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ABSTRACT. We investigated the relationships between paraoxonase
genetic polymorphisms and essential hypertension in carotid artery
atherosclerotic patients. The study included 353 Han participants and
240 Uighur participants from Xinjiang; they were further divided into
two groups: essential hypertension with carotid artery atherosclerosis
(CAAD group) and essential hypertension without carotid artery
atherosclerosis (control group). Genotypes were detected by PCR,
followed by restriction analyses with specific endonucleases. In Han
people, the M allele frequency was significantly higher in the CAAD
group than in the control group. The CC/CS genotype and C allele
frequencies were significantly higher in the CAAD group than in the
control group. Logistic regression analysis demonstrated that PON1
55M allele [odds ratio (OR)=1.889]and PON2 311C allele (OR=1.692)
are independent risk factors for CAAD. Combined genotype analysis
showed that PON1 55M and PON2 311C alleles are independent risk
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factors for CAAD (OR = 1.428). In the Uighur population, the CC/
CS genotype and C allele frequencies were significantly higher in the
CAAD group than in the control group. Logistic regression analysis
demonstrated that the PON2 311C allele is an independent risk factor
for CAAD. We conclude that the PON1 55M and PON2 311C alleles are
independent risk factors for CAAD in essential hypertension patients
from the Xinjiang Han population. We also conclude that the PON2
311C allele is a risk factor for CAAD in essential hypertension patients
from the Xinjiang Uighur population.

Key words: Paraoxonase (PON); Gene polymorphism;
Essential hypertension; Carotid artery atherosclerotic disease

INTRODUCTION

Ischemic stroke is one of the dangerous diseases threatening people’s health and lives.
Carotid artery atherosclerotic disease (CAAD) reflects systemic atherosclerosis as a window,
the research of internal and abroad has confirmed CAAD acts as a predictor of cardiovascular
disease for cerebral infarction and coronary heart disease (Yen et al., 2008; Jin and Wang,
2010). Carotid artery stenosis causes stroke, accounting for 15% of ischemic stroke, and >70%
of the carotid artery stenosis patients with stroke incidence is as high as 13%, with 1-2% for
symptomless patients. It is related to atheromatous plaque on stability in narrow places (Jander
etal., 2001). CAAD is believed to be the primary cause of ischemic stroke (Nagai et al., 2001).
Therefore, the basic study of CAAD is especially important for people’s health. The mecha-
nisms of CAAD are multiple. Carotid atherosclerosis is a complex chronic inflammation lesion
involving many factors, such as high blood pressure, diabetes, smoking, low-density lipopro-
tein cholesterol, triglycerides and high-density lipoprotein cholesterol, obesity, age, gender,
family history with coronary heart disease and diabetes, social economic factors, and they
are all atherosclerosis risk factors, which can accelerate the occurrence and development of
atherosclerosis. A recent study found that CAAD was related to some genetic polymorphisms
including those of fatty liver enzymes, apolipoprotein, cholesterol fat transfer protein, phos-
phorus oxygen lyase, angiotensin 1-converting enzyme, matrix metalloproteinases 3, inflam-
matory cell factor, and endothelial nitric oxide synthase (Zhao and Ding, 2005). In addition to
other risk factors, it is still concerned with individual genetic susceptibility. Recent research
indicates that atherosclerosis is a multiple gene disease and that it is the result of environmen-
tal and genetic factors working together (Jander et al., 2001). Some genetic alleosis can make
carotid’s endomembrace and tunica media film thickness (IMT) changing, leading atheroscle-
rosis occurrence and development, It could eventually lead to ischemic cerebrovascular event.
Genetics probably plays an important role in the development of carotid artery atherosclerotic
disease (Zhao and Ding, 2005). The relationship between the paraoxonase (PON) gene family
and carotid artery atherosclerotic disease has been a hotspot in recent years.

