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Myocardial infarction (MI) is a restrictive phenotype of coronary artery disease. To date, a group of genes
and genetic loci have been associated to MI. However, the genetic causes and underlying molecular mech-
anisms for MI remain largely unknown. SIRT1, one of highly conserved NAD-dependent class Il deacety-
lases, has been involved in several cellular processes and implicated in human diseases. Autophagy is

KeyWordﬁ" ) ) one of major cellular degradative pathways, which plays important roles in lipid metabolism. Recent stud-
Myocardial infarction ies have shown that SIRT1 deacetylates autophagy-related genes, and the expressions of autophagic genes
SIRTI are altered in MI patients. Accordingly, we hypothesized that SIRT1 may be linked to the MI pathogenesis.
Promoter . . . .

Sequence variants In this study, the SIRT1 gene promoter were genetically analyzed in large cohorts of MI patients (n = 327)
Autophagy and controls (n=358). The results showed that six single-nucleotide polymorphisms and 14 sequence

variants were identified. Among these, five novel heterozygous variants (g.69643743Ins, g.69643840Ins,
£.69643903G > C, £.69644235G>C and g.69644353G >T) and one single-nucleotide polymorphism
(rs35706870) were identified in MI patients, but in none of controls. Moreover, five novel heterozygous
variants (g.69643672G > A, g.69644226C > T, g.69644278A > G, g.69644408G > A and g.69644408G > T)
were only found in controls. The rest variants were found in MI patients and controls with similar frequen-
cies. Taken together, the variants identified in MI patients may alter the transcriptional activities of SIRT1

gene promoter, which may change SIRT1 levels, contributing to the MI pathogenesis as a risk factor.

© 2012 Elsevier Inc. All rights reserved.

1. Introduction

Coronary artery disease is a common complex disease that is
caused by interactions of environmental and genetic factors. Myo-
cardial infarction (MI) is a restrictive phenotype of coronary artery
disease. The established traditional risk factors include age, family
history, hypercholesterolemia, hypertension, diabetes mellitus,
smoking and obesity. To date, more than a dozen of genes and
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system.
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genetic loci related to MI have been identified with candidate gene,
linkage analysis and genome-wide association studies [1-3]. How-
ever, the genetic causes and underlying molecular mechanisms for
MI remain largely unknown.

Sirtuis are NAD-dependent class Il deacetylases, which are
highly conserved from yeast to human [4]. Surtuins have been
shown to expand lifespan in yeast, worm and fly. In mammals,
seven members of sirtuin family, SIRT1-SIRT7, have been identi-
fied, which have different cellular locations, enzyme activities,
substrates and tissue-specific functions. SIRT1 is localized in the
nucleus and the cytoplasm, and plays a critical role in epigenetic
regulation by deacetylating histones. Moreover, SIRT1 interacts
and deacetylates a broad set of transcription factors and regulators
to control downstream gene expression. Many studies have dem-
onstrated that SIRT1 is involved in cell survival and differentiation,
genomic stability, transcription, metabolism, stress response and
aging. Clinically, SIRT1 has been implicated in inflammation,
obesity, type 2 diabetes, cardiovascular diseases, neurodegenera-
tive disease and cancer [5-8].

In cultured cardiomyocytes and animal hearts, SIRT1 plays a
protective role by acting against oxidative stress, inhibiting apop-
tosis, and inducing autophagy [9-11]. For example, SIRT1 activity
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is necessary for protecting the heart from oxidative stress, myocar-
dial ischemia and reperfusion [12,13]. In model animals and pa-
tients with dilated cardiomyopathy, activation of SIRT1 promotes
cardiomyocytes survival [14]. In failing heart, SIRT1 gene overex-
pression inhibits apoptosis in cardiomyocytes [15,16]. SIRT1 has
been shown to induce autophagy by deacetylating autophagy-
related (ATG) proteins (ATG5 and ATG7) and forkhead box O tran-
scription factors (FOXOs) [17,18]. In addition, SIRT1 also regulates
endothelial angiogenesis and atherosclerosis [19,20].

Mice with SIRT1-null deletion die perinatally with severe heart
defects [21,22]. In transgenic mice expressing SIRT1 gene in the
heart, moderate elevation of SIRT1 protects cardiomyocytes, and
high elevation of SIRT1 decreases cardiac function and causes car-
diomyopathy [23]. Furthermore, constitutive overexpression of
SIRT1 gene impairs cardiac function [24]. Collectively, SIRT1 func-
tions in the heart in a dose-dependent manner. Furthermore, de-
creased autophagy activity has been observed in MI patients
[25]. Therefore, we hypothesized that changed SIRT1 levels, rather
than mutations in SIRT1 gene that change its amino acids, may
contribute to the MI pathogenesis by interrupting autophagy. In
this study, we genetically analyzed the SIRT1 gene promoter in
large cohorts of MI patients and healthy controls.

