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ABSTRACT. Oxidized LDL (ox-LDL) is involved in the initiation and
progression of atherosclerosis. Many factors can affect the LDL oxida-
tion such as oxidative stress. The present study tested whether ox-LDL
levels would be associated with apolipoprotein E (APOE), manganese
superoxide dismutase (MnSOD) Ala16Val polymorphisms, and classic
cardiovascular risk factors. ox-LDL levels were measured by thiobarbi-
turic acid-reactive substances and both polymorphisms were determined
by polymerase chain reaction/restriction fragment length polymorphism
in a sample of 252 subjects (70 men, 182 women, mean age, 54-85 years).
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Subjects with ox-LDL ≥0.5 nmol/mg apoprotein were considered the
high level group (HLG, N = 82) and subjects with ox-LDL <0.5 nmol/mg
apoprotein were considered the expected level group (ELG, N = 170).
Classic risk factors were also evaluated. The results showed that diabe-
tes mellitus was more prevalent in HLG, whereas other cardiovascular
risk factors were similar between groups. The APOE genotype fre-
quencies did not differ between HLG and ELG subjects. However, AA
genotype from MnSOD polymorphism was more frequent in ELG (χ2 =
8.48; P = 0.014). AV and VV subjects from ELG present highest ox-
LDL levels (OR = 3.61; CI95% = 1.42-9.17) than AA. Additional anal-
ysis did not find gene-gene interactions associated with ox-LDL levels.
Multivariate analysis showed that diabetes and the MnSOD polymor-
phism were independent factors associated with higher ox-LDL levels
in HLG. The results suggest that an important framework on modulation
of the redox status influenced by genetic polymorphisms could affect
the cardiovascular homeostasis.

Key words: ox-LDL, Oxidative stress, APOE gene polymorphism,
MnSOD gene polymorphism, Ala16Val polymorphism, Atherosclerosis,
Oxidative damage

INTRODUCTION

The development of atherosclerosis is a complex process influenced by a network of
risk factors, such as hypertension, hyperlipidemia, smoking, and genetic predisposition (Berliner
et al., 1995). However, several investigations have suggested that atherosclerosis could be thought
of as a chronic inflammatory disease with the basic abnormality lying in the redox-state of the
vascular wall cells (Kunsch and Medford, 1999). The possible role of oxidative imbalance could
contribute to atherogenesis from a differential modulation of the expression of several mol-
ecules such as cytokines and adhesion molecules (Kunsch and Medford, 1999). The increasing
in the expression of these molecules probably promotes the invasion of inflammatory cells into
the vessel wall, which is an early and important event in atherogenesis. Especially, the oxidation
of low-density lipoproteins (ox-LDL) is considered to be a crucial step in the atherogenesis
(Berliner et al.,1995).

Whereas oxidative stress is involved in the pathogenesis of atherosclerosis, a variety of
antioxidants have been used in clinical studies during the past few years for the prevention and
treatment of atherosclerosis. Small clinical studies have found that both vitamins C and E might
improve endothelial function in patients with risk factors for atherosclerosis such as diabetes
mellitus, smoking, hypertension, or hypercholesterolemia. However, the initial and hopeful re-
ports regarding the beneficial role of antioxidant vitamins against atherosclerosis, derived from
purely observational studies, were followed by the negative results of almost all large random-
ized trials. Therefore, treatment with antioxidant vitamins C and E should not be recommended
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for the prevention or treatment of coronary atherosclerosis (Antoniades et al., 2003). This land-
scape suggested that the oxidative imbalance (more free radicals or more antioxidant com-
pounds) could be responsible for the development of body dysfunctions involved in complex
diseases as atherosclerosis.

