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ABSTRACT

Previous investigations suggest association between
obesity and AlalévVal MnSOD gene polymorphism.
The V allele produces enzyme which not catalyze the
superoxide anion efficiently as occurs with A alléele.
As obesity is related to development of other meta-
bolic disorders we performed a study that analyzed
the effect of interaction between Alal6Val MnSOD
polymor phism and obesity on lipid, oxidative and in-
flammatory biomarkers of adult subjects. The study
enrolled 161 volunteers as categorized in six groups
with different genotypes. Obeses with different geno-
types (AAO, VVO and AVO) and nonobese (AANO,
VVNO and AVNO). In general the group AANO pre-
sented lower values whereas VVO presented higher
values of biomarkers analyzed. These results suggest
that oxidative metabolism influenced by genetic sta-
tus could to minimize or maximize the obesity effects
on lipid, oxidative and inflammatory biomarkers that
are also implicated in the genesis of important dys-
functions and diseases as atherosclerosis, diabetes 2
and cardiovascular mor bidities.

Keywords: Alal6Va MnSOD Polymorphism; Obesity;
Oxidative Stress; Inflammation; Oxidized LDL;
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1. INTRODUCTION

Currently is accepted that moderate levels of reactive
oxygen species (ROS) are important signalizing cell
molecules involved for cellular proliferation and host
defense. However, excessive amounts of ROS molecules
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cause oxidative stress that is harmful to cellular me-
tabolism and cause unwanted events, such as DNA, RNA,
and proteins damage, and induction of apoptosis or
necrosis [1]. Cellular aterations caused by oxidative
stress have been related to genesis of several morbidities
including the obesity [2].

The biological basis to ROS increasing by the cell
metabolism involves, mainly the mitochondria. This or-
ganelle plays a central role in energy homeostasis by
metabolizing nutrients producing ATP and heat, also pro-
duce ROS. During respiration, some electrons released
from the mitochondrial electron transport chain income-
pletely reduce O, to superoxide anion. The superoxide is
a ROS molecule and must be maintained at nanomolar
concentrations to avoid cellular damages [3].

The endogenous control of cellular superoxide levels
is made by superoxide dismutase (SOD) enzymes. SODs
have the capacity to dismutate the superoxide to hydro-
gen peroxide (H,0,) and this molecule is further catalyz-
ed in H,O and O, by enzymes such as catalase (CAT)
and glutathione peroxidases (GPX). The SOD enzymes
family is comprised of MnSOD (SOD2) located in the
mitochondrial matrix, and Cu/ZnSOD located in the mito-
chondria inter membrane space, cytosol and extracel-
lular space (SOD1 and SOD?3) [4].

Obesity is closely associated with an increased risk for
metabolic and cardiovascular diseases. The imbalance
between energy intake and expenditure as occur in obe-
sity leads to mitochondrial dysfunction, characterized by
areduced ratio of energy production (ATP production) to
respiration and increase of superoxide levels due excess
electrons provided to mitochondrial respiratory chains
and less ATP demand [5,6]. However, the increase of
superoxide levels that potentially occur in obesogenic
states did not trigger an increase of SOD enzyme levels.
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At contrary, epidemiological investigations have des-
cribed association among metabolic dysfunctions as
higher levels of body mass index (BMI), systolic and
diastolic blood pressure, triglyceride, glucose, proinflam-
matory biomarkers and lower SOD activity [7-9].

Obesity has been related to several cardiovascular and
metabolic disorders such as hypertension, type 2 diabetes,
hyperinsulinemia, dyslipidemia, atherosclerosis, and even
certain types of cancers. The obesity is related to ener-
getic unbalance that triggered weight increase associated
to increase in triglycerides storage, adipocyte prolifera-
tion and, in the first moment angiogenesis induction.
This condition stimulated the production and secretion of
severa cytokines and other molecules related to inflam-
mation process. Therefore, the obesity causes a chronic
low-grade inflammation process that is a perpetuating
factor of oxidative stress [10] and antioxidant capacity im-
pairment [11]. As consequence of inflammatory oxida
tive process existent in the obese state the homeostasi s of
several physiological functions are affected inducing
insulin resistance, hypercoagulability and atherogenesis,
hypertension, increased risk of cardiovascular and throm-
boembolic events [12].

These data indicate that obesity and other metabolic
diseases modulate the superoxide metabolism increasing
the level of these ROS and decreasing the SOD activity.
However, if this effect is related to genetic or just en-
vironmental factorsis not completely known.

