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ABSTRACT

Purpose: There are conflicting reports on paraoxonasel (PON1) polymorphism as a
risk factor for cardiovascular disease. It’s been proposed that there is relationship bet-
ween coronary artery disease and PON1-55L or PON1-192R alleles. Nevertheless recent
publications showed major differences of PONI activity and concentration in different
populations. We aimed to study low-density-lipoprotein (LDL) oxidation and PONI ac-
tivities (paraoxonase/arylesterase) regarding to PON192 polymorphism, in order to de-
termine if they might be useful markers especially for young patients with coronary ar-
tery disease in Turkish population.

Methods: 60 patients (38.1£5.0 years) with coronary artery disease and 52 healthy cont-
rol subjects (32.5+6.1 years) were taken into study. Paraoxonasel92 polymorphism, pa-
raoxonase activity and oxidation status of all patients were analyzed.

Results: Total cholesterol, triglyceride, basal-LDL-diene and stimulated-LDL-TBARS
levels were higher, paraoxonase and arylesterase activities were lower in patients with
coronary artery disease compared to controls(p<0.001). While there was no differen-
ce in any parameters within control group in regard to polymorphism, stimulated-LDL
TBARS levels were higher in patients with RR polymorphism (5,27+2,4nmol/mg LDL
protein for RR; 3,64+1.28nmol/mg LDL protein for QR and 4,95+2,8nmol/mg LDL pro-
tein for QQ). RR polymorphism was more common in patient group than controls but
not statistically significant.

Conclusion: Our data suggest that presence of RR polymorphism might be a predictive
marker for determination of atherosclerosis in early ages.

Key Words: atherosclerosis, paraoxonase, arylesterase, PON192 polymorphism, LDL
oxidation, Turkish population

OZET

Amag: Kardiyovaskiiler hastalik risk faktorii olarak paraoksonazl (PONI) polimorfiz-
minin roliyle ilgili ¢ok sayida ¢eligkili rapor bulunmaktadir. Koroner arter hastaligi ile
PONI1-55L ya da PON1-192R alelleri arasinda iligki oldugu 6ne siiriilmiistiir. Diger yan-
dan son yayinlarda farkli popiilasyonlarin PON1 aktivitesi ve konsantrasyonlar1 arasin-
da biiytik farkliliklar oldugu gésterilmistir. Bu ¢calismada PON192 polimorfizmine gore
diisiik-dansiteli-lipoprotein (LDL) oksidasyon belirtegleri ve PON1 aktivitelerinin (pa-
raoksonaz ve aril esteraz) dzellikle Tiirk poptilasyonunda koroner arter hastaligi bulu-
nan genglerde bu hastalik agisindan yararli belirtecler olup olmadiklarinin arastirilma-
st amaglandi.

Gerec ve Yontem: Koroner arter hastaligi olan 60 hasta (38.1+5.0 yasinda) ve 52 sag-
liklt kontrol (32.5+6.1 yasinda) ¢alismaya alindi. Tiim hastalarda PON192 polimorfiz-
mi, paraoksonaz aktivitesi, serum oksidasyon diizeyi belirlendi.

Bulgular: Koroner arter hastalarinda total kolesterol, trigliserid, bazal-dien ve stimiile-
LDL tiobarbitiirik asidle reaksiyon veren yapilarin (TBARS) diizeyleri kontrollere
gore yiliksek bulunurken PON1 ve arilesteraz aktivitelerinin disiik oldugu tespit edil-
di (p<0.001). Kontrol grubu i¢inde bakilan hig¢bir parametrede polimorfizm agisindan
bir farklilik saptanmazken, RR polimorfizmlilerde stimiile LDL-TBARS diizeylerinin
daha yiiksek oldugu goriildii (RR igin 5,27 + 2,4 nmol/mg LDL protein, QR i¢in 3,64 +
1.28 nmol/mg LDL protein for QR ve QQ i¢in 4,95 + 2,8 nmol/mg LDLprotein). RR po-
limorfizmine hasta grubunda daha sik rastlanmakla birlikte istatistiksel anlamlilik sap-
tanamadi.