2. Materials and methods
2.1. Study subjects

All MI patients (n = 327, mean age 60.70 years, male 229, female
98) were recruited from the Intensive Care Unit, Division of Cardi-
ology, Jining Medical University Affiliated Hospital, Jining Medical
University, Jining, Shandong, China. All MI patients were diagnosed
with clinical symptoms, abnormal ECG findings and elevated levels
of plasma cardiac necrosis markers. The ethic-matched healthy

controls (n =358, mean age 49.16 years, male 212, female 146)
were recruited from Physical Examination Center in the same hos-
pital. The controls with family histories of coronary artery disease
were excluded. This study was approved by the Human Ethic Com-
mittee of Jining Medical University Affiliated Hospital and in-
formed consents were obtained.

2.2. Genetic analysis

Genomic DNAs were extracted from peripheral leukocytes with
DNeasy blood and tissue Kit (Qiagen, Valencia, CA, USA). The SIRT1
gene promoter, from —841 bp upstream to + 237 bp downstream
to the transcription start site, was analyzed by direct sequencing.
The genomic DNAs (100 ng) were used as PCR templates. Two over-
lapped DNA fragments covering the SIRT1 gene promoter, —841 bp
to —321 bp (521 bp) and —355 bp to + 327 bp (592 bp), were gener-
ated by PCR. The primers were designed with the genomic sequence
of human SIRT1 gene (Genebank access number, NC_000010). The
PCR primers, SIRT1-F1 (5-AGAGGAAAGTGGAAGGGCTT-3’) and
SIRT1-R1 (5-TTTCCCACTCTCCTCACACC-3'), were used to generate
the 521 bp fragment. The primers, SIRT1-F2 (5-AGGAGCTGTCA-
GAACGGTGT-3’) and SIRT1-R2 (5'-CCATCTTCCAACTGCCTCTC-3’),
were used to generate the 592 bp fragment. The sequencing was
performed with 3730 DNA Analyzer (Applied Biosystems, Foster
city, CA, USA). The DNA sequences were aligned and compared with
wild type SIRT1 gene promoter. The distributions of sequence vari-
ants were compared between MI patients and controls using SPSS
vs. 13.0. P < 0.05 was considered statistically significant.

3. Results

The distribution of the sequence variants within SIRT1 gene
promoter were summarized in Table 1. Six single-nucleotide

Table 1
Sequence variants within the SIRT1 gene promoters in MI patients and controls.
Sequence variants Genotypes Location® (bp) MI (n=327) Controls (n =358) P value
2.69643672G > A GA —-855 0 1 -
£.69643707A > C(rs35706870) AC —-820 3 0 -
£.696437431Ins —/Ins —684 1 0 —
£.69643840Ins —/Ins —588 1 0 -
£.69643903G > C GC —524 1 0 -
2.69643959A > G(rs3740051) AA —468 191 235 0.195
AG 126 113
GG 10 10
£.69644133C > G CG -334 2 2 0.928
£.69644213G > A GA -214 1 5 0.220
2.69644217A > C(rs932658) AA -210 220 230 0299
AC 103 118
CC 4 10
2.69644219G > A GG -208 323 347 0.181
GA 4 10
AA 0 1
£.69644226C > T CT -201 0 1
£.69644235G > C GC -192 1 0 -
£.69644240G > T(rs35995735) GG -187 320 342 0.163
GT 7 15
T 0 1
2.69644278A > G AG -149 0 1 -
£.69644335A > G(rs3740053) AA -92 186 221 0.385
AG 129 123
GG 12 14
2.69644341G > C(rs2394443) GG —-86 218 230 0.387
GC 104 119
CC 5 9
2.69644351G > A GA -76 4 5 1.000
£.69644353G > T GT -74 1 0 -
£.69644408G > A GA -19 0 1 —
2.69644408G > T GT -19 0 1 -

1 Locations of variants upstream (—) to the transcription start site of SIRT1 gene at 69644427 of NC_000010.
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polymorphisms (SNPs) and 14 sequence variants were identified.
Among them, five novel heterozygous variants (g.69643743Ins,

£.69643840Ins,

£.69643903G > C,

2.69644235G > C

and

£.69644353G > T) were found in five MI patients, but in none of
controls. Moreover, one SNP (g.69643707A > C, rs35706870) was
found in three MI patients, but in none of controls. In contrast, five
novel heterozygous variants (g.69643672G > A, g.69644226C > T,
2.69644278A > G, g.69644408G >A and g£.69644408G >T) were

Fig. 1. The sequence variants identified within the SIRT1 gene promoter in MI patients and controls. (A) Schematic representation of the sequence variants within the SIRT1
gene promoter. The numbers represents the sequence of SIRT1 genomic sequences (Genebank accession number NC_000010). The sequence variants, only identified either in
MI patients or controls, were depicted. The transcription starts at the position of 69644427 of the first exon. (B) Chromatograms of the sequence variants in forward
orientations. The variants identified only in MI patients or controls were depicted. Top panel shows wild type and bottom heterozygous. All the variants are marked with solid

only identified in controls (Fig 1). In addition, the rest SNPs
1s35995735, rs3740053 and rs2394443)
(g.69644133C>G, £.69644213G > A,
2.69644219G > A and g.69644351G > A) were found in MI patients

(rs3740051, rs932658,
sequence variants

and

and controls with similar frequencies (P > 0.05).

