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Determinants of paraoxonase activity in healthy adults
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Scope: Paraoxonase-1 (PON-1), associated with HDL, is regarded as anti-atherogenic, attrib-
uted to its ability to hydrolyze oxidized lipids. Here, the impact of PON and apolipoprotein E
genotypes, age, alcohol and HDL-cholesterol (HDL-C) on PON activity is examined.
Methods and results: In total, 104 healthy UK adults participated in the study, with basal
(PONA) and stimulated (PONB) PON-1 activities and arylesterase activity determined in these
individuals. In univariate and correlation analysis age, HDL-C, alcohol intake and both PON
genotypes were significantly associated with PONA and PONB activities (p <0.05). However,
in the standard linear regression model, which explained 69% of the variability in both PONA
(p<0.001) and PONB activities (p<0.001) only PON Q192R genotype emerged as a signifi-
cant independent determinant, with four to fivefold higher levels in the RR versus wild-type
QQ genotype groups. For PON arylesterase, HDL-C (p = 0.030), apolipoprotein E (p = 0.023)
and PON Q192R (p = 0.002) and PON L55M (p = 0.002) genotypes collectively explained 14%
of the total variability in the regression model.

Conclusion: Our results indicate that PON genotypes are stronger determinants of PON
activity relative to the other potential modulators assessed. The relative impact of dietary
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components on PON activities remains to be established.
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1 Introduction

Paraoxonase (PON-1) is a HDL-associated glycoprotein
which hydrolyzes organophosphates and lipid peroxides,
included those derived from both LDL and HDL particles
[1, 2]. It is therefore considered an important anti-athero-
genic component [3, 4], preventing the accumulation of
oxidized LDL (oxLDL) in the arterial intima. A missense
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mutation in the PON-1 gene, which results in a glutamine
to arginine substitution at amino acid 192, greatly impacts
PON activity [5, 6], and has been related to cardiovascular
disease (CVD) risk, in some, but not all studies [6-9].
Furthermore, although not shown to be independent
predictors of CVD, a number of additional coding and
promoter gene variants have been shown to impact PON
activity and circulating protein levels [10-12]. However,
apart from the impact of PON genotypes, determinants of
circulating PON-1 concentration and activity are poorly
understood, with associations with age, HDL-cholesterol
(HDL-C), alcohol and smoking status inconsistently repor-
ted in the literature [10, 12-16).

In addition to PON-1, lipoprotein-associated apolipopro-
tein E (apoE) is known to be a HDL-associated antioxidant.
apoE genotype has been shown to impact plasma lipid
oxidation with carriers of the ¢4 allele reported to have
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higher plasma oxLDL and F2-isoprostanes levels [17, 18].
Furthermore, apoE genotype is known to impact the
lipoprotein distribution of apoE, with the E2 and E3
isoforms largely associated with HDL in the fasting state, in
contrast to the E4 isoform which has a preference for the
more lipid-rich very low density lipoprotein (VLDL) particles
[19]. Although currently unknown, it is hypothesized that
apoE genotype may influence PON-1 activity, through an
impact on oxidative status and potential protein displace-
ment on the HDL particle, which may in part explain the
exaggerated CVD risk in carriers of the apoE4 genotype
(25% Caucasians) [20-23].

In this study, the relative and independent impact of a
number of potential physiological and behavioral determi-
nants of PON-1 activity is investigated in healthy UK adults.

2 Materials and methods
2.1 Volunteers

One hundred and four healthy normolipidaemic males and
females, 20-70 years, BMI 18.5-30kg/m?, were recruited.
Exclusion criteria for participation in the study were diag-
nosed diabetes or CVD; fasting total cholesterol, triglycer-
ides and glucose >8.0, 3.0 and 6.5mmol/L, respectively;
liver or other endocrine dysfunction; lipid lowering medi-
cation, consumption of fatty acid supplements or anti-
oxidant supplements, or oily fish >1 time/week; on a
weight-reducing diet. Trained athletes or those who parti-
cipated in >3h of organized exercise per week were also
excluded. The study was approved by West Berkshire local
research ethics committees (LREC, REC 111/02L) and all
individuals provided informed written consent prior to
participation.

