JJBS

Volume 13, Supplementary Issue, December 2020
ISSN 1995-6673
Pages 581 - 588

Jordan Journal of Biological Sciences

Evaluation of SIRT1 Gene Expression and rs3758391 C/T
Polymorphism in Coronary Atherosclerosis
Rabab F. Salim1,*, Mamdouh Z. Abadir1, Azza M. Elbermawy1, Heba A. Mansour2
and Lina A. Mohamed1
1

Department of Medical Biochemistry, 2 Department of Cardiovascular Medicine, Faculty of Medicine, Benha University, Benha -13512,
Egypt.
Received: December 21, 2019; Revised: February 19, 2020; Accepted: February 21, 2020

Abstract
Recognition of disease-causing genes and susceptibility genes for coronary artery disease (CAD) will provide valuable data
for prevention and control of CAD. The purpose of the present work was to investigate the association of SIRT1 expression
and its promoter single nucleotide polymorphism rs3758391 T/C with coronary atherosclerosis and its severity. Moreover,
the current work aimed to explore the effectiveness of this polymorphism on SIRT1 expression. The participants were
categorized according to their angiographic results into CAD group with significant coronary artery atherosclerosis and nonCAD group with normal coronary artery. DNA was extracted followed by genotyping of SIRT1 rs3758391 C/T. Extraction
of total RNA was carried out, followed by PCR amplification of SIRT1 gene. CC genotype was prevalent in CAD group
rather than control group (p=0.002) and conferred a greater risk of coronary atherosclerosis compared to those carrying
CT+TT genotypes (OR: 3.41, CI: 1.81-6.42, p < 0.001). At allelic level, C allele was significantly prevalent in CAD patients
rather than control group (p < 0.001). Additionally, SIRT1 expression was significantly lower in CAD patients than in
controls (p=0.001) and its expression reduced significantly in the CC genotype of both CAD and control groups compared to
CT and TT genotypes (p=0.001). Moreover, there was an inverse correlation (rho = -0.23, p=0.02) between SIRT1
expression of CAD patients and Gensini scores. In conclusion, SIRT1 rs3758391 CC genotype might carry an increased risk
of coronary atherosclerosis. However, SIRT1 gene expression was inversely correlated with atherosclerosis severity
suggesting its protective effects against atherosclerosis development.
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1. Introduction
Coronary artery disease (CAD) remains typically the
chief cause of mortality and morbidity in the whole world
population (Simon and Vijayakumar, 2013). Despite
persistent efforts in the management and prevention of this
complex disease, it remains a big challenge to the
scientists and health managers. It is expected that by the
year 2020, this disease would remain as the most common
and major threat to human life (Yusuf et al., 1998). In
Egypt, mortality secondary to CAD is rapidly increasing.
According to the latest WHO data, CAD deaths reached
21.73% of total deaths in Egypt (Ali et al., 2014) and
reported a prevalence of 8.3% (Almahmeed et al., 2012).
CAD is considered as one of the complex diseases that
are polygenic or multifactorial, produced by several
genetic variants together with numerous environmental
and lifestyle factors. It is characterized by long-term
formation of atheromatous plaque, which culminates into
atherothrombotic lesions resulting in tissue damage.
Thrombosis and atherosclerosis are the major
manifestations underlying CAD (Fawzy et al., 2017).
A huge number of laboratory researches, conducted
within the past decade, have led to many achievements
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describing the genetic foundation of atherosclerosis (Libby
et al., 2011). It has been recommended that more than a
dozen of genes and genetic loci are related to CVD
(Kathiresan and Srivastava, 2012).
Sirtuins (SIRT1–SIRT7) are family members of NAD+dependent protein deacetylases. Mammalian SIRT1, the
best-recognized member of the sirtuin family, is an
essential regulator of metabolism, cellular differentiation
