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Effect of statins on sirtuin 1 and endothelial nitric oxide synthase
expression in young patients with a history of
premature myocardial infarction

Erken miyokart enfarktiisii 6ykusi olan genc¢ hastalarda statinlerin sirtuin 1 ve
endotel nitrik oksit sentaz ekspresyonu uizerine etkisi
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ABSTRACT

Objective: The present study was an investigation of the ef-
fect of statins on the expression of circulating sirtuin 1 (SIRT1)
and endothelial nitric oxide synthase (eNOS) proteins, and on
the distribution of single nucleotide polymorphisms (SNPs) of
the SIRT1 gene in patients with a history of premature my-
ocardial infarction (PMI).

Methods: A total of 108 patients who had suffered from a pre-
mature ST-elevation myocardial infarction (STEMI) under the
age of 45 years were enrolled in this study. While 79 patients
had been taking statins since the index event, 29 patients had
discontinued statin treatment after hospital discharge due to
noncompliance or insufficient information about the impor-
tance of continuous statin therapy in post-MI patients. The
control group consisted of 91 healthy patients without a pre-
vious cardiovascular event. The levels of SIRT1 and eNOS
protein; oxidative stress markers, like total antioxidant status
(TAS), total oxidant status (TOS), and the oxidative stress in-
dex (OSI); as well as the distribution of the SNPs rs7069102
and rs2273773 were measured and analyzed.

Results: A significant increase in the SIRT1 level (p<0.001)
and a significant decrease in the eNOS level (p=0.001) was
observed in all genotypes and alleles for both SNPs in pa-
tients who received statin therapy compared with the control
group. Both SNPs were distributed in a similar frequency in
the 2 MI groups, irrespective of statin treatment.
Conclusion: Statins induce SIRT1 protein, which might have
a cardioprotective role after PMI. In addition, the eNOS pro-
tein level was low in all of the MI patients, suggesting that
impairment of eNOS expression is disease-specific without a
causal link to SIRT1.

OZET

Amac: Bu calisma ile, statinlerin, erken miyokart enfarktusi
(EME) geciren hastalarda dolagimdaki SIRT1 ve endotel nitrik
oksit sentaz (eNOS) proteinlerinin ekspresyonu Uzerindeki ve
SIRT1 geninin tekli nikleotit polimorfizmlerinin (SNP) dagilimi
Uzerindeki etkisi arastiriimistir.

Yéntemler: Bu ¢alismaya, 45 yasin altinda ST yukselmeli mi-
yokart enfarktisti (STYEME) geciren 108 hasta dahil edildi.
indeks olaydan sonra 79 hasta statin kullanirken, 29 hasta
taburculuk sonrasi uyumsuzluk ya da yetersiz bilgilendirme
sonucu statin tedavisini birakmistir. Kontrol grubu, daha énce
herhangi bir kardiyovaskiler olayr bulunmayan 91 saglikli
hasta tarafindan olusturuldu. Kan 6rnekleri en erken ME’den
3 ay sonra alindi. Olusturulan 3 ¢alisma grubunda SIRT1 ve
eNOS proteinlerinin miktari, toplam antioksidan statusi (TAS),
toplam oksidan statlsu (TOS) ve oksidatif stres indeksi (OSI)
gibi oksidatif stres belirteclerinin yani sira SNP rs7069102 ve
rs2273773’Un dagihmi incelendi.

Bulgular: Her iki SNP icin statin tedavisi alan hastalarda, tim
genotiplerde ve allellerde, kontrol grubu ile karsilastirildigin-
da, SIRT1 dizeylerinde anlamli bir artis (p<0.001) ve eNOS
dlzeylerinde belirgin bir azalma gézlemledik (p=0.001). Her
iki SNP de, statin tedavisinden bagimsiz olarak, iki ME grubu
arasinda benzer bir frekansta dagilim gdsterdi.

Sonuc: Statinler erken ME sonrasi kalbi koruyucu bir rol oy-
nayabilecek SIRT1 proteinini uyarmaktadir. Diger taraftan,
eNOS protein seviyeleri statin tedavisine bakilmaksizin ME
gecirmis olan hastalarda diisliik bulunmustur. Bu da eNOS
ekspresyonundaki azalmanin SIRT1 ile nedensel bir bagi ol-
madan hastalia 6zgl oldugunu dusindirmektedir.
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tatins, which are widely used as 3-hydroxy-3-

methylglutaryl coenzyme A reductase inhibitors,
decrease the low-density lipoprotein (LDL) level by
inhibiting cholesterol synthesis. They are very well
known to reduce adverse cardiovascular events and
mortality in patients with stable coronary artery dis-
ease (CAD) and in patients with an acute coronary syn-
drome (ACS), the latter group receiving a high-dose
statin very early.'*! As the prevalence of risk factors for
CAD, such as impaired glucose tolerance and obesity,
is increasing in young people, it has been suggested
that the incidence of premature myocardial infarction
(PMI) will also rise in the coming years. Thus, primary
and strict secondary prevention in young adults with
myocardial infarction (MI) are of key importance.

Post-MI patients with high normal or only mildly
elevated lipid levels also benefit from statin therapy.
I In addition, a retrospective study has suggested
that there may be substantial benefit from statin ther-
apy in previously untreated patients with a baseline
LDL <80 mg/dL (2.1 mmol/L).”' This observation is
consistent with the recommendations that all patients
with ACS should be treated with statin therapy, and is
also consistent with the hypothesis that the pleiotropic
effects of statins contribute to the therapeutic benefit.
In addition to lowering LDL, statins exhibit a num-
ber of pleiotropic effects, including the improvement
of vascular endothelial function,’™ the attenuation
of vascular inflammation,”'”! plaque stabilization "
correction of prothrombotic tendencies!! and the at-
tenuation of myocardial remodeling.!'%!

