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Abstract The platelet-activating factor acetylhydrolase ac-
tivity associated with high density lipoprotein (HDL-PAF-
AH) may substantially contribute to the antioxidant, anti-
inflammatory, and overall antiatherogenic effects of HDL.
Two enzymes associated with HDL express PAF-AH cata-
lytic activity, PAF-AH itself and paraoxonase-1 (PON1). The
relative contribution of these enzymes in the expression of
PAF-AH activity on HDL remains to be established. We in-
vestigated whether the PON1 polymorphisms (M55L and
Q192R) or the PAF-AH polymorphism V379A could affect
the PAF-AH activity associated with HDL in both normolipi-
demic and dyslipidemic (type IIA and IIB) populations. We
show for the first time that the PON1 M55L polymorphism
significantly affects the HDL-PAF-AH activity in all studied
groups, the PON1 L55L individuals having lower enzyme
activity compared to those having 1 M and 2 M alleles. No
differences in the HDL content concerning the major apoli-
poprotein and lipid constituents were observed between in-
dividuals carrying the PON1 L55L and those with the
M55M polymorphism.  Our results provide evidence that
PON1 significantly contributes to the pool of HDL-PAF-AH
activity in human plasma, and suggest that the low PAF-AH
activity in HDL carrying the PON1 L alloenzyme may be an
important factor contributing to the low efficiency of this

 

HDL in protecting LDL against lipid peroxidation.

 

—Kakafika,
A. I., S. Xenofontos, V. Tsimihodimos, A. P. Tambaki, E. S.
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It is well established that HDL plays a protective role
against atherogenesis and coronary heart disease (CHD)
(1). This effect appears to be multifactorial and involves a

 

number of mechanisms, including reverse cholesterol
transport, as well as antiinflammatory and antioxidant ac-
tivities. Potential roles in the HDL antiinflammatory and
antioxidant properties are played by two enzymes associ-
ated with this lipoprotein, platelet-activating factor acetyl-
hydrolase (PAF-AH) and paraoxonase-1 (PON1) (2).

PAF-AH exhibits a 

 

�

 

/

 

�

 

 hydrolase conformation and has
broad substrate specificity toward lipid esters containing
short acyl chains. It also displays phospholipase A

 

1

 

 and A

 

2

 

activities as well as transacetylase activity. Of these, the

 

Ca

 

2

 

�

 

-independent phospholipase A

 

2

 

 activity of PAF-AH
has been principally studied [reviewed in ref. (3)]. PAF-AH
can hydrolyze and inactivate PAF, the potent lipid media-
tor involved in inflammatory diseases as well as in athero-
genesis. PAF-AH can also effectively hydrolyze oxidized
phospholipids that play key roles in several aspects of
atherogenesis. In human plasma, PAF-AH is primarily as-
sociated with LDL particles, whereas a small proportion
(

 

�

 

20% of total enzyme activity) is associated with HDL
(3). The gene for the plasmatic PAF-AH has been mapped
to chromosome 6q21.2-p12, comprises 12 exons, and
spans at least 45 kb of DNA (4). Several genetic variants of
this enzyme have been described. Two of them are situ-
ated in exon 9 (V279F and Q281R) and have been de-
scribed only in Japanese populations. These mutations re-
sult in a complete loss of the enzyme activity and are
associated with severe asthma, stroke, and cardiovascular
disease (5, 6). Two other genetic variants, V379A (exon
11) and I198T (exon7), have been described and are asso-
ciated with atopy and asthma in European populations.
Furthermore, in vitro studies have shown that these two
polymorphisms are associated with a reduction in PAF-AH
kinetic constants (7).

