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ABSTRACT

Objective

To evaluate whether the single nucleotide polymorphism rs7895833 (A/G) of the gene SIRT1 is associated with
metabolic syndrome criteria in a sample of Brazilian adults.

Methods

Serum samples and oral mucosal cells were collected from 243 subjects aged 30 to 70 years. Biochemical,
hormonal, and anthropometric data were obtained. The single nucleotide polymorphism rs7895833 (A/G) was
analyzed by polymerase chain reaction using the amplification refractory mutation system.

Results

Among the 243 study subjects, 100 (41.15%) were classified as non-metabolic syndrome and 143 (58.85%),
as metabolic syndrome. The frequency of the single nucleotide polymorphism rs7895833 (A/G) did not differ
between the groups. However, 111 patients (45.67%) were overweight (body mass index: 25-29.9 kg/m?).
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Blood glucose, total cholesterol, triglycerides, very low density lipoprotein, low density lipoprotein, waist and
hip circumferences, and blood pressure were higher in the metabolic syndrome group than in the non-metabolic
syndrome group. Free thyroxine 4, grown hormone, and insulin levels were within the normal range. The
metabolic conditions of the patients with metabolic syndrome indicate biochemical, anthropometric, and
hormonal changes characteristic of overweight and obesity.

Conclusion

The SIRT1T polymorphism rs7895833 (A/G) is not associated with the metabolic syndrome in the adult Brazilian
population.

Keywords: Body mass index. Metabolic syndrome. Obesity. Polymorphism, single nucleotide. Sirtuin 1.

RESUMO

Objetivo

Avaliar se o polimorfismo de nucleotideo unico rs7895833 (A/G) do gene SIRTT estd associado a sindrome
metabdlica em uma amostra da populacao brasileira. Foram coletadas, de 243 individuos com idades entre 30
e 70 anos, amostras de soro e de células da mucosa bucal.

Meétodos

Dosagens bioquimicas, hormonais e dados antropométricos foram analisados. O polimorfismo de nucleotideo
Unico rs7895833 (A/G) foi analisado por sistema de amplificacdo de mutacdo por refracdo - reacédo em cadeia
da polimerase.

Resultados

Entre os 243 individuos estudados, 100 (41,15%) foram classificados como ndo apresentando sindrome meta-
bolica e 143 (58,85%) como apresentando a sindrome. Nao houve diferenca significativa na frequéncia do
polimorfismo de nucleotideo Unico rs7895833 (A/G) entre os grupos. No entanto, 111 pacientes (45,67%)
estavam com sobrepeso (indice de massa corporal: 25-29,9 kg/m?). Glicose, colesterol total, triglicerideos,
lipoproteinas de muito baixa densidade, lipoproteinas de baixa densidade, circunferéncia da cintura e do
quadril e pressao arterial foram maiores no grupo com sindrome metabdlica quando comparado ao outro
grupo. Tiroxina 4 livre, horménio do crescimento e os niveis de insulina estavam no valor de referéncia. As
condicées metabdlicas dos pacientes com sindrome metabdlica indicam alteracdes bioquimicas, antropométricas
e hormonais caracteristicas do excesso de peso e da obesidade.

Conclusao

Sugerimos que o polimorfismo rs7895833 (A/G), no gene SIRT1, ndo esteja associado a sindrome metabdlica
na populacdo adulta brasileira.

Palavras-chave: Indice de massa corporal. Sindrome metabdlica. Obesidade. Polimorfismo de nucleotideo
unico. Sirtuina 1.

