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Abstract

Rationale—Sirtuin (SIRT3), a major nicotinamide adenine dinucleotide (NAD+)-dependent 

deacetylase in mitochondria, declines with aging and its ablation is associated with accelerated 

development of cardiovascular diseases. However, the role of SIRT3 in coronary microvascular 

function and post-MI recovery has not been incompletely understood.

Objective—The goal was to investigate whether ablation of SIRT3 causes coronary 

microvascular dysfunction, exacerbates post-myocardial ischemia (MI) cardiac dysfunction and 

impairs cardiac recovery.

Methods and results—Using endothelial cells (ECs) isolated from SIRT3 knockout (KO) 

mice, we revealed that the angiogenic capabilities were significantly reduced in SIRT3 deficient 

ECs. SIRT3 KO mice presented a pre-existing coronary microvascular dysfunction and 

microvascular rarefaction, as evidenced by a reduction in hyperemic peak diastolic blood flow 

velocity and coronary flow reserve (CFR), accompanied by loss of capillary-pericytes in the heart. 

Furthermore, SIRT3 KO mice subjected to myocardial ischemia by the ligation of left anterior 

descending coronary artery (LAD) exhibited more severe cardiac dysfunction together with 

decreased pericyte/EC coverage than that of WT mice. In contrast, overexpression of SIRT3 

preserved cardiac function in post-MI mice. Immunoblot analysis further showed that the 

expression of angiopoietin-1 (Ang-1), vascular endothelial growth factor (VEGF) and 6-

phosphofructo-2-kinase/fructose-2,6-biphosphatase 3 (PFKFB3) were significantly decreased in 

the SIRT3-deficient ischemic hearts than those of WT ischemic hearts. This was accompanied by 

higher levels of cleaved caspase-3 and apoptosis.

Conclusion—Our results reveal a potential mechanism by which SIRT3 deletion exacerbates 

post-MI cardiac dysfunction and impairment of cardiac recovery involving microvascular 

rarefaction and pre-existing coronary microvascular dysfunction.
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1. Introduction

The incidence and prevalence of coronary heart disease including myocardial ischemia (MI) 

increases with advanced age [1]. MI results in left ventricle dysfunction and subsequent 

heart failure, which is the leading cause of death in the USA [1;2]. Mitochondrial 

dysfunction, oxidative stress, disrupted calcium homeostasis and cellular metabolism 

contribute to MI injury [3]. MI activates a series of endogenous protective mechanisms 

including myocardial angiogenesis in the ischemic area of MI that depends on endothelial 

function and promotes collateral vessel formation, to maintain basic cardiac function, 

homeostasis and recovery [4]. It is a critical adaptive mechanism to restore blood perfusion 

in post-MI. The percutaneous coronary intervention (PCI) that reduces infarct size by 

restoration of blood flow to the ischemic area is the most common therapy for patients with 

acute MI [5]. Although the door-to-balloon time declined significantly in patients receiving 

PCI, in-hospital mortality remained unchanged [6]. Coronary flow reserve (CFR) is widely 

used as a marker of coronary microvascular dysfunction which has been shown to increase 

the risk of cardiovascular events and is associated with increased MI size, reduced left 

ventricle (LV) ejection fraction, adverse LV remodeling, and reduced long-term survival [3]. 

Advanced age, hypertension and diabetes usually have pre-existing coronary microvascular 

dysfunction [5;7]. Moreover, the benefits from PCI therapies have been shown compromised 

in patients with pre-existing microvascular dysfunction. Therefore, preserving and restoring 

a normal microvascular function before or after acute MI have become a more attractive 

target in the setting of PCI [5].

Sirtuins are a family of Class III histone deacetylases (HDACs), which require nicotinamide 

adenine dinucleotide (NAD+) for their lysine residue deacetylase activity [8;9]. Sirtuins have 

been shown to regulate almost every aspect of cellular function, including energy 

metabolism, reactive oxygen species (ROS) scavenging and cell survival [10;11]. Of these, 