To contribute to the clarification of the potential gene-
tic impact on SOD activity and its relation with metabo-
lic diseases previous investigations have been performed.
These studies evaluated an association between a genetic
polymorphism present in the MnSOD gene enzyme and
metabolic diseases and dysfunctions. This polymorphism
localized in exon 2 (rs 4880) dlters the structure and
efficiency of this enzyme due the substitution of valine to
alanine in the 16 codon of the gene. The AlaléVa sub-
stitution causes a conformational change from a f-sheet
to a-helix, inducing a 30% - 40% increase in mito-
chondrial MnSOD activity [6]. The MnSOD Val6Ala
variation has been reported to increase the risk of
oxidative stress-related pathological conditions asso-
ciated to both homozygous genotypes (AA and VV) due
aMnSOD imbalance. The V allele presents higher super-
oxide radical levels than the A alele because its lower
efficiency to dismutate this molecule into H,O, [13].

Previously, Montano et al. [14] described positive as-
sociation between VV genotype and obesity and other
studies also described association with hypercholes-tero-
lemia [15], diabetes or diabetic cardiovascular diseases
[16,17] diabetic nephropathy [18] and diabetic retinopa-
thy [19], elevate plasmatic oxided-LDL levels mainly in
diabetic patients [20], elevate also lipid peroxidation,
protein carbonylation [10,21] and proinflammatory-cyto-
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kines (IL-18, IL-6, TNFa and Igy) [22].

These results suggests that Alal6Val MnSOD poly-
morphism can contribute to metabolic alterations related
to obesity as well as the obesity can contribute to in-
crease of superoxide anion and, subsequently to affect
lipid-oxidative-inflammatory biomarkers that triggered
other metabolic dysfunctions. To evaluate this hypothesis
we performed an additional protocol that analyzed the
effect of interaction between Alal6Va MnSOD poly-
morphism and obesity on lipid, oxidative and inflamma-
tory biomarkers of health adult subjects.

2.METHODS
2.1. Subjects and Study Design

The Research Ethics Committee approved the study pro-
tocol (No. 537/02), and informed consent was obtained
from al individuas whose information was collected
prospectively. The study enrolled 161 subjects selected
from a previous cross-sectiona investigation that in-
cluded 1058 participants [15].

2.2. Inclusion and Exclusion Criteria

The study enrolled subjects with follow inclusion criteria:
obese (body mass index, BMI > 30 kg/m?) and non-
obese (BMI < 25 kg/m?), and by central obesity defined as
a waist circumference (WC) > 102 cm for men and >88
cm for women [23]. Exclusion criteriac Data from sub-
jects without previous diseases and dysfunctions as
hypotireoidism, hypercholesterolemia, stroke and neo-
plasias that could to influence results were excluded of
the analysis. The smoker or subjects undergoing hypoli-
pemic treatment or taking anti-inflammatory or other
drugs that could alter lipid, oxidative and inflammatory
blood markers were also excluded of the study. We aso
excluded subjects with differences in the nutritional
pattern evaluated in the Montano’ s study [11] since these
variables could to present some influence on blood
biomarkers analyzed here.

2.3. Blood Collection and Biochemical Analyzes

Blood samples were collected after 12 h overnight fast-
ing by venous puncture into gray and red top Vacutain-
ers”(BD Diagnostics, Plymouth, UK) tubes. Plasma was
used to measure the levels of fasting glucose and serum
total cholesterol, and triglyceride concentrations were
measured using standard enzymatic methods by use of
Ortho-Clinical Diagnostics®reagents on the fully auto-
mated analyzer (Vitros 950°dry chemistry system; John-
son & Johnson, Rochester, NY, USA). High-density lipo-
protein cholesterol was measured in the supernatant
plasma after the precipitation of apolipoprotein B-con-
taining lipoproteins with dextran sulfate and magnesium
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chloride as previously described [24]. Low-density lipo-
protein cholesterol was estimated with the Friedewald
equation [25]. High-sensitivity C reactive protein (hs-
CRP) was measured by nephelometry (Dade Behring,
Newark, DE, EUA). Serum thiobarbituric acid reactive
substances (TBARS) were measured according to the
modified method of Jentzsch et al. [26]. The carbony-
lation of serum proteins was determined by the Levine
method with modifications [27]. Oxidized LDL (OxLDL)
was also determined by capture ELISA according to the
manufacturer’s instructions (Mercodia AB, Uppsala, Swe-
den), as described by Holvoet et al. [28]. OxLDL auto-
antibodies (anti-OxLDL) were determined using ELISA
as described by Wu and Lefvert [29]. The vitamin C and
total polyphenols were espectrophotometrically evaluat-
ed as described in Montagner et al. [21].