The PON gene family consists of three members, PON1, PON2, and PON3, located
adjacent to each other on the long arm of chromosome 7q21.3-g22.1 in humans (Primo-Parmo
et al., 1996). PON1 has been demonstrated to protect LDL against oxidation, to reverse the
biological effects of oxidized LDL, and to preserve the function of HDL by inhibiting its
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oxidation (Mackness et al., 1993; Watson et al., 1995; Aviram et al., 1998; Durrington et al.,
2001). PON2 has been reported to possess antioxidant properties and to be able to retard the
oxidation of preformed mildly oxidized LDL (Ng et al., 2001). One function of PON2 may be
to act as a cellular antioxidant, protecting cells from oxidative stress (Ng et al., 2005). PON
expression and activity is under strong genetic influence (Roest et al., 2006).

At present, research about the relationship between PON 1 Q192R gene polymor-
phism and carotid atherosclerotic lesions is more than PON1L55M, the results is also con-
troversial. Rontu et al. (2003) confirmed that PON1 SSM alleles carriers occuring artery ath-
erosclerosis lesion is more than homozygous LL, MM genotype is more than LL genotype
increased significantly. However, there are opposing views. Malin et al. (2001a) and Harangi
et al. (2008) considered that homozygous LL was clearly relevant to the occurrence and se-
verity of carotid artery atherosclerosis, 55 L alleles is the independent risk factors of carotid
atherosclerosis; Mackness et al. (2001) study on 1000 German coronary artery disease (CAD)
patients and Hong et al. (2001) study on 191 Korea CAD patients did not draw a conclusions
that PON1 L55M polymorphisms was related with AS. Various research results are not in
agreement, possibly because of the diversity in design of experiments, ethnic differences of
allele frequencies, interaction between the gene and environment and the imbalance of the
genetic polymorphism chain.

PON2 has two genetic polymorphisms, respectively PON2 2 A149G (Ala Gly) and
PON2 2 C311S (Cys Ser) (Mochizuki et al., 1998). There are different reports about PON2
causing atherosclerosis. Sanghera et al. (1998) found that PON2 S311 allele frequency of
CAD patients was significantly higher than that of normal controls (0.71 and 0.16, P = 0.016)
in India. Imai et al. (2000) considered that PON2 C311S genetic polymorphism was unrelated
to coronary heart disease and ischemic stroke in Japan. PON2 C311S genotype and gene fre-
quency distribution are related to race and geographical environment, as shown by the study
of the 3 PON2 C311S genotypes and their distribution in various populations: Han in Guang-
Dong, SS 72.6%, CS 25.6%, and CC 1.7% (Wang et al., 2004); Han in Tianjin, SS 72.18%, CS
25.02%, and CC 2.82% (Zou and Ge, 1999); Japanese, SS 65%, CS 30%, CC 5% (Imai et al.,
2000); and Indians, SS 40.2%, CS 42.3%, CC 17.5% (Sanghera et al., 1998).

Carotid atherosclerotic lesions is related with multiple genes and much environment
factor, many susceptibility genes have been found likely, but the repeat and demonstration re-
search in different crowd is rarely. At present, the reports about PON1 L55M genes and PON2
2 C3118 gene indicate some dispute, which may be due to ethnic differences, sample quantity
and environmental factors, especially where the frequency distribution for these gene types
are relevant to race and population. Xinjiang consists of many national settlements, including
Han, Uighur, Kazak and so on, and it is in a special geographical environment, Hypertension
patients is in the majority, The study of the correlation between carotid artery atheroscle-
rotic disease in Han and Uighur essential hypertension patients with genetic polymorphism of
PON1 L55M and PON2 2 C311S genes, may determine whether these genes are independent
risk factors for carotid atherosclerotic lesions. It will provide more effective individual pre-
vention and treatment strategies for Han and Uighur essential hypertension patients, and offer
some reliable basis for studying human genetic susceptibility genes.