INTRODUCTION Program’s Adult Treatment Panel?, MetS is defined
as a combination of three or more of the following
factors: central fat deposition, high triglycerides,
low levels of High-Density Lipoprotein cholesterol
(HDL-c), high blood pressure, and high fasting

blood glucose. Metabolic changes are also related

Changes in lifestyle habits, physical
inactivity, eating habits, and genetic predisposition
can lead to metabolic changes that increase the
incidence of age-related diseases, such as obesity,
diabetes, and hypertension, culminating in a

condition called Metabolic Syndrome (MetS). The 10 changes in endocrine function, including insulin
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term MetS associates a set of metabolic
abnormalities related to a higher susceptibility to
type 2 diabetes and cardiovascular disease’.
According to the National Cholesterol Education

(type 2 diabetes Mellitus), thyroid hormones
(hypothyroidism), estrogen (menopause),
testosterone  (andropause), and low
Dehydroepiandrosterone Sulfate (DHEA-S)3.
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In humans, calorie restriction seems to
reduce the incidence of age-related diseases like
diabetes, hypertension, and obesity by promoting
lower insulin levels, which are associated with
higher peripheral insulin sensitivity and lower
concentrations of trilodothyronine 3 as a result
of lower energy metabolism#¢. The idea that
calorie restriction can extend human life is
inconclusive, but many of its effects are attributed
to the Silent Mating Type Information Regulation
Gene (SIRT1). SIRT1 is Nicotinamide Adenine
Dinucleotide (NAD+)-dependent histone deacetylases
conserved in evolution from bacteria to humans.
SIRT1 is related to metabolism, specifically in
endocrine signaling and longevity’. Humans have
7 sirtuins®, and SIRT1 has been most studied.
Resveratrol, a natural SIRT1 agonist present in red
wine and grapes, has been shown to prevent
obesity and diet-induced peripheral insulin
resistance in rodents, increasing longevity®'°. Studies
are directed to SIRT1 agonists for the treatment
of obesity and diabetes type 2. SIRT1 also has
important endocrine action in glucose and lipid
metabolism' 2. However, in addition to the
weight loss effect, there is concern that activation
of SIRT1 in all tissues may have undesirable
effects. Some human studies have demonstrated
a positive association between lower Body Mass
Index (BMI) and variants of the SIRT1 gene, but the
results differ between different populations'>2°.
Although the genetic variants of the SIRT1 gene
are related to lower BMI and obesity reduction,
the aim of this study was to investigate the
association between the Single Nucleotide
Polymorphism (SNP) rs7895833 of the SIRT1 gene
and MetS. BMI, serum insulin level, Grown
Hormone (GH), and free thyroxine 4 were
analyzed for characterizing the sample.

METHODS

The study was approved by the Ethics
Committee of Centro Universitario Herminio
Ometto (Process n° 601/2010). A cross-sectional
study was conducted with 243 adults aged 30 to
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70 years recruited at the Municipal Laboratory of
the town of Tieté, Sdo Paulo, Brazil. The subjects
were selected after they had received detailed
information about the objective of the study and
signed the informed consent form. The
participants were divided into subjects without
(non-MetS) and with MetS, according to the
following criteria: a) non-MetS: active adults
without any underlying disease (healthy); b) MetS:
obese, hypertensive, and inactive adults with type
2 diabetes Mellitus (using or not antidiabetic
agents according to the National Cholesterol
Education Program Adult Treatment Panel I
[NCEP ATP Il criteria). Subjects who had congenital
diseases, cancers, and/or other diseases were
excluded from the study.

Anthropometric, biochemical, and
hormonal analyses

Anthropometric data were collected
according to the World Health Organization?’
(WHO) guidelines. Each parameter was measured
three times, and the mean was used for analysis.
Body weight was measured by a portable
microelectronic scale (capacity of 150 kg - Filizola,
Sdo Paulo, Brazil) to the nearest 0.1 kg. The
subject was weighed barefoot and in light
clothing while standing in the center of the scale.
Height was measured by a stadiometer (50 to 220
c¢m, 1-mm graduation) to the nearest 0.1 cm. The
subject stood barefoot with the back against the
stadiometer, feet parallel, and heels together. The
subject’s buttocks, shoulders, and back of the head
were in contact with the wall and the arms were
hanging loosely at sides. The headpiece was then
lowered lightly onto the subject’s head. Body
weight and height were used for calculating the
BMI, which was classified based on the cut-off
values established by the WHO?' as follows:
underweight: <18.5 kg/m?; normal weight: 18.5
to 24.9 kg/m?; overweight: 25.0 to 29.9 kg/m?;
obesity grade I: 30.0 to 34.9 kg/m?; obesity grade
II: 35.0 to 39.9 kg/m?; obesity grade Ill: >40 kg/m?.
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Waist Circumference (WC) was measured
with the subject standing, abdomen relaxed, arms
hanging loosely at sides, and feet together. The
measurement was made to the nearest 0.1 cm
using a flexible non-elastic tape measure without
exerting pressure at the lower curvature, between
the lower costal margin and iliac crest. When the
lower curvature could not be identified, the
measurement was made 2 cm over the umbilical
scar. Hip circumference was measured to the
nearest 0.1 cm using a non-elastic tape measure
placed around the widest point of the subject’s
buttocks without compressing the soft tissues. The
Waist-to-Hip Ratio (WHR) was calculated using
the equation WHR=WC/HC and classified according
to the WHO?' recommendations.