PON1 is an esterase that in plasma is exclusively associ-
ated with HDL. PON1 can hydrolyze oxidized phospho-
lipids and cholesteryl ester hydroperoxides formed dur-
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ing lipoprotein peroxidation, and plays a protective role
against the oxidative modification of plasma lipoproteins
(8). The PON1 gene is located on the long arm of chro-
mosome 7. Two genetic variants of this enzyme have been
described, one at position 55 (methionine/leucine, M55L)
and the other at position 192 (glutamine/arginine, Q192R).
The substrates for PON1 that have been mostly used in as-
says in vitro are paraoxon and phenyl acetate. Several
studies have shown that paraoxon hydrolytic activity using
either HDL or purified PON1 is high in PON1 R192R and
L55L individuals and low in PON1 Q192Q and M55M in-
dividuals. By contrast, both PON1 alloenzymes have a
similar hydrolytic activity toward phenyl acetate (9). On
the other hand, the capacity of PON1 alloenzymes to pro-
tect LDL from oxidation is distinguished from that of
paraoxon hydrolytic activity. Thus, PON1 either purified
or associated with HDL from MM/QQ individuals exhib-
its the greatest protective capacity toward LDL oxidation
in vitro (10).

In addition to the above activities, PON1 expresses a
PAF-AH catalytic activity (11). In this context, it has been
suggested that the HDL-associated PAF-AH (HDL-PAF-AH)
activity is mainly due to the PAF-AH catalytic activity of
PON1, as no PAF-AH protein was found on this lipopro-
tein (11). By contrast, it was recently shown that the total
PAF-AH activity associated with HDL is due to the PAF-AH
protein (12). In the present study we investigated whether
the PON1 polymorphisms (M55L and Q192R) or the
PAF-AH polymorphism V379A could affect the PAF-AH ac-
tivity in plasma and that associated with HDL in patients
with dyslipidemia of type IIA or IIB, as well as in normolip-
idemic, apparently healthy volunteers.

METHODS

 

Patients

 

Two hundred and two unrelated dyslipidemic patients attend-
ing the Lipid Clinic of the University Hospital of Ioannina partic-
ipated in the study. After the initial screening, patients were ad-
vised to follow the National Cholesterol Education Program step
1 diet (which limits dietary intake of cholesterol to 300 mg/day,
that of saturated fats to 10% of total energy intake and total fats
to 30% of total energy intake) for 3 months. At the end of this
period, a complete laboratory baseline analysis was performed.
According to their lipid levels, patients were divided into the pri-
mary hypercholesterolemia (dyslipidemia type IIA) group (LDL
cholesterol 

 

�

 

160 mg/dl) and the combined hyperlipidemia
(dyslipidemia type IIB) group (LDL cholesterol 

 

�

 

160 mg/dl
and triglycerides 

 

�

 

200 mg/dl). Among dyslipidemic IIA pa-
tients, 58 had a diagnosis of heterozygous familial hypercholester-
olemia and 80 had a diagnosis of polygenic hypercholesterolemia.

A total of 122 healthy unrelated volunteers with no history of
dyslipidemia or CHD also participated in the study. Volunteers
were either staff of the University Hospital of Ioannina or attend-
ing for a routine health check at the Outpatient Clinic of this
Hospital.

None of the participants were taking lipid-lowering drugs or any
other medication known to affect lipid metabolism, including hor-
monal therapy, during the last 12 weeks. Individuals with hyperten-
sion (blood pressure, 140/90 mmHg on repeated measurements),

 

diabetes mellitus (fasting blood glucose, 126 mg/dl), obesity (body
mass index, 30 kg/m

 

2

 

) or thyroid, hepatic, or renal diseases, as well
as subjects known to ingest more than two alcoholic drinks daily or
who were taking vitamin supplements were excluded from the
study. Finally, no patient had any clinical evidence of cardiovascular
disease. The study was approved by the Ethics Committee of the
University Hospital of Ioannina, and all study patients gave written
informed consent for participation in the study.