The purpose of the present study was to assess the relationship between PON1-55 and
PON2-311 polymorphisms and carotid artery atherosclerotic disease in the Xinjiang Han and
Uighur population with essential hypertension.
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MATERIAL AND METHODS

Subjects

The study population consisted of 353 individuals of the Han population with essen-
tial hypertension and 240 of the Uighur population with essential hypertension, aged between
40 and 70 years. All subjects were recruited from the Heart Center of the First Affiliated
Hospital of Xinjiang Medical University between January 2006 and January 2009. This study
was conducted in accordance with the Declaration of Helsinki. This study was conducted
with approval from the Ethics Committee of the First Affiliated Hospital of Xinjiang Medical
University. Written informed consent was obtained from all participants. All subjects had a
primary medical treatment and no drug intake. They were separately divided into two groups:
essential hypertension with CAAD (CAAD group) and essential hypertension without CAAD
(control group). There was no significant difference in age and gender between the two group.
Subjects with secondary hypertension, diabetes, liver and kidney function abnormality, in-
fection, autoimmune diseases, cancer, hyperthyroidism, hypothyroidism, peripheral vascular
disease, or congenital vascular malformation were excluded.

All subjects underwent a structured clinical interview, a physical examination, blood
pressure measurement, three ultrasound examinations and a complete blood chemistry pan-
el including fasting plasma glucose (FPG), glycated serum proteins (HbA1C), triglycerides
(TQ), total cholesterol (TC), high-density lipoprotein cholesterol (HDL-C), low-density li-
poprotein cholesterol (LDL-C), apolipoprotein Al (ApoAl) and apolipoprotein B (ApoB).
Blood pressure measurement: according to China hypertension guidelines (2005) for diag-
nostic criteria. Baumanometer must be calibrated. The individuals had measurements taken
at rest after at least 5 min, measuring the right brachial blood pressure in the sitting position,
with the elbow situated at the same level as the heart; the stethoscope was placed on the bra-
chial artery, with one time Korotkoff sound (first clear voice) for systolic blood pressure and
the fifth sound (voice suddenly disappears) for diastolic blood pressure, where blood pressure
readings were according to the mercury meniscus. Measurements were repeated three times
until the difference of two blood pressure readings was less than 5 mmHg, where the aver-
age number of three time measurements was taken for systolic blood pressure and diastolic
blood pressure. All participants were overnight fasting more than 12 h, Peripheral venous
blood (4-5 mL) was drawn from fasting participants, and the samples were all analyzed with
an automatic biochemistry instrument at the inspection center, the First Affiliated Hospital of
Xinjiang Medical University.

Genotype analysis

In addition, 3-4 mL of drawn peripheral venous blood were immediately placed in 10-
mL tubes containing EDTA, which were then completely mixed, and stored at -80°C. Genom-
ic DNA was extracted by standard methods including phenol/chloroform/isoamyl alcohol.

Carotid ultrasonography

Color-coded equipment (PHILIPS IE5500) with a 10-MHz transducer was used to
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determine atherosclerotic vessel wall abnormalities of the carotid arteries. The examinations
were done by a single and experienced physician. CAAD was defined as intima-media thick-
ness (IMT) > 1.0 mm or the formation of the atherosclerotic plaque (Mathiesen et al., 2001).

Isolation of DNA and genotype analysis

DNA was prepared from white blood cells by phenol extraction. PON1 has more than
two common polymorphisms sites, leucine (L)/methionine (M) at position 55 and glutamic
acid (Q)/arginine (R) at position 192. In the 55 site polymorphism, the enzyme appears as the
M type (methionine) or L type (leucine), where the changes may influence levels of PON1 in
serum. PON2 has two common polymorphisms sites, alanine (A)/glycine (G) at position 148
and cysteine (C)/serine (S) at position 311, where the PON genotype coding polymorphisms
may be related to cardiovascular disease.

PCR

DNA was extracted from white blood cells using saturated phenol/chloroform, and
dissolved in TE solution until use.