SIRT3 is predominately localized to the mitochondria in the heart where it regulates 

mitochondrial function and cellular metabolism [11–14], which has been shown to correlate 

with longevity in humans and protects cardiomyocytes from aging, hypertrophy and 

oxidative stress-mediated cell death [15;16]. In addition, SIRT3 levels have been shown 

decreased in old sedentary adults compared to younger individuals [17]. Our previous study 

has shown that the level of SIRT3 was decreased in the heart of db/db diabetic mice, and was 

associated with diabetes-induced impairment of angiogenesis, whereas over-expression of 

apelin increased the myocardial expression of SIRT3 and myocardial vascular density in 

db/db mice [18]. In addition, apelin gene therapy in streptozotocin (STZ)-induced diabetic 

mice improved myocardial vascular density and ameliorated MI injury in diabetic STZ-

control mice, but not in STZ-SIRT3 knockout (KO) mice [4]. These studies imply an 

important role of SIRT3 in the process of angiogenesis and endothelial function. In the 

present study, we hypothesized that pre-existing coronary microvascular dysfunction and 

microvascular rarefaction exacerbates MI-induced cardiac dysfunction and impairs cardiac 
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repair and recovery. Using SIRT3 KO mice subjected to MI, our data revealed a potential 

novel mechanism of SIRT3 ablation-mediated exacerbation of cardiac dysfunction and 

cardiac recovery that is through impairment of myocardial angiogenesis and coronary 

microvascular dysfunction.

2. Methods

2.1. Mice

Male global SIRT3 KO (129-SIRT3tm1.1Fwa/J) mice and their respective wild-type (WT) 

control (129S1/SvImJ) mice, and C57BL6 mice were obtained from Jackson Laboratories 

(Bar Harbor, ME). All animals were fed with laboratory standard chow and water, and 

housed in individually ventilated cages in the Laboratory Animal Facilities at the University 

of Mississippi Medical Center. All protocols were approved by the Institutional Animal Care 

and Use Committee (IACUC) of the University of Mississippi Medical Center (Protocol ID: 

1280A) and were consistent with the National Institutes of Health Guide for the Care and 

Use of Laboratory Animals (NIH Pub. No. 85–23, Revised 1996).

2.2. Mouse Myocardial Ischemia Model

WT, SIRT3 KO mice and C57BL6 mice were subjected to myocardial ischemia by the 

ligation of left anterior descending coronary artery (LAD) for 48h or 14 days as indicated in 

the text [19;20]. Briefly, the mice were initially anesthetized with the mixture of ketamine 

(100 mg/kg) and xylazine (15 mg/kg) and maintained via supplemental doses of ketamine/

xylazine mixture as needed. The mice were then intubated to allow artificial ventilation with 

room air. A left thoracotomy was performed to expose the heart. The left anterior descending 

coronary artery was ligated using an 8-0 nylon suture. At day 2 or day 14 after myocardial 

infarction, the mice were sacrificed and the heart tissue was collected for immunoblot 

analysis or immunohistochemistry.

2.3. Overexpression of SIRT3 in C57BL6 mice

C57BL6 mice subjected to myocardial ischemia were intramyocardially injected with 

recombinant adenovirus overexpressing SIRT3 (Ad-SIRT3) or adenovirus overexpressing β-

galactosidase (Ad-β-gal) at ischemic area with a dose of 1 × 109 PFU per heart at four sites 

at the time of ligation. Experimental mice were divided into three groups: (i) C57 sham; (ii) 

C57 + Ad-β-gal; and (iii) C57 + Ad-SIRT3. After 2 weeks of Ad-SIRT3 or Ad-β-gal gene 

therapy, cardiac function was assessed using transthoracic echocardiography and the mice 

were then euthanized by cervical dislocation under anesthesia with isoflurane [4].

2.4. Echocardiography

Transthoracic echocardiograms were performed on mice using a Vevo770 High-Resolution 

In Vivo Micro-Imaging System equipped with a RMV 710B scanhead (VisualSonics Inc, 

Canada), as described previously [4;21]. The studied mouse was anesthetized by inhalation 

of 1.5–2% isoflurane mixed with 100% medical oxygen in an isolated chamber for 

induction. Anesthesia was maintained with 1–1.5% isoflurane to control the heart rate 

between 400 and 450 beats per minute. M-mode cine loops were recorded and analyzed by 

High-Frequency Ultrasound Imaging software (VisualSonics Inc, Canada) to assess 
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myocardial parameters and cardiac functions of left ventricle, including LV end-systolic 

diameter (LVESD), LV end-diastolic diameter (LVEDD), LV end-systolic volume (LVESV), 

LV end-diastolic volume (LVEDV), thickness of the anterior wall (LVAW) and posterior wall 

(LVPW) at end systole and end diastole, and stroke volume (SV), as well as ejection fraction 

(EF%) and fractional shortening (FS%).

