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Sirtuin 1 (SIR1) is a NAD+-dependent nuclear deacetylase that is involved in variousmetabolic pathways affect-
ing energy homeostasis. In this investigation, we aimed to study the association of three SIRT1 gene single nucle-
otide polymorphisms (SNPs); rs7895833A/G, rs7069102C/G and rs2273773C/T, located on the promotor, intron
and exon regions respectively, with essential hypertension and type 2 diabetes mellitus (T2DM). The three SNPs
were genotyped using polymerase chain reaction with confronting two pair of primers (PCR-CTPP) method in a
group of non-diabetic essential hypertensive patients, a group of patients with essential hypertension and T2DM,
in addition to a group of healthy controls. The results of the investigation revealed that G-allele of rs7895833 A/G
increased in the patients compared to the controls (P = 0.046), [OR (95% CI) was 0.72 (0.5–1)] and GG
genotype and G-allele frequencies of rs7069102 C/G, were significantly higher in patients compared to the con-
trols (P = 0.0045 & b0.0001, respectively). Regarding rs2273773 C/T, TT-genotype and T-allele increased signif-
icantly in the patients compared to the controls (P = 0.016 & 0.04, respectively), respectively). No significant
differences in the genotypes or alleles frequencies were found between the patient groups.We conclude that ge-
netic polymorphisms in SIRT1 gene might play a role in the pathogenesis of essential hypertension and both es-
sential hypertension and T2DM share similar pathogenic mechanism.

© 2016 Elsevier B.V. All rights reserved.
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1. Introduction

Essential hypertension is a prevalent disease all over the world and
considered an important public health problem. Although incorrect be-
haviors as a high-fat diet, smoking, and sedentary lifestyle contribute to
the occurrence of hypertension, but it is a very complex disease and sev-
eral genetic association studies have been published and could explain
approximately 20% of the cases (Padmanabhan et al., 2015). The associ-
ation of diabetes and hypertension has been frequently reported as
there is an overlap between diabetes and hypertension in etiology and
disease mechanisms (Cheung and Li, 2012). Epigenetic mechanisms,
which are defined as the mechanisms that alter gene expression with-
out affecting the DNA sequence, have been found to play a role in both
hypertension and type 2 diabetes mellitus (Friso et al., 2015;
Prattichizzo et al., 2015). Those mechanism include DNA methylation,
histonemodifications, as a result of acetylation,methylation, phosphor-
ylation, sumoylation or biotinylation and small non-coding microRNAs
(Jenuwein and Allis, 2001; Prattichizzo et al., 2015). Sirtuin 1 (SIRT1)
is a NAD+-dependent nuclear deacetylase of 747 residues that is in-
volved in various important metabolic pathways and its gene is located
.A. Mahmoud).
on chromosome 10 (10q21.3) (Autiero et al., 2009). SIRT1was found to
play a role in many diseases, including cardiovascular diseases, cancer,
inflammation, aging, neurodegenerative disease, obesity and type 2 di-
abetes. The activation of SIRT1 exerts protective effects on the cardio-
vascular system through distinct metabolic and stress response
pathways (Kilic et al., 2014a, 2014b). Mononucleotide polymorphisms
of SIRT1 gene were found associated with blood pressure, obesity and
hyperglycemia in previous studies (Shimoyama et al., 2011, 2012;
Kilic et al., 2014a, 2014b). This investigation aimed to study the associ-
ation of three SIRT1 gene single nucleotide polymorphisms (SNPs);
rs7895833 A/G, rs7069102 C/G and rs2273773 C/T, located on the
promotor, intron and exon regions respectively, with essential hyper-
tension and type 2 diabetes mellitus in Egyptian population.

2. Materials and methods

2.1. Study population

The studywas approved by the Ethics committee of Sohag Faculty of
Medicine and was in accordance with the Helsinki Declaration of 1975.
An informed written consent was obtained from all subjects participat-
ed in the study. The study included 80 patients with essential hyperten-
sion, 80 patients with essential hypertension and T2DM, recruited from
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the department of internal medicine of Sohag University Hospital. 150
age and sexmatched healthy subjects were included as controls. Hyper-
tension was defined as, the systolic blood pressure (SBP) ≥140 mm Hg
or the diastolic blood pressure (DBP) ≥90mmHg or the patient report-
ed BP reducingmedication use (Chobanian et al., 2003). The diagnosis of
T2DM was considered according to the American Diabetes Association
Criteria (American Diabetes Association, 2014). The exclusion criteria
were; any medical problems other than hypertension and T2DM such
as malignancy, liver disease or stroke.