For this reason, several studies investigating the role of enzymes related to oxidative
metabolism were performed in the last years, mainly involving the superoxide dismutases (SODs).
SODs are enzymes catalyzing dismutation of reactive superoxide radicals to hydrogen peroxide
and three SODs catalyze this reaction in mammals: manganese SOD (MnSOD) on the mito-
chondria, copper-zinc SOD on the cytosol and extracellular SOD in extracellular compartments
(Zelko et al., 2002). Polymorphisms of neither the copper-zinc SOD gene nor the extracellular
SOD gene were associated with the risk of macroangiopathy in patients with type 2 diabetes
mellitus (Ukkola et al., 2001). Experimental studies with knockout animals strongly suggest that
MnSOD plays a role of major importance in the oxidant resistance of vital organs (Li et al.,
1995). Single amino acid polymorphism alanine (Ala) to valine (Val) at the 16th amino acid (16th
amino acid from the beginning of the signal sequence or -9th amino acid from the first amino
acid of the mature protein) of the signal sequence of the MnSOD (Ala16Val) has been sug-
gested to change the secondary structure of the premature protein and therefore the mitochon-
drial targeting of the enzyme (Shimoda-Matsubayashi et al., 1996). Recent investigations have
used in vitro import of chimeric proteins composed of either one of the MnSOD/MTS fused to
the mouse dihydrofolate reductase protein, and the import of the two human MnSOD precursor
variants into rat liver mitochondria. The results showed that the Ala-MnSOD precursor gener-
ated 30-40% more of the active matricial, processed MnSOD homotetramer, than the Val-
MnSOD precursor. In the case, the Ala-MnSOD/MTS allows efficient MnSOD import into the
mitochondrial matrix, while the Val-variant caused partial arrest of the precursor within the
inner membrane and decreased formation of the active MnSOD homotetramer in the mitochon-
drial matrix (Sutton et al., 2003). So far, there are only a few studies linking MnSOD with heart
diseases and atherosclerosis. Firstly, MnSOD locus has been linked to the atherogenic lipopro-
tein phenotype, i.e., the excess of small dense LDL in humans (Allayee et al., 1998). Overex-
pression of MnSOD has been shown to protect transgenic mice against myocardial ischemia
(Chen et al., 1998) and in rabbits to reverse vascular dysfunction in carotid arteries without
atherosclerotic changes, but not in vessels with atherosclerotic plaques (Zanetti et al., 2001).
Overexpression of MnSOD inhibits in vitro oxidation of LDL by endothelial cells (Fang et al.,
1998) and ox-LDL is able to induce the expression of MnSOD in macrophages (Kinscherf et
al., 1997). The apoE-deficient mice lacking MnSOD had more severe atherosclerosis com-
pared to the apoE-deficient mice (Ballinger et al., 2002). In addition, the signal sequence poly-
morphism of the MnSOD gene has been associated with non-familial dilated cardiomyopathy in
Japanese subjects (Hiroi et al., 1999), but it has not been investigated earlier in human athero-
sclerosis.

Based on the same theoretical approach Kakko et al. (2003) studied whether the signal
sequence polymorphism of the MnSOD could be associated with the degree of carotid athero-
sclerosis. The author genotyped in a sample of 989 middle-aged hypertensive and control sub-
jects the MnSOD polymorphism. Carotid atherosclerosis was quantified as intima-media thick-
ness (IMT) by ultrasound. The results obtained suggested that signal sequence polymorphism
could be a minor determinant of carotid IMT explaining 1.3% of the overall variation, the Val
allele associated with the higher IMT. The results also suggested gender interaction. In women,
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a significant interaction with plasma levels of LDL cholesterol (LDL-c) was detected, since
LDL-c levels were positively correlated with carotid IMT only in carriers of the Val allele, and
the Val allele was associated with higher IMT only in subjects with high plasma levels of LDL-
c. The authors concluded that the signal sequence polymorphism of the MnSOD gene is a minor
determinant of carotid IMT, pointing out the importance of redox-balance in the atherogenesis.
What other physiological and genetic variables could be influenced by the results obtained? To
contribute to the elucidation of this question we performed a study between subjects with high
ox-LDL and between expected range values comparing the classical cardiovascular risk, MnSOD
and apolipoprotein E (APOE) polymorphism frequency distributions in a sample that live in the
Southern Brazilian region (Rio Grande do Sul State).