One such pleiotropic effect was demonstrated in
our previous work, indicating a link between statins
and the SIRT1 protein in patients with stable CAD
and PML."¥

SIRT1, known as a longevity gene, protects cells
against oxidative stress and promotes DNA stability
by binding and deacetylating several substrates.!'
In the cardiovascular system, SIRT1 has been rec-
ognized as a key regulator of vascular endothelial
homeostasis, angiogenesis, endothelial senescence,
and dysfunction.!>'*! It prevents atherosclerosis by
improving endothelium relaxation through up-regu-
lating endothelial nitric oxide synthase (eNOS) ex-
pression and the production of nitric oxide (NO).I'")
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In our previous
study, SIRT1 pro-
tein was significantly increased in patients with stable
CAD,?" whereas in patients receiving statin therapy,
SIRT1 was significantly decreased to levels similar
to those seen in healthy participants, while eNOS ex-
pression was increased.""® There was no association
between the frequencies of SIRT1 single nucleotide
polymorphisms (SNPs) and the cardioprotective ef-
fect of statins."3! These results indicated that statin
treatment could mediate its cardioprotective effect
through the inhibition of SIRT1 expression in patients
with chronic CAD.

Very low-density lipoprotein

However, no studies examining the relationship
between statin treatment and the expression levels of
SIRT1 protein, and SIRT1 SNPs in post-MI patients
at young age have been reported. The present study
was an investigation of the effect of statins on the ex-
pression of circulating SIRT1 and eNOS proteins, and
on the distribution of the SNP genotype frequencies
rs7069102 and rs2273773 in patients with a history
of PML.

METHODS

Study groups

The retrospective study groups consisted of 108 pa-
tients who had suffered from a premature ST-eleva-
tion MI (STEMI) before the age of 45 years (87.0%
men; mean age: 40.74+3.82 years) and 91 control sub-
jects (57.1% men; mean age: 32.66+6.31 years). The
power analysis of this study was performed with 80%
power and a 95% confidence interval. The difference



Statins and sirtuin1 in PMI

207

in SIRT1 protein between the 2 groups (STEMI vs
control) was at least 0.7 ng/mL for any subgenotype,
with a SD of 1.7. Corresponding to the power anal-
ysis, a minimum of 94 patients in the STEMI group
was necessary to calculate a significant difference.

Patients enrolled in this study were selected from
people who underwent primary PCI at the depart-
ments of cardiology of Bezmialem Vakif University
Hospital and Mehmet Akif Ersoy Heart Hospital
between January 2012 and May 2015. Twenty-nine
patients had discontinued statin treatment after hos-
pital discharge due to noncompliance or insufficient
information about the importance of continuous statin
therapy in post-MI patients. Seventy-nine patients
had been taking statins, such as simvastatin or ator-
vastatin, since the index event. Patients with malig-
nancies, major trauma or surgery in the previous 6
months, acute or chronic infectious disease, or any
kind of immune-mediated disease were excluded.
The randomly selected healthy controls were also re-
cruited from people who came to Bezmialem Vakif
University Hospital for a routine examination and
they had no prior history of cardiovascular diseases.

This study was approved by the ethics commit-
tee of the Bezmialem Vakif University Faculty of
Medicine. All of the participants, after providing writ-
ten informed consent, completed a structured ques-
tionnaire in order to collect demographic data. The
study was conducted in accordance with the ethical
principles described in the Declaration of Helsinki.

Biochemical and demographic analysis

Blood samples were obtained in uncoated tubes af-
ter 12 hours of fasting (Vacuette, Greiner Greiner
Bio-One GmbH, Kremsmiinster, Austria). The sam-
ples were centrifuged for 5 minutes at 4500 rpm
at +4°C, followed by the separation of serum and
plasma, and then were stored at -20°C. The follow-
ing biochemical parameters were determined in both
the control and experimental groups at Bezmialem
Vakif University Hospital using standard laboratory
methods: fasting glucose, total cholesterol, triglyc-
eride, high-density lipoprotein (HDL) cholesterol,
LDL cholesterol, and very low-density lipoprotein
(VLDL). Body mass index (BMI) was calculated by
dividing weight by height square (kg/m?) and cate-
gorized according to the World Health Organization
recommendations.

Determination of SIRT1 and eNOS protein levels

The level of SIRT1 and eNOS proteins in the sam-
ples was analyzed using enzyme-linked immunosor-
bent assay kits from USCN Life Science, Inc. (Cat-
alog no: E94912Hu for SIRT1 and SEA868Hu for
eNOS, Wuhan, China). Standards and samples were
incubated with antibody-coated 96-well plates.
Enzyme-linked antibodies for the proteins were then
added. The intensity of the color was measured in a
microplate reader (Chromate 4300; Awareness Tech-
nology, Inc., Palm City, FL, USA) at a wavelength of
450 nm.

Measurement of total antioxidant and oxidant status

The total antioxidant status (TAS) and the total ox-
idant status (TOS) of serum were determined using
an automated measurement method (Rel Assay Di-
agnostics, Gaziantep, Turkey) (28,29) and the Chro-
mate analyzer.” The data were expressed as mmoL
Trolox equivalent/L.. The oxidative stress index
(OSI) was calculated using the formula OSI=((TOS)/
(TASx1000)) x100.2

DNA isolation

Blood samples of all of the participants were drawn
into tubes containing ethylenediaminetetraacetic acid
and the genomic DNA was isolated from peripheral
blood leukocytes with a DNA isolation kit (Easy-
DNA™ gDNA Purification Kit, Invitrogen, Carlsbad,
CA, USA). All purified DNA samples were stored at
+4°C until the polymerase chain reaction (PCR) tech-
nique was performed, as described previously.!!

Determination of SIRT1 gene polymorphisms

SIRT1 rs7895833 A>G in the promoter region,
rs7069102 C>G in the intron 4, and rs2273773 C>T
in the exon 5 gene polymorphisms were analyzed us-
ing PCR with confronting two-pair primers assay, as
described previously, with minor modifications (20,
32) Three different segments of the SIRT1 gene en-
compassing 157895833 A>G, rs7069102 C>G, and
rs2273773 C>T polymorphic sites were amplified by
PCR using the primers as described.*!

Statistical evaluation

Statistical analyses of differences in the distribution
of the genotypes or alleles in the SIRT1 gene between
patients and the control group were tested using a chi-
square test for categorical variables. If the expected
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values were less than 5 in 2x2 tables, the Fisher’s ex-
act test was used. Normality tests, such as the Kol-
mogorov-Smirnov test, were used to illustrate the dis-
tribution of the variables. Parametric assumption tests
were used as appropriate.