2.2. Anthropometric parameters, blood pressuremeasurements and labora-
tory investigation

Body weight and height were measured in the morning while
the participants were light-clothed and without shoes. BMI was calcu-
lated as body weight (in kg) divided by height2 (in m2). According to
WHO, normal range BMI is from 18.50 to 24.99 kg/m2, overweight ≥
25 kg/m2 and obese ≥30 kg/m2 (WHO Expert Consultation, 2004).
Blood pressure was read from the left arm while subjects remained
seated. An average of 3measurementswas recorded. Fasting blood sam-
ples (about 3 ml) were collected from the patients and the controls, be-
fore taking any medications. Samples were taken in Na2-EDTA tubes
(final concentration 1 mg/ml) and centrifuged at 3000 rpm for 15 min
at room temperature. Fasting blood sugar (FBG), glycosylated hemoglo-
bin (HbA1c), total cholesterol (TC), HDL-cholesterol (HDL-C) and tri-
glycerides (TG) were measured by colorimetric kits supplied by
Spectrum Diagnostics. Low density lipoprotein-cholesterol (LDL-C)
was calculated using the Friedewald formula.

2.3. DNA isolation

Genomic DNAwas isolated from the buffy coat of the blood samples
using DNA isolation kit (illustra blood genomic Prep Mini Spin Kit, sup-
plied by GE Healthcare), according to the manufacturer's instructions.
The DNA concentration of each sample was measured using Nanodrop
apparatus.

2.4. SIRT1 gene SNP genotyping

The three SIRT1 gene SNPs were analyzed using polymerase chain
reaction with confronting two pair of primers (PCR-CTPP) assay as de-
scribed by (Shimoyama et al., 2011). SIRT1 gene rs7895833 A/G, the
primers used were; Forward primer 1: CCCAGGGTTCAACAAATCTA
TGTTG, Forward primer 2: GGTGGTAAAAGGCCTACAGGAAA, Reverse
primer 1: GCTTCCTAATCTCCATTACGTTGAC and Reverse primer 2:
CCTCCCAGTCAACGACTTTATC.

SIRT1 gene rs7069102 C/G, the primers used were; Forward primer
1: GTAGCAGGAACTACAGGCCTG, Forward primer 2: GAGAAGAAAGA
AAGGCATAATCTCTGC, Reverse primer 1: CTATCTGCAGAAATAATG
GCTTTTCTC and Reverse primer 2: GATCGAGACCATCCTGGCTAAG.

SIRT1 gene rs2273773 C/T, the primers used were; Forward primer
1: GTGTGTCGCATCCATCTAGATAC, Forward primer 2: CTCTCTGTCACA
AATTCATAGCCT, Reverse primer 1: GTAGTTTTCCTTCCTTATCTGACAG
and Reverse primer 2: CTGAAGTTTACTAACCATGACACTG.

The PCR was performed in a thermocycler (Biometra, Germany),
using 25 μl total reaction mixtures containing 150 ng DNA, 10.0 pmol
of each primers, 1.0 mM dNTP (2′-Deoxyadenosine 5′-triphosphate,
sodium salt, 2′-Deoxycytidine 5′-triphosphate, sodium salt, 2′-
Deoxyguanosine 5′-triphosphate, sodium salt and 2′-Deoxythymidine
5′-triphosphate, sodium salt), 2.5 U Dream Taq Green DNA polymerase
and 2.5 μl of 10× DreamTaq Green buffer containing 20mMMgCl2. The
PCR cycling conditions were as following; initial denaturation at 95 °C
for 10 min; 30 cycles of 95 °C for 1 min, 64 °C for rs7895833 A/G, 62
for rs7069102 C/G genotyping and 63 for rs2273773 C/T for 1 min,
and 72 °C for 1 min and additionally the final step at 72 °C for 5 min.
PCR products were visualized on a 2% agarose gel with ethidium
bromide staining and genotyped. For the three SNPs, three genotypes
were defined by 3 distinct banding patterns. SIRT1 gene rs7895833 A/G,
the three genotypes were; 320, 241 bp for AA genotype; 320, 241 and
136 bp for AG genotype; and 320, 136 bp for GG, Fig. 1A. SIRT1 gene
rs7069102, the three genotypes were; C/G 391, 277 bp for CC genotype;
391, 277, 167 bp for CG genotype; and 391, 167 bp for GG genotype,
Fig. 1B. SIRT1 gene rs2273773 C/T, the three genotypes were; 314, 228,
135 bp for CT genotype; and 314, 135 bp for TT genotype, Fig. 1C
(Shimoyama et al., 2011). As a quality control, 10% of the samples were
regenotyped and the results showed 100% concordance.