 

Determination of PON1 and PAF-AH genotypes

 

Genomic DNA was obtained from leukocytes using standard
procedures. The PON1 M55L and Q192R polymorphisms were
detected using a previously reported protocol (13). To deter-
mine the variations of 279 (14) and 379 (7) of PAF-AH genes,
DNA was amplified and analyzed by restriction isotyping. Briefly,
primers for amplification of a 99 bp DNA that contains the cod-
ing sequence for position 192 were 5

 

�

 

TAT TGT TGC TGT GGG
ACC TGA G3

 

�

 

 and 5

 

�

 

CAC GCT AAA CCC AAA TAC ATC TC3

 

�

 

.
After an initial denaturation step of 5 min at 95

 

�

 

C, the PCR was
carried out for 40 cycles, with each cycle consisting of 60 s of de-
naturation at 94

 

�

 

C, 45 s of annealing at 56

 

�

 

C, and 45 s of exten-
sion at 72

 

�

 

C. PCR product was digested with 5 units of 

 

Alw

 

I re-
striction enzyme for 3 h at 37

 

�

 

C.
For genotyping the M55L polymorphism, the primers for am-

plification of 144 bp DNA encoding codon 55 were 5

 

�

 

GAG TGA
TGT ATA GCC CCA GTT TC3

 

�

 

 and 5

 

�

 

AGT CCA TTA GGC AGT
ATC TCC G3

 

�

 

. An initial incubation for 5 min at 95

 

�

 

C was fol-
lowed by the step of amplification that was carried out for 40 cy-
cles, with each cycle consisting of 1 min of denaturation at 94

 

�

 

C,
45 s of annealing at 61

 

�

 

C, and 45 s of extension at 72

 

�

 

C. PCR
product was digested with 5 units of 

 

Hinf

 

I restriction enzyme for
24 h at 37

 

�

 

C.
The PAF-AH V379A polymorphism was detected using 5

 

�

 

GGG
AGA CAT AGA TTC AAC TG3

 

�

 

 and 5

 

�

 

GGT CAT GAA AAA AAT
AGT TT3

 

�

 

 primers. After an initial denaturation step of 5 min at
94

 

�

 

C, the PCR was carried out for 35 cycles, with each cycle con-
sisting of 45 s of denaturation at 94

 

�

 

C, 50 s of annealing at 53

 

�

 

C,
and 50 s of extension at 72

 

�

 

C. PCR product was digested with 5
units of 

 

Pst

 

I restriction enzyme for 24 h at 37

 

�

 

C.

 

Isolation of HDL

 

HDL (d 

 

	

 

 1.063–1.210 g/ml) was isolated from the HDL-con-
taining supernatant after treatment of serum with magnesium
chloride/dextran sulfate to precipitate all apolipoprotein B
(apoB)-containing lipoproteins (HDL-rich serum). HDL isola-
tion was performed by sequential ultracentrifugation in a Beck-
man L7-65 ultracentrifuge at 40,000 rpm, 14

 

�

 

C, with a type NVT
65 rotor. The HDL preparation was dialyzed against 10 mM PBS
(pH 7.4) for 24 h at 4

 

�

 

C. It was then filter sterilized and stored in
the dark at 4

 

�

 

C under nitrogen for up to 2 weeks.

 

Measurement of PAF-AH and PON1 activities

 

PAF-AH activity in isolated HDL, in plasma, and in HDL-rich
plasma (prepared as the HDL-rich serum) was determined by
the trichloroacetic acid precipitation procedure using [

 

3

 

H]PAF
(100 mM final concentration) as a substrate (15). PON1 activity
in serum and in HDL-rich serum was measured using paraoxon
as a substrate, whereas PON1 activity in isolated HDL was mea-
sured using phenyl acetate as a substrate. Both PON1 activities
were determined in the presence of 2 mM Ca

 

�

 

2

 

 in 100 mM Tris-
HCl buffer (pH 8.0) for paraoxon and in 20 mM Tris-HCl buffer
(pH 8.0) for phenyl acetate (15).

 

Analytical methods

 

Serum total cholesterol and triglycerides were determined on
the Olympus AU560 Clinical Chemistry analyzer (Hamburg, Ger-
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many). Serum HDL cholesterol levels were measured with the
above method in the HDL-rich serum. Serum LDL cholesterol
levels were calculated using the Friedewald formula. Serum
apoB, apoA-I, apoA-II, and apoE were measured by immuno-
nephelometry with the aid of a Behring Nephelometer BN100
and reagents (antibodies and calibrators) from Behring Diagnos-
tics GmbH (Liederbach, Germany). The total cholesterol and
the phospholipid content of HDL were measured enzymatically
using the Bio-Merieux kit (15).