and senescence, cancer, and stress response (Poulose and
Raju, 2015). Being a NAD+-dependent enzyme, SIRT1
regulates gene expression plans relating to cellular
metabolic status (Zhang and Kraus, 2010). SIRT1 is
broadly expressed in various tissues with high expression
in the vascular endothelium (Edirisinghe and Rahman,
2010).
SIRT1 plays an important role in decreasing
atherosclerosis by intermediating several pathways. In
addition to its function in enhancing NO production,
SIRT1 has anti-inflammatory capabilities in endothelial
cells and even macrophages through decreasing the
expression of numerous proinflammatory cytokines by
meddling with the NF-κB signaling pathway (Stein et al.,
2010 a). Furthermore, SIRT1 hinders the expression of
lectin-like oxidized low-density lipoprotein (oxLDL)
receptor 1 (Lox-1), a scavenger receptor for oxLDL,
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stopping the formation of macrophage foam cell,
consequently delaying atherosclerosis (Stein et al., 2010
b). Besides, SIRT1 activates ATP-binding cassette
transporter A1 (ABCA1) transcription, which in turn
mediates the HDL synthesis, reverses cholesterol transport
and hence reduces the hazards regarding atherosclerosis
and cardiovascular events (Li et al., 2007). The present
body of evidence suggests that SIRT1 dysregulation is
involved in vascular dysfunction and the evolution of
coronary artery disease. Therefore, SIRT1 is considered as
a hopeful target for new drugs for the management of
CVD and related diseases (D’Onofrio et al., 2015).
Genetic variations such as single-nucleotide
polymorphisms (SNPs) within the SIRT1 gene have been
linked with obesity (Zheng et al., 2012), type 2 diabetes
(Han et al., 2015), hypertension (Zhong et al., 2015), and
myocardial infarction (Cui et al., 2012; Yamac et al.,
2019). Promoter region variants might be the cause of
differential SIRT1 expression, making people liable to
certain pathologies (Nasiri et al., 2018; Mohtavinejad et
al., 2015). SNPs within the SIRT1 gene have been
proposed to affect the messenger ribonucleic acid (mRNA)
expression by modifying the binding ability of
transcription factors or microRNAs (miRNAs) (Hu et al.,
2015).
The management and evaluation of subjects with
suspected CAD have been established on the noninvasive
recognition of ischemia followed by using invasive
coronary angiography (ICA) to approve the presence of
luminal stenosis produced by atherosclerotic plaque
(Schuijf et al., 2008). Coronary angiography is an essential
tool for the quantification of CAD plaque burden in
clinical practice (Roger et al., 2011). Despite being the
golden standard for CAD diagnosis, ICA has numerous
limitations (Yamashitaet al., 2010). Consequently, it has
become a vital need to get an alternative noninvasive tool
for precise diagnosis of CAD.
Identification of disease-causing genes and
susceptibility genes for CAD as well as determining blood
genetic markers for accurate noninvasive diagnosis of
CAD are still a subject for research. Thus, the purpose of
the current work was to investigate the association of
SIRT1 gene expression and its promoter single nucleotide
polymorphism (SNP) rs3758391 T/C with coronary
atherosclerosis and to explore the effectiveness of this
polymorphism on SIRT1 gene expression. Moreover, the
current work aimed to evaluate the correlation between
SIRT1 expression and coronary atherosclerosis severity.
Finally, the current work aimed to explore the value of
SIRT1 gene expression as a potential genomic predictor for
CAD, validated by angiographic Gensini score.
2. Methods
2.1. Subjects and study design
The research ethics committee of Benha Faculty of
Medicine approved the current clinical study. The current
study was conducted according to World Medical
Association (WMA) Declaration of Helniski (2008) and all
study participants gave their written informed consents.
Two hundred and fourteen subjects were invited to
participate in the study, while fourteen refused to
participate. The study subjects were different genders