2.2 Clinical visit protocol

On the day before their clinical visit, participants were asked
to refrain from alcohol and organized exercise and to
consume a low fat (<10g fat) meal of their choice as their
main evening meal in order to standardize short-term fat
intake. Participants attended the unit in a 12 h fasted state.
Height and weight were recorded and BMI was calculated.
Blood was drawn from the antecubital vein into potassium-
EDTA for lipid and apolipoprotein analysis and lithium
heparin for PON activity quantification. Within 30min of
withdrawal, the blood was centrifuged at 3000rpm for
10 min at 4°C and the plasma stored at —80°C awaiting
analysis. Prior to the freezing of the plasma to be used for
the determination of apoE, apoB and apoAl concentrations,
a protease inhibitor and antibiotic containing preservative
were added (5% v/v) [24].

Habitual alcohol intake was established by a FFQ admi-
nistered on two occasions (screening and study visit).
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2.3 Biochemical analysis

Plasma total cholesterol and triglyceride concentrations
were quantified on the Hitachi 717 analyzer using
commercially available enzymatic colorimetric kits (Roche,
Burgess Hill, UK). Plasma LDL-cholesterol (LDL-C) and
HDL-C concentrations were determined according to the
Lipid Research Clinics Program Manual of Laboratory
Operations [25]. Plasma apoAl, apoB and apoE concentra-
tions were determined by automated turbidimetric immu-
noassay kits (Alpha Laboratories, Eastleigh, UK) on an iLAB
600 autoanalyzer (Instrumentation Laboratory). oxLDL
concentration was determined using a two-site ELISA
(Mercodia AB, Uppsala, Sweden) which is based on the
quantification of modified apoB in the sample.

2.4 PON activity measurement

Basal (PONA) and stimulated (PONB) PON and arylesterase
(PA) activities were measured in plasma samples with
paraoxon and phenylacetate as substrates [26, 27]. Hydro-
lysis rate of paraoxon (diethyl-p-nitrophenyl phosphate;
Supelco) was measured by monitoring the increase of
absorbance at 405nm using 100 mmol/L Tris—HCI buffer
(pH 8.0) with 1mmol/L paraoxon and 2mmol/L CaCl,
without (basal) and with addition of 1M NaCl (salt-stimu-
lated activity). One wunit of PON activity is defined
as 1nmol of 4-nitrophenol formed per minute under the
above assay conditions (molar absorptivity coefficient
17600 M~'cm™"). Phenylacetate was used as a substrate to
measure the arylesterase activity in 20 mmol/L Tris/HCl
buffer, pH 8.0, 4mmol/L phenylacetate and 1mmol/L
CaCl,. Enzymatic activity (PA) was calculated from the
molar absorptivity coefficient of the released phenol
(1310M 'cm™") with one unit of arylesterase activity
defined as 1umol phenylacetate hydrolyzed/min and
expressed as kU/L serum.

Although it is recognized that PON activity, as deter-
mined by its ability to hydrolyze these synthetic substrates,
does not provide an exact measure of PON-1’s ability to
prevent lipid oxidation in vivo due to differences in active
site requirement, it does represent a commonly used
surrogate marker as there is considerable overlap in activ-
ities [28]. Paraoxon and phenylacetate hydrolytic activity
provide measure of PON-1 activity and availability (as it is
not affected by the activity of the catalytic site), respectively
[12, 29].