Clinical characteristics and protein levels were
compared using Student’s t-test and one-way analysis
of variance. The relative risk was calculated as an odds
ratio with a 95% confidence interval. Pearson’s correla-
tion test was also applied to determine the relationship
between the SIRT1 expression level and other param-
eters. The accuracy and significance of the correlation
coefficient was tested with a t-test. The Hardy-Wein-
berg equilibrium was assessed with a chi-square test.
The analyses were performed using a standard software
package (PASW Statistics for Windows, Version 18.0;
SPSS Inc., Chicago, IL, USA). The test results were
accepted as significant if the p value was <0.05.

RESULTS

Biochemical and demographic analysis

The demographic and clinical characteristics of the
study participants are summarized in Tables 1 and 2.
The statin-positive and statin-negative groups were
predominantly male, whereas gender was balanced in
the control group (87% vs 86% vs 57.1%, STEMI vs
control; p=0.003). The control group also tended to be
younger compared with the overall STEMI population
(40.74+3 .82 years vs 32.7+6.3 years; p<0.001). There
was statistically no significant difference in the preva-
lence of smoking history (88.6% vs 82.7%; p=0.410),
diabetes mellitus (17.7% vs 20.7%; p=0.900), or hy-
pertension (39.2% vs 31%; p=0.566) between the stat-
in-positive and statin-negative groups. Patients under
statin therapy had a higher frequency of a positive
family history for CAD (64.6% vs 41.4%; p=0.048)
and of dyslipidemia, compared with untreated MI
patients (78.5% vs 58.6%; p=0.042). There was no
significant difference in the level of fasting blood
glucose, triglycerides (TG), total cholesterol, HDL-c-
holesterol, VLDL, TG/HDL, or uric acid between the
statin-positive and statin-negative groups (p>0.05 for
all parameters). The LDL level was markedly lower
in patients taking statins compared with the untreated
patients (p=0.035), who had levels comparable to
those of the control group. The baseline values of pa-
tients treated with statins were not determined.

There was no significant difference in left ventri-
cle ejection fraction (LVEF) between the statin groups
(53.0+8.7% vs 50.3+9.3%; p=0.178).

Expression levels of SIRT1 and eNOS proteins,
and levels of TAS, TOS, and OSI

The SIRT1 level increased (p<0.001), whereas the
eNOS level decreased significantly (p<0.001) in pa-
tients under statin therapy compared with the controls
(Table 3). In statin-negative patients, the SIRT1 level
was higher and the eNOS level was lower in com-
parison with the control group, but did not reach a
significant value. There was no remarkable difference
in SIRT1 and eNOS protein expression between the
statin groups; however, the SIRT1 level tended to be
higher in patients treated with statins (Table 3). Pear-
son’s test demonstrated a significant, negative corre-
lation between SIRT1 expression and TG/HDL val-
ues in the statin-negative patients (p=0.05), while the
correlation was not significant in the statin-positive
group (p=0.572) (Table 4). Further, there was a posi-
tive correlation between the SIRT1 and TOS levels in
the statin-negative patients (p=0.032). A positive cor-
relation between the eNOS level and TAS was found
in both groups, irrespective of statin treatment (stat-
in-negative: p=0.018, statin-positive: p=0.013). In pa-
tients treated with statins there was a negative corre-
lation between the eNOS and LDL levels (p=0.021)
and a positive correlation between the eNOS level
and TG/HDL (p=0.029). In the non-CAD controls,
a negative correlation between the eNOS level and
BMI was detected (p=0.039). Not all correlations are
shown in Table 4.

Frequency of SIRT1 (rs7069102 and rs2273773)
gene variants and their relationships to SIRT1,
eNOS, and TAS levels

The frequency of genotypes and alleles of the SIRT1
gene in all of the groups is shown in Figure 1.

For rs2273773, the homozygous wildtype genotype
AA was more frequently found in PMI patients than
in controls, whereas the heterogeneous AG genotype
was more often seen in the non-CAD control patients
(Fig. 1a). There was no statistically significant differ-
ence in the genotype and allele distribution between
the statin-positive and statin-negative patients.

For rs7069102, in the control population, the fre-
quency of the homozygous mutant genotype GG was
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Table 1a. Demographic and clinical characteristics of the study participants
Statin + (n=79) Statin — (n=29) Control (n=91) p
Age (years) 40.7+3.8 40.7+3.9 32.7+6.3 n.s
Male gender (%) 69 (87.3) 25 (86.3) 52 (57.1) 0.991
Body mass index (kg/m?) 28.9+4.2 27.9+3.6 24.7+3.9 0.450
Family history (%) 51 (64.6) 12 (41.4)" 28 (30.8) 0.048
History of smoking (%) 70 (88.6) 24 (82.7) 58 (63.8) 0.410
Diabetes mellitus (%) 4 (17.7) 6 (20.7) 3(3.3) 0.900
Dislipidemia (%) 62 (78.5) 17 (58.6)* 11 (12.1) 0.042
Arterial hypertension (%) 1(39.2) 9 (31) 2(2.2) 0.566
Recurrent myocardial infarction 0(12.7) 2 (6.9) - 0.433
Percutaneous coronary intervention at FU 4 (17.7) 3(10.3) - 0.403
Heart failure development at FU 1(1.3) 2(6.9) - 0.117
Hospitalization at FU 17 (21.5) 5(17.2) - 0.629
Localization of MI (anterior/inferior/other) (%) 40/14/25 16/7/6 = 0.339
(50.6/17.7/31.6) (55.2/24.1/20.7)
Left ventricular ejection fraction (%) 53.0+8.7 50.3+9.3 61.3+3.6 0.178

Statistical evaluation performed using one-way analysis of variance with post-|

hoc Tukey’s test. Results are shown as mean+SD. Significant at *p<0.05

statin- group compared with statin+ group. The p values represent the results of analysis between the statin + and statin - groups.

MI: Myocardial infarction; FU: Follow-up.