 

Statistical analysis

 

One-way ANOVA followed by least significant difference test
was used for comparisons among individual groups. Allele frequen-
cies were estimated by the gene-counting method, and Hardy-
Weinberg’s equilibrium was tested by the 

 




 

2

 

 test. The same test
was used to compare percentages. Mann-Whitney U test and
Kruskal-Wallis test were used for comparisons among the paraox-
onase activities. Student’s 

 

t

 

-test for independent samples was
used to estimate the effect of the enzyme polymorphisms on
lipid parameters and enzyme activities.

 

RESULTS

 

Clinical and biochemical characteristics of the
study population

 

The clinical and biochemical characteristics of the pop-
ulations participating in the study are shown in 

 

Table 1

 

. As
expected, the dyslipidemic populations had significantly
higher levels of all lipidemic parameters compared with
normolipidemic individuals, with the exception of HDL
cholesterol levels in type IIB patients, which were lower
compared with other groups. Plasma PAF-AH activity was
higher in type IIA and IIB patients compared with con-
trols, but there was no difference in enzyme activity be-
tween the two dyslipidemic populations. In accordance with
our previously published results (15), the HDL-PAF-AH
activity was significantly lower in type IIB patients com-

pared with the other studied groups (

 

P

 

 

 

�

 

 0.001). Finally,
no difference in serum PON1 activity toward paraoxon mea-
sured either in total serum or in HDL-rich serum (HDL-
PON1) was observed among the studied groups (Table 1).

 

PON1 and PAF-AH genotyping analysis

 

The genotype and allele frequencies studied are shown
in 

 

Table 2

 

. Importantly, no difference in the distributions
of both PON1 polymorphisms as well as in the allele fre-
quencies was observed among the studied groups. Com-
bined haplotypes (both haplotypes per subject) were con-
structed for PON1 polymorphisms and confirmed the
well-known linkage disequilibria between M55L and R192Q
(Table 2). All 

 




 

2

 

 tests to compare observed and expected
genotype frequencies have been performed and all were
in Hardy-Weinberg equilibrium.

No difference in the distributions of the PAF-AH V379A
polymorphism and in the allele frequencies was observed
among the studied groups. As expected, no one from the
study populations exhibited the PAF-AH V279F mutation,
which has been found only in the Japanese population (14).

 

Influence of PON1 and PAF-AH polymorphisms on lipid 
profile and enzyme activities

 

Individuals of each group were subgrouped as follows:

 

i

 

) according to PON1 192 genotype into homozygotes for
the Q allele and those having one or two R alleles; 

 

ii

 

) ac-
cording to PON1 55 genotype into homozygotes for the L
allele and those having one or two M alleles; 

 

iii

 

) according
to PAF-AH 379 genotype into homozygotes for the A allele
and those having one or two V alleles. Comparisons be-
tween the above subgroups were performed within each
studied group. These subgroups were matched for age,
sex, body mass index, and smoking habits.

No difference in the serum lipid and apolipoprotein
levels was observed among the above genotype subgroups

 

TABLE 1. Clinical and biochemical characteristics of the studied populations

 

Normolipidemic 
Population Type IIA Patients Type IIB Patients

 

Number 122 138 64
Sex (males/females) 60/62 59/79 27/37
Age (years) 37 

 

�

 

 10.5 52 

 

�

 

 12.9

 

b

 

54 

 

�

 

 12.4

 

b

 

Body mass index, kg/m

 

2

 

24 

 

�

 

 3.3 27 

 

�

 

 3.1

 

b

 

28 

 

�

 

 4.0

 

b

 

Smokers/non smokers 42/80 38/100 16/48
Total cholesterol, mg/dl 202.1 

 

�

 

 32.7 320.0 

 

�

 

 58.4

 

b

 

302.0 

 

�

 