Blood samples (10 mL) were collected
using a vacuum system, preferentially from the
forearm, between 7:00 and 9:00 a.m., after a 10-12-
h fast. The material was separated immediately
by centrifugation into appropriately identified test
tubes for the determination of total serum cholesterol,
HDL-c, triglycerides, Low-Density Lipoprotein
cholesterol (LDL-c), Very Low-Density Lipoprotein
cholesterol (VLDL-¢), insulin, free thyroxine 4, GH,
and fasting blood glucose. The LDL-c and VLDL-c
fractions were calculated using the formula of
Friedewald et al.?2.

The reagents for the biochemical tests
were purchased from Labtest Diagnostica SA
(Lagoa Santa, Minas Gerais, Brazil). Hormone
analysis was performed using commercially
available ELISA kits (BioCheck, Inc., Foster City,
California, United States) for GH and free thyroxine
4 and a kit from Orgentec Diagnostika (Germany)
for insulin.

Blood pressure was measured by a
sphygmomanometer (0 to 300 mmHg) with
appropriate cuffs to the nearest +3 mmHg (Welch
Allyn - Tycos, United States). Two measurements
were made at an interval of 2 minutes, and the
mean was calculated. The technical requirements
and definition of the cut-off for the classification
of MetS and non-MetS established by the NCEP
ATP III> were used.

http://dx.doi.org/10.1590/1678-98652016000100001

Metabolic syndrome was defined by the
following characteristics: waist circumference
>102 c¢m for men, and >88 c¢cm for women;
triglycerides >150 mg/dL for both; HDL-c <40 mg/dL
for men, and <50 mg/dL for women; fasting
glucose >100 mg/dL for both; systolic blood
pressure >130 mmHg, and diastolic blood
pressure >85 mmHg for both.

DNA extraction and genotyping

Samples of oral epithelial cells were
obtained by a Cytobrush and immediately stored
in 1 mL of 0.9% saline at -20°C until the genomic
DNA extraction. For DNA extraction, the samples
were centrifuged at 13,000 rpm for 10 minutes,
and the supernatant was discarded. Next, the cells
were lysed by the addition of 600 pL of 50 mM
NaOH, followed by heating to 95°C for 5 minutes
and pH neutralization with 1 M Tris-HCI (2-Amino-
2-Methylol-1,3-Propanediol) - hydrochloric acid),
pH 8.0. The extracted DNA was stored at -20°C
for further analysis.

Genotyping of the rs7895833 (A/G)
polymorphism was performed in 200 subjects
(100 MetS and 100 non-MetS) by Polymerase
Chain Reaction using the Amplification Refractory
Mutation System (PCR-ARMS), 43 samples were
excluded because they were not amplified. The
primers were designed using the Gene Runner
software, version 3.05 (Hastings Software, Inc.,
San Francisco, California, United States). A common
reverse primer (5'-CATCTGTGTATCCCC
TAGAAAGT-3’) and two forward allele-specific
primers that amplify two allele-specific regions
were used: A allele - 5'-GGTGGTAAAAGGCCTA
CAGGACA-3’, and G allele - 5'-GGTGGTAAAAG
GCCTACAGGACG-3' (299-bp amplicon). Control
primers were used for single nucleotide polymerase
co-amplification of a portion of the B-globin
gene?. These primers served as an internal
amplification control.