Table 1b. Demographic and clinical characteristics of the study participants

Statin + (n=79) Statin — (n=29) Control (n=91) p
Fasting blood glucose 138.08+97.48 132.61+£56.65 100.31+£35.72 0.931
Total cholesterol 178.89+52.14 192.93+52.14 183.27+40.13 0.376
Low-density lipoprotein 104.05+47.05* 124.76+38.30 118.85+36.04 0.035
High-density lipoprotein 37.63+9.75 36.69+9.68 49.19+13.92 0.938
Triglycerids 193.49+117.69 201.17+106.88 142.37+127.98 0.955
Very low-density lipoprotein 38.69+23.53 38.68+22.36 30.26+28.74 1.000
Triglycerides/high-density lipoprotein 6.18+5.71 6.04+3.81 3.27+3.34 0.990

Statistical evaluation performed using one-way analysis of variance with post-hoc Tukey’s test. Results are shown as mean+SD. Significant at “p<0.05 com-
pared with statin - group. The p values represent the results of analysis between the statin + and statin — groups.

slightly greater than in both PMI groups, without
reaching a significant value. There was no statistically
significant difference in the genotype distribution be-
tween the statin groups (Fig. 1b). The heterogeneous
CG genotype was more frequent in PMI patients than
in controls (p<0.001). In patients carrying both allele
types, the frequency of the CC wild-type genotype
was low in all study participants (statin treated pa-
tients: n=9, non-treated patients: n=4, controls: n=10),
limiting the analysis of the variation in SIRT1 level
with respect to statin therapy in patients carrying the
wild-type genotype.

The association of SIRT1 and eNOS levels and the
distribution of genotypes and alleles for both SNPs
are provided in Table 5.

In patients who received statin treatment, the increase
in SIRT1 expression for rs7895833 was significant in
all of the screened genotypes and alleles (mutant or
wildtype) compared with the control group (p<0.05).
In patients who carried both allele types and did not
receive a statin, the SIRT1 level was similar to the
level found in the healthy control patients.

The expression of the eNOS protein in patients who



210

Turk Kardiyol Dern Ars

Table 2. Demographic and clinical characteristics of the study participants

Statin + (n=79) Statin — (n=29) Control (n=91) p
Beta-blocker 69 (87.3) 25 (86.2) 0 1.000
ACE-inhibitor or ARB 60 (75.9) 22 (75.9) 1(1.1) 0.992
Spironolactone 3(3.8) 2(6.9) 0 0.609
Other diuretics 1(1.3) 1(3.4) 0 0.467
Acetylsalicylic acid 78 (98.7) 18 (96.6) 1(1.1) 0.467
Other antithrombotic agents 38 (48.1) 19 (65.5) 0 0.122
Oral antidiabetes drug 9 (11.4) 0 3(3.3) 0.724
Insulin 2 (2.5) 0 0 0.287

Statistical evaluation performed using a chi-square or Fisher’s exact test. Results are shown as mean+SD. The p values represent the results of analysis
between the statin + and statin - groups. ACE: Angiotensin-converting enzyme; ARB: Angiotensin Il receptor blocker.

Table 3. Comparison of SIRT1, eNOS protein, TAS, TOS, and OSI levels in the study population

Statin + (n=79) Statin — (n=29) Control (n=91) p
SIRT1 protein (ng/mL) 1.33+1.15* 0.99+0.73 0.70+0.46 <0.001
eNOS protein (pg/mL) 258.46+265.09" 320.72+426.76 509.95+571.03 <0.001
TAS (mmol Trolox Equiv./L) 1.87+0.32 1.91+0.38 1.83+0.32 0.817
TOS (mmol H202 Equiv./L) 14.08+7.19 13.60+7.99 12.92+5.69 0.944
OSI (Arbitrary units) 0.80+0.56 0.72+0.37 0.71+0.32 0.692

Statistical evaluation performed using analysis of variance. The results are shown as mean+SD. *P<0.05 vs control group. There was no statistically rele-
vant difference between the statin + and statin - groups. eNOS: Endothelial nitric oxide synthase; OSI: Oxidative stress index; SIRT1: Sirtuin 1; TAS: Total

antioxidant status; TOS: Total oxidant status.

carried all of the screened allele types and who were
treated with a statin was significantly lower than in
the control group (p<0.05). Statin treatment did not
significantly influence the expression level of eNOS
protein in patients carrying the AA genotype (p=0.08).

Similar results were found for variant rs7069102 re-
garding the effect of statin treatment on SIRT1 and
eNOS protein expression. In patients who did receive
statin treatment, the increase in SIRT1 expression was
significant in all of the screened genotypes and alleles
(mutant or wildtype) compared with the control group
(p<0.05). ENOS protein expression was significantly
lower in patients under statin therapy compared with
control subjects, except in patients with the GG geno-
type. For the GG genotype, the mean level of eNOS
protein tended to be lower in PMI patients, regardless
of statin therapy; however, in comparison with the
control group, the difference was not statistically sig-
nificant. It should be noted that the eNOS protein level
varied a lot within the control group, which might mask
a potential statistical significance between the groups.

DISCUSSION

In the present study, we investigated the effect of
statins on the expression of SIRT1 and eNOS proteins,
and on the distribution of the genotype frequencies
rs7069102 and rs7895833 SNPs in young adults with
a history of PMI. Our previous study demonstrated
that SIRT1 protein expression was markedly elevated
in patients with CAD."3 SIRT1 protein expression
was thought to be disease-related.

In the present study, patients with PMI who were
taking statins had a markedly higher level of SIRT1
compared with the controls. There was no significant
difference between the statin-negative and the control
group patients, although the SIRT1 level tended to be
higher in the statin-negative PMI group compared with
the control group. These results suggest that SIRT1 ex-
pression is disease-related and is induced by statins.

This observation contrasts with the findings of
our previous study, in which a normal level of SIRT1
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Table 4. Results of Pearson’s correlation between expression level of SIRT1 and other parameters
Statin + Statin — Control
r p r p r p
Endothelial nitric oxide synthase protein (pg/mL) -0.148 0.200 -0.025 0.259 0.147 0.166
Total antioxidant status (mmol Trolox Equiv./L) -0.177 0.143 0.022 0.917 -0.101 0.339
Total oxidant status (mmol H202 Equiv./L) 0.075 0.540 0.399 0.043* 0.007 0.949
Oxidative stress index 0.007 0.951 0.284 0.160 0.038 0.720
Age 0.224 0.005* 0.215 0.282 -0.120 0.258
Body mass index 0.049 0.674 0.099 0.624 -0.185 0.079
Fasting blood glucose -0.036 0.757 -0.174 0.386 -0.144 0.186
High-density lipoprotein -0.058 0.629 0.321 0.102 0.047 0.670
Low-density lipoprotein 0.012 0.923 -0.377 0.053 -0.068 0.535
Triglycerides 0.024 0.842 -0.339 0.084 -0.094 0.388
Triglycerides/high-density lipoprotein -0.068 0.572 -0.380 0.050*
SIRT1 protein (pg/mL) -0.148 0.200 -0.025 0.259 0.147 0.166
Total antioxidant status (mmol Trolox Equiv./L) 0.296 0.013* 0.456 0.019* -0.005 0.960
Total oxidant status (mmol H202 Equiv./L) -0.100 0.410 -0.184 0.367 0.025 0.817
Oxidative stress index -0.130 0.282 -0.299 0.137 0.024 0.821
Age 0.185 0.107 -0.108 0.591 -0.082 0.442
Body mass index 0.136 0.239 0.274 0.166 -0.217 0.039*
Fasting blood glucose -0.148 0.202 -0.040 0.845 -0.040 0.712
High-density lipoprotein -0.078 0.518 -0.157 0.435 0.036 0.744
Low-density lipoprotein -0.271 0.021~ 0.033 0.869 -0.090 0.412
Triglycerides -0.005 0.969 0.290 0.142 -0.076 0.484