 37.7

 

b

 

,

 

c

 

Triglycerides, mg/dl 104.2 

 

�

 

 54.5 164.6 

 

�

 

 86.5

 

b

 

297.6 

 

�

 

 84.5

 

b,d

 

LDL cholesterol, mg/dl 135.2 

 

�

 

 31.7 234.7 

 

�

 

 59.2

 

b

 

200.3 

 

�

 

 39.4

 

b

 

,

 

c

 

HDL cholesterol, mg/dl 46 

 

�

 

 12.5 51.7 

 

�

 

 15.2

 

b

 

42.0 

 

�

 

 6.2

 

a,d

 

ApoB, mg/dl 96.3 

 

�

 

 21.2 166.8 

 

�

 

 33.5

 

b

 

160.2 

 

�

 

 20.3

 

b

 

,

 

c

 

ApoA-I, mg/dl 143.7 

 

�

 

 23.5 154.0 

 

�

 

 32.5

 

a

 

146.5 

 

�

 

 17.4

 

a,c 
ApoE, mg/dl 36.3 � 8.4 52.2 � 13.1b 56.3 � 16.6b,c

Plasma PAF-AH activity, nmol/ml/min 47.3 � 11.7 74.6 � 24.3b 71.0 � 19.4b

HDL-PAF-AH activity, nmol/ml/min 3.3 � 1.2 3.3 � 1.4 2.4 � 0.9b,d

Serum PON1 activity (paraoxon), U/l 75.3 � 43.8 79.5 � 48.2 70.3 � 40.4
HDL-PON1 activity (paraoxon), U/l 72.4 � 24.2 74.0 � 32.6 67.9 � 28.4

ApoB, apolipoprotein B; PAF-AH, platelet activating factor acetylhydrolase; PON1, paraoxonase-1. Values rep-
resent the mean � SD. One-way ANOVA followed by least significant difference test was used for comparisons
among studied groups.

a P � 0.01 compared with normolipidemic population.
b P � 0.001 compared with normolipidemic population.
c P � 0.01 compared with type IIA patients.
d P � 0.001 compared with type IIA patients.
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(data not shown), suggesting that none of the studied
polymorphisms affect the lipid profile either in healthy
volunteers or in any patient group.

As shown in Table 3, the PON1 Q192R polymorphism sig-
nificantly influenced the serum PON1 activity toward
paraoxon in each studied group, the Q192Q individuals
having lower activity compared with the R carriers of the
same group, an observation that accords with previously
published results (16). The same phenomenon was ob-
served when subjects of each group were subgrouped ac-
cording to the PAF-AH V379A polymorphism (Table 3). It
must be noted that when the R carriers were divided into
homozygotes and heterozygotes, the Q192R individuals pre-
sented intermediate levels of enzyme activity between the Q
and R homozygotes of the same group (data not shown).
Furthermore, independent of the presence of the PAF-AH
V379A polymorphism, the PON1 activity was significantly in-
fluenced by the M55L polymorphism, the L55L individuals
having higher activity compared with the M-carriers in each
studied group (Table 3), a finding that also accords with
previously published data (16). When the M carriers were
divided into homozygotes and heterozygotes, the M55L in-
dividuals presented intermediate levels of enzyme activity
between the M and L homozygotes of the same group (data
not shown). It must be noted that similar results were ob-
tained for the PON1 activity measured in the HDL-rich se-
rum (data not shown). The present study shows for the first

time that neither the Q192R nor the M55L polymorphism
of PON1 influences the plasma PAF-AH activity. Further-
more, the plasma PAF-AH activity was not influenced by the
PAF-AH V379A polymorphism (Table 3).