Sonug: Bulgularimiz RR polimorfizminin erken yaslarda aterosklerozun belirlenebil-
mesi i¢in yararli bir gosterge olabilecegini diisliindiirmektedir.

Anahtar Kelimeler: ateroskleroz, paraoksonaz, arilesteraz, PON192 polimorfizmi,
LDL oksidasyonu, Tiirk popiilasyonu
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Introduction

Coronary artery disease (CAD) is the most important
cause of mortality in developing countries. It has been
clearly shown that Turkish population has low HDL cho-
lesterol levels and PONI activity therefore they have
higher risk for CAD (1,2) and early diagnosis of CAD
has great importance in prevention of CAD. Since re-
cent data showed that there may not be direct interaction
between the well-known risk factors and the occurrence
of CAD in young patients, many investigations have
focused on the various genetic markers such as CETP,
PON and etc (3-14). There is great deal of conflicting
reports on the role of PON1 polymorphism on the risk of
cardiovascular disease (4-6, 8-18).

It has been clearly known that atherogenesis is initiated

by oxidation of the low-density lipoprotein (LDL) (19-
21) and this modification plays a central role in further
propagation of atherogenesis (21-23). In accordance to
the “oxidative stress theory of aging”; aging, is primary
risc factor, strongly correlated with CAD caused by in-
crease in oxidative stress as well as lipid peroxidation
and inhibition of antioxidant enzymes. Although numer-
ous studies suggested an elevation of ox-LDL (TBARS
and diene levels) according to the stage of atheroscle-
rosis in middle aged (>50 years old) and/or elderly pa-
tients with CAD (6,8,9,12,15,17,24), there is limited data
related on young patients.

It has been also known that PONI1, an HDL-associated
enzyme, protects LDL against oxidation by removing
oxidized phospholipids from LDL. Previously we de-
termined a depletion of Paraoxonase activity in patients
with CHD (24) and also patients with cardiac syndrome-
x (with a typical anginal chest pain, noninvasive stress
tests indicative of myocardial ischaemia, angiographi-
cally normal epicardial coronary arteries with no induc-
ible coronary artery spasm, it’s related to endothelial
dysfunction, representing of early stage of atherosclero-
sis) (25). Although numerous reports demonstrated de-
pletion in PONI activity in older CAD patients (26-28),
recent publications showed that there are major differ-
ences in PONI1 activity and concentration depends on
the populations as well as genetic polymorphism (29).
There is limited literature on paraoxonase/arylesterase
activities and LDL oxidation markers in young patients
(<50 years old) with CAD to establish the markers for
the disease.

In the light of this data, we have planned to investi-
gate the markers of LDL oxidation and PON activities
(paraoxonase and arylesterase) in regard to PON192
polymorphism, in order to determine if they might be
useful markers for coronary artery disease in especial-
ly young patients (<50 years old) with CAD in Turkish
population.
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Materials and Methods

Patients

The study group consisted of 60 consecutive patients
(between 22 and 50 years old) who were hospitalized for
coronary artery disease with complaint of typical angina
pectoris and/or AMI and positive exercise test. All pa-
tients were examined by a cardiologist and their medical
histories, habits, medications were obtained via a ques-
tionnaire. Patients with known renal, hepatic, malignant
or immunologic disorders including diabetes mellitus
were excluded.

Hypertension was defined as resting systolic blood pres-
sure>140 mmHg and/or diastolic blood pressure >90
mmHg or current use of antihypertensive medications
for blood pressure control. Family history of CAD was
defined as symptomatic CAD occurring in first degree
male relatives aged < 55 years or first degree female
relatives aged < 65 years.

Age matched 52 volunteers constituted the control group.
None of them had prior history of coronary artery dis-
ease (CAD) and all of them had normal resting ECG.

The investigation conforms with the principles outlined
in the Declaration of Helsinki.

Materials and Methods

All reagents were purchased from Sigma Chemical Co
(St. Louis, MO,USA) and Merck (Darmstadt, Germany)
and materials for genotyping from Fermantase.