2.5. Statistical analysis

Data were expressed as mean ± SD or number and percent. Geno-
type distribution was tested for deviation fromHWE (Hardy–Weinberg
equilibrium) by x2 analysis. The association between the genetic poly-
morphisms and susceptibility to hypertension and T2DM was assessed
by Chi-square test. ORs (95% confidence interval) under three genetic
models including the multiplicative model, the dominant model, and
the recessive model were calculated. Continuous data were compared
using Mann–Whitney and ANOVA tests. A two-tailed value of P b 0.05
was considered statistically significant. All statistical calculations were
performed using the computer program SPSS (Statistical Package for
the Social Science; SPSS, Chicago, IL, version 16 for Microsoft Windows,
USA).

3. Results

The clinical, demographic and laboratory data of the participants
were represented in Table 1. There were no significant differences
between the patients and the controls regarding the age and sex
(P N 0.05), while, there were a significant differences in other parame-
ters (BMI, blood glucose, HbA1c, blood pressure and lipid profile,
P b 0.05). Table 2 represents the genotypes and allele frequencies of
the three SNPs studied. ORs (95% CI) in all patients versus the controls
using three genetic models were represented in Table 3. The genotypes
frequencies were in accordance to HWE for the SNPs studied.

SIRT1 gene rs7895833 A/G genotyping revealed that G-allele
increased in the patients compared to the controls (P = 0.046), [OR
(95% CI) was 0.72 (0.5–1)], however, no significant difference was
found between the two groups of patients (non-diabetic hypertensive
group and the hypertensive & diabetic group), in the distribution of
the genotypes or the alleles. Regarding SIRT1 gene rs7069102 C/G, the
GG genotype and G-allele frequencies were significantly increased in
the two groups of patients compared to the controls (P = 0.0045 &
b0.0001, respectively). By using three genetic models, the multiplica-
tive model, the dominant model, and the recessive model, the ORs
(95%CI) were, 0.4 (0.35–0.69), 0.43 (0.27–0.69) and 0.4 (0.21–0.76), re-
spectively. SIRT1 gene rs2273773 C/T genotyping showed that TT-geno-
type and T-allele increased significantly in the patients compared to the
controls (P=0.016& 0.04, respectively), the odd ratiowas significant in
the multiplicative and the recessive genetic models, Table 3. No signifi-
cant differences in the genotypes or alleles frequencies were found be-
tween the patient groups.

4. Discussion

This investigation examined the association between SIRT1 gene
SNPs and the occurrence of T2DM in essential hypertensive patients at-
tending formedication in Sohag University Hospital. It revealed that the
G-allele of SIRT1 gene rs7895833 A/G was more common in patients
with essential hypertension compared to healthy controls. Regarding
SIRT1 gene rs7069102 C/G, GG genotype and G-allele were more prev-
alent in patients with essential hypertension than in controls. Also,
patients with essential hypertension showed increased frequency of
TT-genotype and T-allele of SIRT1 gene rs2273773 C/T. However, no



Fig. 1. Agarose gel electrophoresis showing SIR1 gene SNPs; A for rs7895833 A/G, B for rs7069102 C/G and C for rs2273773 C/T.
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differences in the genotypes or allele distribution between hypertensive
patients with or without T2DM were found, indicating the overlap be-
tween the two diseases in etiology and pathogenesis. Obesity, inflam-
mation, oxidative stress, and insulin resistance are assumed the
Table 1
Clinical, demographic and laboratory data of the participants.