n, number of individuals. *p<0.05.

was restored with statin treatment.'"®! Statins, known
as cardio-protective agents, were supposed to reverse
the pathomechanism of atherosclerosis by decreasing

This discrepancy might be the result of some key
differences in the patient characteristics in the 2 stud-
ies. In the present study, the patients were younger

SIRT1.1¥ and had a history of an acute MI, mostly characterized
A 100.0%+ [0 Statin positive B 100.0% - [0 Statin positive
[ Statin negative [ Statin negative e
80.0%= [ Control 80.0% = [ Control 4 —
60.0% =1 60.0% =1
40.0% = 40.0%
20.0% 20.0%
0.0% 0.0%
AA AG cC CG GG C G
Genotype Allele

Figure 1. (A) Frequency of genotypes and alleles of the Sirtunin 1 gene in the study groups. There was no statistically significant
difference in genotype and allele distribution between the statin-positive and statin-negative patients. (B) Frequency of genotypes
and alleles of the Sirtunin 1 gene in the study groups. Statistical evaluation performed using analysis of variance. *P<0.001:
Distribution of CG genotype compared with GG genotype. P<0.001: Distribution of CG genotype compared with CC genotype.
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Table 5. The association between Sirtuin 1 and endothelial nitric oxide synthase levels and the distributions of
genotypes and alleles for both single nucleotide polymorphismss

Statin + Statin — Control p
rs7895833 A>G Genotype
SIRT1 protein (ng/mL) Genotype
AA 1.35+1.24* 1.11+0.68 0.71+0.49 0.002
AG 1.33+1.10* 0.81+0.80 0.69+0.43 0.003
GG n.a
Allele
A 1.34+1.16* 0.98+0.73 0.70+0.46 <0.001
G 1.33+1.10* 0.81+0.80 0.69+0.43 0.003
eNOS protein Genotype
AA 252.60+166.01 322.89+507.60 503.17+682.03 0.08
AG 267.34+334.00* 317.54+294.99 518.99+384.52 0.003
GG n.a
Allele
A 260.36+266.32* 320.72+426.76 509.95+571.04 0.001
G 267.34+334.00* 317.54+294.99 518.99+384.52 0.003
rs7069102 C>G Genotype
SIRT1 protein (ng/mL) Genotype
CC 1.57+0.68* 1.20+0.76 0.66+0.40 0.008
CG 1.29+1.32* 0.97+0.81 0.70+0.47 0.011
GG 1.33+0.75* 0.88+0.43 0.72+0.48 0.002
Allele
C 1.33+1.25* 1.01+0.79 0.69+0.46 0.001
G 1.30+1.20* 0.95+0.73 0.71+0.47 <0.001
eNOS protein Genotype
CC 196.97+126.12* 470.37+451.59 479.73+416.91 0.008
CG 265.14+297.21* 334.14+477.91 428.06+304.50 0.011
GG 285.24+210.92 152.67+40.46 626.22+819.25 n.s
Allele
C 250.87+279.62* 358.90+465.75 437.29+323.58 0.009
G 270.17+276.80* 294.69+427.374 513.68+589.20 0.005

Statistical evaluation performed using one-way analysis of variance with post-hoc Tukey’s test. Results are shown as mean+SD. *Significant at p<0.05 com-
pared with the control group. The level of significance in the binary comparison was accepted as 0.016 with a Bonferroni correction.

eNOS: Endothelial nitric oxide synthase; SIRT1: Sirtuin 1.

by single-vessel disease without diffuse atherosclero-
sis. Most of the patients recovered with an acceptable
LVEF. In contrast, the patients in the previous study
were older, had comorbidities, and suffered from
chronic CAD, characterized by diffuse atherosclerosis
with ongoing ischemia. It has been reported that the
cross-talk between reactive oxygen species, as found
in atherosclerosis, and the SIRT1 protein could be
responsible for the pathology underlying cardiovas-

cular disease.”” Alcendor et al.*?! demonstrated that
pathological levels of SIRT1 expression resulted in
oxidative stress and apoptosis, and increased cardiac
hypertrophy. However, it has to be underlined that in
the present study, SIRT1 was induced moderately, and
not to pathological levels.

Consistent with this explanation, we found a pos-
itive correlation between SIRT1 and TOS in the stat-
in-negative patients. Yet there was no difference de-
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tected between the absolute level of TOS, TAS, and
OSI in patients receiving statins compared with the
untreated patients with PMI and the control subjects.
As the PMI patients were not marked by diffuse ath-
erosclerosis and ongoing coronary ischemia, it is not
surprising that the levels of oxidative stress markers
did not differ between the 3 groups.

