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OBJECTIVE: To test the hypothesis that allelic variants of the
paraoxonase-1 gene are associated with endothelial dysfunction,
an early stage of atherosclerosis.

PATIENTS AND METHODS: We assessed 192Q>R and 55L>M al-
lelic variants of the paraoxonase gene and coronary endothelial
function in response to intracoronary acetylcholine in 99 patients
(52 with homozygous QQ, 47 with homozygous RR or heterozy-
gous QR). The study was conducted from September 1, 2002,
through November 30, 2004.

RESULTS: Of 52 homozygous QQ patients, 39 (75%) had endothe-
lial dysfunction vs 20 (43%) of the 47 RR/QR patients (P=.001),
and this association remained significant after adjustment in a
multivariable linear regression model (P=.005). In homozygous QQ
vs RR/QR patients, epicardial arterial diameter decreased more
(percent change in diameter, —22%+21% vs —-9%+16%, respec-
tively, P=.002), coronary blood flow increased less (+37%+77% vs
+75%+75%, P=.02) in response to acetylcholine, and oxidized LDL
levels were higher. The 55L>M allelic variant was not significantly
associated with endothelial dysfunction and had no effect on the
association between endothelial dysfunction and the 192Q>R al-
lelic variant.

CONCLUSION: The 192Q>R allelic variant of the paraoxonase-1
gene is associated with coronary endothelial dysfunction. The
current study provides further information regarding the potential
mechanisms by which this allelic variant contributes to early
atherosclerosis in humans.
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APV = average peak velocity; CBF = coronary blood flow; HDL = high-
density lipoprotein; LDL = low-density lipoprotein; oxLDL = oxidized LDL

ndothelial dysfunction is considered an early stage

the atherogenic procgshowever, the precise patho-
genesis of transition from normal to abnormal endothel
function remains unknown. Although traditional cardia
risk factors, such as hypertensamd hyperlipidemia, are
associated with endothelial dysfunction, the magnitu
of endothelial dysfunction in patients with similar ris

in the pathophysiology of atherosclerosisThe mecha-
nisms by which high-density lipoprotein (HDL) exerts its
antiatherogenic influence are multifactorial and include the
reverse cholesterol transport pathwagd the antioxidant
properties of HDL® These antioxidant properties are re-
lated in part to the presence of HDL-associated enzymes,
such as paraoxonase-1.

The effect of paraoxonase on atherosclerosis could be
related to its allelic variants, to its binding to HDL, and to
HDL levels?? Two allelic variants commonly occur in
the paraoxonase-1 coding region: leucisereplaced by
methionine at codon 55 (55L>M), and glutamine is re-
placed by arginine at codon 192 (192Q3Rjhe 55L>M
single-nucleotide allelic variant modulates paraoxonase-1
concentration; the 192Q>R allelic variant, paraoxonase-1
activity.* Conflicting results have been reported by epi-
demiological studies exploring the association between
allelic variant®f the paraoxonase-1 gene and the risk of
coronary artery disease? Furthermore, the role of al-
lelic variants of the paraoxonase gene in early coronary
atherosclerosis and in endothelial dysfunction remains
unclear®

Our study aimed to test the hypothesis that allelic
variants of paraoxonase-1 are related to the presence of
coronaryendothelial dysfunction in humans. To address
this hypothesis, we assessed the association between coro-

in nary endothelial function iresponse to intracoronary ad-
ministration of the endothelium-dependent vasodilator
al acetylcholine and cardiovascular risk factors, 55L.>M and
c 192Q>R paraoxonase-1 allelic variants, and oxidized
low-density lipoprotein (oxLDL) levels in patients with-
de out occlusiveoronary artery disease.

factors is highly variabl&® Novel risk factors, such as
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192Q>R ALLELIC VARIANT AND CORONARY ENDOTHELIAL DYSFUNCTION