For measurement of coronary flow velocity, a cine loop of left proximal coronary artery 

(LCA) is recorded in pulsed-wave Doppler-mode at baseline, and under hyperemic 

conditions induced by inhalation of 1% and 2.5% isoflurane, respectively. The coronary flow 

reserve (CFR) is expressed as the ratio of peak blood flow velocity during hyperemia to peak 

blood flow velocity at baseline [22;23].

2.5. Primary Cell Culture

Microvascular endothelial cells (MECs) were isolated from WT or SIRT3 KO mice (n=3) as 

described previously [24]. Briefly, The WT and SIRT3 KO mice were anesthetized with 

ketamine (100 mg/kg) and xylazine (15 mg/kg). The lung was perfused with 10 ml of 2.5 

mM ethylenediaminetetraacetic acid (EDTA) in phosphate-buffered saline (PBS), followed 

by perfusion of 5 ml of 0.25% trypsin/2 mM EDTA. The whole lung were then removed en 
bloc and incubated at 37 °C for 20 min. Small cuts were made and the EC suspension can be 

collected by pipetting up and down with 1.5 ml culture medium. The cell suspension was 

filtered through a 100 μm filter and seeded into a 60 mm cell culture dish. After 3 days of 

incubation in EGM-2 medium (Lonza, MD) supplemented with growth factors and 10% 

fetal bovine serum (FBS), non-ECs were removed by vacuum and ECs formed small 

colonies. Staining with rabbit anti-von Willebrand factor (vWF) polyclonal antibody (Santa 

Cruz Biotechnology, TX, USA) confirmed the purity of cultured ECs. Cells between passage 

4 and 10 were used for all studies.

2.6. Tube Formation Assay

Tube formation assay was performed as previously described [25]. Briefly, ECs (2 × 104 

cells/well) were seeded into a 96-well plate pre-coated with 40 μL reduced-growth factor 

ECM gel (Life Technologies, NY, USA) and incubated in a regular incubator or in an air-

tight chamber (MIC-101, Billups-Rothenberg, Inc., CA, USA) flushed with 95% N2/5% 

CO2, at 37 °C for 6 hours. Photos of tube-like structure were captured with an AMG 

inverted phase-contrast microscope (AMG, Life Technologies, NY, USA). The numbers of 

branching points and segments were quantified by NIH Image J software with angiogenesis 

analyzer plug-in (developed by Gilles Carpentier, http://image.bio.methods.free.fr/ImageJ/?

Angiogenesis-Analyzer-for-ImageJ).

2.7. Histology and Immunofluorescence

Cryostat ventricular sections were stained with fluorescerin-labeled Griffonia Bandeiraea 

Simplicifolia Isolectin B4 (1:200; IB4, Invitrogen, OR, USA) to visualize capillaries. 

Pericytes were labeled with mouse monoclonal antibody specific to neural/glial antigen-2 

(NG2 proteoglycan) (1:200; Abcam, MA, USA). The pericyte/capillary coverage was 

expressed as the ratio of the number of NG2-positive cells to the number of IB4-positive 

cells.
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2.8. Terminal Deoxynucleotidyl Transferase dUTP Nick end Labelling (TUNEL) Assay

In situ DeadEnd™ Colorimetric Apoptosis Detection System (Promega, Madison, WI, USA) 

was used to detect apoptotic cells in frozen heart sections according to the manufacturer’s 

instructions. The sections were counterstained with DAPI to visualize nuclei.

2.9. Western Blot Analysis

Heart ventricle samples were homogenized in lysis buffer with protease inhibitor cocktail. 

The PVDF membranes were probed with antibodies specific to cleaved caspase-3 (Cell 

Signaling Technology, MA, USA), vascular endothelial growth factor (VEGF), VEGF 

receptor 2 (VEGFR2), angiopoietin-1 (ANG1) (Santa Cruz Biotechnology, TX, USA), or 6-

phosphofructo-2-kinase/fructose-2,6-biphosphatase 3 (PFKFB3) (Abcam, MA, USA). The 

membranes were then washed and incubated with an anti-rabbit or anti-mouse secondary 

antibody conjugated with horseradish peroxidase. Densitometries were analyzed using TINA 

2.0 image analysis software.