2.4. AlalévVal MnSOD Genetic Analysis

The AlalévVa MnSOD gene polymorphism was deter-
mined as described in Montano ez al. [14]. Briefly, geno-
mic DNA was isolated from peripheral blood leukocytes
using a DNA Mini Kit Purification (Mo Bio). The poly-
morphism was detected by PCR-RFLP andyss. PCR
amplifications were performed using amplification primers
(Gibco Inc, Co) for a 110-bp fragment of the human
MnSOD gene were

5 -ACCAGCAGGCAGCTGGCGCCGG-3' (sense strand)
and 5-GCGTTGATGTGAGGTTCCAG-3' (antisense
strand). The PCR product was digested with Hae |11
(15U; 37°C, 6 h, Gibco. Inc., Co.). A mutation was
introduced by a primer mismatch to create a restriction
cut site for Hae 111 in the 16 codon, and the following
genotypes were observed: Alal6Ala (23 and 85 bp),
AlaléVal (23, 85 and 110 bp) and VVal6Va (110 bp).

2.5. Statistics Analysis

Statistical analysis was performed using the SPSS/PC sta-
tistical package, version 12.0 (SPSS, Inc., Chicago, IL).
The lipid and oxidative-inflammatory biomarkers were
compared between obese and nonobese groups by
Student T test. Further the sample was regrouped in six
categories considering the obese and Alal6vVa MnSOD
genotypes status. AA-nonobese (AANO), AA-obese
(AAO), VV-nonobese (VVNO), VV-obese (VVO), AV-
nonobese (AVNO) and AV-obese (AVO). The biomar-
kers were compared again among these groups by analy-
sis of variance One-Way followed by Bonferroni post
hoc test. Complementary statistical analysis comparing
frequencies distribution among the groups was analyzed
by chi-square test. We also performed a multivariate
analysis (logistic regression Backward wald method) to
observe the possible influence of sex and age. All p va
lues were two-tailed, and p < 0.05 was considered statis-
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tically significant.

3.RESULTS

The sample characteristic baselines are presented in Tab-
le 1. The mean age and sex distribution was similar in
both groups. The nonobese subjects Alal6Val MnSOD
genotype frequencies were: AA = 26 (33.3%), VV = 14
(17.9%), AV = 38 (48.7%) and in obese subjects were:
AA =25 (30.1%), VV =19 (22.9) and AV =39 (47.0).

The biochemical biomarkers investigated here were
compared between nonobese and obese and the results
are described in Table 2.

The obese group presented higher values of LDL-
cholesterol total, triglycerides, hs-PCR, OxLDL and anti-

Table 1. Characteristics baseline of obese and no-obese sub-
jects.

Obesen=78 Noobesen=83 p

Age(years, mean+SD)  520+11.6 502+119 0.133
Gender
Male, n 32 37 0.363
Female, n 46 46
BMI (kg/m?, mean + SD) 327+23 227+31 0.00001
Waistcireumference 451,89 §75+98  0.00001

(cm, mean + SD)
Hypertension, n (%)

n = sample number; SD = standard deviation.

Table 2. Comparison of biochemical biomarkers between
obese and no obese subjects.

Variables Mean + SD p
Nonobese 202.4 £ 62.9 0.872
Cholesterol total (mg/dL) Obese 203.9 + 60.7
Nonobese 488+11.3 0.372
HDL-cholesterol (mg/dL) Obese 471+129
Nonobese 106.7+£51.4 0.05
LDL-cholesterol (mg/dL) Obese 1195+ 54.1
. . Nonobese 1199+ 62.2 0.003
Triglycerides (mg/dL) Obese 1539+ 74.7
Nonobese 89.9+43.3 0.08
Glucose (mg/dL) Obese 1029+ 42.9
Nonobese 0.66 £ 1.07 0.001
Hs-CRP (mg/L) Obese 151+1.89
Nonobese 0.41+0.40 0.003
OxLDL (mg/dL) Obese 0.63+0.52
. Nonobese 13.56 + 15.89 0.007
anti-OxLDL (mg/L) Obese  20.77+17.29
TBARS Nonobese 6.10 £ 4.27 0.875
Obese 599+ 3.34
Protein carbonylation ~ Nonobese 1.72+0.86 0.391
Obese 1.51+0.39
Thiols Nonobese 154.0 + 147.6 0.617
Obese 1715+ 156.4
Vitamin C Nonobese 30.6 £ 20.4 0.955
Obese 30.8+185
Total polyphenols Nonobese 4.29+0.98 0.09
Obese 469+ 114
SD = standard deviation.
OPEN ACCESS
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OxLDL than nonobese subjects. Multivariate analysis
showed that differences of these variables between obese
and no obese subjects were independent of sex and age.