For polymerase chain reaction using the
amplification refractory mutation system, 1 plL of
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DNA, 167 uM of each Deoxyribonucleotide
Triphosphate (dNTP), 0.3 pmol of each primer
(Common, A allele and G allele) and 0.6 pmol of
each control primer, 1.3 mM of MgCl,, 0.01%
bovine serum albumin, and 0.03 U Tag DNA
polymerase (Biotools, Madrid, Spain) were mixed
in a final volume of 30 pL. The amplification
conditions were initial denaturation at 94°C for 5
minutes, followed by 30 cycles of denaturation
at 94°C for 45 seconds, annealing at 60°C for 45
seconds, and extension at 72°C for 45 seconds.

Approximately 10% of the samples were
re-genotyped for cross-validation by Restriction
Fragment Length Polymorphism (RFLP)-PCR using
the restriction enzyme Hinc Il (Invitrogen, Carlsbad,
California, United States). All DNA amplicons and
fragments were analyzed by 1.5% agarose gel
electrophoresis and stained by ethidium bromide.
The gel was photographed using the Kodak
Electrophoresis Documentation and Analysis
System (EDAS) 290 (Rochester, New York, United
States).

Statistical analysis

Categorical variables are reported as
absolute (n) and relative (%) frequencies, and
continuous variables, as mean and standard error
of the mean. The Mann-Whitney test compared
continuous related variables between the groups.
Asignificance level of 5% was adopted. The statistical
analyses were performed by the software
GraphPad Prism 3.0 (La Jolla, California, United
States).

For single nucleotide polymorphism
analysis, the Hardy-Weinberg equilibrium was
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calculated using the software BioEstat (Instituto
de Desenvolvimento Sustentavel Mamiraua, Tefé,
Amazonas, Brazil) 5.0. Genotype and allele
frequencies were compared between the
MetS and non-MetS groups using the Pearson’s
Chi-square test and odds ratios calculated by
univariate logistic regression under a dominant,
recessive, and additive model.

RESULTS

Among the 243 study adults, 100 were
classified as non-MetS and 143 as MetS. Most
subjects were females (167/243; 68.72%) and
overweight according to BMI (111/243; 45.67 %)
(Tables 1 and 2). The MetS group had 96 women
(67.14%) and 47 men (32.86%), and the non-MetS
group had 71 women (71.00%) and 29 men
(29.00%),).

Table 3 shows the sample’s classification
into non-MetS and MetS according to the NCEP
ATP Il criteria. All study parameters were higher
in the MetS group than in the non-MetS group,
except for hormones. Still, the levels of insulin

Table 1. Characteristics of the sample (N=243).

Characteristics n %
Gender

Female 167 68.72
Male 76 31.28
Body mass index

Underweight 4 1.64
Normal weight 38 15.63
Overweight 1M1 45.67
Obesity grade | 60 24.69
Obesity grade Il 24 9.87
Obesity grade Il 6 2.46

Table 2. Distribution of Body Mass Index (BMI) in subjects with Metabolic Syndrome (MetS) and without (non-MetS).

BMI Classification Non-MetS % n=100 MetS % n=143
<18.5 Underweight 4 4 0.00 0
18.51024.9 Normal weight 34 34 2.79 4
25.0t029.9 Overweight 42 42 48.28 69
30.0 to 34.9 Obesity grade | 12 12 33.56 48
35.0t039.9 Obesity grade |l 8 11.18 16
>40.0 Obesity grade Il 0 4.19 6
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Table 3. Comparison of subjects with Metabolic Syndrome (MetS) and without (non-MetS) the regarding their anthropometric,

biochemical, and metabolic parameters.