Blood samples with and without heparin were obtained
after an overnight fasting (between 8:30-9:30). While
serum and plasma were immediately separated and
blood samples were kept for DNA isolation.

Serum samples were stored at —80°C until analysis. Se-
rum parameters (total cholesterol, triglyceride, LDL-
cholesterol, HDL-cholesterol, HbAlc, Apo-Al, Apo-B)
were determined by routine laboratory methods. Para-
oxonase and arylesterase activities were measured using
paraoxon and phenyl acetate as substrates, respectively
(30).

For LDL isolation plasma samples were incubated at
room temperature for 30 minutes with a commercial
precipitant reagent (Merck (Darmstadt, Germany),as
proposed by Taus et al (31).

After centrifugation at 1600 g x 10 minutes, LDL samples
were solubilized by 0.15 N NaOH. LDL oxidation was
determined by using TBARS and conjugated diene lev-
els directly, in LDL samples containing 200 mgr protein.
Protein measurements were done according to Lowry’s
method. TBARS measurements were performed by in-
cubation the LDL with TBARS solution (0.12 M TBA in
15% TCA and 1% HCI) for 30 min at 95° C(32).

In vitro oxidation of LDL was induced by incubating the
isolated lipoproteins with SmM CuSO, and conjugated
diene formation was analysed by monitoring the absor-
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bance change at 234 nm during 3 hours within 5 minute
intervals. The peak of diene conjugation was reached at
110" minute after the initiation of in vitro oxidation of
LDL with CuSO, and TBARS levels at this point were
also determined by incubation the LDL with TBARS
solution as described before (32). For conjugated dien
levels calculations were performed using the extinction
coefficient of 29 500 L/mol-cm and the results were
given as mmol/mg protein units. LDL-TBARS (basal)
levels were given in nmol/mg protein units.

PON192 QR polymorphism: The amino acid polymor-
phism at position-192 (glutamine to arginine) results in
two allozymes (Q and R) which differ in their hydrolytic
activity towards paraoxon. Genomic DNA was isolated
from peripheral leukocytes by using phenol-ethanol
extraction method. PON gene was amplified by poly-
merase chain reaction in thermal cyler. The sense primer
5 TATTGTTGCTGTGGGACCTGAG3 and the anti-
sense primer 5 CACGCTAAACCCAAATACATCTC3,
which encompass the polymorphic region of the human
PONI1 gene was used. The 99 bp PCR products were
then digested with 8U of Alw 1 restriction endonuclease,
which results in 66 and 33 bp products. Digested prod-
ucts were separated by electrophoresis on 3% agarose
gel and visualised by ethidium bromide(30).

All statistical analyses were performed by the statistical
package SPSS for Windows, version 11.0 (SPSS, Chi-
cago, IL). Correlation was calculated as Spearman corre-
lation coefficients. Analysis of variance followed by the
Newman-Keulls multiple range tests and for inter-group
comparisons, student t test for parametric variables were
used. Kruskall Wallis and Mann-Whitney U test were
used for non-parametric analysis.

Results

Table 1 presents the baseline characteristics of the
groups. BMI, triglyceride, Apo-B levels (p<0.01) and
LDL-basal diene, total cholesterol, LDL-stimulated
TBARS levels (p<0.05) of patients were higher than the
controls, while HDL-cholesterol, Apo-A levels (p<0.01),
arylesterase and paraoxonase activities (p<0.05) of pa-
tients were lower than the controls. When the data were
evaluated based on gender; there was no statistically sig-
nificant difference in all parameters between the male
and female.

When we evaluated the distribution of polymorphisms
between the groups, we determined that RR polymor-
phism was more common in patient group (n=7) than
the controls (n=2), with a likelihood ratio= 3.58 but not
statistically significant (p=0.167). Only paraoxonase
activities changed in both control and patient group ac-
cording to PON192 polymorphism, they were lower in
subjects who had QQ polymorphism than those with RR
polymorphism (p<0.05). On the other hand arylester-
ase activities of patients were lower than control’s in all
polymorphism group (Figure 1).