The analysis of interaction between obesity with
Alal6Va MnSOD polymorphism was performed group-
ing the sample in six categories that presented the follow
distribution: AANO = 26 (16.1%), VVNO = 14 (8.7%),
AVNO = 38 (23.6%), AAO = 25 (15.5%), VVO = 19
(11.8%) and AVO = 39 (24.2%).

The comparison of biochemical biomarkers among
these six groups was also performed. The HDL-choles-
terol, glucose, TBARS, protein carbonylation, thiols
group, vitamin C and polyphenol totals were also similar
among the groups. As we observed in the first analysis
obese and nonobese group did not show influence of
Alal6Va MnSOD genotypes.

However, the groups presented differences on choles-
terol, triglycerides, LDL-cholesterol, hs-PCR, OxLDL
and anti-OxLDL values. Figure 1 shows that cholesterol
total and triglycerides were lower in AANO and AAO
groups when compared to VVO group whereas the other
groups showed intermediary values. The VVO and AVO
presented higher levels of LDL-cholesterol when com-
pared to obese and nonobese AA carrier’s subjects. The
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other groups also presented intermediary values. The hs-
PCR and OxLDL levels were aso higher in VVO and
AVO subjects when compared with other groups in-
cluding AAO subjects. The analysis of anti-OxLDL
showed lower levels just to AANO subjects when com-
pared to other groups. The VVNO, AVNO and AAO
presented intermediary values but lower than VVO and
AVO that also showed higher values of these biomarker.

Since the range of hs-CRP values was large, as can see
by SD in Figure 1, we categorized these variables in
lower and higher values (>1 mg/L) and compared among
the six groups. The frequency of higher hs-CRP was
11.5% in AANO and 16.7% in AAO and these dif-
ferences were not significant (p = 0.602). However, the
obeses carriers VV and AV genotypes (VVO and AVO)
presented significant number of subjects with higher
hs-CPR than nonobeses. Similar analysis was performed
by OxLDL biomarker comparing subjects with lower and
higher value (>0.5 mg/L) of this variable. The AANO
presented lower frequency (23.1%) of subjects with
higher OxLDL values than other subjects (VVNO =
42.9%; AVNO = 52.6%, AAO = 40%, VVO = 52.6%
and AVNO = 61.8%, p = 0.006).
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Figure 1. Comparison of cholesterol total, LDL-cholesterol and triglycerides, hs-PCR, OxLDL, anti-OxLDL among
groups with different status of obesity and Alal6Val MnSOD genotypes. AANO = non obese AA subjects; VVNO = non
obese VV subjects/AVNO = non obese VV subjects; AAO= obese AA; VVO= VV obese; AVO = AV obese. Different letters

indicated significant statistical differences (p < 0.05).
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4. DISCUSSION

Our study evaluated whether the interaction between
obesity and Alal6Va MnSOD polymorphism has some
influence on oxidative and inflammatory biomarkers. To
perform this analysis we selected a sample with similar
health and lifestyle profile to minimize the influence of
these variables on biomarkers investigated here.

This selection probably is reflected in the results of
some variables related to oxidative metabolism that are
directly influenced by environmental variables as dietary
and pollutants factors such as the case of TBARS, pro-
tein carbonylation, thiols groups, vitamin C and total
polyphenols that we found similar values among the
groups.

In the present study, the comparison between obese
and nonobese volunteers showed the occurrence of im-
portant differences in lipid, inflammatory and oxidative
biomarkers since cholesterol total, LDL-cholesteral, trigly-
cerides, hs-PCR, OxLDL and anti-OxLDL [30].

Currently is accepted that initiation, propagation, and
development of obesity involves a chronic low-grade
inflammation and oxidative stress processes [30-35].
This association occurs because the obesity is related to
the storage of energy excess in adipocytes, resulting in
both hypertrophy and hyperplasia which causes particu-
larly mitochondrial stress. In this sense, oxidative stress
can also be induced by adipocyte associated inflamma-
tory macrophages that are reflected in the blood biomar-
kers differences observed in this study.

These results are not new since a large body of pre-
vious evidences has described the influence of obesity on
lipid, oxidative and inflammatory biomarkers [30,36,37].
However, in our study we found that the aterations in
these biomarkers can be influenced by the genetic status
of volunteers considering the Alal6Va MnSOD poly-
morphism. Obese subjects V alele carrier’s, in general
presented more chance to have high values of cholesterol,
LDL-cholesteral, triglycerides, hssCRP, Ox-LDL and
anti-OxLDL whereas AA carrier’s presented a protective
effect.