PATIENTS AND METHODS choline. Endothelium-dependent changes in CBF were
calculated with the following equation: [(CBF After
The study was approved by the Mayo Clinic Institutional Intracoronary Acetylcholine — Resting CBF)/Resting CBF]
Review Board, and informed consent was obtained from 100 (%). Finally, endothelium-independent epicardial coro-
patients. Conducted from September 1, 2002, through No-nhary artery function was determined by the change in coro-
vember 30, 2004, the study included 100 consecutive pa-hary artery diameter in response to intracoronary administra-
tientsundergoing diagnostic coronary angiography who tion of a 100gg bolus of nitroglycerin.
were referred for evaluation of coronary endothelial func-  Coronary artery diameter in the segment 5 mm distal to
tion. Patients were excluded if they had substantial epicar-the tip of the Doppler wire was measuddtline by an
dial coronary artery stenosis (ie, stenosis >30%) or com-independent technician using a quantitative coronary an-
pounding medical conditions such as cancer, anemia, andjiography program (Mdis, Leiden,lte Nethernds),as
renal disorders. Angiography was performed after over- was previously describéfiCoronary blood flow was cal-
night fasting; all vasoactive medications affecting cardio- culatedfrom the Doppler-derived time velocity integral
vascular hemodynamics and antioxidant vitamins were dis-and vessel diameter using a previously derived forthula
continued at least 48 hours before the study. 11 % (Coronary Artery Diameter/2Xx (APV/2). Endothe-
Patients were considered to have diabetes mellitus iflium-dependent coronary flow response was calculated as
they had either &istory of diabetes (controlled by diet the percent change in CBirresponse to acetylcholine.
or by oral hypoglycemic agents or insulin) or a fasting On the basis of our previous studi&€¥we defined coro-
plasma glucose value of 126 mg/dL or higher (to convert nary epicardial endothelial dysfunction as a greater than
to millimoles per liter, multiply by 0.05557. Patients 20% decrease in diameter in response to the maximum
who had smoked within the past month were considereddose of acetylcholine. Microvascular endothelial dys-

smokers?® function is defined as a 50% or greater incréa&BF in
response to the maximal dose of acetylcholine compared
CORONARY VASOREACTIVITY ASSESSMENT with baseline CBR4?*Endothelial dysfunction is defined

After diagnostic angiography and exclusion of patients as either microvascular or epicardial endothelial dysfunc-
with substantial obstructive coronary artery disease, a 6F ottion, both of which are aesiated with ncreased risk of
7F guiding catheter was placed into the left main coronaryfuture cariac events?

artery. Coronary vasoreactivity responses were studied as

we have previously describ&®® In brief, a Doppler- BLoob SAMPLES AND GENETIC ANALYSIS

tipped guidewire (Volcano Therapeutics, Rancho Cordova, Before the coronary angiogram, fasting blood samples
CA) was positioned within a coronary-infusion catheter were drawn for analysis of oxLDL levels and genomic
(Ultrafuse; SciMed Life System, Minneapolis, MN) in the DNA and for routine clinical laboratory tests (lipid profile
midportion of the left anterior descendicwyonary artery.  and C-reactive protein). Plasma oxLDL levels were as-
Velocity signals were instantaneously obtained from the sessed by enzyme-linked immunosorbent as@zylSA)
Doppler wire by online fast Fourier transform analysis, and (Mercodia, Uppsala, Swedetl)Genomic DNA was ex-
average peak velocity (APV) was determined. This methodtracted from white blood cells according to standard
was previously validatett?®> and analysis of data from our methods. The 192Q>R and 55L>M allelic variants were
laboratory show that the variation in repeated measure-measured using a multiplex method, ie, direct allelic vari-

mentst SD is 8%4+3%. ant analysis of DNA amplified by the polymerase chain
Intracoronary bolus injections of adenosine were given reaction. The DNA was amplified in 2 multiplex reactions
either in incremental doses (18466) untilmaximal hyper- using a biotinylated primer within each primer set to later

emia was achieved or in the highest dose to evaluate endobond each amplicon to a streptavidin-coated NanoChip
thelium-independent microvascular coronary flow reserve. microarray chip. The amplified DNA was hybridized with
Coronary flow reserve was calculated by dividing the APV oligonucleotide probes specific for the normal and poly-
after adenosin@jection by the APV at baseline. morphic variants and was read in a Nanogen Reader,
Subsequently, to assess endothelium-dependent vasadsing laser-excited 2-color fluorescence detection. Wild-
reactivity, the endothelium-dependent vasodilator acetyl- type, heterozygous, or variant genotypes were identified
cholinewas selectively infuseat increasing concentrations by the fluorescence pattern observed at increasing tem-
(10°, 105 and 16 M) for 3 minutes at each concentration peratures® To validate the assays, we designed different
into the left anteriodescending coronary artefyCoro- primer sets, making separate PCR amplicons for direct
nary artery diameter and APV were measured and coronarfDNA sequencing in both directions using the 3730xI
blood flow (CBF) calculated after each infusion of acetyl- DNA Analyzer (Applied Biosystems, Foster City, CA).
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192Q>R ALLELIC VARIANT AND CORONARY ENDOTHELIAL DYSFUNCTION