undergoing elective coronary angiography in the
Cardiology Catheter Unit at Benha University Hospitals.
According to coronary angiography, the subjects were
categorized into CAD group (100 patients) with significant
coronary artery atherosclerosis and non-CAD group (100
patients) with normal coronary angiograms to be a control
group. Noteworthy, Significant coronary artery
atherosclerosis was described as at least one particular
major coronary artery having ≥70% or left main coronary
artery having ≥ 50% luminal diameter stenosis (Reiber et
al., 1989). Patients with heart failure, myocarditis,
cardiomyopathies or those with history of coronary artery
bypass grafting (CABG) and percutaneous coronary
intervention (PCI) were excluded from the study.
Exclusion criteria also included diabetes mellitus, severe
renal or liver function defect, malignant tumor,
inflammatory diseases or acute or chronic infections, and
hematologic disorders.
2.2. Blood sampling
After an overnight fasting, 7.5 ml venous blood
samples were withdrawn under complete aseptic
conditions before undergoing coronary angiography. The
particular collected blood samples were split up into three
parts. First part (3 ml) was picked up in sterile tubes and
left to clot for serum separation to be used for biochemical
laboratory investigations, including total cholesterol, highdensity lipoprotein (HDL), triglycerides (TG) and lowdensity lipoprotein (LDL). The second part (1.5 ml) was
picked up in sterile glass vacutainer tubes containing
ethylene- diaminetetraacetic acid (EDTA) then transferred
into sterile Eppendorf tubes and stored at -20 °C to be used
later for genotyping. The third part (3 ml) was collected
in sterile EDTA- vacutainer tubes and the buffy coat layer
containing peripheral blood mononuclear cells (PBMCs)
was separated by Ficoll density-gradient centrifugation
method using Ficoll Histopaque®-1077 (Sigma-Aldrich,
U.S.A.) (Amos and Pool , 1976) following manufacturer's
instructions. PBMCs were kept at -80 °C until later relative
quantification (RQ) of SIRT1 mRNA expression.
U
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2.3. Coronary angiography
Elective coronary angiography was carried out for all
patients included in the study via femoral artery using
the Judkins technique or a radial approach. The
angiographic characteristics were obtained from multiple
views for both the left and the right coronary arteries. Two
experienced cardiologists who were blinded to laboratory
and clinical findings of the patients evaluated all the
coronary angiograms. Gensini score assessed severity of
CAD, which is grounded on the stage of the luminal
stenosis and its regional importance (Gensini, 1983).
Narrowing of the lumen was graded by Gensini score as
follows: grade 1 (≤25% occlusion), grade 2 (26%–50%
occlusion), grade 4 (51%–75% occlusion), grade 8 (76%–
90A% occlusion), grade 16 (91%–99% occlusion) and
grade 32 (total occlusion). Afterward, this primary score
was multiplied by a component, which brings into
consideration the significance of the location of the lesion
within the coronary arterial tree. Gensini score was
demonstrated as the summation of the scores for all 3
coronary arteries to estimate the total extent regarding
CAD. Gensini score of 20 or more was considered severe
CAD that was more or less equivalent to single stenosed
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lesion of 70% or more within the proximal left anterior
descending artery (Gensini et al., 1983).
2.4. Genotyping and SNP rs3758391 C/T analysis of
SIRT1 gene:
DNA was extracted from peripheral blood using
QIAmp DNA Blood Mini Kit supplied by (Qiagen,
Germany) (Hedberg et al., 2015) in line with the
manufacturer's instructions. Genotype of the samples was
determined by TaqMan SNP Genotyping Assay (Applied
Biosystems, U.S.A) specific for SIRT1 rs3758391 C/T
according to the manufacturer’s instructions. Briefly, the
reaction contained 10 μL of 2X TaqMan® Universal
Master Mix II (Applied Biosystems, U.S.A.), 1 μL of 20X
TaqMan®Assay, 20 ηg/μL genomic DNA and RNase-free
water up to 20 μL final volumes. The reactions were
performed on StepOnePlus™ Real-Time PCR system
(Applied Biosystems, U.S.A.). Genotypes were analyzed
using StepOne Software v2.3 (Applied Biosystems,
U.S.A.).
2.5. Analysis of human SIRT1 gene expression in
PBMCs
RNA extraction
Total RNA was extracted from PBMCs using Directzol™ RNA MiniPrep supplied by Zymo Research, U.S.A.
(Zhang et al., 2013) following the manufacturer's
instructions. Nanodrop 2000 (Thermo Fisher scientific,
USA) was used for the assessment of the quality and the