The patient group was evaluated in regard to the risk fac-
tors (smoking, hypertension, obesity, family history) for
CAD. The risk factor numbers were calculated by giv-
ing a value for each risk factor. The summation of risk
factors was used to compare the effects of risk factors
on oxidative stress and paraoxonase, arylesterase activi-
ties. It was noticed that TBARS levels raised with the
increase in number of risk factors for coronary artery
disease (Figure 2). On the contrary, arylesterase activity
is decreased as the number of risk factors increased.

Table 1. All data from controls and patients. *p<0.01 and **p<0.05 compared to controls.

Control (Mean+SD) Patient (Mean+SD)
Age 33+5,8 38+5,2
BMI 22+2.8* 27+3,8
Waist cm 77+10,4 97+10,9
Waist/hip ratio 0,82+0,14 1,19+1,52
T. cholesterol mg/dL 180+31 198+49*
Triglyceride mg/dL 118450 234+236
HDL-cholesterol mg/dL 51+8,9 40+9,1*
LDL-cholesterol mg/dL 118+26 113+42
Apo-Al 151+25 116+£21*
Apo-B 82+19 97+26*
Basal LDL-dien 158+51 184+61*
Simulated LDL-dien 202+48 204+64
Basal LDL TBARS 0,33+0,11 0,36+0,19
Stimulated LDL TBARS 3,66+1,48 4,52+2,40
Paraoxonase 76,7+41,9 60,9+39,9**
Arylesterase U/L 120+33 10227
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PON192
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Figure 1. Arylesterase activities (U/L) of controls and patients according to PON192 polymorphism. The amino acid polymorphism at
position-192 (glutamine to arginine) results in two allozymes Q and R.
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Figure 2. Copper-stimulated LDL-TBARS levels according to the number of risk factors the patients have for CAD. ,00 represents patients
with no risk factors, and =>4 represents patients with 4 or more risk factors.
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Discussion

We investigated if PON192 polymorphism might be used
as a genetic indicator of risk for future CAD in young
adults and proposed that subjects with RR polymor-
phism might be more prone to CAD than other people.

There are various reports on the association between
the PON192 polymorphism and coronary heart disease
in literature, however they present conflicted data (4-6,
8-18). Baum et al (15) proposed that these discrepancies
in the literature might be associated with various factors
such as differences in age distributions, ethnicity, diet,
exercise, prevalence of hypertension, diabetes, smoking
etc. In the literature searched only one report was con-
ducted on young patients with arterial ischemic stroke,
our study seems as first report which investigates the
importance of PON192 polymorphism in young adults
(18). Recently, Baum et al has shown that paraoxonasel
gene 192R polymorphism is associated with young (<60
years old) MI (15), our data also showed that subjects
(<50 years old) with RR polymorphism are more prone
to CHD. Interestingly, Senti et al (8) investigated the
impact of PON polymorphism on myocardial infarction
among individuals stratified by tertiles of age distribu-
tion and they determined that the risk of MI increases
with advancing age principally in subjects with QQ
genotype; patients aged over 62 have a four-fold in-
creased risk for MI compared with younger (<50 years
old). However their data has no clear explanation on the
role of PON192 polymorphism on MI in young patients
and low paraoxonase activity in controls compared to
patients with RR.