MATERIAL AND METHODS

The study was structured considering the checklist for reporting and appraising of gene-
disease associations proposed by Little et al. (2002). The population examined was composed
of Caucasian volunteers. In this case, participants were recruited by random selection from the
Health and Social Assistance Program of Gravataí, a city from the Porto Alegre Metropolitan
area, Rio Grande do Sul State. All volunteers went to an outpatient visit to the research unit for
laboratory tests, physical examination and interviews.

Sample

The sample consisted in 252 subjects (70 men and 182 women), ≥50 years old, without
cardiovascular disease history, grouped into two categories: A) high ox-LDL level group (HLG):
formed by 82 subjects with ox-LDL levels ≥0.5 nmol/mg apoprotein; B) expected ox-LDL level
group (ELG): formed by 170 subjects with ox-LDL levels <0.5 nmol/mg apoprotein. Individuals
using medicines to lower cholesterol and those with renal and hypothyroidism history were
excluded.

Variables analyzed

Clinical variables

The body mass index was calculated dividing weight (kg) by height squared (m2) (WHO,
1997). We used standard desk mercury sphygmomanometers (Wanross®) and stethoscopes
(Littman®) to assess the blood pressure measurement (BP) (III Consenso Brasileiro de
Hipertensão, 1998). BP was measured 30 min or more after the last caffeine intake or cigarette
smoked. Three measures were taken at 5 min of the initial rest and subsequently at 2-min
intervals, when an increased diastolic (DBP) or systolic BP (SBP) was recorded (mean DBP
≥90 and/or mean SBP ≥140 mmHg).

Biochemical variables

The following blood tests were performed: biochemical analysis (glucose, total choles-
terol, HDL-c, LDL-c, and triglycerides, TG) (Tonks, 1972). Malondialdehyde values were meas-
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ured using the biochemical approach described by Janero (1990). Blood samples were collected
from Gravataí’s subjects after an overnight fasting (12 h or more); snacks and coffee were
offered afterwards. Samples were sent to the Biochemistry and Molecular Genetics Labora-
tory of the Institute of Geriatrics and Gerontology at the Pontifícia Universidade Católica do Rio
Grande do Sul, where they were analyzed. Total cholesterol, HDL-c, TG, and glucose were
determined by enzymatic colorimetric methods using commercial kits: total cholesterol Cod-
Ana Labtest®, HDL-c precipitant Labtest®, TG Gpo-Ana, Glucose PAP Labtest®, and LDL-c
were calculated according to the Friedewald equation: (LDL-c) = (TG) - (HDL-c + TG/5). The
plasma ox-LDL was estimated using thiobarbituric acid-reactive substance formation using the
fluorimetric procedures of Yagi (1987).

Cardiovascular risk factors

a) Diabetes mellitus: individuals with glycemic levels above 126 mg/dL and those in use
of medicines to lower glucose were considered diabetics; b) obesity: those with body mass
index >30 were considered obese; c) sedentarism: those who performed physical activity less
than tree times a week; d) tabagism: tobacco use was assessed by clinical history and the
individuals were classified in smokers and non-smokers; e) dyslipidemia: subjects with total
cholesterol, LDL-c or elevated TG were considered dyslipidemic as well as those who used
drugs to lower cholesterol; f) hypertension: systolic blood pressure levels >140 mmHg or dia-
stolic blood pressure levels >90 mmHg, or both, were considered hypertensive.