quantity of the extracted RNA. Extracted RNA was then
stored at -80°C for further processing.
Reverse transcription
Extracted RNA was reverse transcribed using highcapacity cDNA reverse transcription kit, supplied by
Applied Biosystems, USA (Glenn et al., 2010) in line with
the manufacturer's instructions. 1 µL of extracted RNA,
completed to 10 μL by Nuclease- free H2O, was added to
10 μL of 2X RT master mix. The G-Storm Thermal Cycler
(Gene Technologies, U.K.) program was 25°C for 10
minutes, 37°C for 120 minutes, 85°C for 5 minutes and
4°C for ∞. The cDNA product was diluted in 100 μL
Nuclease-free H2O.
Real time PCR
PCR amplification of SIRT1 gene and the
housekeeping gene GAPDH were carried out in separate
PCR tubes using gene specific primers as follows: SIRT1:
forward
5′TGAGGCACTTCATGGGGTATGG-3′;
reverse
5′TCCTAGGTTGCCCAGCTGATGAA-3′
(Zhang et al., 2013); and GAPDH: forward 5′GAAATCCCATCACCATCTTCCAGG-3′; reverse 5′GAGCCCCAGCCTTCTCCATG-3(Li et al., 2014). The
amplification reaction contained 12.5 μL of 2x
SYBR® Green PCR master mix (Applied Biosystems,
U.S.A.) (Romeiro et al., 2016), 2 μL of cDNA, 1 μL of the
forward primer, 1 μL of the reverse primer and Nucleasefree H2O up to 25 μL final volumes. The PCR conditions
were performed in the StepOne Real-Time PCR system
(Applied Biosystems, USA) according to the following
program: 95°C for 10 min, 40 cycles of 95°C for 15 Sec,
anneal/extend temperature of (60°C for SIRT1 and 56°C
for GAPDH) for 60 Sec.
Melting curve analysis using StepOne software
(Applied Biosystems, USA) was performed to assess
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specificity of the amplification products. The level of
SIRT1 mRNA in each sample was normalized to the
mRNA level of GAPDH. Controls were chosen as the
reference samples, and fold change of SIRT1 mRNA was
determined by 2−ΔCT method (Schmittgen and Livak,
2008) using StepOne Software v2.3 (Applied Biosystems,
U.S.A.).
2.6. Statistical analysis
The study data were analyzed using STATA/SE
version 11.2 for Windows (STATA Corporation, College
Station, Texas). Quantitative variables were expressed as
mean ±SD and range. Qualitative variables were shown as
number and percentage. Comparison of qualitative data
was achieved using chi-square (χ2) and Fisher's exact tests.
The student t-test (t) and Mann-Whitney test (z) were used
to compare two groups regarding parametric and nonparametric data respectively, while, Kruskal Wallis test
(χ2) was used to compare more than two groups followed
by post-hoc analysis using the Bonferroni method. The
Odd’s Ratio (OR) and 95% Confidence Interval (95% CI)
were also considered. Spearmen correlations were used to
correlate different variables. Receiver Operating
Characteristics (ROC) analysis was performed to assess
the diagnostic performance of SIRT1 expression for
atherosclerosis. The best cutoff point and the matching
sensitivity and specificity, Positive Predictive Value
(PPV), Negative Predictive Value (NPV) and Area Under
the Curve (AUC) were analyzed. p value < 0.05 was
considered significant.
3. Results
3.1. Baseline characteristics
A total of two hundred subjects who had undergone
elective coronary angiography were included in this study.
Demographic, laboratory and clinical data of the study
subjects are presented in Table 1. Smoking was
significantly higher in CAD patients, as compared with the
control group (p=0.047). Additionally, there was a
significant statistical decrease in the mean HDL-C level of
the CAD group, as compared with the control group
(p<0.001). Otherwise, no significant association with
other studied parameters was detected.
3.2. Genotyping and allele frequency of SIRT1
rs3758391 T/C
The genotype distribution and allelic frequency of
SIRT1 rs3758391 T/C among CAD and control groups
are presented in Table 2. There was a statistically
significant difference between both groups regarding
genotype distribution of SIRT1 rs3758391 T/C (p value ˂
0.05). In the additive model, the frequency of rs3758391
CC vs. TT genotype was significantly higher in CAD
patients than controls (OR: 3.34, CI: 1.50-7.47, p value ˂
0.05). In accession, in the recessive model, the frequency
of rs3758391 CC vs. TT+CT genotypes was significantly
higher in CAD group than controls (OR: 3.41, CI: 1.896.14, p value ˂ 0.05). Moreover, the frequency of C allele
was significantly higher in CAD group than controls (OR:
2.26, CI: 1.50-3.43, p value ˂ 0.05).
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Table 1. Demographic, laboratory and clinical characteristics of the study subjects