Analysis of SIRT1 gene promoter with transcription element
search system (TESS, University of Pennsylvania) suggested that
the variants identified in MI patients may change the putative
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transcription factor binding sites, leading to altered transcriptional
activity of the SIRT1 gene promoter.

4. Discussion

In this study, we genetically analyzed the SIRT1 gene promoter
in large cohorts of MI patients and healthy controls. As expected,
five novel heterozygous sequence variants and one SNP were found
in MI patients, but in none of controls. Further TESS analyses
suggested that the binding sites of transcription factors within
the SIRT1 gene promoter may be changed by the variants, leading
to changed SIRT1 level and contributing to the MI pathogenesis as
a risk factor. Therefore, our data for the first time linked the
sequence variants within SIRT1 gene promoter to MI patients.

Human SIRT1 gene is localized to the chromosome region
10g21.3 [26,27]. The SIRT1 gene is widely expressed in fetal and
adult tissues, relatively high in the heart [28]. SIRT1 gene is regu-
lated by a set of transcriptional factors and regulators, including
CREB (cAMP response element-binding protein) and FOXOs
[29,30]. Clinical studies suggest that the SNPs and variants in SIRT1
gene increase the risk of obesity and type 2 diabetes [31,32]. SIRT 1
polymorphisms have also been associated with abnormal choles-
terol metabolism and coronary artery calcification [33]. In our
previous studies with genetic analysis of the SIRT1 gene promoter,
three heterozygous variants (g.69644133C > G, g.69644213G > A
and g.69644351G > A) have been identified in sporadic Parkinson’s
disease, and four novel heterozygous variants (g.69643693A > G,
2.69643963A > T, g.69643971G > A and g.69644366Ins) have been
identified in patients with ventricular septal defects [34,35]. How-
ever, the above variants were not found or of no clinical signifi-
cance in MI patients. Taken together, the different SNPs and
variants were identified in diverse human diseases, indicating that
the tissue-specific transcription factors that control SIRT1 gene
expression are responsible for the disease pathogenesis.

Autophagy is a highly conserved cellular process, which delivers
its components to lysosomes for degradation [36]. Autophagy is
essential to many developmental and cellular processes and has
been implicated in human diseases [37-39]. Macroautophagy
(hereafter referred to as autophagy), the major subtype of autoph-
agy, has been involved in lipid metabolism [40]. Microtubule-
associated protein 1 light chain 3 (LC3), the autophagy marker
gene, directly regulates the formation of lipid droplets in cells
[41]. In mice, autophagy has been shown to protect cardiomyo-
cytes from ischemic death during acute myocardial infarction
[42]. Dysfunctional autophagy promotes atherosclerosis in part
through induction of inflammation [43]. Several lines of evidence
indicate that SIRT1 induces autophagy by deacetylating ATG
proteins and FOXO factors [17,18,44]. Therefore, reduced SIRT1
may decrease autophagy activities, which interfere with lipid
metabolism, contributing to the MI pathogenesis.

Recent studies have demonstrated that SIRT1 regulates adipo-
genesis and lipid metabolism by deacetylating transcription factors
and regulators. In the fasting state, SIRT1 interacts with peroxi-
some proliferator-activated receptor y coactivator 1o to promote
fatty acid oxidation [45,46]. SIRT1 inhibits adipogenesis by repress-
ing the transcriptional activity of peroxisome proliferator-acti-
vated 7y receptor [47]. In liver, SIRT1 regulates lipid metabolism
by activating liver X receptors and farnesoid X receptors [48-50].
In the heart, SIRT1 controls the cardiac hypertrophy, fatty acid
metabolism, and inflammation processes by associating with
peroxisome proliferator-activated o receptors [51]. Therefore,
changed SIRT1 levels may be linked to the MI pathogenesis
through lipid metabolism, inflammation and other pathways.

In conclusion, we genetically analyzed the SIRT1 gene promoter
in MI patients. The novel sequence variants within the SIRT1 gene

promoter identified in MI patients may contribute to the MI path-
ogenesis by changing SIRT1 levels. Since natural and pharmacolog-
ical compounds have been identified for regulating SIRT1 activities
[52,53], our findings may provide a genetic basis for potential
personalized therapy for MI patients.
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