These results corroborated the previous study performed
by Duarte et al. [15] that described association between the
AlaléVa MnSOD polymorphism with hypercholestero-
lemia. Other studies as performed by Augusti et al. [38]
also have described the association between imbalance in
SOD activity in hypercholesterolemic subjects. We aso
found that triglycerides levels were higher in VVO,
lower in AANO subjects whereas the other groups
presented intermediary values between two groups.
Previous investigation described the potential association
between the MnSOD polymorphism and triglycerides
levels as the study performed in Chinese patients with
type 2 diabetes or diabetic CVD [16].

Copyright © 2012 SciRes.

The biological effects of oxidized LDL (OxLDL) may
contribute to initiation and progression of the atheroscle-
rotic process, and the association between cardiovascular
disease and oxidation of LDL has been largely demon-
strated. A positive correlation of OxLDL concentration
with cholesterol levels and body mass index, has been
reported in previous studies [30,33,37] indicating that
metabolic syndrome and their components as obesity
exacerbates oxidized LDL levelsin afeedback loop [39].
The results found in the corroborates the relevance of
oxidative stress status on OXLDL levels. However, these
results suggest that oxidative stress associated to OxLDL
levels can be also triggered by genetic factors since the
OxLDL values were lower in AA obese and higher in
VV obese subjects. This result confirms previous study
performed by Gottlieb et al. [20] that found association
between V alele with higher OXLDL levels mainly in
diabetic elderlies.

Perhaps, the most important result showed here was
related with the influence of the obesity and Alal6éVal
MnSOD polymorphism interaction on hs-CRP levels.
Elevation of hs-CRP levels has been previously asso-
ciated to obesity [40]. The concentration of this impor-
tant inflammatory molecule was lower in nonobese
carriers AA and VV genotypes when compared to VV
and AV obese subjects. These results suggest that super-
oxide imbalance associated to V allele (VV or AV) could
to be related to inflammatory plasmatic biomarkers. The
result corroborates the in vitro study performed by
Montano et al. [22] that evaluated cytokines production
by human peripheral blood mononuclear cells (PBMCs)
carrier'’s different Alal6Va-SOD2 genotypes and found
higher levels of proinflammatory cytokines in VV-PBMCs
when compared to AA-PBMCs.

Duarte et al. [15] aso analyzed the potential effect of
Alal6Va MnSOD polymorphism on hs-CRP levels.
However, these authors did not find influence of the
polymorphism in this variable since al hypercholestero-
lemic subjects presented higher hs-CRP levels when
compared to control group independent of the AlaléVal
MnSOD genotypes.

Evidences show that hs-CRP found in the blood rise in
response to inflammation processes synthesized by the
liver in response to factors rel eased by macro-phages and
fat cells (adipocytes) [41]. Additiona investigations, as
performed by Liu et al. [09] have suggested that hs-CRP
may contribute to risk of cardiovascular disease by in-
creasing oxidative stress.

The results described in this study corroborate the as-
sumption that chronic low-grade inflammation probably
occurs due changes in adipokines, secretion, fatty acid-
induced inflammation, and aso in the increase in oxida-
tive stress [4]. This contribution potentially is triggered
by activated macrophages which generate a range of
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ROS, including hydrogen peroxide, hypochlorous acid as
well as superoxide [42]. Since superoxide is present in
all cell types that participate in the inflammation process
(leukocytes, endothelial, other vascular cells, etc.) if this
ROS is not controlled may leads to cellular toxic effects.
The chronic state of unbalance, as occursin VV carriers,
the superoxide could to produce important oxidative re-
actions contributing to oxidative-inflammatory process
observed in the obesity. For example, the superoxide has
a high affinity to nitric oxide (NO), a ROS that is pro-
duced by virtually all cells and is associated with several
biological effects including the regulation of immune
responses. When the superoxide anion reacts to mole-
cules of nitric oxide, peroxynitrite is produced. Per-
oxynitrite formed by the diffusion rate-limited combina
tion of nitric oxide (NO) and superoxide free radicals has
been proposed to be a key contributor to oxidative dam-
age, mainly because its highly reactive decomposition
produces nitrogen dioxide, hydroxyl radical and carbon-
ate radical [43]. These PN-derived radicals can oxidize
proteins, nitrate tyrosine residues and induce cell mem-
brane lipid peroxidation [44].

In conclusion, our data suggest that oxidative metabo-
lism influenced by genetic status could minimize or
maximize the obesity effects on lipid, oxidative and in-
flammatory biomarkers that are also implicated in the
genesis of important dysfunctions and diseases as
atherosclerosis, diabetes 2 and cardiovascular morbid-
ities.
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