The most important finding of the present study is that
the PON1 M55L polymorphism significantly affects the
HDL-PAF-AH activity. As shown in Table 3, the PON1 LL
homozygotes of each group exhibited significantly lower
HDL-PAF-AH activity compared with M carriers of the
same group. The same phenomenon was observed when
subjects of each group were subgrouped according to the
PAF-AH V379A polymorphism (Table 3). When the M car-
riers were divided into homozygotes and heterozygotes,
the M55L individuals presented intermediate levels of en-
zyme activity between the M and L homozygotes of the
same group (HDL-PAF-AH activity in nmol/ml/min; nor-
molipidemic group: M55L 	 3.2 � 0.8 and M55M 	 3.9 �
0.9, P � 0.05; type IIA: M55L 	 3.3 � 0.7 and M55M 	
4.0 � 0.9, P � 0.05; type IIB: M55L 	 2.5 � 0.6 and M55M 	
3.2 � 0.7, P � 0.05). The above results are further sup-
ported by those obtained when the comparisons of the
HDL-PAF-AH activity in each group were performed ac-
cording to the PON1 M55L and Q192R haplotypes. Thus,
in each studied group, subjects with the L allele had lower
enzyme activity compared with those having the M allele
independent of the existence of the Q or R allele. Figure 1
presents the results for the type IIA dyslipidemic patients.
Finally, there was no influence of the PON1 Q192R or the
PAF-AH V379A polymorphism on the HDL-PAF-AH activity.

Compositional analysis of HDL
In an effort to provide a mechanistic explanation for

the lower PAF-AH activity in HDL of subjects carrying the
PON1 L55L polymorphism, we performed compositional
analysis of HDL isolated from the HDL-rich serum of 10
subjects from each group carrying the PON1 L55L or the
PON1 M55M polymorphism. ApoA-I, apoA-II, and apoE,
the phospholipids, and the total cholesterol content of
HDL, as well as the PAF-AH activity and the PON1 activity
toward phenyl acetate, were determined. As shown in Ta-
ble 4, the PAF-AH activity of the HDL isolated from the
L55L individuals was significantly lower compared with
the enzyme activity of the M55M individuals of the same
group. By contrast, no differences in the other parameters
of HDL were observed between individuals with the PON1
L55L and those with the PON1 M55M polymorphism
within each studied group.

DISCUSSION

Several lines of evidence suggest that the HDL-PAF-AH
activity may substantially contribute to the antioxidant and
antiinflammatory effects of HDL, thus this activity may be
an important component of the multiple mechanisms by
which HDL slows the progression of atherosclerosis (17).
The HDL-PAF-AH activity may represent a pool of similar
catalytic activities expressed by three different enzymes,
PAF-AH, PON1, and LCAT (3, 17). However, the relative

TABLE 2. Genotype distribution and allele frequencies of PON1 
and PAF-AH

Normolipidemic 
Population 
n 	 122

Type IIA 
Patients
n 	 138

Type IIB 
Patients
n 	 64 P

PON1 Q192R genotypes
QQ 59 (48.4%) 43 (31.2%) 26 (40.6%)
RR 12 (9.8%) 20 (14.5%) 9 (14.1%)
QR 51 (41.8%) 75 (54.3%) 29 (45.3%)

Alleles
Q (Gln) 0.69 0.58 0.63 NS
R (Arg) 0.31 0.42 0.37 NS

PON1 M55L genotypes
LL 46 (37.7%) 46 (33.3%) 18 (28.1%)
MM 28 (23%) 21 (15.2%) 13 (20.3%)
LM 48 (39.3%) 71 (51.5%) 33 (51.6%)

Alleles
L (Leu) 0.57 0.59 0.54 NS
M (Met) 0.43 0.41 0.46 NS

PON1 haplotypes
QL/QL 11 (9%) 9 (6.5%) 3 (4.7%) NS
QM/QM 23 (19%) 13 (9.4%) 6 (9.4%) NS
RL/RL 10 (8.2%) 9 (6.5%) 2 (3%) NS
RM/RM 0 2 (1.5%) 3 (4.7%) NS
QL/RL 27 (22.2%) 26 (18.8%) 15 (23.4%) NS
QL/QM 27 (22.2%) 22 (16%) 15 (23.4%) NS
RL/RM 0 8 (5.8%) 3 (4.7%) NS
QM/RM 5 (4.1%) 7 (5.1%) 3 (4.7%) NS
QL/RM or QM/RL 19 (15.3%) 42 (30.4%) 14 (22%) NS