Molecular variables

Blood samples of a peripheral vein were withdrawn according to the venoclysis system
with a disposable vacuum device (Vacutainer) and stored in tubes with 0.1% EDTA (final
volume at the concentration of 1 mg/dL). After this, the material collected was maintained
at 4°C until DNA extraction for up to 24 h. Genomic DNA was isolated from peripheral
blood leukocytes using a GFX Genomic Blood DNA Purification (Amersham Biosciences Inc.,
Co.) kit. The following polymorphism genotypings were performed (Lahiri and Nurnberger Jr.,
1991):

1. MnSOD genotyping. PCR-RFLP methods were done at a total volume of 50 µL
containing 5.0 µL 10X buffer, 1.0 µL 25 mM MgCl

2
, 1.25 µL 10 mM dNTP, 0.5 µL Taq poly-

merase (Gibco Inc., Co.), 1.0 µL 40 pmol each primer, 3.0 µL Genomic DNA (0.25 µg), 34.5 µL
ddH

2
O. The amplification primers (Gibco Inc., Co.) for a 110-bp fragment of the human SOD

gene were 5’-ACCAGCAGGCAGCTGGCGCCGG-3’, (sense-strand) and 5’-GCGTTG
ATGTGAGGTTCCAG-3’ (antisense-strand) with thermocycler parameters comprised of an
initial cycle of 95°C for 5 min followed by 35 cycles at 95°C for 1 min, 61°C for 1 min. The final
cycle was followed by an extension period of 2 min at 72°C. PCR product (10 µL) was digested
with HhaeIII (15 U; at 37°C, for 6 h, Gibco. Inc, Co.). Digested products (23 and 85 bp) were
visualized on a 6% agarose gel (Amersham Biosciences Inc., Co.) stained with ethidium bro-
mide. A mutation was introduced by a primer mismatch to create a restriction cut site for
HhaeIII in the -9 codon, though the following genotypes were observed: -9Ala/Ala (23 and 85
bp); -9Ala/Val (23.85 and 110 bp), and -9Val/Val (110 bp) (Taufer, 2003).
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2. APOE genotyping. PCR-RFLP were performed according to the method reported
by James et al. (1990) using the primers apo EF 5'- TAA GCT TGG CAC GGC TGT CCA
AGG A-3' (25-mer) and apo ER 5'- ACA GAA TTC GCC CCG GCC TGG TAC AC-3' (26-
mer). The reaction’s mixture (total of 50 µL) was prepared with 10 pmol each primer, 100 µM
dNTPs, 1 U Taq polymerase (CenBiot-RS), buffer containing 1.5 mM MgCl

2
, 1% DMSO, and

2 µL DNA of the sample. The amplification process consisted of an initial denaturation at 95ºC
for 5 min, followed by 30 cycles of denaturation at 95ºC for 1 min, coiling at 61ºC for 1 min,
extension at 70ºC for 1 min, and a final extension at 72ºC for 10 min. The efficacy of the PCR
was visualized through electrophoresis on 2% agarose gel with ethidium bromide, when a band
of 240 bp was observed under ultraviolet light. Genotyping was performed by digesting the PCR
product (20 µL) with 5 U of the restriction enzyme HhaI (Gibco). The fragment sizes from
polymorphic HhaI sites after cleavage were as follows: E2/E2: 91 and 83 bp; E3/E3: 91, 48, and
35 bp; E4/E4: 72, 48, and 35 bp; E3/E2: 91, 83, and 48 bp; E4/E2: 91, 83, 72, and 48 bp; E4/E3: 91,
72, and 48 bp.

Statistical analysis

The results are reported as means ± standard deviation or percentages. All the analyses
were carried out using the statistical package for social studies SPSS version 11.0 (Inc., Chi-
cago, IL). The differences between HLG and ELG were evaluated by the Student t-test for
quantitative variables and by the chi-square test for categorical variables. Allele frequencies
were estimated by gene-counting method. Chi-square (χ2) analysis was used to estimate the
Hardy-Weinberg equilibrium and to compare genotypic and allelic frequencies among the ethnic
groups. The alpha value considered was P = 0.05. All P values were two-tailed. A P value of
<0.05 was considered to be statistically significant. To test intervenient factors we performed a
multivariate analysis using the Forward Wald logistic regression.

The Research Ethics Committee of the Pontifícia Universidade Católica do Rio Grande
do Sul approved the study protocol (No. 537/02) and informed consent was obtained from all
individuals whose information was collected prospectively.