We further validated our results with a Luminex-based TABLE 1. Baseline Patient Characteristics by Allelic Variant®®

method (Luminexl00 xMAP; LuminexAustin, TX).?® QQ QR/RR

Characteristic (n=52) (n=47) P valu€

STATISTICAL ANALYSES Age (y) 4911 5113 .65
Patients were divided into groups according to allelic vari- Male sex 22% ((ii)) 1;; ((36%)) -Ai%

. . . _ Hypertension .
ant (1.92.Q>R vs 55L>M). Continuous variables with nor- | ¥ nerlipidemia 34 (65) 35 (74) 38
mal distribution are presented as me&®D; skewed vari- Diabetes mellitus 7 (13) 5 (11) 76
ables, as median and interquartile range. Discrete variable§mdol<er index (ka/fh 2897%73) . % élf) 4-58

: y mass index (kg JAS. VB6. .

are presented as numbers and percentages. The baseligg | -holesterol (mg/dF) 18038 18G:37 ‘94

characteristics afroups were compared using thtest or LDL 102+33 10#31 .87
2-sided Wilcoxon signed rank test for continuous variables ?D'—I o 1224(%%1?61) 1151(%5159) -3030

) e . . . ) riglyceride: - - :

and .by they statllstlc.for.categorlcal \{arlables. Single High-sensitivity CRP (mg/L)  0.88L.2 07414 68
predictor and multivariablénear regression models were  statin use 27 (52) 20 (43) 42

used to ealculate the association be'Fween the 1_92Q>R ala crp = C-reactive protein; HDL = high-density lipoprotein; LDL =
lelic variant and coronary endothelial dysfunction. The density lipoprotein.
dependem variables were the degree of epicardial and miPValues are number (percentage) for qategor_ical variables andufs&an
crovascular endothelialdysfunction. Independent variables, 5/ SoTinuous vlies, uriess anenuse ndcated, L
found to show marginalssociation®<.2) with endothelial exception of the 2-sided Wilcoxon signed rank test used for triglycer-
dysfunction in the single-predictor analysisre used in ides) and thg test for categorical variables.
the multivariable model. Lipid levels were included in the S conversion factor To convert ota) cholesterol, LDL, and HDL values
model because of their possible effect on paraoxonase. to millimoles per liter, multiply by 0.0113.
Also, because interaction between the effects of the® Values for triglycerides are expressed as median (interquartile range).
192Q>R and 55L>M allelic variants is possible, we evalu-
ated the effect of this interaction in the model as well as therior descending stenosis was 15P2% in homozygous
effect of diabetes mellitus and smoking. Only linear asso- QQ patients vs 12%13% in carriers of the R allele
ciations were considere®<.05 was used to determine (P=.24). The clinical characteristics of the patients accord-
statistical significance. ing to the 192Q>R allelic variant are outlined in Table 1.
The prevalence of risk factors for coronary artery disease
and endothelial dysfunction, specifically those that could
affect paraoxonase activity, such as smoking and HDL
One hundred patients completed the study, but DNA ex- levels, were similar in both groups. C-reactive protein lev-
traction failed in samples from 1 patient. Among the re- els were not associated with endothelial function. Supple-
maining 99 patients, similar results were obtained using themental vitamins had been taken in the past by 21 patients.
Nanogen- and Luminex-based methods. Patients were di-No significant associations or trends were observed be-
vided into groups according to their paraoxonase-1 allelic tween prior consumption of antioxidant vitamins and the
variant. Genotype frequencies for the 192Q>R allelic vari- presence or degree of endothelial dysfunction or level of
ant were as follows: QQ (n=52), RR (n=7), and QR (n=40). oxLDL. The frequency of statin therapy was also the same
The R allele carriers were grouped together for the analysisin both groups. Despite similar levels of LDL cholesterol,
because several in vitro and epidemiological studies sug-oxLDL levels were significantly higher in homozygous
gest that their HDL is less protective against oxidative QQ patients than in R allele carriers (#118.4 U/L vs
modification of LDL and that they are more likely to have 62.7416.4 U/L, respectively®=.01) (Figure 1).
cardiovascular events than homozygous QQ patiefits. Hemodynamic data were similar in both groups. Mean
Genotype frequencies in the 55L>dllelic variant were as  arterial pressure SD at baseline was @7 mm Hg in
follows: LL (n=41), MM (n=7), and LM (n=51). Like the  carriers of the QQ allele vs 874 mm Hg in carriers of the
carriers of the 192Q>R allelic variant, the M allele carri- QR/RR allele P=.94), and coronary flow reser#eSD to
ers (MM and LM) were grouped togeth#éBecause the  adenosine was 2t8.7 in both groupsR=.80). The in-
association with coronary artery disease in previous studiescreaset SD in coronary artery diameter after intracoronary
is less compelling for the 55L>M than for the 192Q>R administration of nitroglycerin was also similar (12%9%
allelic variant, we focused primarily on the 192Q>R allelic [QQ] vs 16%+17% [QR/RR];P=.27).
variant. In response to acetylcholine, carriers of the QQ allele
No significant difference in the degree of coronary ar- had a more pronounced decrease in coronary artery diam-
tery disease was observed between groups. Mean left anteeter and a smaller increase in CBF than did carriers of the