2.10. Statistical Analysis

The data are expressed as mean ± S.E.M. Statistical analysis was performed using Student’s 

unpaired two-tailed t-test for comparisons between two groups, one-way followed by post 
hoc test for multiple comparisons. For the statistical analysis of the coronary flow velocity 

and echocardiographic parameters, we performed a two-way ANOVA test to examine the 

differences between the genotypes. p values < 0.05 were considered as statistically 

significant. Analysis was conducted using SPSS v23 (IBM, NY, USA).

3. Results

3.1. SIRT3 ablation impairs angiogenic properties of endothelial cells

In our previous study, we have revealed reduced expression of angiogenic growth factors and 

capillary rarefaction in the heart of SIRT3 KO mice [18], suggesting impaired endothelial 

angiogenic properties in SIRT3 deficient mice. Therefore, we performed tube formation 

assay to further investigate the role of SIRT3 ablation in EC on angiogenic capabilities. As 

shown in Fig. 1A, there was a significant decrease in network formation in SIRT3 KO-ECs, 

as evidenced by the decreased number of branching points and segments. Furthermore, 

hypoxia-induced network formation in SIRT3 KO ECs was also significantly reduced when 

compared to WT-ECs (Fig. 1B).

3.2. Deletion of SIRT3 causes coronary microvascular dysfunction

Given the observation that SIRT3 KO mice exhibited decreased capillary density [18] and 

impaired endothelial angiogenic capability, we hypothesized that this may lead to a decline 

in coronary microvascular function. Echocardiography examination showed that SIRT3 

deletion did not result in significant difference in cardiac function and parameters between 

WT and SIRT3 KO mice at early age (5 months old) (Table 1). However, pulsed-wave 

Doppler showed that the hyperemic peak diastolic blood flow velocity of LCA was 

significantly decreased in SIRT3 KO mice, which led to a significant reduction in CFR (Fig. 

2A). The effect of SIRT3 gene deletion depends on the concentration of isoflurane. In 
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addition, pericyte/EC coverage was significantly reduced in the heart of SIRT3 KO mice 

(Fig. 2B). These results suggest impaired coronary microvascular function and a possible 

reduction of myocardial perfusion under stress.

3.3. Ablation of SIRT3 exacerbates cardiac dysfunction and impairs cardiac recovery

Since we observed decreased CFR and coronary microvascular dysfunction in SIRT3 KO 

mice, we further hypothesized that reduced myocardial perfusion (CFR) may lead to more 

severe cardiac dysfunction and impairment of cardiac recovery. The experimental mice were 

then subjected to myocardial infarction by permanent LAD ligation. Two days after MI, 

cardiac function was measured by echocardiography, as shown in the Table 1. The stroke 

volume (SV), EF% and FS% was significantly reduced in both WT and SIRT3 KO mice 2 

days post-MI (Table 1 and Fig. 3A–C). Intriguingly, SIRT3 KO mice exhibited significant 

lower EF% and FS% when compared to WT mice with MI (Fig. 3A–C). Immunostaining 

with pericyte marker (NG2) and capillary marker (IB4) showed that pericyte/EC coverage in 

the WT mice was decreased two days after MI, but pericyte/EC coverage in SIRT3 KO mice 

did not further decrease after MI (Fig. 3D–E). Moreover, SIRT3 KO mice exhibited 

increased apoptotic cardiomyocytes in the border zone (Fig. 3F). This was accompanied by 

higher level of cleaved caspase-3 after MI (Fig. 3G), which supported the findings that there 

were increased apoptotic cardiomyocytes in the border zone. Since pre-existing 

microvascular dysfunction impacts the long-term outcomes, we further examine the cardiac 

functional recovery at two weeks post MI. As shown in Fig. 3A–C, there was significant 

recovery of cardiac function in WT mice two weeks post-MI as compared to that at 2 days 

post MI. However, there was no improvement of cardiac function in SIRT3 KO mice at 2 

weeks post MI (Fig. 3A–C).

3.4. SIRT3 deficiency decreases expression of angiogenic growth factors and PFKFB3 
after MI

Myocardial angiogenesis restores blood supply and promotes cardiac repair and functional 

recovery in post-MI [4], mediated by various angiogenic growth factors released from 

ischemic tissue. Here, we examined the levels of angiogenic factors after MI. In SIRT3 KO 

mice the expression of ANG1 and VEGF were significantly lower than those in WT mice 

(Fig. 4A, B), as well as the expression of VEGFR2 (Fig. 4C). A metabolic shifting from 

oxygen-dependent fatty acid oxidation to oxygen-independent glucose glycolysis plays an 

important role for the heart to maintain essential functions and in the ischemic conditions. 