2.5 APOE and PON-1 genotyping

DNA was isolated from the buffy coat layer of 10mL of
EDTA blood using a Qiagen DNA Blood Mini Kit (Qiagen,
Crawley, UK). APOE genotyping was determined using a

derivation of the technique of Hixson and Vernier [30].
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Following digestion with the Hhal restriction endonu-
cleases, the resultant fragments were separated by gel elec-
trophoresis on a 10% polyacrylamide gel (BioRad, Hemel
Hempstead, UK) and APOE genotype identified from the
fragment pattern as described previously [31].

Allelic discrimination of the two SNPs in the PON-1 gene
(rs662, rs854560) was performed with validated TagMan
SNP genotyping assays (Applied Biosystems, Darmstadt,
Germany). SNP genotyping reactions were performed on a
Rotorgene 3000 real-time thermal cycler (Corbett Research,
Sydney, Australia) using standard cycling conditions.
Control samples with known PON-1 genotypes were inclu-
ded in each PCR run. Data were analyzed using scatter
analysis.

2.6 Statistical analysis

Data are presented as mean (SEM). Bivariate correlation
analysis was used as a first step to examine associations
between PON activities and age, HDL-C and alcohol intakes.
The individual impact of apoE and PON genotypes, age,
alcohol intakes and HDL-C on PON activities was subse-
quently determined using univariate ANOVA with age,
alcohol intakes and HDL-C converted to categorical data as
follows:

age: Group 1<50 years, Group 2 >50 years

alcohol intake: Group 1<3 units per week, Group 2 >3
units per week, with 1 unit equivalent to 8 g pure alcohol.
HDL-C: Group 1<1.5mmol/L, Group 2 >1.5 mmol/L

For the apoE genotype, individuals were categorized as
apoE2 (E2/E2+E2/E3), apoE3 (E3/E3) or E4 (E3/E4+E4/
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E4), with E2/E4 individuals excluded from the analysis, as
from a physiological perspective they cannot be categorized
as E2 or E4 subgroups and cannot be considered as a indi-
vidual subgroup due to small group size (n = 2). Standard
linear regression was performed to examine the relative and
independent impact of the variables on PON activity levels.
All analyses were conducted using SPSS Version 15
(Chicago, IL, USA) and p<0.05 was considered to be
significant.

3 Results

Data from 104 individuals (58 females and 46 males) are
included in the current analysis, with a group mean age
(years), BMI (kg/m?%) LDL-C (mmol/L) and HDL-C (mmol/
L) of 44.8 (1.3), 25.1 (0.4), 3.20 (0.09) and 1.51 (0.03),
respectively. Complete data sets were available for 95
participants.

Although significant positive correlations between both
alcohol intake and HDL-C and PON PON activities (PONA
and PONB) (r=0.2-0.3, p<0.05) were evident (data not
shown), in the ANOVA analysis no significant subgroup
differences emerged (Table 1). In univariate analysis, age
was significantly associated with PON activity, with 29%
(p=0.024) and 33% (p=0.012) lower PONA and PONB
activities in the older versus younger age groups (Table 1).

For the PON R192Q genotype, allele frequencies of 0.715
and 0.285 were evident for the Q and R alleles, with
frequencies of 0.663 and 0.337 for the L and M allele of the
L55M genotype. No significant impact of either genotype on
LDL-C, HDL-C and apoAl was evident (Table 2). A highly
significant impact of PON Q192R genotype on both PONA
(p<0.001) and PONB (p<0.001) activities emerged with

Table 1. PON activities according to age, apoE genotype, alcohol intake and HDL-C

Variable n PONA (U/L) PONB (U/L) PA (kU/L)
Age

Younger (<50 years) 63 118 (10) 288 (26) 186 (6)
Older (>50 years) 41 84 (9) 193 (22) 184 (6)
p? 0.024 0.012 NS
apoE genotype

E2 37 100 (12) 240 (31) 176 (6)
E3 35 92 (11) 220 (27) 183 (8)
E4 32 124 (15) 296 (38) 198 (9)
p? NS NS NS
Alcohol intake