low-

RESULTS
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ALLELIC VARIANT AND CORONARY ENDOTHELIAL DYSFUNCTION
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FIGURE 1. Low-density lipoprotein (LDL) and oxidized LDL (oxLDL)
levels according to paraoxonase 192Q>R allelic variant.

QR or RR alleles (Figure 2, top), indicating both epicardial
and microvascular endothelial dysfunction in carriers of

By preventing oxidation of LDL, paraoxonase affects
lipid metabolisnt? However, the exact role of paraoxonase
in LDL oxidation and atherosclerosis and its association
with paraoxonase allelic variants are unclear. The activity
of paraoxonase depends on the studied substrate and the
assay used for measuremeéntBatients with 192QQ and
55MM are presumed to have the greatest protective capac-
ity against LDL oxidation, but their paraoxone hydrolytic
activity is weaker compared with 192RR and 55t%.In-
terestingly, Marathe et*alobserved that paraoxonase prep-
arations are contaminated by platelet-activafamgor
acetylhydrolase and that paraoxonase has no phospholipase
activity. According to recent reports, paraoxonase does not
affect the accumulation of phosphatidylcholine oxidation
products, bringing into question its role in lipid oxidati®ft.

Another controversy regards the role of paraoxonase
allelic variants and the risk of atherosclerosis and cardio-
vascular disease. Conflicting results have been reported by

the QQ allele. Endothelial dysfunction was found in 39
(75%) of the 52 patients with the QQ allele compared with
20 (43%) of the 47 patients with QR/RR allelBs.001).
Patients with endothelial dysfunction had higher levels of
oxLDL (70.3t18.3 U/L vs 63.818.5 U/L; P=.08), and
oxLDL levels were associated with both the epicardial and
microvascular response to acetylcholine. The results of
single predictors of endothelial dysfunction and multivari-
able models are shown in Table 2. After adjustment for
important variables, the QQ allele remained an important
and significant predictor of epicardial and microvascular
coronary endothelial dysfunctio®%£.03), whereas the as-
sociation between endothelial dysfunction and oxLDL
level was not significanf¥=.29 andP=.42, respectively).

The association between the 55L>M allelic variant and
coronary endothelial dysfunction was not significant (Table
2; Figure 2, bottom) and was unaffected by adjustments for
sex, body mass index (calculated as the weight in kilograms
divided by height in meters squared), and lipid and oxLDL
levels P=.70). Endothelial function was unaffected by inter-
actions between the effects of 192Q>R and 55L>M allelic
variants. Smoking status, diabetes mellitus, and HDL and
LDL levels had no significant effect on the association be-
tween the 192Q>R allelic variant and endothelial function.

DISCUSSION
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The current study shows that the presence of the para
oxonase-1 192Q>R allelic variant in patients with early

FIGURE 2. Changes in coronary artery diameter and coronary blood

atherosclerosis is associated with epicardial and microvascudflow in response to intracoronary acetylcholine in patients undergo-

lar endothelial function as Weas withincreasecxLDL
levels.
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ing coronary angiography who were categorized according to
paraoxonase allelic variants. Top, 192Q>R allelic variant. Bottom,
55L>M allelic variant.
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TABLE 2. Single-Predictor and Multivariable Analysis of Vascular Response to Acetylcholine?