females
males
Non smokers

CAD patients (no.=100)
%
38
62
46

Controls (no.=100)
%
46
54
60

Smokers

54

40

Negative

35

45

Positive

65

55

Qualitative variables
Sex
Smoking

p
0.25
0.047*

HTN

0.15
Negative

80

89

Positive

20

11

Negative

36

49

Positive

64

51

CAD patients (no.=100)

Controls (no.=100)

Family history

0.08

Statin use

0.06

Quantitative variables

p
Mean ±SD

Range

Mean ±SD

Range

Age (years)

57.28±5.86

47-71

56.3±5.91

46-68

0.24

BMI
(kg/m2)

31.3±4.37

25.2-44.6

30.92±4.76

24.2-44.2

0.56

Cholesterol [mg/dl]

197.89±34.27

141-282

199.04±34.34

141-268

0.81
<0.001*

HDL-C [mg/dl]

36.12±3.72

27-43

39.66±4.98

30-51

TG [mg/dl]

165.16±54.35

70-287

159.02±32.44

90-235

0.33

128.05±30.57

78-187.6

127.58±31.71

72-192

0.91

LDL-C [mg/dl]

CAD patients (no.=100)
Variable
Gensini score

Mean ±SD

Range

36.05±27.68

6-122

*p<0.05 is significant

3.3. Genotyping and allele frequency of SIRT1
rs3758391 T/C
The genotype distribution and allelic frequency of
SIRT1 rs3758391 T/C among CAD and control groups
are presented in Table 2. There was a statistically
significant difference between both groups regarding
genotype distribution of SIRT1 rs3758391 T/C (p value ˂
0.05). In the additive model, the frequency of rs3758391

CC vs. TT genotype was significantly higher in CAD
patients than controls (OR: 3.34, CI: 1.50-7.47, p value ˂
0.05). In accession, in the recessive model, the frequency
of rs3758391 CC vs. TT+CT genotypes was significantly
higher in CAD group than controls (OR: 3.41, CI: 1.896.14, p value ˂ 0.05). Moreover, the frequency of C allele
was significantly higher in CAD group than controls (OR:
2.26, CI: 1.50-3.43, p value ˂ 0.05).

Table 2. The genotype distribution and allele frequency of SIRT1 rs3758391 T/C among the study groups.
CAD (no.=100)

Controls (no.=100)

No.

%

No.

%

TT

14

14.0

23

CT

29

29.0

CC

57

57.0

Genotype

Additive

χ2

p

OR (95% CI)

23

17.21

<0.001*

1.00

49

49

0.004

0.94

0.97 (0.43-2.81)

28

28

9.05

0.002*

3.34 (1.50-7.47)

2.69

0.10

1.83 (0.88-3.81)

17.21

<0.001*

3.41 (1.89-6.14)

15.32

<0.001*

2.26 (1.50-3.43)

TT

14

14.0

23

23

CT+CC

86

86.0

77

77

Dominant

Recessive

TT+CT

43

43.0

72

72

CC

57

57.0

28

28

T

57/200

28.5

95/200

47.5

C

143/200

71.5

105/200

52.5

Alleles
*p<0.05 is significant
OR: odd ratio
CI: confidence interval
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3.4. Demographic and clinical characteristics according
to different SIRT1 rs3758391 genotypes of the CAD and
the control groups.
There were non-significant statistical differences
regarding gender, age, smoking habit, hypertension, family
history, statin use and BMI between different SIRT1
rs3758391 genotypes among both CAD and control groups
(P values ˃ 0.05).
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reduced in CAD patients with mean±SD of 0.53±0.41
compared to the control with mean±SD of 1.05±0.86.
Moreover, SIRT1 gene expression levels were significantly
lower in CC genotype compared to TT and CT genotypes
of both CAD and control groups Table 3.
5

4

3.5. Laboratory parameters according to different SIRT1
rs3758391 genotypes of the CAD and the control groups.
RQ

3

There were non-significant statistical differences
regarding mean cholesterol level, HDL-C level, TG level
and LDL-C level between different SIRT1 rs3758391
genotypes among both CAD and control groups (P values
˃ 0.05).