Group 1 (<3 units/week) 55 95 (10) 233 (25) 180 (6)
Group 2 (>3 units/week) 49 115 (11) 270 (27) 191 (7)
p* NS NS NS
HDL-C

Group 1 (<1.5mmol/L) 57 101 (9) 243 (24) 184 (7)
Group 2 (>1.5mmol/L) 43 108 (13) 259 (30) 190 (5)
p? NS NS NS

a) Values are means (SEM); HDL-C, HDL-cholesterol; apoE2 =

E2/E2+E2/E3, E3 =E3/E3; apoE4 =E3/E4+E4/E4; PONA, unstimulated

paraoxonase-1 activity; PONB, stimulated paraoxonase-1 activity.
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Table 2. Paraoxonase activities according to PON Q192R and L55M genotypes®

pa)

PON L55M genotype

PON Q192R genotype

Variable

Mol. Nutr. Food Res. 2010, 54, 1842-1850

MM (n=10)

= 45)

LM (n

= 42)

LL (n

RR (n=12)

=33)

QR (n

QQ (n=52)

© 2010 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim

NS

NS
<0.001
0.001
<0.001
<0.001
<0.001
0.001
<0.001
<0.001
NS

NS

NS

NS

NS

0.029 (0.005)

84 (8)

29 (6)
0.061 (0.005)

172 (13)

59 (10)
0.125 (0.009)

1.50 (0.11)
1388 (66)

3.28 (0.26)
39 (7)

13 (3)

28 (6)

58 (5)

118 (9)
63.8 (10.0)

0.064 (0.007)
215 (25)

73 (10)
0.153 (0.018)
183 (9)

62 (3)
0.133 (0.006)

3.18 (0.13)
1.56 (0.05)
1414 (28)
90 (10)

31 (4)

58 (6)

140 (16)
125 (7)
58.4 (2.6)

0.100 (0.008)

333 (31)
0.245 (0.021)
195 (7)

67 (4)
0.147 (0.005)

1.48 (0.05)
1349 (34)
136 (12)

3.20 (0.14)
47 (5)

92 (7)
116 (13)
223 (20)
137 (6)
58.7 (3.0)

NS

NS
<0.001
0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
NS

NS

NS (0.053)
NS

NS

0.156 (0.015)

559 (54)
0.391 (0.038)

3.00 (0.33)
1.63 (0.10)
1442 (57)
224 (21)
82 (11)
141 (14)
204 (26)
353 (36)
175 (12)
70 (12)
110 (9)
0.122 (0.007)
59.4 (8.1)

1.57 (0.06)
1387 (36)
148 (7)

3.17 (0.17)
52(4)

0.108 (0.005)
356 (18)

126 (10)

234 (13)
0.263 (0.014)
185 (10)

64 (5)

123 (7)
0.136 (0.008)
57.7 (3.4)

97 (5)

0.038 (0.003)
116 (11)
37 (3)

84 (9)
0.087 (0.008)

191 (5)

62 (3)
0.143 (0.005)

3.27 (0.11)
1.45 (0.04)
1366 (29)
50 (4)

37 (3)

138 (6)
59.8 (2.6)

16 (1)

a) Values are mean (SEM): apoA1, apolipoprotein A1; PONA, unstimulated paraoxonase-1 activity; PONB, stimulated paraoxonase-1 activity; PA, arylesterase activity.

LDL-C (mmol/L)
HDL-C (mmol/L)
apoA1 (pg/mL)

PONA (U/L)
PONA:LDL-C
PONA:HDL-C
PONA:apoA1
PONB (U/L)
PONB:LDL-C
PONB:HDL-C
PONB:apoA1
PA (kU/L)
PA:LDL-C
PA:HDL-C
PA:apoA1
oxLDL (U/L)
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four- to five-fold higher levels in the homozygous RR versus
QQ groups (Fig. 1). In univariate ANOVA, the L55M
genotype was also significantly associated with PONA and
PONB with 70-75% lower PON activities and PON: LDL-C/
HDL-C/apoA1 ratios in the homozygous rare group (MM)
relative to the wild-type LL genotype (Table 2 and Fig. 1).

