequency of mutant homozygotes between control
subjects and individuals with MI was attributable to a high
mortality in MI subjects with a deficiency of plasma PAF
acetylhydrolase activity.

The pathogenesis of atherosclerosis is complex, with many
mediators, including growth factors and cytokines, playing a
role.”® One of the early key processes in the development of
atherosclerosis is thought to be oxidative modification of
LDL.151624 Oxidized L.DL injures the endothelium directly and
induces adherence and migration of monocytes.!>!6 Monocytes
infiltrate the endothelium, differentiate into macrophages, and
can then become loaded with additional oxidized LDL that is
taken up by scavenger receptors.?’ The uncontrolled uptake of
oxidized LDL by macrophages results in an increase in the
number of foam cells followed by formation of fatty streaks,
which are characterized by an accumulation of cells loaded with
cholesterol esters.!5:1623.2526 PAF is produced by endothelial
cells in response to oxidative injury or various physiological
agonists, including thrombin, bradykinin, and histamine, and
can induce macrophages to produce superoxide anions.? There-
fore, local synthesis of PAF in segments of the vascular wall
undergoing atherosclerotic changes may increase the oxidative
modification of LDL, resulting in an amplification of the
pathogenic process.?’” PAF acetylhydrolase degrades PAF to
biologically inactive lyso-PAF, suggesting that this enzyme
protects against PAF-mediated pathological events. This is
supported by the observation that recombinant human PAF
acetylhydrolase markedly inhibited PAF-induced inflammation
in rats.!” In addition, PAF acetylhydrolase protects LDL from
oxidation by hydrolyzing oxidatively fragmented fatty acyl
residues from the sn-2 position of phospholipids,101113:14 Thig
action may help to prevent LDL from being recognized by the
macrophage scavenger receptor. Thus, PAF acetylhydrolase
may play a crucial role in the defense mechanism against
atherosclerosis. PAF acetylhydrolase activity in plasma was
shown to be increased in patients with atherosclerotic diseases
such as MI?® and ischemic stroke.?? However, we demonstrated
that the enzyme activity in plasma in male patients with MI was
significantly lower than in control subjects. There is a difference
between the previous studies?®?® and ours: the other studies
compared plasma activity between patients and healthy sub-
jects, whereas we compared activity between MI patients and
control subjects with conventional risk factors. It is also
possible that the increase in plasma enzyme activity in patients
in the previous studies?®?’ is an effect rather than a cause of the
atherosclerotic process.

Tew et al*® proposed that PAF acetylhydrolase exerts two
opposite effects in vivo. On one hand, it degrades PAF and
therefore would be expected to play an antiinflammatory role;
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on the other hand, given that it is responsible for the lysophos-
phatidylcholine content and the monocyte chemoattractant
properties of oxidized LDL, its ability to hydrolyze oxidized
phospholipids in LDL may confer a proinflammatory role.
Among changes that occur during LDL modification, oxidized
phosphatidylcholine molecules are generated and then hydro-
lyzed to lysophosphatidylcholine and oxidized fatty acids,?! the
latter of which derivatize apolipoprotein B-100 and thereby
result in altered receptor recognition of the particle.’? Stafforini
et al’3 postulated that intact oxidized phospholipids may remain
associated with LDL and react with amino acids on apolipopro-
tein B-100, given that they are more hydrophobic than the fatty
acid products, which are water-soluble and would be readily
bound by other serum components such as albumin. Thus,
hydrolysis of oxidized phospholipids would actually be benefi-
cial. These researchers showed that hydrolysis of oxidized
phospholipids by PAF acetylhydrolase is not necessary for LDL
modification and that the catalytic activity of the enzyme
actually prevents oxidation of LDL.®> These observations
suggest that PAF acetylhydrolase is not proinflammatory, but
acts as an antiinflammatory and antiatherosclerotic enzyme.
Our results suggest that reduced plasma PAF acetylhydrolase
activity is a risk factor for CAD—in other words, the enzyme
has a protective effect against CAD, supporting the results of
Stafforini et al.!3

In conclusion, we demonstrated that the G** — T missense
mutation in exon 9 of the plasma PAF acetylhydrolase gene is
associated with MI in Japanese men. The association of the
mutation with MI was more prominent in low-risk individuals.
Our results thus indicate that this mutation, which results in a
loss of catalytic activity, is an independent risk factor for CAD
in Japanese men and that the determination of PAF acetylhydro-
lase genotype or enzyme activity in plasma may contribute to
the prevention and management of CAD, especially in men who
lack conventional risk factors.
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