2

1

3.6. Gene expression analysis
SIRT1 gene expression levels were analyzed and
calculated as 2^-∆CT. SIRT1 normalized gene expression
levels in the studied groups are presented in Figure 1.
SIRT1 expression levels were significantly (p=0.001)

0
Cases

Controls

Figure 1. Normalized SIRT1 gene expression levels among CAD
and control groups.

Table 3. SIRT1 expression levels according to different SIRT1 rs3758391 genotypes of CAD and control groups.
Genotype

Group
CAD group

control group

TT
CT
CC
TT
CT
CC

SIRT1 expression levels
No.
Mean ±SD
14
0.85±0.6
29
0.67±0.39
57
†‡0.38±0.28
23
1.39±0.89
49
1.14±0.92
28
†‡0.63±0.47

Range
0.15-1.94
0.07-2.04
0.05-1.7
0.05-4.04
0.08-4.83
0.09-1.68

Kruskal Wallis test (χ2)

20.99

17

p
<0.001*

<0.001*

*p<0.05 is significant
†: Significant difference compared to genotype TT
‡: Significant difference compared to genotype CT

3.7. Gensini score analysis
Gensini score showed a significant inverse correlation
with HDL-cholesterol (rho = -0.28, p=0.004) and a
significant positive correlation with age (rho = 0.25,
p=0.01). Moreover, Gensini score was significantly higher
in males than in females (p=0.02) and even significantly
Table 4. Gensini scores according to different SIRT1 rs3758391
genotypes of CAD group.
Genotype

Gensini score
No. Mean ±SD

Kruskal Wallis
2
Range test (χ )
P

p

P

TT
14 22.28±19.14
7-80
CT
29 28.07±21.67
7-72 11.51
CC
57 †‡43.49±29.96 6-122
*p<0.05 is significant
†: Significant difference compared to genotype TT
‡: Significant difference compared to genotype CT

0.003*

3.8. Correlation of SIRT1 gene expression with
quantitative demographic and clinical data of patients
and control
SIRT1 gene expression levels were correlated with
quantitative demographic and clinical data as indicated in
Table 5. SIRT1 expression levels revealed a significant
positive correlation with HDL-cholesterol in both CAD
patients and even control group. On the other hand, it
exhibited a significant inverse correlation with Gensini
score in the CAD group. Otherwise, no other significant
correlations were established.

higher in smokers than in non-tobacco users (p =0.04).
Furthermore, Gensini scores were significantly higher in
CC genotype, as compared with TT and CT genotypes of
CAD group Table 4. On the other hand, non-significant
associations or correlations with the other demographic,
clinical, or laboratory data were detected.
3.9. Relation of SIRT1 expression levels with qualitative
demographic and clinical data of CAD patients and
control.
There were non-significant statistical differences in
SIRT1 expression levels regarding gender, smoking habit,
hypertension, family history and statin use of both CAD
and control groups (P values > 0.05).
3.10. Performance characteristics of SIRT1 expression
(2^-∆CT) as a predictor for atherosclerosis:
The best cut off values for 2^-∆CT of the expressed
SIRT1 gene with the highest specificity, sensitivity, PPV
and NPV for diagnosis of coronary atherosclerosis were
determined and analyzed as shown in Table 6 and Figure
2. Using 0.0665 as a cut off value for 2^-ΔCt of SIRT1
expression, the sensitivity and specificity of SIRT1 to rule
out coronary atherosclerosis was 76 % & 65%,
respectively.
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Table 5. Spearman’s correlation of SIRT1 expression levels with
the quantitative demographic and laboratory data of CAD patients
and control.
Group

Variable (no.=100)

Spearman correlation
coefficient (rho; ρ)
-0.02
-0.09

p

CAD
group

Age (years)
BMI (kg/m2)

0.80
0.38

Cholesterol

-0.12

0.24

Control
group

HDL-C
TG
LDL-C
Gensini score
Age (years)
BMI (kg/m2)