Genotyping of the PON1 L55M polymorphism was done by polymerase chain reaction
(PCR)amplification ofa 170-bp fragment using the primers: forward: 5'-GAAGAGTGATGTAT
AGCCCCAG-3', reverse: 5'-TTTAATCCAGAGCTAATGAAAGCC-3'". The design of primers
was carried out by a biological engineering company. The PCR products were cleaved by N1alll
for restriction enzyme digestion. The digested products were analyzed on a 4% agarose gel,
stained with ethidium bromide, and examined under UV transillumination. The nondigested
170-bp fragment corresponded to the L allele; a 126-bp fragment corresponded to the M allele;
and 170- and 126-bp fragments corresponded to the LM heterozygous form (Figure 1).
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Figure 1. Electrophoresis of the PCR products of the PON1L55M. Lane Marker = marker-1; lanes 1 and 2 =LL
genotype; lanes 3, 4, 6, and 7= LM genotype; lane 5 = MM genotype.
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Genotyping of the PON2C311S polymorphism was done by PCR amplification of
a 226-bp fragment using the primers: forward 5-AAGATTGGTAACTGCTAT-3', reverse
5'-GGCTACAGAACTTCCTTG-3'". The PCR products were cleaved by Ddel for restriction
enzyme digestions. The digested products were analyzed on a 4% agarose gel, stained with
ethidium bromide, and examined under UV transillumination. The undigested 226-bp frag-
ment corresponded to the C allele; the 159-bp fragment corresponded to the S allele; and the
170- and 126-bp fragments corresponded to the CS heterozygous form (Figure 2).
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Figure 2. Electrophoresis of the PCR products of the PON2 S311C. Lane Marker = PUC-19; lanes 1, and 4 = CS
genotype; lane 2 =SS genotype; lane 3 = CC genotype.

Statistical analysis

The Statistical Package for Social Sciences (SPSS15.0) was used for data analysis. HW
equilibrium was assessed by the y* test. Categorical variables among the paraoxonase genotypes
were compared by the y* test. Normally distributed continuous variables were compared by the #-
test or 1-way ANOVA. Logistic multivariate regression was used to adjust for possible confounding
factors in the comparison of risk factors between paraoxonase genotypes. Allele frequencies were
calculated by the gene counting method. A P < 0.05 was considered to be statistically significant.

RESULTS
Participant characteristics

Table 1 shows the clinical characteristics of all subjects. In the Han people, the CAAD
group had higher SBP, LDL-C and ApoB levels than those in the control group (P < 0.05), but
there were no differences in the rest (BMI, DBP, FPG, TC, TG, HDL-C, and ApoA1) between
the two groups (P > 0.05). In the Uighur people, the CAAD group had higher ApoB and ApoA1l
levels than those in the control group (P < 0.05), but there were no differences in the rest (BMI,
SBP, DBP, FPG, TC, TG, HDL-C, and LDL-) between the two groups (P > 0.05) (Table 1).
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Table 1. Comparison of clinical characteristics between CAAD group and control group.
Han people P Uighur people P
CAAD (N=230)  Control (N =123) CAAD (N=141)  Control (N =99)

Gender (male, %) 56.52 50.41 0.22 62.41 59.60 0.68
Age (years) 60.32+12.53 59.41 +12.31 0.05 58.71+9.74 57.23+10.1 0.05
BMI (kg/m?) 25.96 +3.67 2522 +4.26 0.18 27.17+3.45 26.81+ 6.40 0.77
SBP (mmHg) 144 20 141 =18 0.04* 145 +25 148 + 28 0.64
DBP (mmHg) 90 £ 14 85+13 0.05 92+22 86+ 15 0.12
FPG (mM) 552+1.77 523+ 1.15 0.09 571+3.16 540+1.26 0.16
TC (mM) 4.56+1.25 4.42+0.85 0.28 4.36+0.48 3.97+1.33 0.06
TG (mM) 2234138 223+1.52 0.98 2.81+1.46 2.16+0.51 0.06
HDL (mM) 1.28+0.43 1.25+0.63 0.65 1.09+£0.28 1.20+0.26 0.99
LDL (mM) 2.8440.90 2.39+0.89 0.02% 2.38+0.66 2.04 +0.67 0.06
ApoAl (g/L) 1.24+0.18 1.23+0.20 0.50 1.18£0.21 137+0.24 0.00*
ApoB (g/L) 0.92+0.23 0.84+0.26 0.02% 1.00 £0.42 0.83 +0.22 0.02%