PAF-AH V379A genotypes
AA 78 (64%) 70 (50.7%) 38 (59.4%)
VV 8 (6.5%) 5 (3.6%) 0 (0%)
AV 36 (29.5%) 63 (45.7%) 26 (40.6%)

Alleles
A (Ala) 0.79 0.74 0.80 NS
V (Val) 0.21 0.26 0.20 NS

NS, nonsignificant. 
2 test was used to compare percentages.
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contribution of each of the above enzymes to the overall
PAF-AH activity expressed by HDL, as well as the factors
that regulate or influence the expression of this activity on
HDL, is ill defined. In the present study, we show for the
first time that the PON1 M55L polymorphism significantly
affects the PAF-AH activity associated with HDL in dyslipi-
demic type IIA and IIB patients as well as in normolipi-
demic subjects, the PON1 L55L individuals having lower
enzyme activity compared with those having 1 M and 2 M
alleles. This phenomenon cannot be attributed to changes
in the serum levels of HDL cholesterol, because according to
our results, they are not affected by the PON1 M55L poly-
morphism in either studied group. Another factor that
might have influenced the PAF-AH activity in L55L individ-

uals could be alterations in the apolipoprotein or lipid com-
position of HDL in these individuals. Indeed, it has been
shown that alterations in lipid composition can influence
PAF-AH activity transported on lipoproteins (18). However,
according to our results, no alterations in the lipid compo-
sition of HDL or in the apoA-II/apoA-I ratio were observed
between L55L and M55M individuals in any studied group.
Furthermore, it has been shown that among the HDL parti-
cle populations, PAF-AH is mainly associated with the apoE-
rich HDL particles (19). Thus, alterations in the apoE con-
tent of HDL might have influenced the association of
PAF-AH with this lipoprotein. However, according to our re-
sults, there was not any difference in the HDL apoE/apoA-I
ratio between L55L and M55M individuals. Consequently,

Fig. 1. Influence of paraoxonase-1 haplotypes on platelet-activating factor acetylhydrolase activity associ-
ated with HDL in type IIA dyslipidemic patients. Values represent the mean � SD. * P � 0.03 compared with
the homozygote haplotypes for the M allele and ** P � 0.05 compared with the homozygote haplotypes for
either the L or the M allele.

TABLE 4. Compositional analysis of HDL and HDL-associated activities of PON1 and PAF-AH in relation to 
PON1 L55M polymorphism

Normolipidemic Population Type IIA Patients Type IIB Patients

Parameters L55L M55M L55L M55M L55L M55M

PAF-AH activity/apoA-I,
nmol/mg/min 1.20 � 0.14b 2.13 � 0.22 1.34 � 0.2c 2.28 � 0.30 1.02 � 0.07d 1.49 � 0.10

PON1 activitya/apoA-I,
U/mg 43.9 � 12.3 47.6 � 11.7 45.7 � 10.2 48.1 � 13.2 44.8 � 13.3 47.5 � 10.9

ApoA-II/apoA-I 
mass ratio 0.21 � 0.07 0.20 � 0.08 0.19 � 0.06 0.18 � 0.05 0.17 � 0.03 0.18 � 0.05

ApoE/apoA-I 
mass ratio 0.046 � 0.014 0.049 � 0.011 0.041 � 0.02 0.044 � 0.013 0.050 � 0.021 0.048 � 0.018

Phospholipids/apoA-I 
mass ratio 0.49 � 0.11 0.48 � 0.14 0.46 � 0.13 0.47 � 0.10 0.46 � 0.12 0.45 � 0.09

Cholesterol/apoA-I 
mass ratio 0.32 � 0.06 0.34 � 0.09 0.30 � 0.04 0.31 � 0.05 0.30 � 0.07 0.29 � 0.03

Values represent the mean � SD from 10 HDL preparations for each PON1 genotype subgroup. Student’s t-test
for independent samples was used to estimate the effect of the enzyme polymorphisms on HDL-associated lipids,
apolipoproteins, and enzyme activities.