PFKFB3, a glycolytic enzyme activator, plays an important role in such process. We found 

that the expression of PFKFB3 was dramatically reduced in SIRT3 KO mice (Fig. 4D).

3.5. Overexpression of SIRT3 protects heart from MI

Since reduction in SIRT3 resulted in more severe MI-induced cardiac dysfunction, we 

investigated the effect of overexpression of SIRT3 on preserving cardiac function using Ad-

SIRT3. Five-months-old C57BL6 mice were subjected to MI. At the time of LAD ligation, 

intramyocardial injection of either Ad-β-gal or Ad-SIRT3 was performed at the ischemic 

area. Cardiac function was evaluated by echocardiography two weeks after MI. As shown in 

Fig. 5A–C and Table 2, MI induced significant cardiac dysfunction and LV dilation, as 

evidenced by decreased EF% and FS%, and increased LV dimension and volume. 

He et al. Page 6

Int J Cardiol. Author manuscript; available in PMC 2017 July 15.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Overexpression of SIRT3, however, significantly improved cardiac function after MI when 

compared to C57+Ad-β-gal mice (Table 2 and Fig. 5A–C). These data suggest that reduction 

of SIRT3 is a causative factor regarding to MI-induced cardiac dysfunction.

4. Discussion

Coronary microvascular dysfunction has been shown to be highly prevalent in post-MI 

patients, and is associated with poor prognosis regardless of successful reopening of 

epicardial vessel [3]. Coronary microvascular dysfunction has been described in many 

cardiac disease associated with aging, diabetes and hypertension. Therefore, novel 

therapeutic approaches for the treatment of acute MI should consider to target or improve 

microvascular dysfunction. In this study, we identify a potential mechanism by which SIRT3 

deletion exacerbates post-MI cardiac dysfunction and impairment of cardiac recovery. Our 

data demonstrated that loss of SIRT3 impaired endothelial angiogenic capabilities and 

coronary microvascular dysfunction, which may contribute to exacerbation of cardiac 

dysfunction post-MI (Fig. 6). Our study suggests that SIRT3 can be a candidate of selective 

therapeutic target, especially in the aging population with reduced SIRT3.

SIRT3 deficient mice have been shown to accelerate aging process and development of 

cancer, metabolic diseases, as well as cardiovascular disease at younger age than WT mice 

[26–29]. As humans aging, the level of SIRT3 declines and alterations in the coronary 

vascular homeostasis and function makes the heart more susceptible to pathological 

conditions, such as MI. In addition, impairment of myocardial microcirculation results in 

insufficient perfusion to meet myocardial demand, which may eventually lead to myocardial 

ischemia [30]. To assess coronary microvascular function, we used pulsed-wave Doppler to 

measure peak blood flow velocity and CFR in the current study, since combination of these 

two parameters provides a comprehensive assessment and eliminate many limitations of 

using CFR alone [30]. We showed that the hyperemic peak blood flow velocity and CFR 

were significantly decreased in SIRT3 KO mice compared to their control mice, suggesting a 

reduction in coronary microvascular function and possible impairment of myocardial 

perfusion under stressed condition. Our data strongly suggest that pre-existing coronary 

microvascular dysfunction and established microvascular rarefaction may contribute to 

exacerbated post-MI cardiac dysfunction and impaired post-MI repair and recovery in SIRT3 

KO mice.

Angiogenesis is initiated by endothelial cells (ECs), which form vessel network by 

sprouting, branching, migration, and proliferation. The interactions between EC and 

cardiomyocyte are critical for maintaining cardiac function [31]. The process of 

angiogenesis is regulated by the interactional effects of VEGF/VEGFR2 and Angiopoietins/

Tie-2 systems [19;32]. Our previous studies have shown that ANG1 and VEGFR2 were 

dramatically reduced in the heart of SIRT3 KO mice relative to WT mice, indicating 

impaired angiogenic capabilities [18]. Moreover, SIRT3 KO mice exhibited decreased 

myocardial capillary, supporting the potential mechanism of coronary microvascular 

dysfunction mediated by impaired myocardial angiogenesis [18]. In addition, endothelial 

metabolism also plays a critical role in the regulation of angiogenesis since ECs depend on 

the energy produced predominantly from glycolysis for migration and proliferation [33;34]. 
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Among the many enzymes in the metabolism of glucose, PFKFB3 is a key regulator of 

glycolysis in endothelial cells, which has been shown to promote angiogenic sprouting [34]. 