*P < 0.05. BMI = body mass index; SBP = systolic blood pressure; DBP = diastolic blood pressure; FPG = fasting
plasma glucose; TC = total cholesterol; TG = triglyceride; HDL = high density lipoprotein; LDL = low density
lipoprotein; ApoA1 = apolipoprotein Al; ApoB = apolipoprotein B.

Hardy-Weinberg (HW) equilibrium

HW genetic balance is a kind of genetic traits or a genetic markers frequencies of oc-
currence in a large enough random group, it will balance throughout your generations without
the join of new genes, mutation and the natural selection We applied the HW software to
perform chi-square tests. Tables 2 and 3 show that the genotype distribution of the SNP in the
coding sequence (L55M and C311S) was in agreement with frequencies expected under HW
equilibrium, indicating genetic balance and representative of group.

Table 2. Assessment of Hardy-Weinberg equilibrium for PON1L55M polymorphisms.

Ethnicity Group LL LM MM v P
Han
CAAD Observed 171 58 1 2.87 0.09
Expected 174.1 52.0 3.9
Control Observed 104 18 1 0.05 0.82
Expected 104.1 18.1 0.79
Uighur
CAAD Observed 110 30 0.47 0.50
Expected 111.7 27.6 1.7
Control Observed 74 24 1 0.39 0.53
Expected 74.9 224 1.7
Table 3. Assessment of Hardy-Weinberg equilibrium for PON2C311S polymorphisms.
Ethnicity Group SS CS cC e P
Han
CAAD Observed 93 86 34 3.35 0.07
Expected 87.2 98.2 27.6
Control Observed 59 39 6 0.02 0.89
Expected 58.5 39 6.5
Uighur
CAAD Observed 59 57 25 2.83 0.09
Expected 54.2 66.4 20.4
control Observed 63 30 6 0.86 0.35
Expected 61.8 32.8 4.4
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PONI1L55M and PON2C311S genotype and allele frequencies

The Han and Uighur people showed the LL type gene mainly in the CAAD group
and control group, the L allele frequency was significantly higher in the CAAD group than in
the control group. Table 4 shows that in the Han people the frequency of the PON1 M allele
was significantly higher in the CAAD group than control group (3> =4.038, P = 0.044). In the
Uighur people, the difference in the frequencies of the PON1 genotypes and alleles was not
statistically significant (P > 0.05) (Table 4).

Table 4. Distribution of PON1L55M genotype and allele frequencies in CAAD and control.

Ethnicity Group Number Genotype frequency (%) Allele frequency
LL LM MM L M
Han CAAD 230 171 (74.3) 58(25.2) 1(0.4) 0.87* 0.13*
Control 123 104 (84.6) 18 (14.6) 1(0.8) 0.92 0.08
Uighur CAAD 141 110 (78.0) 30(21.3) 1(0.7) 0.89 0.11
Control 99 74 (74.7) 24 (24.2) 1(1.1) 0.87 0.13

*Compared with control group, P < 0.05.

The Han and Uighur people have the SS type gene mainly in the CAAD group and
control group, the S allele frequency was significantly higher in the CAAD group than in the
control group. Table 5 shows that in the Uighur people the frequencies of the PON2 CC/CS
genotype and C allele were significantly higher in the CAAD group than control group (> =
8.39, P=0.02; x> = 8.64, P = 0.00). In the Uighur people, the frequencies of the PON2 CC/CS
genotype and C allele were significantly higher in the CAAD group than control group (> =
13.2, P=0.001, x*=15.2, P=0.00) (Table 5).

Table 5. Distribution of PON2C311S genotype and allele frequencies in CAAD and control.