No significant impact of either PON genotype on PA was
evident in univariate analysis (Table 2). Although there was
a tendency for higher PON activities in the apoE4 versus E2
and E3 group, no significant genotype effect emerged in the
ANOVA analysis.

In the linear regression model, the added variables
collectively explained 69-70% of both PONA and PONB
activities (p<0.001), with only PON Q192R genotype
emerging as a significant independent determinant.
Collectively, the independent variables explained 14% of the
total variation in PA activity, with the strongest determi-
nants being the PON Q192R (standardized p = —0.372) and
PON L55M genotypes (standardized B = —0.362), followed
by apoE genotype (standardized = —0.222) and HDL-C
(standardized [ =0.218). Linear regression analysis
conducted according to gender, indicated association
between apoE genotype and PA activities in females (PONA
(p=0.004), PONB (p = 0.016) and PA (p = 0.004)) but not in
males (Fig. 2). (Table 3)

4 Discussion

Low HDL-C levels are recognized as one of the most
significant risk factors for CVD, with every 1% decrease in
circulating levels associated with a 2-3% increase in risk
[32]. There does not appear to be one single defining
mechanism responsible, but undoubtedly the antioxidant
properties of HDL-associated proteins and their impact of
LDL oxidation and macrophage LDL scavenging are
important in the inhibition of atherosclerosis initiation and
progression. HDL-associated PON has emerged as a
potentially important cardioprotective enzyme. In animal
models, deletion of the PON-1 gene is associated with
increased LDL oxidation, macrophage oxidative stress and
lesion size, with mice over-expressing PON-1 exhibiting a
decreased susceptibility to atherosclerosis [2, 33, 34]. The
role of PON in cardiovascular and overall health in humans
is demonstrated by the fact that a common SNP in the PON
gene, the PON Q192R genotype which impacts PON activ-
ity, has been associated with CVD risk and longevity
[6, 35-37]. In the recent Genebank prospective cohort,
individuals with the QQ genotype had an adjusted hazard
ratio (95% CI) of 2.05 (1.32-3.18) and 1.48 (1.09-2.03) for
all-cause mortality and major adverse cardiac events relative
to the combined QR and RR subgroup [6]. Lescai et al. have
recently conducted a meta-analysis of 11 individual studies
which have related PON Q192R to longevity [37]. The R
allele was significantly over-represented in the older group
(>65 years) with an OR (95% CI) of 1.17 (1.04-1.30).
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The most important finding of this study is that relative
to PON-1 genotype, age, alcohol intakes, HDL-C and apoE
genotype have minimal impacts on PON PON activity, with
genotype emerging as the only significant variable in our
regression model which explained over 69% of the variation
in both basal and stimulated activities. In line with the
previous findings, four- to five-fold lower activities were
observed in the QQ versus the RR subgroups [6, 12]. In a
recent study, it was demonstrated that the amino acid at
position 192 is critical in HDL-apoA1 binding and that the
glutamine-containing alloenzyme (Q192) has threefold
lower affinity for HDL relative to the arginine-containing
isoform, which consequently results in lower PON stability
and PON lipolactonase activity [38]. Although an association
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Figure 1. Paraoxonase activities according to apoE and
PON-1 genotype. Values are means (SEM), (A) PONA,
unstimulated PON-1 activity; (B) PONB, stimulated
PON-1 activity and (C) PA, arylesterase activity.

