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INTRODUCTION  
 

Heart failure (HF) is a global health burden, affecting 

more than 26 million people [1]. It is a complex clinical 

syndrome that may be caused by functional and/or 

structural impairment of the heart [2]. Although HF can 

be caused by different etiologies, there is a growing 

patient population that have HF, with left ventricular 

impairment and ejection deficiency, which currently 

does not have any specific treatment guidelines [3]. Half 

of the HF patients were hypertensive in China; however, 

approximately 30% were using anti-hypertensive 

medications [4]. The average duration of hospitalization 

of HF patients in China was 9-10 days, thereby exerting 

a huge economic burden on society [5]. Cardiomyocyte 

apoptosis has been reported as one of the causes for 

adverse remodeling, thus contributing to HF at later 

phase [6]. It is, therefore, of great importance to inhibit 

cardiomyocyte apoptosis to improve the treatment and 

outcomes of HF.  

 

Ineffective treatment for HF is partially attributed to 

complex pathologies that have not been fully 

understood. Sirtuin (Sirt) is a family of highly conserved 

histone/protein deacetylases that may be important for 

the treatment of HF [7]. Among Sirt family, Sirt1 and 

Sirt3 have been extensively studied in the cardiovascular 

system. Sirt1 is particularly noteworthy because of its 

effect on cardiomyocyte survival and growth under 

stress, which is associated with ventricular hypertrophy 
[8]. Moreover, Sirt1 protects cardiomyocytes against 

oxidative stress, ischemia/reperfusion injury, and 

apoptosis [9]. Sirt1 has an inhibitory effect on nuclear 

factor kappa-light-chain-enhancer of activated B cells 
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ABSTRACT 
 

Heart failure (HF) affects over 26 million people worldwide, yet the pathologies of this complex syndrome have 
not been completely understood. Here, we investigated the involvement of deacetylase Sirtuin 1 (Sirt1) in HF 
and its downstream signaling pathways. A HF model was induced by the ligation of the left coronary artery in 
rats, where factors associated with left ventricular echocardiography, heart hemodynamics and ventricular 
mass indexes were recorded. Collagen volume fraction in heart tissues was determined by aŀǎǎƻƴΩǎ trichrome 
staining. Cell models of HF were also established (H2O2, 30 min) in cardiomyocytes harvested from suckling rats. 
HF rats presented with downregulated expressions of Sirt1, brain-derived neurotrophic factor (BDNF) and 
exhibited upregulated expressions of NF- Bˁ p65 and miR-155. Repressed Sirt1 expression increased acetylation 
of NF- Bˁ p65, resulting in the elevation of NF- Bˁ p65 expression. NF- Bˁ p65 silencing improved heart functions, 
decreased ventricular mass and reduced apoptosis in cardiomyocytes. MiR-155 inhibition upregulated its target 
gene BDNF, thereby reducing cardiomyocyte apoptosis. Sirt1 overexpression upregulated BDNF, improved 
heart function, and reduced apoptosis in cardiomyocytes. In conclusion, Sirt1 alleviates HF in rats through the 
NF- Bˁ p65/miR-155/BDNF signaling cascade. 
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(NF-əB) through its deacetylation properties [10, 11], 

which is an important transcription factor for the 

immune response, production of pro-inflammatory 

cytokines, and cell survival [12]. Sirt1 expression has 

been found to be reduced in HF that may be related to 

increased levels of acetylation found in HF [13]. Based 

on the above findings, one would expect that decreased 

Sirt1 leads to an increased expression of NF-əB in HF. 

Therefore, our aim was to determine if Sirt1 would be 

protective against HF through inhibiting the NF-əB p65 

subunit, which is related to Sirt1 [14, 15]. 

 

NF-əB p65 is highly expressed in HF and promotes 

microRNA-155 (miR-155) expression [16ï18], which 

promotes HF [19]. MiR-155 is recently found to be a 

regulator of brain-derived neurotrophic factor (BNDF), 

with the expression of BNDF being reduced in HF [20ï

23]. These previous findings led us to further determine 

the downstream molecular mechanism of NF-əB p65-

mediated injury in cardiomyocytes that involves miR-

155 and BDNF in HF. 

 

RESULTS 
 

Characterization of HF rat models  

 

We initially established an animal rat model with HF 

after myocardial infarction according to the method of 

left coronary artery ligation. Ultrasonic electro-

cardiogram test results suggested that HF rats had 

higher interventricular septal dimension (IVSD), left 

ventricular end diastolic diameter (LVEDD), left 

ventricular end systolic diameter (LVESD). In contrast, 

HF rats had decreased left ventricular posterior wall 

thickness (LVPWD), left ventricular ejection fraction 

(LVEF), and fractional shortening (FS) compared to 

that of control or sham rats (Table 1). The LVEF in HF 

rats were less than or equal to 45%. There were no 

differences in LVEF between the control and sham rats. 

Hemodynamic measurements revealed that left 

ventricular end diastolic pressure (LVEDP) was 

significantly elevated, while left ventricular systolic 

pressure (LVSP), left ventricular pressure (+dp/dt) and 

the rate of decrease in left ventricular pressure (-dp/dt) 

were significantly decreased in HF rats compared to that 

of control and sham rats (Table 2). Both left ventricular 

mass index (LVMI) and right ventricular mass index 

(RVMI) were significantly higher in HF rats than those 

of control and sham rats (Figure 1A). 