Non-MetS MetS

Variable p-value

M SEM M SEM
Waist circumference (cm)
Female 85.50 1.320 94.42 1.070 <0.0001
Male 89.85 1.650 102.30 1.650 <0.0001
Triglycerides (mg/dL) 113.00 2.900 192.20 10.900 <0.0001
High-Density Lipoprotein cholesterol (mg/dL)
Female 50.27 0.990 45.36 1.050 0.0004
Male 47.00 1.400 39.76 1.440 0.0008
Fasting blood glucose (mg/dL) 83.52 0.900 113.00 3.300 <0.0001
Systolic blood pressure (mmHg) 107.40 1.030 137.00 1.900 <0.0001
Diastolic blood pressure (mmHg) 84.30 1.800 91.68 1.190 <0.0001
Age (years) 45.48 1.110 52.34 0.730 <0.0001
Weight (kg) 68.76 0.940 80.24 1.370 <0.0001
Height (m) 1.64 0.075 1.62 7.000 >0.005
Hip circumference (cm) 97.68 1.620 109.70 0.900 <0.0001
Body mass index (kg/m?) 26.65 0.450 30.79 0.440 <0.0001
Waist-to-hip ratio (cm) 0.83 0.006 0.88 0.005 <0.0001
Total cholesterol (mg/dL) 184.80 3.500 232.00 4.200 <0.0001
Low-Density Lipoprotein cholesterol (mg/dL) 112.90 3.500 150.00 3.800 <0.0001
Very Low-Density Lipoprotein cholesterol (mg/dL) 22.60 0.580 38.45 2.180 <0.0001
Hormones
Insulin (U/mL) 9.04 0.900 2.10 0.190 0.006
Grown hormone (ng/mL) 6.70 0.910 4.28 0.320 0.043
Thyroxine 4 (ng/dL) 2.80 0.060 1.14 0.068 <0.0001

Note: Results are reported as Mean (M) + Standard Error of the Mean (SEM) (n=100 to 143 subjects). The groups were compared by the

Mann-Whitney test.

(reference value: <10 U/mL), GH (<7 ng/mL), and
free thyroxine 4 (0.8-2.0 ng/dL) were within the
normal range in subjects with MetS. Figure 1
shows that the age-related decline in GH (Figure
1A) and free thyroxine 4 (Figure 1B) were more
pronounced in subjects with MetS. In contrast,
insulin remained constant with age in the MetS
group and decreased in the non-MetS group
(Figure 1C). BMI decreased with age in the MetS
group and increased with age in the non-MetS
group (Figure 1D).

The single nucleotide polymorphism
rs7895833 (A/G) has a minor allele frequency of
0.28 in the Brazilian population. The single
nucleotide polymorphism followed the Hardy-
Weinberg equilibrium proportions in the two
groups (p<0.05). The genotype distribution of the
rs7895833 (A/G) variant between the MetS and
non-MetS groups (x?=2.87 degree of freedom=2,
p=0.24) did not differ, and the odds ratio also did

not indicate any significant difference between
the groups (Table 4).

DISCUSSION

Our data suggest that the allelic and
genotypic distribution of the SIRT1 single
nucleotide polymorphism rs7895833 (A/G) is not
associated with MetS. Recent studies indicated
that the single nucleotide polymorphism of the
SIRT1 gene is associated with a reduction in body
fat, BMI, and blood pressure'?+26. Another study
has shown that individuals carrying the minor
allele of SIRT1 SNP rs12778366 had better glucose
tolerance?’. Yang et al.?® suggested that low
arterial expression of SIRT1 plays a role in the onset
and development of diabetic atherosclerosis in
animals. In humans, SIRT1 is an important genetic
factor that has been associated with fetal
malnutrition and the risk of developing type 2
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Table 4. Effects of the single nucleotide polymorphism rs7895833 (A/G) of the gene SIRT1 in subjects with the Metabolic Syndrome

(MetS) and without (non-MetS).