Control n = 150 Non-diabetic

Age (ys) 52 ± 4.8 53 ± 4.5
Sex (M/F) 90/60 50/30
Dur. of dis. (Ys) – 9 ± 2
BMI (kg/m2) 24.4 ± 2.7 29.4 ± 2
SBP (mm Hg) 115 ± 9 145 ± 11⁎⁎⁎,a

DBP (mm Hg) 70 ± 12 95 ± 10⁎⁎⁎,a

Glucose (mg/dl) 95.9 ± 12.9 102 ± 5.5
HbA1c (%) 5.9 ± 0.7 5.8 ± 0.97
Cholesterol (mg/dl) 180 ± 16.5 200 ± 21.6⁎⁎,

HDL-C (mg/dl) 45.7 ± 4.5 32.5 ± 6.7⁎⁎,a

Triglyceride (mg/dl) 95.6 ± 8.6 126.8 ± 32⁎⁎⁎

LDL-C (mg/dl) 120 ± 10 145 ± 31.4⁎⁎⁎

⁎ P b 0.05.
⁎⁎ P b 0.001.
⁎⁎⁎ P b 0.0001.

a P compared to controls.
b P compared to patients.
common pathways that link hypertension to diabetes (Cheung and Li,
2012). Genetic polymorphisms in SIRT1 have been studied and found
associated with cardiovascular and metabolic disorders (Cui et al.,
2012; Dong et al., 2011; Shan et al., 2012; Kilic et al., 2014a, 2014b).
hypertensive group n = 80 Hypertensive & diabetic group n = 80

54 ± 4.3
45/35
10 ± 3
31.9 ± 3.7⁎,a

150 ± 10⁎⁎⁎,a

98 ± 8⁎⁎⁎,a

200 ± 82⁎⁎⁎,a,b

10 ± 0.9⁎⁎⁎,a,b
a 230.7 ± 49.5⁎⁎,a,b

30.6 ± 6.9⁎⁎,a
,a 162 ± 40.8⁎⁎⁎,a,b
,a 161 ± 35.6⁎⁎,a,b



Table 2
SIRT1 gene SNP genotype distribution in the participants.

Genotype Controls n = 150 Non-diabetic hypertensive group n = 80 Hypertensive & diabetic group n = 80 P-valuea P-valueb

rs7895833
AA, n (%) 60 (40) 27 (33.75) 25 (31.25) 0.17 0.74
AG, n (%) 65 (43.3) 35 (43.75) 33 (43.75) 0.94 0.75
GG, n (%) 25 (16.7) 18 (22.5) 22 (25) 0.07 0.47
A-allele, n (%) 185 (61.7) 89 (55.6) 83 (53.1) 0.046 0.5
G-allele, n (%) 115 (38.3) 71 (44.4) 77 (46.9) – –
HWE-P value 0.3 0.3 0.28 – –

rs7069102
CC, n (%) 80 (53.3) 30 (37.5) 23 (28.75) 0.00033 0.24
CG, n (%) 55 (36.7) 35 (43.75) 37 (46.25) 0.14 0.75
GG, n (%) 15 (10) 15 (18.75) 20 (25) 0.0045 0.34
C-allele, n (%) 215 (71.7) 95 (59.4) 83 (51.875) 0.000 0.18
G-allele, n (%) 85 (28.3) 65 (40.6) 77 (48.125) – –
HWE-P value 0.23 0.4 0.5 – –

rs2273773
CC, n (%) 45 (30) 18 (22.5) 22 (27.5) 0.32 0.47
CT, n (%) 80 (53.3) 37 (46.5) 38 (47.5) 0.26 0.87
TT, n (%) 25 (16.7) 25 (31.5) 20 (25) 0.016 0.38
C-allele, n (%) 170 (56.7) 73 (45.625) 82 (51.25) 0.04 0.3
T-allele, n (%) 130 (43.3) 87 (54.375) 78 (48.75) – –
HWE-P value 0.29 0.54 0.66 – –