In addition to key differences in patient character-
istics between the 2 studies, there are also differences
in lipid management strategy. The PMI patients were
mostly treated with high dose atorvastatin, up to 80
mg after the acute event for more than 3 months with
a dose reduction in the follow up period. The therapy
seemed to be very effective, as the LDL level was sig-
nificantly lower (p<0.05) in the statin-positive group
compared with the untreated PMI patients. Moreover,
even the healthy controls had a higher LDL level than
patients taking statins. Oxidized LDL, known as an
atherogenic factor, impairs SIRT1; thus, statins might
decrease the oxidized LDL level, which accordingly
yields inhibition of SIRT1 impairment.”*) SIRT1 acti-
vation therefore results in improved glucose tolerance
and lipid homeostasis and reduced inflammatory tone,
which all are also atheroprotective. >+

Other studies have demonstrated that atorvastatin
up-regulates SIRT1 expression via inhibition of miR-
34a, possibly contributing to the beneficial effects of
atorvastatin on endothelial function in CAD."**! Fur-
thermore, a high concentration of simvastatin pro-
moted the expression of SIRT1 and increased the pro-
liferation of endothelial progenitor cells via SIRT1.12"

Pharmacological SIRT1 inhibition has been re-
ported to increase thrombosis by inhibiting tissue
factor activation via nuclear factor kappa B (NFxB).
(281 Similarly, cyclooxygenase-2-derived prostacyclin
and peroxisome proliferator-activated receptor delta
activation were found to decrease arterial thrombus
formation by suppressing tissue factor in a sirtuin-
1-dependent manner.” Thus, activation of SIRT1
protects against arterial thrombosis. In the context of
atherosclerosis, pharmacological SIRT1 activation
lowered plasma LDL levels by inhibiting proprotein
convertase subtilisin/kexin 9 secretion, thereby in-
creasing hepatic LDL-receptor availability and con-
secutive LDL cholesterol clearing.*"

The TG/HDL ratio is a prognostic marker of all-
cause mortality after ACS and is a risk factor for car-

diovascular events.’ The TG/HDL ratio is also pre-
dictive of the severity of CAD.*" It could help predict
in-hospital new-onset heart failure incidents of CAD
patients.’? In the present study, we detected a nega-
tive correlation between the SIRT1 level and the TG/
HDL ratio in statin-negative patients, indicating that
SIRT1 induction yielded degradation of TG/HDL. In
statin-treated patients this effect is lost (Table 4), pos-
sibly due to its specific effects on lipid metabolism.

Taken together, the induction of SIRT1 by statins
is thought to provide a protective role in the develop-
ment of atherosclerosis, arterial thrombosis, and en-
dothelial dysfunction.

The first evidence of a connection between SIRT1
and endothelial cells was that SIRT1 activated eNOS.
B33 Later, studies in genetically engineered mouse mod-
els demonstrated that SIRT1 exerts atheroprotective
effects by activating eNOS or by diminishing NFxB
activity in endothelial cells and macrophages.**3¢!
Moreover, pharmacological SIRT1 activation protected
endothelial cells from senescence induced by disturbed
flow." Another report assigned SIRT1 in vascular
smooth muscle cells a protective role against DNA
damage, medial degeneration, and atherosclerosis.”*®

In the present study, we observed a significant de-
crease in the level of eNOS protein in patients who
received statins compared with healthy controls. The
eNOS level was also lower in the statin-negative
group compared with the control group, but without
statistical significance. There was no significant dif-
ference in eNOS expression between the statin-posi-
tive and statin-negative groups.

Studies have shown that vascular eNOS protein
expression is usually diminished in atherosclerosis.””!
In a vascular disease, NO is degraded rapidly by a re-
action with .02_. .NO and .O2_ react rapidly to form
peroxinitrite, which in turn leads to eNOS uncoupling
and enzyme dysfunction due to oxidative stress.™*"!

In our study, the level of eNOS protein was con-
siderably lower in PMI patients compared with the
control group (Table 3), whereas no correlation was
found between SIRT1 and eNOS (Table 4), emphasiz-
ing that the modulation of eNOS expression is inde-
pendent of SIRT1 in PMI patients.

In our previous publication, a positive correlation
was demonstrated between eNOS and SIRT1 expres-
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sion in patients receiving statins. Furthermore there
was a positive correlation between eNOS expression
and TAS level in patients treated with statins. How-
ever, a significant negative correlation was found
between eNOS expression and TAS level in patients
who did not receive statin therapy.

In the present study, there was a positive corre-
lation between eNOS expression and TAS in both
groups, irrespective of statin treatment. This implies
that eNOS has an antioxidative effect that is not statin
dependent.

In addition, we observed a negative correlation be-
tween LDL and eNOS levels in patients taking statins,
indicating that less LDL is protective for the endothe-
lium. The positive correlation between eNOS expres-
sion and the TG/HDL ratio suggested compensatory
upregulation of eNOS under statin therapy with a
greater TG/HDL ratio.

To summarize, statins induce SIRT1 protein,
which has a cardioprotective role after MI. The eNOS
protein level is low in MI patients, regardless of statin
treatment, suggesting that impairment of eNOS ex-
pression is disease-specific and without a causal link
to SIRT1. LDL reduction with statins is associated
with increased eNOS expression, which particularly
shows a LDL-dependent, but pleiotropic, cardiopro-
tective effect of statins.

To understand the epigenetic effects of statins on
the CAD phenotype with a genetic background, 2
SNPs in the SIRT1 gene were evaluated.

With respect to the relationship between genotype
and phenotype, we observed a significant increase
in the SIRT1 level and a significant decrease in the
eNOS level in all genotypes and alleles for both SNPs
in patients who received statin therapy compared with
the control group.

In both patient groups, the SIRT1 and eNOS levels
differed (Tables 3, 5), whereas the genotype frequen-
cies were similar. These results suggest that the effect
of statins on SIRT1 expression occurs post-transcrip-
tionally or post-translationally, rather than through
these SNPs. Individual variations due to epigenetic
factors might explain the observed phenotypes.*!
Further studies are needed to better characterize the
pleiotropic effects of statins on SIRT1 expression in
CAD patients.

Peer-review: Externally peer-reviewed.
Conflict-of-interest: None.

Authorship contributions: Concept: AH.Y., UK.; De-
sign: A.H.Y.; Supervision: A.H.Y., U K.; Materials: A.H.Y.,
UK. Data: AH.Y. Analysis: A.H.Y.; Literature search:
AH.Y.; Writing: A.H.Y.; Critical revision: UK.