MI activates a series of endogenous protective mechanisms, including activation of 

glycolytic enzymes that decrease oxygen demand and MI-induced angiogenesis that 

promotes collateral vessel formation, to maintain essential function and homeostasis of the 

heart. Heart is a highly oxygen and energy demanding organ whose function depends on the 

ATP production from mainly oxidative phosphorylation in mitochondria [35]. During 

ischemia oxygen supply is limited and depleted quickly, thus mitochondrial oxidative 

phosphorylation is no longer a reliable source of ATP. In order to maintain the energy 

homeostasis, up-regulation of glycolysis to enhance the production of ATP is achieved by 

activation of multiple signaling pathways. Several studies have demonstrated that the 

expression of PFKFB3 is enhanced during ischemia possibly via VEGFR2 and the 

accumulation of hypoxia-inducible factors (HIFs) during hypoxia/ischemia [34;36–38]. 

Here, we showed that the expression of Ang-1, VEGF, and PFKFB3 were decreased in the 

heart of SIRT3 KO mice. Ang-1 is critical for the vascular integrity, stability, and EC 

survival, as well as pericyte recruitment. Our recent study demonstrated a critical role of 

SIRT3 in LPS-mediated pericyte loss, vascular leakage and cardiac dysfunction [39]. 

Microvascular dysfunction could be related to the changes in both function and morphology 

of the microcirculation [5;40]. In present study, we also found that the pericyte coverage was 

decreased in the heart of SIRT3 KO mice at both normal and ischemic conditions, indicating 

a possibly active role of pericyte during ischemia. A “no-reflow” phenomenon that can be 

described as inability to reperfusion an ischemic area has been confirmed by many studies 

[3;7;41]. Most recently clinical studies have demonstrated that dying pericytes that 

irreversibly constrict capillaries might be the major cause of this phenomenon [42]. 

Therefore, therapeutic myocardial angiogenesis, improvement of coronary microvascular 

and cardiac pericyte function become novel therapeutic targets for the treatment of MI.

In conclusion, our study provides a potential mechanism by which SIRT3 deletion 

exacerbates post-MI cardiac dysfunction and limits cardiac repair and recovery that is 

attributable to the impaired angiogenic capabilities of EC, pre-existing coronary 

microvascular dysfunction and loss of pericytes. Our studies will provide potential 

therapeutic targets for acute ischemia injury.
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Highlights

• SIRT3 deficiency leads to decreased CFR and microvascular dysfunction.

• SIRT3 deficiency exacerbates post-MI cardiac dysfunction and impairment of 

cardiac recovery.

• Overexpression of SIRT3 attenuates myocardial ischemia induced cardiac 

dysfunction.
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Fig. 1. 
SIRT3 deletion reduces EC angiogenic capabilities. A. EC angiogenic capabilities was 

assessed using tube formation assay on ECM gel. Images represent WT and SIRT3 KO-ECs 

network formation after 6 hours of incubation. Quantifications of EC network formation 

revealed a significant decrease in the number of branching points and segments in SIRT3 

KO-ECs when compared to WT-ECs. The measurements were done in triplicates. B. 

Representative images of WT and SIRT3 KO-ECs network formation after 6 hours of 

incubation under hypoxia. Quantifications of EC network formation revealed significant 

decrease in the number of branching points and segments in SIRT3 KO-ECs compared to 

WT-ECs. The measurements were done in triplicates. n=3 per group. *p<0.05. Data are 

shown as the means ± s.e.m.
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Fig. 2. 
SIRT3 deletion reduces coronary microvascular function and pericyte coverage. A. 

Representative Pulsed-wave Doppler images indicated that the peak hyperemic diastolic 

blood flow velocity and CFR were significantly decreased in SIRT3 KO mice (n=8) vs. WT 

mice (n=5). B. Pericyte (red)/ECs (green) coverage were assessed by labeling with anti-NG2 

antibody for pericyte and IB4 for ECs and presented in the bar graph as the ratio of the 

number of NG2-positive cells to the number of IB4-positive signals. Note that the pericyte 

coverage in the LV myocardium of the SIRT3 KO mice (n=3) was decreased when 

compared to WT mice (n=3). *p<0.05. Data are shown as the means ± s.e.m.
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Fig. 3. 
SIRT3 deletion exacerbates MI-induced cardiac dysfunction and cell death. A. 