0.30
-0.08
-0.16
-0.23
-0.14
-0.11

0.003*
0.45
0.11
0.02*
0.17
0.27

Cholesterol
HDL-C
TG
LDL-C

-0.08
0.22
-0.09
-0.11

0.41
0.03*
0.38
0.28

*p<0.05 is significant
Table 6. Performance characteristics of SIRT1 expression (2^∆CT) in predicting coronary atherosclerosis
Cut-off

0.665

Sensitivity (%)

76.00%

Specificity (%)

65.00%

PPV (%)

67.9%

NPV (%)

72.7%

Correctly diagnosed (%)

70.5%

AUC

0.7354

1.00

Sensitivity

0.75

0.50

0.25

0.00
0.00

0.25

0.50
1 - Specificity

0.75

1.00

Area under ROC curve = 0.7354

Figure 2. ROC analysis for SIRT1 expression as a predictor for
atherosclerosis

4. Discussion
CAD is a complex disease driven by numerous
interactions of environmental and genetic factors.
Identification of these interactions will offer valuable data
for prevention and control of CAD.
Important
improvements have been made in identifying diseasecausing genes and susceptibility genes for CAD (Abraham
et al., 2014).
The International HapMap Project has recognized the
presence of a single-nucleotide T/C polymorphism
(rs3758391) in the identified p53-binding sequence of the
SIRT1 gene. The C allele of this polymorphism disturbs
the mirror-image symmetry in the preserved nucleotides of
the second half-site of the p53 binding sequence, raising
the probability that this polymorphism may affect p53