The PONI genotype has a direct effect on serum
PONI(paraoxonase) activity and also on endothelial
functions. Previously, we demonstrated low activities
of paraoxonase in patients with both angiographically
proven coronary artery disease and syndrome X, as-
sociated with impairment in microvascular endothelial
functions which is one of the first finding during ath-
eroclerotic process (24,25). Numerous reports demon-
strated a depletion in PONI activity in CAD patients
(26-28) speculating on different mechanisms (such as at-
tack by hydroxyl radicals, direct oxidation by peroxides
and negatively charged lysophospholipids, alkylation by
a,b-unsaturated lipid aldehydes, etc). Since it has been
shown that PON1 activities (paraoxonase) were affected
by risk factors (hypertension, aging and gender) (24, 33),
and the lactonase/arylesterase activities of PON1 have
been suggested more important than the paraoxonase
activity in the enzyme’s physiological role (in oxida-
tion protection and cholesterol efflux) by Rosenblat et
al (34), in this study we also determined arylesterase
activities together with paraoxonase activities. Aryles-
terase activities of patients were lower than control’s in
each polymorphism group (Figure 1), and TBARS levels
increased as the number of risk factors increased (Fig-
ure-2). Since Watson et al. (35) previously proposed that
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PONI does not only have a role in inactivation of LDL-
oxidation during the initiation phase of atherosclerosis,
but also in the prevention of monocyte-endothelial inter-
action during the propagation phase of atherosclerosis,
we proposed that paraoxonase/arylesterase activities of
patients with CAD are lower than healthy controls in
the beginning of atherosclerotic process and/or subjects
who has low paraoxonase/arylesterase activities might
be more susceptible to atherosclerosis and/or paraox-
onase/arylesterase activities might be an indicator for
future CAD in early ages of life.

It has been known that increase in oxidative stress and
impairment of antioxidant status during aging are cru-
cial processes playing an important role in progress
of atherosclerosis by leading to modification of LDL,
modification of arterial wall, inhibition of antioxidant
enzymes etc. Our previous data suggested an elevation
of oxidized-LDL (TBARS and diene levels) accord-
ing to the stage of atherosclerosis (24), in patients aged
between 25-80 years old, current data also showed in-
crease in LDL-basal diene, LDL-stimulated TBARS
levels (p<0.05) of young patients. Cherki M et al (36)
determined a significant increase in LDL susceptibility
to lipid peroxidation as a function of aging and they pro-
posed this elevation is strongly associated with the high
incidence risk of atherosclerosis with aging. Since our
current data showed an elevation in the susceptibility of
LDL to oxidation (increase in stimulated TBARS lev-
els) in young patients compared to age matched controls
we might consider that it’s a reliable marker for further
CAD in young adults independent from aging process.

In conclusion, our findings suggest that presence of RR
polymorphism and low paraoxonase/arylesterase activi-
ties as well as increase in LDL oxidation might be useful
predictive marker for determination of future athero-
sclerosis in early ages.

References

[1] Onat A. (2001) Risk factors and cardiovascular disease in Tur-
key. Atherosclerosis.156(1):1-10.

[2] Mahley RW, Pepin J, Palaoglu KE, Malloy MJ, Kane JP, Bersot
TP. (2000) Low levels of high density lipoproteins in Turks, a
population with elevated hepatic lipase: high density lipoprotein
characterization and gender-specific effects of apolipoprotein E
genotype. J Lipid Res. 41: 1290-1301.

[3] NgClJ, Shih DM, Hama SY, Villa N, Navab M, Reddy ST. (2005)
The paraoxonase gene family and atherosclerosis. Free Rad Biol
Med. 38:153-63.

[4] Mackness B, Mackness MI, Durrington PN. (2000) Paraoxonase
activity in two healthy populations with differing rates of coro-
nary heart disease. Eur J Clin Invest. 30(1): 4-10.

[5] Sanghera DK, Saha N, Aston CE and Kamboh MI. (1997) Genet-
ic polymorphism of paraoxonase and the risk of coronary heart
disease. Arterioscler Thromb Vasc Biol. 17: 1067-73.

[6] Serrato M, Marian AJ. (1995) A variant of human paraoxonase/
arylesterase (HUMPONA) gene is a risk factor for coronary ar-
tery disease. J Clin Invest. 96: 3005-08.

S6zmen et al.



[7] Wheeler JG, Keavney BD, Watkins H, Collins R, Danesh J.

(2004) Four paraoxonase gene polymorphisms in 11212 cases of
coronary heart disease and 12786 controls: meta analysis of 43
studies. Lancet. 363: 689-95.

Senti M, Tomas M, Vila J, Marrugat J, Elousa R, Sala J, Masia
R. (2001) Relationship of age-related myocardial infarction risk
and GIn/Arg 192 variants of the human paraoxonase 1 gene: the
REGICOR study. Atherosclerosis. 156: 443-449.