between the PON L55M genotype and the PON activity was
evident in the univariate analysis, this genotype did not
emerge as being independently associated, which is in
agreement with other studies [29]. Its univariate association
with PON activity may be attributable to its known linkage
disequilibrium with the PON Q192R SNP [12, 39]. The PON
Q192R SNP is also known to be in linkage disequilibrium
with a number of SNPs in the gene regulatory region, and it
may be that the apparent impact is in part attributable to
these other potentially functional gene variants such as the
C-107T variant, which have been shown to impact gene
promoter activity and PON protein levels [11, 12, 29, 40].
The lower PON activity in PON QQ and MM groups was
not reflected in higher circulating oxLDL levels as assessed

www.mnf-journal.com



Mol. Nutr. Food Res. 2010, 54, 1842-1850

by modified apoB levels (which served as a biomarker for
overall LDL oxidation status) which are consistent with the
finding of van Himbergen, who examined associations in a

400
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Figure 2. Paraoxonase activities according to apoE genotype in
females and males. Values are means (SEM), PONA, unstimu-
lated, PON-1 activity; PONB, stimulated PON-1 activity and PA,
arylesterase activity. In linear regression analysis (with PON1
Q192R, PON1 L55M, apoE, age, alcohol and HDL-C added to the
model) according to gender, in addition to PON1 genotype
(Table 3), apoE genotype emerged as a significant determinant
of PONA (p =0.004) and PONB (p =0.016) in females, but not in
males. For PA, although a significant independent association
with apoE genotype emerged in the group as a whole, the
impact of genotype was significant in females (p = 0.004) but not
in males (p = 0.608).
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group of familial hypercholesterolaemic individuals [29].
Plasma is considered a relatively antioxidant-rich environ-
ment relative to the arterial intima, with components such
as uric acid acting as reducing agents. In the arterial intima,
lower PON-1 activity would be predicted to have a greater
impact on oxLDL concentrations, which may not be reflec-
ted in circulating oxLDL levels. On the contrary, in the
Genebank study the PON Q192R genotype was associated
with the concentration of a range of fatty acid oxidation
products with often several fold higher levels in those with
the QQ relative to the RR genotype [6].

A lack of independent association of age with any
measure of PON activity in the current analysis is consistent
with a number of other studies [12, 14, 35]. In the largest of
these (n = 1527), Roest et al. reported PON activities of 159,
166 and 151 U/L in subgroups with an age of <53, 53-60
and > 60 years, respectively [12]. On the contrary, a small
number of studies have reported a significant impact of age
on PON activity [13, 15] with Cherki et al., observing a 41%
lower basal and salt-stimulated PON-1 activity in younger
(20-30 years) compared with older (60-89 years) healthy
individuals [13]. In our initial analysis of our cohort, using
univariate ANOVA and correlation approaches, age did
emerge as a significant determinant. In multivariate
approaches, the significant association disappeared with a
closer examination of the data indicating a higher preva-
lence of the QQ genotype in the older (65%) versus younger
(46%) subgroups (Table 1), with the apparent effect of age
actually reflecting a genotype effect. Given the large impact
of genotype on PON activities, similar random differences
in genotype prevalence, in particular in smaller cohorts, may
be responsible for the reported impact of age where geno-
type was not determined and corrected for.

In line with the current findings, a number of observa-
tional studies have observed no significant independent

Table 3. Standard multiple regression model investigating the integrative impact of a number of variables on paraoxonase activities

Dependent variable 7 (adjusted) p Predictors B-coefficients p
(standardized)

PONA (U/L) 0.694 <0.001 Age 0.017 NS
Alcohol 0.077 NS
HDL-C 0.050 NS
apoE 0.090 NS
PON Q192R 0.764 <0.001
PON L55M —0.101 NS

PONB (U/L) 0.693 <0.001 Age —0.022 NS
Alcohol 0.040 NS
HDL-C 0.054 NS
apoE 0.086 NS
PON Q192R 0.764 <0.001
PON L55M —0.096 NS