REFERENCES

1. Vrecer M, Turk S, Drinovec J, Mrhar A. Use of statins in pri-
mary and secondary prevention of coronary heart disease and
ischemic stroke. Meta-analysis of randomized trials. Int J Clin
Pharmacol Ther 2003;41:567-77. [CrossRef]

2. Stenestrand U, Wallentin L; Swedish Register of Cardiac
Intensive Care (RIKS-HIA). Early statin treatment follow-
ing acute myocardial infarction and 1-year survival. JAMA
2001;285:430-6. [CrossRef]

3. de Lemos JA, Blazing MA, Wiviott SD, Lewis EF, Fox KA,
White HD, et al; Investigators. Early intensive vs a delayed
conservative simvastatin strategy in patients with acute
coronary syndromes: phase Z of the A to Z trial. JAMA
2004;292:1307-16. [CrossRef]

4. Vaidya D, Yanek LR, Moy TF, Pearson TA, Becker LC,
Becker DM. Incidence of coronary artery disease in siblings
of patients with premature coronary artery disease: 10 years
of follow-up. Am J Cardiol 2007;100:1410-5. [CrossRef]

5. Sacks FM, Pfeffer MA, Moye LA, Rouleau JL, Rutherford
JD, Cole TG, et al. The effect of pravastatin on coronary
events after myocardial infarction in patients with average
cholesterol levels. Cholesterol and Recurrent Events Trial in-
vestigators. N Engl J Med 1996;335:1001-9. [CrossRef]

6. Tsai TT, Nallamothu BK, Mukherjee D, Rubenfire M, Fang J,
Chan P, et al. Effect of statin use in patients with acute coro-
nary syndromes and a serum low-density lipoprotein<or=80
mg/dl. Am J Cardiol 2005;96:1491-3. [CrossRef]

7. Sposito AC, Chapman MJ. Statin therapy in acute coronary
syndromes: mechanistic insight into clinical benefit. Arte-
rioscler Thromb Vasc Biol 2002;22:1524-34. [CrossRef]

8. Dupuis J, Tardif JC, Cernacek P, Théroux P. Cholesterol re-
duction rapidly improves endothelial function after acute
coronary syndromes. The RECIFE (reduction of cholesterol
in ischemia and function of the endothelium) trial. Circulation
1999;99:3227-33. [CrossRef]

9. Laufs U, La Fata V, Plutzky J, Liao JK. Upregulation of en-
dothelial nitric oxide synthase by HMG CoA reductase in-
hibitors. Circulation 1998;97:1129-35. [CrossRef]

10. Jain MK, Ridker PM. Anti-inflammatory effects of statins:
clinical evidence and basic mechanisms. Nat Rev Drug Dis-
cov 2005;4:977-87. [CrossRef]

11. Rosenson RS, Tangney CC. Antiatherothrombotic properties
of statins: implications for cardiovascular event reduction.
JAMA 1998;279:1643-50. [CrossRef]

12. Xu Z, Okamoto H, Akino M, Onozuka H, Matsui Y, Tsutsui
H. Pravastatin attenuates left ventricular remodeling and dias-
tolic dysfunction in angiotensin II-induced hypertensive mice.


https://doi.org/10.5414/CPP41567
https://doi.org/10.1001/jama.285.4.430
https://doi.org/10.1001/jama.292.11.1307
https://doi.org/10.1016/j.amjcard.2007.06.031
https://doi.org/10.1056/NEJM199610033351401
https://doi.org/10.1016/j.amjcard.2005.07.069
https://doi.org/10.1161/01.ATV.0000032033.39301.6A
https://doi.org/10.1161/01.CIR.99.25.3227
https://doi.org/10.1161/01.CIR.97.12.1129
https://doi.org/10.1038/nrd1901
https://doi.org/10.1001/jama.279.20.1643

Statins and sirtuin 1 in PMI

215

13.

14.

15.

16.

17

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

J Cardiovasc Pharmacol 2008;51:62—70. [CrossRef]

Kilic U, Gok O, Elibol-Can B, Uysal O, Bacaksiz A. Efficacy
of statins on sirtuin 1 and endothelial nitric oxide synthase ex-
pression: the role of sirtuin 1 gene variants in human coronary
atherosclerosis. Clin Exp Pharmacol Physiol 2015;42:321-30.
SIRT1 sirtuin 1 [Homo sapiens (human)]. Available at: https://
www.ncbi.nlm.nih.gov/gene/23411. Accessed Aug 31,2014.
Potente M, Ghaeni L, Baldessari D, Mostoslavsky R, Rossig L,
Dequiedt F, et al. SIRT1 controls endothelial angiogenic func-
tions during vascular growth. Genes Dev 2007;21:2644-58.
Ota H, Akishita M, Eto M, lijima K, Kaneki M, Ouchi Y. Sirt1
modulates premature senescence-like phenotype in human
endothelial cells. J Mol Cell Cardiol 2007;43:571-9. [CrossRef]

. Mattagajasingh I, Kim CS, Naqvi A, Yamamori T, Hoffman

TA, Jung SB, et al. SIRT1 promotes endothelium-dependent
vascular relaxation by activating endothelial nitric oxide syn-
thase. Proc Natl Acad Sci U S A 2007;104:14855-60. [CrossRef]
Tanno M, Kuno A, Yano T, Miura T, Hisahara S, Ishikawa S,
et al. Induction of manganese superoxide dismutase by nu-
clear translocation and activation of SIRT1 promotes cell sur-
vival in chronic heart failure. J Biol Chem 2010;285:8375-82.
Alcendor RR, Gao S, Zhai P, Zablocki D, Holle E, Yu X, et al.
Sirt] regulates aging and resistance to oxidative stress in the
heart. Circ Res 2007;100:1512-21. [CrossRef]

Hsu CP, Zhai P, Yamamoto T, Maejima Y, Matsushima S,
Hariharan N, et al. Silent information regulator 1 protects the
heart from ischemia/reperfusion. Circulation 2010;122:2170—
82. [CrossRef]

Kilic U, Gok O, Bacaksiz A, Izmirli M, Elibol-Can B, Uysal
0. SIRT1 gene polymorphisms affect the protein expression in
cardiovascular diseases. PLoS One 2014;9:€90428. [CrossRef]
Alcendor RR, Gao S, Zhai P, Zablocki D, Holle E, Yu X, et al.
Sirt] regulates aging and resistance to oxidative stress in the
heart. Circ Res 2007;100:1512-21. [CrossRef]

Lei J, Gu X, Ye Z, Shi J, Zheng X. Antiaging effects of sim-
vastatin on vascular endothelial cells. Clin Appl Thromb He-
most 2014;20:212-8. [CrossRef]

Houtkooper RH, Pirinen E, Auwerx J. Sirtuins as regula-
tors of metabolism and healthspan. Nat Rev Mol Cell Biol
2012;13:225-38. [CrossRef]