Ethnicity Group Number Genotype frequency (%) Allele frequency
SS CS CcC S C
Han CAAD 213 93 (43.6)* 86 (40.4)* 34 (16.0)* 0.64* 0.36*
Control 104 59 (56.7) 39(37.5) 6(5.8) 0.75 0.25
Uighur CAAD 141 59 (41.8)* 57 (40.4)* 25 (17.7)* 0.62* 0.38%*
Control 99 63 (63.6) 30(30.3) 6(6.1) 0.79 0.21

*Compared with control group, P < 0.05.

Logistic regression analysis

Other risk factors of carotid artery atherosclerotic lesions (such as age, blood pressure,
body mass index, FPG, TC, TG, and LDL, ApoB, ApoAl and so on), make a single factor
logistic regression analysis, and find meaningful risk factors for blood pressure, TC, TG and
LDL ApoB, protection factor for ApoAl. Introduce these factors, PON1L55M (M allele) and
PON2C311S (C alleles) to multiple factors logistic regression analysis ,judging independent
risk factor for carotid atherosclerotic lesions in Han and Uighur Hypertension people of Xin-
jiang. Table 6 shows the relative contribution of the paraoxonase genotype to the presence of
carotid artery atherosclerotic disease by multinomial logistic regression analysis. This analysis
demonstrated the M allele and the C allele to be significantly and independently associated
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with CAAD in the Han people, while the C allele to be significantly and independently associ-
ated with CAAD in the Uighur people (Table 6).

Table 6. Multinomial logistic regression analysis of predictors of carotid artery atherosclerotic disease.

Ethnicity Variable B SE Wald P Exp (B) 95%CI

Han LDL (mM) 0.712 0.301 5.592 0.018 2.037 1.129-3.674
SBP (mmHg) 0.025 0.012 4.226 0.040 1.025 1.001-1.050
PON1 M allele 0.349 0.145 5.837 0.016 1.889 1.066-3.345
PON2 C allele 0.795 0.363 4.803 0.028 1.452 1.222-1.919

Uighur ApoAl(g/L) -7.929 3.486 5.175 0.023 0.000 0.000-0.334
ApoB (g/L) 0.108 0.019 30.97 0.000 1.314 1.170-1.443
PON2 C allele 0.953 0.365 6.767 0.019 1.292 1.054-1.715

LDL = low density lipoprotein; SBP = systolic blood pressure; ApoA 1 = apolipoprotein A1; ApoB = apolipoprotein B.

Table 7 shows that the odds ratio (OR) estimated by the combined analysis of the
PONT1 55M allele and PON2 311C allele (OR = 1.428) was not higher than that estimated
separately from the PON1 55M allele (OR = 1.889), PON2 311C allele (OR = 1.692) alone.
PONI1L55M and PON2C311S may not have a synergistic effect on CAAD (Table 7).

Table 7. Analysis of the combined genotypes of PON1L55M and PON2C311S.

Gene CAAD group (N,%) Control group (N,%) OR (95%CI)
PONI1L55M 1.889 (1.066-3.345)
M allele 59 (25.65%) 19 (15.45%)
No M allele 171 (74.35%) 104 (84.55%)
PON2C3118 1.692 (1.054-2.715)
C allele 120 (56.34%) 45 (43.27%)
No C allele 93 (43.66%) 59 (56.73%)
PON1L55M+PON2C311S 1.428 (1.783-2.601)
M+C allele 49 (4.23%) 18 (3.85%)
No M+C allele 164 (95.77%) 86 (96.15%)
DISCUSSION