RESULTS

The baseline characteristics of HLG and ELG subjects are shown in Table 1.
The frequency of gender in the HLG and ELG was similar (χ2 = 0.05, P = 0.943). The

analysis showed higher SBP, DBP, fat body composition, and abdominal fat values in the
HLG.

The prevalence of classic cardiovascular risk was compared between groups. The
results obtained are presented in Table 2. The diabetes mellitus was prevalent in HLG, whereas
the prevalence of the other cardiovascular risk factors was similar between groups shown in
Table 2. Logistic regression showed that association among SBP, DBP, fat body composition,
and abdominal fat values was related with diabetes II.

The MnSOD and APOE genotypes were in Hardy-Weinberg equilibrium.
The MnSOD genotype frequencies were calculated and are presented in Figure 1. The

MnSOD allelic frequency was A = 0.451 and V = 0.549.
The APOE genotype frequencies were calculated and are presented in Figure 2. The
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frequencies were in Hardy-Weinberg equilibrium. The APOE allelic frequency was E3 = 0.767,
E4 = 0.162, E2 = 0.071.

The comparison of MnSOD polymorphism frequencies between HLG and ELG showed
an increase in the AA genotypes in the ELG (χ2 = 8.48, P = 0.014) (Figure 3). The ox-LDL
levels in AV + VV subjects together was high (≥0.5 nmol/mg apoprotein), with odds ratio of 3.61
(CI 95% = 1.42-9.17).

The APOE genotypes did not differ between HLG and ELG and their frequencies are
shown in Figure 4.

The multivariate analysis showed that diabetes and Ala16Val polymorphism were inde-
pendent factors associated with higher ox-LDL levels presented in the HLG.

Table 1. Comparison of general characteristic of subjects with different oxidized LDL levels.

ox-LDL= oxidized LDL; ≥0.5 = ox-LDL ≥0.5 nmol/mg; <0.5 = ox-LDL <0.5 nmol/mg; TC = total cholesterol; TG =
triglycerides; SBP = systolic blood pressure; DBP = diastolic blood pressure; BMI = body mass index; MDA = malondialde-
hyde; SD = standard deviation; P = significance level.

ox-LDL Mean ± SD P

Age ≥0.5 68.0 ± 6.11 0.147
<0.5 66.23 ± 9.65

TC (mg/dL) ≥0.5 215.65 ± 51.02 0.955
<0.5 215.33 ± 33.98

TG (mg/dL) ≥0.5 152.26 ± 63.92 0.635
<0.5 157.06 ± 75.70

HDL (mg/dL) ≥0.5 45.97 ± 8.29 0.262
<0.5 44.63 ± 8.59

LDL (mg/dL) ≥0.5 141.37 ± 43.09 0.958
<0.5 141.09 ± 34.27

Glucose (mg/dL) ≥0.5 100.31 ± 12.19 0.202
<0.5 105.58 ± 34.81

SBP (mmHg) ≥0.5 147.95 ± 22.04 0.003
<0.5 139.47 ± 18.95

DBP (mmHg) ≥0.5 79.32 ± 12.00 0.049
<0.5 76.08 ± 11.22

Weight (kg) ≥0.5 72.45 ± 11.09 0.103
<0.5 69.83 ± 11.26

Height (cm) ≥0.5 156.60 ± 6.50 0.800
<0.5 156.34 ± 7.58

BMI (kg/m2) ≥0.5 28.69 ± 6.53 0.881
<0.5 28.58 ± 4.19

Fat (%) ≥0.5 39.83 ± 6.01 0.055
<0.5 38.12 ± 5.94

Waist (cm) ≥0.5 95.55 ± 9.27 0.002
<0.5 90.45 ± 11.40

MDA (nmol/mg) ≥0.5 4.17 ± 1.80 0.634
<0.5 4.29 ± 1.98

ox-LDL (nmol/mg) ≥0.5 0.65 ± 0.13 0.000
<0.5 0.33 ± 0.08
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Table 2. Comparison of the classic cardiovascular risk factor prevalence among subjects with different oxidized
LDL levels.

ox-LDL = oxidized LDL; P = significance level; OR = odds ratio; CI 95% = confidence interval at 95%; HLG = high ox-
LDL level group; ELG = expected ox-LDL level group.