Chen Q, Reis SE, Kammerer CM, McNamara DM, Holubkov R,

[22] Kaplan M and Aviram M. (1999) Oxidized low density lipo-

protein: atherogenic and proinflamatory characteristics during
macrophage foam cell formation. An inhibitory role for nutri-
tional antioxidants and serum paraoxonase. Clin Chem Lab Med.
37(8): 777-87.

Azarsiz E, Kayikcioglu M, Payzin S and Sozmen EY. 2003)
PONI1 Activities and Oxidative Markers of LDL in Patients With
Angiographically Proven Coronary Artery Disease. Int J Car-
diol. 91: 43-51.

Sharaf BL, Sopko G, Pauly DF, Merz CNB, Kamboh I. (2003) [24
For the WISE study group. Associatison between the secerity
of angiographic coronary artery disease and paraoxonase gene
polymorphisms in the National Heart, Lung and Blood Insti-
tute-sponsored women’s ischemia syndrome evaluation (WISE)

=

Kayikcioglu M, Saygi S, Azarsiz E, Can LH, Kultursay H, Soz-

men EY. (2007) Serum paraoxonase 1 activity and oxidative

markers of LDL in patients with cardiac syndrome X. Acta Car-

diologica. 62(3): 245-9.

study. Am J Hum Genet. 72: 13-22. Mackness B, Durrington P, McElduff P, Yarne.ll .J, Azam. N, Watt
M, Mackness M. (2003) Low paraoxonase activity predicts coro-

[10] Herrmann SM, Blanc H, Poirier O, .Arveiler D, Luc G, Evans nary events in the Caerphilly prospective study. Circulation.107:
A, Marques-Vidal P, Bard JM, Cambien F. (1996) The Gln/Arg 2775-9.

polymorphism of human paraoxonase (PON 192) is not related
to myocardial infarction in the ECTIM Study. Atherosclero-
sis.126(2): 299-303.Karvonen J, Kauma HM, Paivansalo M and
Kesaniemi YA. (2004) Paraoxonase-1 gene Le-Met55 and Gln-
Argl92 polymorphisms are not associted with carotid artery
atherosclerosis in a population-based cohort. Eur J Cardiovasc [27
Prevention and Rehabilitation. 11: 511-12. is reducued during HDL oxidation and is an indicator of HDL

[11] Ko YL, Ko YS, Wang SM, Hsu LA, Chang CJ, Chu PH, Cheng antioxidant capacity. Free Rad Res. 37 (1): 77-83.
NJ, Chen WJ, Chiang CW, Lee YS. (1998) The Gln-Arg 191 [28] Mackness MI, Mackness B and Durrington PN. (2002) Paraox-
polymorphism of the human paraoxonase gene is not associated onase and coronary heart disease. Atherosclerosis. suppl 3: 49-
with the risk of coronary artery disease among Chinese in Tai- 55.

wan. Atherosclerosis. 141(2): 259-64. [29] Akcay YD, Sendag F, Sagin F, Ozen K, Sozmen EY. (2006) Ef-
[12] Lawlor DA, Day INM, Gaunt TR, Hinks LJ, Briggs PJ, fects of estrogen-only therapy on LDL oxidation in women with

Kiessling M, Timpson N, Smith GD, Ebrahim S. (2004) The hysterectomy: does paraoxonase genotype play a role? Maturi-
association of the PON1 Q192R polymorphism with coronary tas. 53(3): 325-32.

Ilzlzaarlihdcliifriz stflllrclldlrali(si ;r:r)::tat.};iallar:il;};gxgng:nitie-alr ; and [30] Taus M, Ferretti G, Dousset N, Moreau J, Battino M, Solera ML,
Y ySIS. S Valdiguie P, Curatola G. (1994) Susceptibility to in vitro lipid
[13] Wang X, Fan Z, Huang J, Su S, Yu Q, Zhao J, Hui R, Yao Z, peroxidation of low density lipoproteins and erythrocyte memb-

Shen Y, Qiang B, Gu B. (2003) Extensive Association Analysis ranes from liver cirrhotic patients. Scand J Clin Lab Invest. 54:
Between Polymorphisms of PON Gene Cluster With Coronary 147-53.