PA (kU/L) 0.142 0.003 Age —0.057 NS
Alcohol 0.151 NS
HDL-C 0.218 0.030
apoE 0.222 0.023
PON Q192R —0.372 0.002
PON L55M —0.362 0.002

PONA, unstimulated paraoxonase-1 activity; PONB, stimulated paraoxonase-1 activity.
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impact of alcohol intake on PON-1 activities [16, 41, 42]. On
the contrary, some observation [12] and intervention studies
[42, 43] have reported modestly (<15%) higher PON activ-
ities in moderate versus low/no alcohol intake. Mechanisms
proposed for this PON activity raising effect include an
indirect effect due to the known HDL-C raising impact of
alcohol [44] (with an association between PON activity
and HDL-C concentration frequently observed) or a direct
impact on hepatic PON-1 mRNA [45]. Therefore, overall it
appears that under particular conditions alcohol intake may
modify PON activities but the effect size is likely to be
modest relative to PON-1 Q192R genotype.

In addition to the Q192R genotype, the leucine (L) to
methionine (M) amino acid change at position 55 in PON-1
was independently associated with arylesterase activity. An
association between the M allele and reduced phenylacetate
hydrolysis has been reported previously [11, 12, 29, 39, 46).
This impact of genotype has been proposed to be due to an
effect on mRNA stability and PON-1 protein levels rather than
an impact on the catalytic efficacy of the enzyme [12, 29, 47].

HDL-C was a significant, but relatively weak, determi-
nant of PA, with no significant association with PON activity
evident. Similar relatively weak associations have been
reported previously [12]. As all circulating PON-1 is found in
HDL particles, a stronger association may perhaps be
predicted. A possible explanation is the fact that PON-1 is
not distributed across the entire HDL spectrum, but is
associated with a quantitatively minor fraction (10%), the
characteristics of which remain somewhat ambiguous [48].
Therefore, total HDL-C may not represent a good overall
biomarker for the subspecies of HDL which PON-1 is
generally associated. Furthermore, as proposed by Roest
et al. [12], the relative excess of HDL particles relative to
PON molecules may mean that relatively minor fluctuations
in HDL-C is unlikely to have a large overall impact on PON
activities.

Here, we report for the first time that apoE genotype
influences PON arylesterase activity. An apoE4 genotype has
been associated with a 20-50% increased risk of CVD [49],
which may be in part attributable to a compromised oxida-
tive status associated with the ¢4 allele as reviewed by Jofre-
Monseny et al. [50]. In the Framingham Offspring Study E4,
smokers had approximately 30% higher oxLDL relative to
non-E4 smoking group [18]. In a mixed smoking and
nonsmoking group, those individuals with mild hypercho-
lesterolemia had 30% higher circulating F2-isoprostanes
relative to the E2 and E3 groups [17]. This study demon-
strates that a detrimental effect of apoE genotype on PON-1
activity is not responsible for the lower oxidative status in E4
carriers, with evidence of higher PON activity in this
subgroup. It may be speculated that any increase in this
genotype group may be attributable to a compensatory
effect for the lower oxidative status in E4, or due to a
displacement of PON-1 by apoE on the HDL particle, due to
the lower preference of E4 for HDL relative to the E2 and E3
isoforms [19].

© 2010 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim
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In conclusion, the findings demonstrate a complex
interplay between PON-1 gene variants and PON activities
as measured by different substrates. Given the strong
impact of the PON Q192R genotype on PON activities,
and the impact this genotype has been shown to have
on CVD risk and longevity, in some but not all studies,
there is a need to identify strategies which effectively
modify PON activity or its physiological response in
carriers of the at risk Q allele. Although dietary flavonoids
[51, 52], fat composition [53] vitamin C and vitamin E [54],
smoking status [55], and a number of lipid modulatory
drugs [10] have been identified as being potential modula-
tors, findings thus far have been relatively inconsistent,
and often limited to cell and animal models, with a
need for confirmation in large human observational or
intervention trials.
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