Risk factors ox-LDL P OR CI 95%

≥0.5 nmol/mg <0.5 nmol/mg Minimum Maximum
(HLG) (ELG)

N (%) N (%)

Sedentarism 26 (37.1) 44 (62.9) 0.580 1.182 0.654 2.136
Smoke 6 (37.5) 10 (62.5) 0.755 1.182 0.412 3.390
Diabetes mellitus 22 (57.9) 16 (42.1) 0.000 3.575 1.737 7.358
Familial history 22 (34.4) 42 (65.6) 0.785 1.090 0.588 2.018
Hypertension 50 (32.1) 106 (67.9) 0.857 0.943 0.501 1.777
Dyslipidemia 36 (40.0) 54 (60.0) 0.066 1.704 0.962 3.016
Obesity 26 (36.1) 46 (63.9) 0.109 1.420 0.977 2.070

Figure 1. Distribution of observed and expected genotype frequencies of the MnSOD Ala16Val gene polymorphism.

DISCUSSION

The results described here show significant association among higher ox-LDL levels,
biological traits and MnSOD polymorphism interaction related to diabetes II. Higher SBP, DBP,
body fat (%), and waist circumference levels were observed in subjects with higher ox-LDL.
However, these associations were diabetes II dependent. On the other hand, none association
between the APOE polymorphism and the variable studied was observed.

The ox-LDL and biological trait associations described here were observed in previous
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Figure 2. Distribution of observed and expected genotype frequencies of the apolipoprotein E gene polymorphism.

Figure 3. Distribution of MnSOD Ala16Val polymorphism genotype frequencies among subjects with different oxidized
LDL (ox-LDL) levels.

studies. Holvoet (2004) identified several metabolic syndrome components (high TG, low HDL-
c, glucose intolerance, and diabetes) that independently of LDL-c, predicted high levels of ox-
LDL. However, whereas some studies suggest that LDL oxidizability may be increased in
people with type 2 diabetes (Dimitriadis et al., 1995; Schwenke et al., 2003) and that lipid
peroxidation in such individuals is particularly high when glycemic control is poor (Nourooz-
Zadeh et al., 1997; Schwenke et al., 2003), other investigations did not described this association
(Oranje et al., 1998; Julier et al., 1999). These apparently contradictory results could be ex-



M.G.V. Gottlieb et al. 700

Genetics and Molecular Research 4 (4): 691-703 (2005) www.funpecrp.com.br

plained by gene-gene or gene-environmental associations related to ox-LDL and diabetes II.
Here we observed possible interaction between higher ox-LDL levels and Ala16Val

polymorphism with diabetes II. It is widely believed that oxidative stress plays an important role
in the pathogenesis of type II diabetes. Therefore, the interaction between ox-LDL and MnSOD
polymorphism on diabetes observed here could have a physiological explanation.

The many studies on oxidative stress, antioxidant treatment, and diabetic complications
have shown that oxidative stress is increasing and may accelerate the development of compli-
cations through the metabolism of excessive glucose and free fatty acids in diabetic and insulin-
resistant states. In excess, reactive oxygen species (ROS) and their bioproducts that are ca-
pable of causing oxidative damage may be cytotoxic and increase the risk of atherosclerosis.
Recent insights into the etiology and pathogenesis of atherosclerosis suggest that this disease
may be seen as an inflammatory disease linked to an abnormality in oxidation-mediated signals
in the vasculature. Generally the pathophysiological process of atherosclerosis is accelerated in
diabetic subjects mainly when there are factors such as hyperglycemia, insulin resistance, ab-
normal lipid profile, oxidative modification of lipoproteins, increased blood pressure, altered rate
of fibrinolysis, etc. (Scott and King, 2004).