Non-MetS ) Allelic OR Dominant model Recessive model
Genotype (n=100) Mets (n=100) x AA+AG+GG AA versus AG+GG  AA+AG versus GG
A/A 52 (52%) 50 (50%)
AG 40 (42%) 47 (47%) 2.87 0.24 p=0.74; OR=0.93 p=0.89; OR=1.08 p=0.21; OR=0.36
G/G 8 (8%) 3(3%) (95%Cl=0.60-1.44) (95%CI=0.62-1.89)  (95%CI=0.09-1.38)
MAF 0.28 0.265

Note: n: The number of non-MetS and MetS subjects is given for each genotype group.
OR: Odds Ratio; 95%Cl: 95% Confidence Interval; MAF: Minor Allele Frequency (G).
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Figure 1. Plasma concentrations of Growth Hormone (GH) (A), free Thyroxine 4 (B), and insulin (C), and Body Mass Index (BMI) (D) as
a function of age. Results are reported as mean and standard error of the mean (n=100 to 143 subjects).

diabetes?. This study showed the interaction
between SIRT1 SNPs (rs7895833 - A/G and
rs1467568 - A/G) and exposure to famine in utero
on type 2 diabetes risk. Minor alleles of these
SNPs were associated with a lower prevalence of
type 2 diabetes only in individuals who had been
exposed to famine prenatally?®. As reported by
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Kilic et al.*°, no association has been found
between the SNP rs7895833 A/G and risk of
cardiovascular diseases in Turkish patients. A study
in Pima Indians showed that the SIRT1 SNP
rs7895833 (A/G) was not associated with low
insulin secretion and high risk for developing type
2 diabetes. In contrast a Japanese study
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demonstrated that the A allele of rs789533 is
related to obesity'®.

In our study women had a higher
prevalence of this syndrome. This finding might
be attributed to the decline in female hormones,
menopause, and changes in anthropometric
measures since none of the participants was
undergoing hormone replacement therapy?'. The
loss of estrogen results in the accumulation of
central fat and is associated with the occurrence
of Mets3233

Furthermore, the MetS group had low
insulin, GH, and free thyroxine 4 levels, unlike
the non-MetS group. Although the levels of these
hormones were within the normal range,
hormone reductions are supported by the
literature. The metabolic syndrome is directly
related to a decrease in pancreatic B-cells and
muscle glucose transporters, reducing glucose-
induced insulin secretion and increasing peripheral
insulin resistance®*. In contrast, reduction of
adipose tissue has been shown to increase insulin
sensitivity and glucose tolerance®. With respect
to grown hormone, literature data show that this
hormone favorably alters the obesity profile,
reducing abdominal and visceral obesity, increasing
insulin sensitivity, and benefitting lipoprotein
metabolism and diastolic blood pressure®¢-*. The
present results agree with these reports since the
MetS group had lower plasma GH concentrations
than the non-MetS group. Regarding the effects
of obesity on thyroid hormones, hypothyroidism
is generally associated with some weight gain,
although Douyon & Schteingart*® observed
hypothyroidism in less than 10% of obese subjects.
Evidence indicates the existence of a polymorphism
in the gene encoding deiodinase type 2, the
enzyme responsible for the conversion of thyroxine
4 into trilodothyronine 3, which is associated with
insulin resistance*™2.

In addition, changes in this SNP seem to
be modulated by dietary factors, but the study
sample’s diet was not analyzed. There is evidence
of other genes related to weight loss associated
with dietary intervention®.

The simple classification of subjects into
MetS and non-MetS may permit treatment of

http://dx.doi.org/10.1590/1678-98652016000100001

syndrome parameters through lifestyle changes,
such as better dietary habits and physical activity.
The findings of high cholesterol, triglycerides, and
waist circumference and low insulin, GH and free
thyroxine 4 in subjects with MetS, as well as the
similarity in SIRT1 SNP distribution between the
two groups, characterize overweight and obesity
in the study subjects. These results suggest the
emergence of an increasingly obese population
predisposed to diseases and highlights the need
of improving dietary habits and physical activity
in order to prevent future diseases. In conclusion
genetic variation in SIRT1 was studied for the first
time in the Brazilian population, but more complex
studies are needed.

The study strength is its pioneering
investigation of the SIRT1 gene in Brazilian adults.
The study is an attempt to identify SIRT1
polymorphisms as potential therapeutic targets.
The major limitation of the study is the number
of participants and use of a regional population
(from Tieté, Sdo Paulo), which does not allow
extrapolation to other Brazilian regions.
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