Two genetic variants in the PON1 gene locus (L55M and T-107C) are determinants for
the bioavailability of PON1 in blood (Leviev and James, 2000). A Q192R SNP is a genetic deter-
minant of PONT1 hydrolytic activity towards paraoxon (Mackness et al., 1998). Our study showed
that the PON155M allele was a significant risk factor for CAAD in Xinjiang Han with hyperten-
sion. This outcome is in agreement with several other studies. Rontu (Rontu et al., 2003, 2004)
reported that the M allele carriers had larger atherosclerotic lesions compared to LL homozygous
individuals. However, Malin et al. (2001b) and Schmidt et al. (1998) detected a significant as-
sociation between the LL genotype and degrees of severity of CAAD, showing that the L allele
was an independent risk factor for CAAD. On the other hand, Hong et al. (2001) concluded that
there was no significant association between PON1L55M polymorphism and CAAD. Our study
showed that there was no significant association between PON1L55M polymorphism and CAAD
in the Xinjiang Uighur people with hypertension. There are several reasons that may account for
the differences between these studies. Selection bias, population difference in ethnicity, and dif-
ference in the criteria used for defining phenotype between studies cannot be ruled out.

Like PON1, PON2 has several polymorphisms that are associated with a number of
pathophysiologic conditions. Population studies have yielded a pair of amino acid substitu-
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tions with an alanine or glycine at codon 148(A/G148) and either cysteine or serine at co-
don 311(C/S311). The A/G148 polymorphism has been associated with variations in total and
LDL-C levels, FPG levels, and birth weight (Hegele et al., 1997, 1998). The polymorphism
at position 311 has been associated with coronary artery disease, ischemic stroke in patients
with type 2 diabetes mellitus, late-onset Alzheimer’s disease, and reduced bone mass in post-
menopausal women (Kao et al., 2002; Chen et al., 2003; Yamada et al., 2003; Martinelli et al.,
2004; Shi et al., 2004). Our study showed that the PON2 C allele is a significant risk factor
for CAAD in the Xinjiang Han and Uighur people with hypertension. There are few reports
about the relationship between PON2 C311S polymorphisms and CAAD, but there are many
reports about the relationship between PON2 C311S polymorphisms and ischemic stroke and
coronary artery disease. Wang et al. (2004) reported that the PON2 311C allele frequency was
clearly increased in type 2 diabetes patients with ischemic stroke. Yang et al. (2006) believe
that the PON2 311C allele is an independent risk factor for ischemic stroke. Martinelli et al.
(2004) reported that the PON2 311C allele clearly increases the risk of myocardial infarction
in Italy. In a recent study in white women (Chen et al., 2003), the PON2 CC genotype showed
a higher frequency with coronary artery disease. Our study confirmed that the PON2 C allele is
a significant risk factor for CAAD in the Xinjiang Han and Uighur people with hypertension.
We speculate that the C allele could lead to changes in the structure and function of PON2 en-
zymes, which would influence lipid metabolism and cause a reduction in HDL-C antioxidant
capacity and promote biochemical changes in the development of atherosclerosis. However,
opposite conclusions have been reported. Leus et al. (2001) reported that the PON2 CC geno-
type may be a protective factor against cardiovascular disease. Imai et al. (2001) showed that
there was no significant association between PON2 C311S polymorphism and coronary artery
disease or ischemic stroke in Japan. These reports are not consistent, where sample size, ethnic
differences, and environmental factors may account for the differences. We aim to perform a
further study in the future to address these questions.

Our study showed that the OR estimated by the combined analysis of the PON1 55M
allele and PON2 311C allele was not higher than that estimated separately for the PON1 55M
allele and PON2 311C allele alone. The results suggested that PON1L55M and PON2C311S
may not have a synergistic effect on CAAD. The problem that the gene locus plays an inde-
pendent role, or that there is an interaction between the polymorphisms, or that the develop-
ment of CAAD is more complex, still needs further study.

The present study about PON has rarely been repeated and confirmed in different
populations. Our study confirmed that PON1 55M alleles and PON2 311C alleles increase the
risk of CAAD in the Sinjiang Han population and that PON2 311C alleles increase the risk of
CAAD in the Xinjiang Uighur population. Although the genetic pattern of the multiple gene
disease is not confirmed at present, we will find a new approach to the prevention and treat-
ment of CAAD in patients with hypertension in our study of genetic susceptibility genes with
the progress of the human genome project.
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