Representative M-mode images of WT and SIRT3 KO mice at baseline, 2 days post-MI, and 

2 weeks post-MI. n=5–8 per group. B. Quantification of ejection fraction. C. Quantification 

of fraction shortening. *p < 0.05 vs. corresponding baseline; #p < 0.05 vs. corresponding IS 

2d; †p<0.05 vs. WT+IS 2d; ‡p<0.05 vs. WT+IS 2W. p values were determined using two-

way ANOVA to examine the differences between the genotypes. D and E. IB4 (green) and 

NG2 (red) staining in the LV of WT (n=3) and SIRT3 KO mice (n=3) and quantification 

indicated that the pericyte coverage of SIRT3 KO mice was decreased when compared with 

WT mice. F. The number of apoptotic cells was higher in the border zone of SIRT3 deficient 

heart than that of WT heart. G. SIRT3 KO mice exhibited higher level of cleaved caspase-3 

post-MI. n=5–6 per group. Data are shown as the means ± s.e.m.
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Fig. 4. 
SIRT3 deletion reduces expression of angiogenic growth factors and PFKFB3 post MI. A–

D. The expressions of Ang-1, VEGF, VEGFR2 and PFKFB3 were significantly lower in the 

heart of SIRT3 KO mice (n=5) than that of WT mice (n=6). n=5–6 per group. *p < 0.05. 

Data are shown as the means ± s.e.m.
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Fig. 5. 
Overexpression of SIRT3 improves post-MI cardiac function. A. Representative M-mode 

images of C57BL6 mice at baseline, 2 weeks post-MI overexpressing β-gal, and 2 weeks 

post-MI overexpressing SIRT3. n=6–8 per group. B. Quantification of ejection fraction. D. 

Quantification of fraction shortening. *p < 0.05. Data are shown as the means ± s.e.m.
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Fig. 6. 
Potential mechanism of action for impaired cardiac repair and recovery in SIRT3 KO mice 

post-MI. SIRT3 deletion results in, on the one hand decreased expression of angiogenic 

growth factors and thus neovascularization, on the other hand endothelial dysfunction and 

coronary microvascular dysfunction (decreased CFR). Taken together, decreased 

neovascularization and pre-existing coronary microvascular dysfunction limit cardiac repair 

and recovery post-MI.
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Table 2

Morphological parameters and cardiac function

Parameters C57 sham (n=8) C57+IS+Ad-β-gal (n=6) C57+Ad-SIRT3+IS (n=7)

LVESD (mm) 2.09 ± 0.09 2.80 ± 0.06* 2.54 ± 0.06* #

LVEDD (mm) 3.43 ± 0.15 3.64 ± 0.07 3.67 ± 0.08

LVESV (μl) 14.66 ± 1.60 29.78 ± 1.68* 23.36 ± 1.36* #

LVEDV (μl) 49.34 ± 4.86 56.07 ± 2.59 57.24 ± 3.10

SV (μl) 34.81 ± 3.30 26.34 ± 0.96* 33.87 ± 2.77

LVAW, s (mm) 1.18 ± 0.05 0.98 ± 0.04* 1.07 ± 0.03

LVAW, d (mm) 0.71 ± 0.04 0.74 ± 0.02 0.74 ± 0.01

LVPW, s (mm) 0.99 ± 0.05 0.75 ± 0.02* 1.00 ± 0.09#

LVPW, d (mm) 0.57 ± 0.04 0.58 ± 0.02 0.70 ± 0.06*

Data are means ± s.e.m.

*
p < 0.05 vs. C57;

#
p<0.05 vs. C57+IS.

LVESD, left ventricle end-systolic diameter; LVEDD, left ventricle end-diastolic diameter; LVESV, left ventricle end-systolic diameter volume; 
LVEDV, left ventricle end-diastolic volume; SV, stroke volume; EF, ejection fraction; FS, fractional shortening; LVAW, s, left ventricle systolic 
anterior wall thickness; LVAW, d, left ventricle diastolic anterior wall thickness; LVPW, s, left ventricle systolic posterior wall thickness; LVPW, d, 
left ventricle diastolic posterior wall thickness.
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