Coronary artery diameter response Coronary blood flow response

Single predictor Multivariable Single predictor Multivariable

PE P value PE P value PE P value PE P value
Age -0.11 51 -0.64 .33
Sex -3.47 11 -3.18 .22 —4.05 .63
BMI -0.47 .19 —0.36 .40 —-2.71 .05 -1.48 .38
Hypertension -0.69 .73 -1.01 .89
DM -1.65 .60 -13.40 .27
Smoking -1.07 71 13.90 .21
LDL -0.05 .40 0.01 .94 -0.23 .36 -0.01 .99
HDL 0.12 42 -0.16 43 0.33 .55 -0.10 .88
oxLDL -0.25 .04 -0.18 .29 -0.87 .06 —-0.54 42
Vitaming® -2.61 35 -6.00 58
Q¢ —6.30 .002 -5.14 .03 —-18.40 .02 -19.5 .03
LLC 0.53 .80 —7.53 .35
QQ-LL® -3.08 .30 -15.20 29

@ BMI = body mass index; DM = diabetes mellitus; HDL = high-density lipoprotein; LDL = low-density
lipoprotein; oxLDL = oxidized LDL; PE = parameter estimate.

b Vitamins include vitamin C, E, or multivitamins.

©QQ and LL are paraoxonase allelic variants, and QQ-LL indicates an interaction between QQ and LL allelic
variants.

studies examining the association between allelic variants ofassociation can be detected in the very early phase of
paraoxonase-1 and the risk of cardiovascular disé#se. atherosclerosis. Of the 2 single nucleotide allelic variants
The effects of allelic variants are subtle and could be modi-of paraoxonase-1 studied, 192Q>R was found to be associ-
fied by environmental factors, perhaps explaining the dis- ated with both epicardial and microvascular endothelial
crepant result$:*? Studies of the association between ge- function. Genotype interaction between the studied allelic
netic factors and phenotypic expression could be morevariants did not affect endothelial function.
enlightening before the development of overt clinical dis-  Our observation is also supported by the finding that
eas€’? Such could be the case for coronary endothelial dys-carotid intima-media thickness, another surrogate of early
function and occlusive coronary artery disease, which atherosclerosis, was lower among certain groups of R allele
share the same risk factors. Specifically, LDL oxidation carriers® In contrast, Yamane et*atecently reported that
impairs endothelial functidhand is associated with coro- paraoxonase allelic variants did not play an important role
nary artery disease. Therefore, a stronger associatiorin modulation of coronary endothelial function in a Japa-
can be plausibly assumed to exist between paraoxonase-fiese population. However, most of their patients carried
allelic variants and endothelial dysfunction than betweenthe R allele, and carriers of the QQ and QR alleles were
paraoxonase-1 allelic variants and occlusive coronarygrouped together. Furthermore, a critical review of their
disease. results shows a trend toward a higher degree of endothelial
Our study is the first to show that the Q allele is associ- dysfunction in the carriers of the QQ/QR allele compared
ated with endothelial dysfunction in patients with minimal with carriers of the RR genotype, a finding that could be
atherosclerosis. It concurs with previous reports of an consistent with our results. Hence, the combining of the
association between paraoxonase-1 allelic variants andQQ and QR groups and the relatively small number of
endothelial finction in patients with established coronary or patients in the study by Yamane et al (N=43) could account
peripheral vascular disease. Bauters2@aklyzed the de-  for the lack of differences in endothelial dysfunction noted
crease in coronary artery diameter after intracoronary ad-between the groups. Our results are also supported by those
ministration of serotonin in patients with overt coronary of a study showing that the R allele is protective against
artery disease. They found that the reduction in lumen diam-LDL oxidation and is associated with fewer cardiac events
eter was greater in patients with QQ alleles than in those within a Japanese populatibrOur findings diverge from those
QR alleles. Pasqualini et&tudied the association between of some epidemiological studies of paraoxonase and coro-
paraoxonase-1 allelic variants and brachial artery flow—me-nary artery disea&&’-*and from previous in vitro findings
diated vasodilatation in patients with peripheral vascular that relate paraoxonase activity to LDL oxidatidhlow-
disease. Patients with the R allele had higher flow-mediatedever, the exact biological pathways by which paraoxonase
dilatation than those with the Q allele. The results of our protects against lipid oxidation are not well established. In
study extend these previous obsépres and show that this  fact, a recent report showed that the number of paraoxonase
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