HWE-P value; Hardy–Weinberg equilibrium P-value, P-valuea; Chi-square P-valuewhile comparing non-diabetic hypertensive group to controls, P-valueb; Chi-square P-valuewhile com-
paring hypertensive & diabetic group to non-diabetic hypertensive group.
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SIRT1 gene single nucleotide polymorphisms (SNPs); rs7895833 A/G,
rs7069102 C/G and rs2273773 C/T, were found associated with obesity,
blood pressure and hyperglycemia in Japanese population (Shimoyama
et al., 2011). Another study by Kilic et al. (2014a, 2014b) revealed these
SNPs to be related to cardiovascular disease risk, SIRT1 protein expres-
sion and oxidative stress status. Both of essential hypertension and
T2DM represent risk factors for atherosclerosis which leads to heart at-
tacks and strokes (Cheung and Li, 2012). T2DMwas reported to develop
in subjects with hypertension 2.5 times more than in subjects with nor-
mal blood pressure in a prospective cohort study in the United States
(Gress et al., 2000). Gene regulatory network analysis has revealed oxi-
dative stress as a key underlying molecular mechanism in diabetes and
hypertension. The oxidative stress-mediated regulation cascade is the
common mechanistic link among the pathogenesis of diabetes, hyper-
tension, and other related inflammatory diseases (Jesmin et al., 2010).

SIRT1 is a longevity gene that protects cells against oxidative and
genotoxic stress. SIRT1 can deacetylate many substrates, so it is
regarded as an important regulator of nutrient metabolism. SIRT1
deacetylates forkhead transcription factor 1 (FOXO1) and promotes its
activity (Qiao and Shao, 2006). FOXO1 may have protective or negative
effects on insulin resistance and vascular function (Kitamura et al.,
2005). SIRT1 regulates gluconeogenesis through deacetylation of the
peroxisome proliferator-activated receptor gamma coactivator 1
alpha. SIRT1 also suppresses lipogenesis and cholesterol synthesis partly
through direct deacetylation and inhibition of the master regulators of
Table 3
ORs (95% CI) in all patients versus the controls using three genetic models.

Model rs7895833

Multiplicative OR (95% CI) 0.72 (0.5–1)
P-value 0.047

Dominant OR (95% CI) 0.72 (0.45–1.1
P-value 0.17

Recessive OR (95% CI) 0.6 (0.34–1.04
P-value 0.073
lipid homeostasis, sterol regulatory element binding proteins 1 and 2
(Hong et al., 2015).

Sirtuins have been proven to play a role in aging biology and to
have a role in expanding the lifespan in laboratory model organisms
by mediating the anti-aging effects of a low-calorie diet and
essential hypertension and T2DM are regarded as diseases of aging
(Kumar et al., 2014). A study by Tarantino et al., revealed a lower
serum levels of SIRT4 in obese subjects with hepatic steatosis and coro-
nary atherosclerosis, independent of the severity of obesity (Tarantino
et al., 2014).

Alcendor et al. (2007) reported that overexpression of SIRT1 by 2.5
to 7.5 fold decreased age-related cardiac hypertrophy, apoptosis, cardi-
ac dysfunction, and expression of senescence markers while overex-
pression of SIRT1 by 12.5 fold resulted in oxidative stress, apoptosis,
and increased cardiac hypertrophy. Increase expression and/or activity
of the SIRT1may be lead to increase histone deacetylation and, thereby,
to increase DNA methylation which suppresses gene transcription
(Wakeling et al., 2009). An increase in the degree of methylation of
Alu elements, TLR2 (toll-like receptor) and iNOS (inducible nitric
oxide synthase) genes, while a decrease in methylation of the gene for
IFN-γ were found associated with increase in blood pressure (Alexeeff
et al., 2013).

In conclusion, genetic polymorphisms in SIRT1 gene might play a
role in the susceptibility to essential hypertension and T2DM, which
have similar predisposing factors and complications.
rs7069102 rs2273773

0.4 (0.35–0.69) 0.7 (0.52–0.99)
b0.0001 0.04

5) 0.43 (0.27–0.69) 0.78 (0.47–1.28)
0.0004 0.32

) 0.4 (0.21–0.76) 0.5 (0.29–0.89)
0.0055 0.017
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