The possible association between AV + VV genotypes, ox-LDL and diabetes II could
be explained by the decrease in the functional MnSOD enzyme into mitochondria caused by
mutation and change in protein conformation that is observed in V allele carriers. However, we
do not know if this mutation could affect the oxidative balance in the cytosol and extracellular
medium. This is an open question that needs to be tested. On the other hand, association be-
tween MnSOD levels and diabetes II has been described and indirectly corroborate the results
found in this study. Carmeli et al. (2004) investigated the function of two antioxidant scavenger
enzymes, SOD and glutathione peroxidase (GSH-Px), in erythrocytes in a population of healthy

Figure 4. Distribution of APOE genotype frequencies among subjects with different oxidized LDL (ox-LDL) levels. E4
= subjects with at least one E4 allele; E2 = subjects with at least one E2 allele.
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aging adult women compared to a similar population with type II diabetes. A significant increase
in SOD activity was correlated to aging in erythrocytes of the healthy control subjects. How-
ever, this correlation was not found in subjects with type II diabetes. The result indicates a
possible imbalance in the antioxidant system in erythrocytes of aging adult women, which is
even more pronounced in cases of type II diabetes. Another study performed by Manea et al.
(2004) investigated the role of diabetic conditions such as high glucose, AGE-Lysine, and angio-
tensin II in the modulation of antioxidant enzyme activities, GSH level and ROS production in
pericytes. The activity of antioxidant enzymes: SOD, catalase, GSH-Px, and total GSH were
evaluated. The results indicated that diabetic conditions induce in pericytes: i) an increase of
ROS and SOD activity, ii) a decrease in GSH-Px activity and GSH level, and iii) major pertur-
bation of the intracellular calcium homeostasis. In this context, genetic decrease in SOD2 could
increase oxidative stress and increase ox-LDL mainly in diabetic subjects.

Additionally, it is important to comment that several investigations have described the
modulation of ox-LDL by oxidative balance (Berliner et al., 1995; Kinscherf et al., 1997; Fang et
al., 1998; Ballinger et al., 2002). Endothelial cells produce superoxide anions (−O

2
) and ox-LDL

in vitro; however, the role of (−O
2
) in endothelial cell-induced LDL oxidation is unclear. Fang et

al. (1998) performed an in vitro study incubating the human LDL with bovine aortic endothelial
cells for 18 h, which resulted in a 4-fold increase in LDL oxidation compared to cell-free incu-
bation malondialdehyde/mg LDL protein.

The possible association with ox-LDL could be through modulation of molecules related
to inflammatory processes such as cytokines and adhesion molecules (Wen et al., 2002). Prob-
ably, the physiological association between diabetes, ox-LDL levels and atherosclerosis occurs
through inflammatory modulation. Taking into account these studies we suggest that genetic
MnSOD level function observed in V allele carriers and diabetes could increase the LDL oxida-
tion as observed here.

We did not find any association between APOE and ox-LDL levels. Despite the APOE
polymorphism being extensively studied and associated with the atherosclerosis process, there
are few studies that analyzed the association between APOE polymorphism and ox-LDL levels.
Among these studies we can cite the investigation performed by Chen et al. (2003) that exam-
ined the association between 3 polymorphisms in lectin-like ox-LDL receptor-1 gene (LOX1 or
OLR1) with coronary artery disease in the Women’s Ischemia Syndrome Evaluation (WISE)
study population. The results described by the authors showed that APOE and LOX1 genotypes
were independently associated with the risk of disease and that there was no interaction be-
tween the two genes. The cited study indirectly corroborates to our results but do not show
association between APOE polymorphism and ox-LDL levels. Moreover, the APOE could in-
fluence the atherosclerosis process for other metabolic pathways.

The results described here suggest a possible interaction between MnSOD, ox-LDL
and diabetes II. Additional investigations looking for possible other gene-gene or gene-environ-
mental interactions on ox-LDL modulation (e.g., nutrition) could be important to understand the
role of these variables on physiological and pathological processes such as atherogenesis.
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