binding affinity and hence impair SIRT1 expression (Naqvi
et al., 2010).
Regarding SIRT1 rs3758391 T/C polymorphism, the
current study revealed that CC genotype was more
frequent in the CAD group (57%) than the control group
(28%). Moreover, CC genotype conferred an increased
risk of coronary atherosclerosis compared to those
carrying CT+TT genotypes (OR: 3.41, CI: 1.81-6.42, p <
0.001). At the allelic level, C allele was significantly
prevalent in CAD patients than the control group (71.5 %
vs. 52.5 %) (OR: 2.27, CI:1.47-3.51, p < 0.001). These
findings were consistent with a previous work on Iranian
population, which revealed that rs3758391 CC genotype
was more frequent in CAD patients in both additive (CC
vs. TT) and recessive models (CC vs. TT +CT genotype)
(Mohtavinejad et al., 2015). Furthermore, Mohtavinejad et
al. (2015) concluded that the increase in the frequency of
rs3758391 CC genotype might motivate the susceptibility
of patients to CAD. In line with our results, they also
reported that C allele was more prevalent in CAD patients
than controls; however; the difference did not reach the
borderline of statistical significance.
The present study revealed that there were no
associations between rs3758391 SNP and total cholesterol,
LDLc, HDLc and triglyceride levels. These results might
not be representative of actual lipid profiles of patients
involved in this study because most patients were under
statin treatment. Nevertheless, these outcomes were
consistent with a study conducted in Ashkenazi Jews (Han
et al., 2015).
The current study demonstrated that Gensini scores
were significantly higher in rs3758391 CC genotype
carriers than in CT and TT carriers. In agreement with this
finding, a previous study reported that carriers of the
rs3758391 T allele had lower cardiovascular mortality risk
among 1245 participants who were 85 years old or older
(Kuningas et al., 2007).
The results of the current study revealed a statistically
significant decrease in the expression level of SIRT1 in
PBMCs of CAD group, as compared with the control
group. Several previous studies were in concordance with
our results and reported the downregulation of SIRT1 in
PBMCs of CAD patients (Breitenstein et al., 2013; Li et
al., 2016). Likewise, SIRT1 expression was reported to be
reduced in human atherosclerotic plaques in a study
carried out by Gorenne et al. (2013). This finding was
supported by a recent study, which reported that SIRT1
inhibition induced the development of atherosclerotic
plaque in ApoE–/– mice by increasing the expression of
monocyte chemoattractant protein-1 (MCP-1) in addition
to macrophage accumulation (Yang et al., 2017).
Noteworthy, Chan et al. (2017) reported that LOX1/oxidative stress signaling was induced and antioxidant
enzyme activities were suppressed within CAD
monocytes, suggesting the particular SIRT1 role in
protecting the cardiovascular system simply by means of
its antioxidant, anti-inflammatory activities.
Based on the observations of the current study as well
as the previous studies, the downregulation of SIRT1
expression in CAD patients could be assigned to different
factors. One of these factors may be the genetic variants of
SIRT1 gene. Increasing evidence suggested that SIRT1
rs3758391 SNP impacts gene expression by decreasing
p53 binding affinity, resulting in reduction of SIRT1
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promoter activation and hence, down-regulation of SIRT1
expression (Hu et al., 2015; Naqvi et al., 2010). Thus,
rs3758391 in SIRT1 gene promoter could be a functional
SNP that might affect the transcription level of SIRT1
gene.
The outcomes of the present work revealed that SIRT1
expression correlated positively with HDL levels in both
CAD patients and control groups. This finding was
consistent with a study by Breitenstein et al. (2013) who
suggested another contributing factor in the downregulation of SIRT1 expression in CAD patients.
Breitenstein et al. (2013) proposed a regulatory role of
HDL on SIRT1 expression. They found that HDL of
healthy subjects activated monocytes SIRT1 expression
considerably more prominently than HDL of patients with
cardiac disorders, suggesting a signal mediating interaction
between HDL and SIRT1. In addition, they suggested that
Paraoxonase 1 (PON1), an HDL-associated antioxidant
enzyme, is essential to stimulate SIRT1 expression. Thus,
reduced SIRT1 expression levels in CAD patients appeared
to be linked to reduced HDL levels and HDL dysfunction.
The current study revealed that SIRT1 expression
significantly reduced in CC genotype (the predominant
genotype among the CAD group) as compared with CT
and TT genotypes. This observation was supported by Hu
et al. (2015) who demonstrated a significant association
between the rs3758391 TT genotype and a higher SIRT1
expression.
This study revealed that SIRT1 expression levels in
PBMCs of CAD patients showed a significant inverse
correlation with Gensini score suggesting its role as an
anti-atherogenic gene. Consistent with our results, de
Kreutzenberg et al. (2010) reported that SIRT1 expression
was negatively correlated with subclinical atherosclerosis
evaluated by carotid intima - media thickness. Conversely,
our results were in contrast with Li et al. (2016) who did
not detect a relationship between SIRT1 expression, and
the severity of coronary lesions evaluated by the Syntax
score in patients with CAD and T2DM, recommending
that SIRT1 role in preventing atherosclerosis in diabetic
patients be clarified. This inconsistency could be assigned
to different measures of patient selection and to different
amplification techniques used. Their study included
diabetic patients and used semi quantitative PCR in
evaluating SIRT1 expression.
To estimate the diagnostic performance of SIRT1gene
expression for atherosclerosis, the best cut off point for 2ΔCt of the expressed gene and the matching sensitivity and
specificity, PPV, NPV for prediction of coronary
atherosclerosis were analyzed. The results showed
that SIRT1 expression had a good capability (Šimundić,
2009) in predicting CAD, suggesting that SIRT1
expression might be of significant value in the prediction
of CAD. Consistent with our results, He et al., 2019
reported that serum SIRT1 might play a predictive role in
screening high- risk coronary plaques. The limitations of
the current study were the relatively small sample size and
the inability to study the racial and the ethnic effects
because the study participants were all Egyptians.

SIRT1 gene was down regulated in PBMCs of CAD
patients and its expression was inversely correlated with
atherosclerosis severity suggesting its protective effects
against atherosclerosis development. Moreover, the
variation in SIRT1 expression was related to the presence
of promoter SNP rs3758391 providing awareness to the
mechanisms by which common non-coding genetic
variants affects the target gene expression. Furthermore,
SIRT1 expression might be a valuable adjunct in
diagnosing CAD.

5. Conclusion

Glenn S, Head K, Teh B, Gross K, Kim H. 2010. Maximizing
RNA yield from archival renal tumors and optimizing gene
expression analysis. J Biomol Screen., 15: 80- 85.

SIRT1 rs3758391 CC genotype might confer an
increased risk of coronary atherosclerosis. Additionally,
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