Heart Disease in Chinese Han Population. Arterioscler Thromb
Vasc Biol. 23: 328-334.

[14] Baum L, Ng HK, Woo KS, Tomlinson B, Rainer TH, Chen X, .
Cheung WS, Chan DKY, Thomas GN, Tong CSW, Wong KS. [32] Ferre N, Camps J, Fernandez-Ballart J, Arija V, Murphy
(2006) Paraoxonase 1 gene Q192R polymorphism affects stroke MM, Ce'ruleo S, Biarnes E, Vilella I.E,.Tous M, ngen J (_2'003)'
and myocardial infarction risk. Clin Biochem. 39: 191-5. Regulation of serum paraoxonase activity by genetic, nutritional
Heii BT. Westend RGI. L AM. Kunook DL and lifestyle factors in the general population. Clin Chem. 49(9):
eijmans , Westendorp , Lagaay , Knoo s

X 1491-7.
Kluft C, Slagboom PE. (2000) Common paraoxonase gene vari- )
ants, mortality risk and fatal cardiovascular events in clderly ~ [33] Rosenblat M, Oren R and Aviram M. (2006) Lysophospha-
subjects. Atherosclerosis. 149: 91-97. tidylcholine (LPC) attenuates macrophage mediated oxidation

[16] Sen-Banerjee S, Siles X and Campos H. (2000) Tobacco of LDL. Biochem Biophys Res Comm. 344: 1271-7.
Smoking Modifies Association Between Gln-Argl92 Polymor- ~ [34] Watson AD, Berliner JA, Hama SY, La Du BN, Faull KF, Fo-
phism of Human Paraoxonase Gene and Risk of Myocardial In- gelman AM, Navab M. (1995) Protective effect of high density
farction. Arterioscler Thromb Vasc Biol. 20: 2120-2126. lipoprotein associated paraoxonase. Inhibition of the biological
[17] Voetsch B, Benke KS, Damasceno BP, Siqueira LH, activity of minimally oxidized low density lipoprotein. J Clin
Loscalzo J. (2002) Paraoxonase 192 Gln-->Arg polymorphism: Invest. 96(6): 2882-91.
an independent risk factor for nonfatal arterial ischemic stroke ~ [35] Cherki M, Berrougui H, Isabeel M, Cloutier M, Koumbadinga
among young adults. Stroke 33(6): 1459-64. GA, Khaii A. (2007) Effect of PON1 polymorphism on HDL an-
tioxidant potential is blunted with aging. Exp Gerontol. 42(8):

[25

[}

[26

—

Graner M, James RW, Kahri J, Nieminen MS, Syvanne M,
Taskinen MR. (2006) Association of paraoxonase-1 activity and
concentration with angiographic severity and extent of coronary
artery disease. J] Am Coll Cardiol. 47(2): 2429-35.

Jaouad L, Milochevitch C and Khalil A. (2003) PONI activity

—

[31] Buege JA, Aust SD. (1978) Microsomal lipid peroxidation. Met-
hods Enzymol. 52:302-10.

[15

=

[18] Ross R. (1999) Atherosclerosis is an inflammatory disease. Am
Heart J. 38(5 Pt 2): 419-20. 815-2.

[19] Aviram M. (1996) Interaction of oxidized low density li-

poprotein with macrophages in atherosclerosis and the atheroge-

nicity of antioxidants. Eur J Clin Biochem. 34: 599-608.

Chisolm GM and Steinberg D. (2000) The oxidative modifica-

tion hypothesis of atherogenesis: an overview. Free Rad Biol

Med. 28(12): 1815-26.

Jialal I and Devaraj S. (1996) Low density lipoprotein oxidation,

antioxidants and atherosclerosis. A clinical biochemistry per-

spective. Clin Chem. 42(4): 498-506.

[20

=

[21

—

Turk J Biochem, 2009; 34 (4) ; 250-255. 255 Sézmen et al.