a PON1 activity towards phenyl acetate.
b P � 0.03 compared with M55M of normolipidemic population.
c P � 0.04 compared with M55M of dyslipidemic type IIA patients.
d P � 0.03 compared with M55M of dyslipidemic type IIB patients.
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due to the lack of differences in the HDL composition be-
tween L55L and M55M individuals, we may exclude the
possibility that the low enzyme activity in HDL from carriers
of the L allele can be attributed to any influence of the
HDL composition either on the PAF-AH activity or on the
enzyme affinity to HDL particles in this population.

It has been shown that PON1 exerts a PAF-AH activity
(11), and at the same time, this enzyme is capable of
oxidatively hydrolyzing fragmented phospholipids (20).
These activities confer on PON1 the ability to retard LDL
oxidation (21) and to reduce the proinflammatory effects
of oxidized LDL (8). These PON1 activities are calcium
independent and are distinguished from the PON1 hydro-
lytic activity against organophosphate substrates, which
are highly calcium dependent (22). The contribution of
PON1 to the PAF-AH activity expressed on HDL has re-
cently been a subject for debate. Thus, it has been sug-
gested that the HDL-PAF-AH activity is primarily due to
PON1, although it was recently shown that the PAF-AH ac-
tivity in HDL is exclusively due to the PAF-AH protein
(12). Our finding that the PON1 M55L polymorphism sig-
nificantly influences the HDL-PAF-AH activity rather fa-
vors the assumption that PON1 essentially contributes to
the HDL-PAF-AH activity. We may exclude the possibility
that the HDL of L carriers contains less PON1 protein
compared with the M carriers, as we did not find any dif-
ference between L55L and M55M individuals in the HDL-
associated PON1 activity toward phenyl acetate, which is
not influenced by this polymorphism (9). Moreover, it has
been shown that the PON1 allele is associated with higher
serum concentrations of the enzyme compared with the
M allele (23). Based on the above observations, we may
suggest that the low PAF-AH activity in individuals carry-
ing the L alloenzyme may be due to the replacement of
55-methionine by leucine, thus suggesting that the 55-
methionine residue of PON1 is essential for the expres-
sion of the PAF-AH catalytic activity by this enzyme.

As expected, none of the subjects investigated exhibited
the loss-of-function PAF-AH V279F mutation. On the
other hand, one-third of our population exhibited the
PAF-AH V379A polymorphism, which, however, did not af-
fect either total plasma PAF-AH activity or the HDL-asso-
ciated enzyme activity. It has been previously shown that
this polymorphism significantly affects the enzyme kinetic
constants (7); however, these experiments were performed
using purified recombinant enzyme carrying the V379A
variant. Thus, the difference between these previously
published results and those of the present study could be
due to other factors that influence the enzyme activity,
such as the lipid environment of the lipoprotein particles
that carry the enzyme in plasma (18).

The lower PAF-AH activity in L55L individuals compared
with the carriers of the M allele found in the present study
may explain, at least partially, the lower capacity of PON1
from the L55L individuals to protect LDL from oxidation
compared with the carriers of the M allele (24). However,
based on our results, we cannot comment on whether the low
HDL-PAF-AH activity in L55L individuals may contribute to
the association between the PON1 55L allele and athero-

sclerosis reported in previous studies (25, 26). On the other
hand, other studies failed to show any association of this al-
lele with the risk of CHD (27). Additionally, the PON1
Q192R polymorphism has been associated with the risk for
CHD (28), and according to our results, this polymorphism
does not affect the HDL-PAF-AH activity. Thus, it is pro-
found that further studies involving CHD patients are re-
quired to show whether the results of the present study
have any impact on the pathophysiology of CHD.

In conclusion, the present study shows for the first time
that the PON1 M55L polymorphism influences the PAF-
AH activity associated with HDL in both dyslipidemic and
normolipidemic populations, and further suggests that
PON1 significantly contributes to the pool of PAF-AH ac-
tivity associated with HDL in human plasma.
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