North BJ, Sinclair DA. The intersection between aging and
cardiovascular disease. Circ Res 2012;110:1097-108. [CrossRef]
Tabuchi T, Satoh M, Itoh T, Nakamura M. MicroRNA-34a
regulates the longevity-associated protein SIRT1 in coronary
artery disease: effect of statins on SIRT1 and microRNA-34a
expression. Clin Sci (Lond) 2012;123:161-71. [CrossRef]

Du G, Song Y, Zhang T, Ma L, Bian N, Chen X, et al. Sim-
vastatin attenuates TNF o induced apoptosis in endothelial
progenitor cells via the upregulation of SIRT1. Int J Mol Med
201 4;341 177-82. [CrossRef]

Breitenstein A, Stein S, Holy EW, Camici GG, Lohmann C,
Akhmedov A, et al. Sirt] inhibition promotes in vivo arterial
thrombosis and tissue factor expression in stimulated cells.
Cardiovasc Res 2011;89:464—-72. [CrossRef]

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Barbieri SS, Amadio P, Gianellini S, Tarantino E, Zacchi E,
Veglia F, et al. Cyclooxygenase-2-derived prostacyclin regu-
lates arterial thrombus formation by suppressing tissue factor in
a sirtuin-1-dependent-manner. Circulation 2012;126:1373-84.
Miranda MX, van Tits LJ, Lohmann C, Arsiwala T, Win-
nik S, Tailleux A, et al. The Sirtl activator SRT3025 pro-
vides atheroprotection in Apoe-/- mice by reducing hepatic
Pcsk9 secretion and enhancing Ldlr expression. Eur Heart J
2015;36:51-9. [CrossRef]

Wan K, Zhao J, Huang H, Zhang Q, Chen X, Zeng Z, et al.
The association between triglyceride/high-density lipopro-
tein cholesterol ratio and all-cause mortality in acute coro-
nary syndrome after coronary revascularization. PLoS One
2015;10:e0123521. [CrossRef]

Yunke Z, Guoping L, Zhenyue C. Triglyceride-to-HDL
cholesterol ratio. Predictive value for CHD severity and new-
onset heart failure. Herz 2014;39:105-10. [CrossRef]

Nisoli E, Tonello C, Cardile A, Cozzi V, Bracale R, Tedesco L,
et al. Calorie restriction promotes mitochondrial biogenesis by
inducing the expression of eNOS. Science 2005;310:314-7.
Zhang QJ, Wang Z, Chen HZ, Zhou S, Zheng W, Liu G, et al.
Endothelium-specific overexpression of class III deacetylase
SIRT1 decreases atherosclerosis in apolipoprotein E-deficient
mice. Cardiovasc Res 2008;80:191-9. [CrossRef]

Stein S, Lohmann C, Schifer N, Hofmann J, Rohrer L, Besler
C, etal. SIRT1 decreases Lox-1-mediated foam cell formation
in atherogenesis. Eur Heart J 2010;31:2301-9. [CrossRef]

Stein S, Schifer N, Breitenstein A, Besler C, Winnik S,
Lohmann C, et al. SIRT1 reduces endothelial activation with-
out affecting vascular function in ApoE-/- mice. Aging (Al-
bany NY) 2010;2:353—60. [CrossRef]

Warboys CM, de Luca A, Amini N, Luong L, Duckles H,
Hsiao S, et al. Disturbed flow promotes endothelial senes-
cence via a pS53-dependent pathway. Arterioscler Thromb
Vasc Biol 2014;34:985-95. [CrossRef]

Gorenne I, Kumar S, Gray K, Figg N, Yu H, Mercer J, et
al. Vascular smooth muscle cell sirtuin 1 protects against
DNA damage and inhibits atherosclerosis. Circulation
2013;127:386-96. [CrossRef]

Oemar BS, Tschudi MR, Godoy N, Brovkovich V, Malinski
T, Liischer TF. Reduced endothelial nitric oxide synthase ex-
pression and production in human atherosclerosis. Circulation
1998;97:2494-8. [CrossRef]

Forstermann U, Miinzel T. Endothelial nitric oxide synthase
in vascular disease: from marvel to menace. Circulation
2006;113:1708—14. [CrossRef]

Turan N, Katari S, Coutifaris C, Sapienza C. Explaining inter-
individual variability in phenotype: is epigenetics up to the
challenge? Epigenetics 2010;5:16-9. [CrossRef]

Keywords: eNOS protein; premature myocardial infarction; SIRT1
protein; statins.

Anahtar sézclikler: eNOS protein; erken miyokart enfarktisu;
SIRT1 protein; statinler.


https://doi.org/10.1097/FJC.0b013e31815bb629
https://doi.org/10.1111/1440-1681.12362
https://doi.org/10.1101/gad.435107
https://doi.org/10.1016/j.yjmcc.2007.08.008
https://doi.org/10.1073/pnas.0704329104
https://doi.org/10.1074/jbc.M109.090266
https://doi.org/10.1161/01.RES.0000267723.65696.4a
https://doi.org/10.1161/CIRCULATIONAHA.110.958033
https://doi.org/10.1371/journal.pone.0090428
https://doi.org/10.1161/01.RES.0000267723.65696.4a
https://doi.org/10.1177/1076029612458967
https://doi.org/10.1038/nrm3293
https://doi.org/10.1161/CIRCRESAHA.111.246876
https://doi.org/10.1042/CS20110563
https://doi.org/10.3892/ijmm.2014.1740
https://doi.org/10.1093/cvr/cvq339
https://doi.org/10.1161/CIRCULATIONAHA.112.097295
https://doi.org/10.1093/eurheartj/ehu095
https://doi.org/10.1371/journal.pone.0123521
https://doi.org/10.1007/s00059-013-3788-0
https://doi.org/10.1126/science.1117728
https://doi.org/10.1093/cvr/cvn224
https://doi.org/10.1093/eurheartj/ehq107
https://doi.org/10.18632/aging.100162
https://doi.org/10.1161/ATVBAHA.114.303415
https://doi.org/10.1161/CIRCULATIONAHA.112.124404
https://doi.org/10.1161/01.CIR.97.25.2494
https://doi.org/10.1161/CIRCULATIONAHA.105.602532
https://doi.org/10.4161/epi.5.1.10557