 

Sirt1 is poorly expressed while NF-əB p65 is highly 

expressed in heart tissues rats with HF  

 

Messenger RNA (Figure 1B) and protein (Figure 1C) 

expressions of Sirt1 were determined using reverse 

transcription quantitative polymerase chain reaction 

(RT-qPCR) and western blot analysis. The results 

displayed significantly reduced mRNA and protein Sirt1 

expressions in heart tissues of HF rates in contrast with 

that of control or sham rats. On the other hand, protein 

expression of NF-əB p65 and NF-əB p65 Ac was 

significantly increased in HF rats when compared to 

control and sham rats (Figure 1C). Collagen volume 

fraction (CVF) (Figure 1D) and cardiomyocytes 

apoptosis (Figure 1E) were increased in HF rats 

compared to that of control or sham rats. The above 

results indicated that Sirt1 expression was elevated, NF-

əB p65 in heart tissues of HF rats was upregulated, 

while acetylation of NF-əB p65 was inhibited in HF rats. 

 

NF-əB p65 silencing alleviates HF 

 

Since NF-əB p65 expression was increased in HF rats, 

we hypothesized that the silencing of NF-əB p65 would 

improve the outcome of HF in rats. In order to test this 

hypothesis, we silenced NF-əB p65 expression. Among 

3 sh-RNA, sh-NF-əB p65#2 reduced NF-əB p65 most 

significantly and therefore was chosen for subsequent 

experiments (Figure 2A). sh-NF-əB p65 also reduced 

the protein expression of NF-əB p65 when compared to 

its NC (Figure 2B). NF-əB p65 silencing reduced IVSD, 

LVEDD and LVESD, while increasing LVPWD, LVEF, 

and FS in HF rats (Table 3). NF-əB p65 silencing also 

reduced LVEDP and increased LVSP, +dp/dt, and -dp/dt 

in hemodynamic measurements. However, the heart rate 

(HR) of rats among different groups did not vary 

noticeably (Table 4). NF-əB p65 silencing also reduced 

LVMI and RVMI (Figure 2C), CVF (Figure 2D), and 

cardiomyocytes apoptosis (Figure 2E) in HF rats. 

Collectively, NF-əB p65 silencing alleviated HF.  

 

NF-əB p65 binds to the promoter region and 

elevates miR-155 expression in cardiomyocytes  

 

The expression of miR-155 was significantly higher in 

HF rats and was partially reduced after NF-əB p65 

silencing (Figure 3A). MiR-155 expression remained 

unchanged in the control and sham rats. The enrichment 

of NF-əB p65 in the miR-155 promoter region was 

significantly higher in HF rat cardiomyocytes, which 

was subsequently reduced by NF-əB p65 silencing 

(Figure 3B). Furthermore, NF-əB p65 overexpression 

increased miR-155 expression, whereas NF-əB p65 

silencing reduced miR-155 expression (Figure 3C). 

These results showed that NF-əB p65 upregulated miR-

155 by binding to the promoter region of miR-155. 

 

MiR -155 inhibition reduces cardiomyocyte apoptosis 

in cell models of HF 

 

MiR-155 expression was increased in cardiomyocytes 

treated with H2O2 and reduced by a miR-155 inhibitor 



ǿǿǿΦŀƎƛƴƎ-ǳǎΦŎƻƳ мппуп !DLbD 

Table 1. Echocardiographic data in all groups of rats. 

Group LVPWD (mm)  IVSD (mm) LVEDD (mm)  LVESD (mm) LVEF (%)  FS (%) 

Control 1.58 ± 0.17 1.44 ± 0.15 4.01 ± 0.42 2.08 ± 0.24 71.14 ± 8.07 25.16 ± 3.34 

Sham 1.67 ± 0.17 1.51 ± 0.21 4.17 ± 0.43 2.26 ± 0.31 73.41 ± 7.56 27.15 ± 3.64 

HF 0.79 ± 0.08* 2.84 ± 0.35* 7.46 ± 0.84* 4.29 ± 0.51* 34.16 ± 3.62* 16.34 ± 2.04* 

Note: *p < 0.05 vs. control and sham rats. HF, heart failure; LVPWD, left ventricular posterior wall thickness; IVSD, 
interventricular septal dimension; LVEDD, left ventricular end diastolic diameter; LVEF, left ventricular ejection fraction; FS, 
fractional shortening. 

 

Table 2. Cardiac hemodynamic parameters in all groups of rats. 

Group LVSP (mm Hg) LVEDP (mm Hg) HR (bpm) +dp/dt (mm Hg/s) -dp/dt (mm Hg/s) 

Control 115.41±15.16 6.16±0.63 294.45±30.01 4497.45±340.56 2768.57±312.08 

Sham 112.15±10.24 7.75±0.82 276.81±35.07 4167.61±486.43 2506.34±401.07 

HF 57.16±6.01* 24.67±2.64* 265.16±26.79 1976.37±204.16* 1046.31±186.19* 

Note: *p < 0.05 vs. control rats. # p < 0.05 vs. sham rats. LVSP, left ventricular systolic pressure; LVEDP, left ventricular end 
diastolic pressure; HR, heart rate; +dp/dt, rate of increase in left ventricular pressure; -dp/dt, rate of decrease in left 
ventricular pressure. 

 

(Figure 4A). Cell viability in HF cells was significantly 

lower than that of the control cells (left panel, Figure 

4B). The miR-155 inhibitor significantly increased cell 

viability in HF cells (right panel, Figure 4B). H2O2 

treatment also increased apoptosis and was normalized 

by an miR-155 inhibitor (Figure 4C). Similarly, H2O2 

treatment increased apoptosis-related proteins Bax and 

cleaved-caspase3 prominently while at the same time 

decreased anti-apoptosis-related Bcl-2 protein (Figure 

4D). The miR-155 inhibitor reversed the aforementioned 

effects mentioned above. These results suggested that 

miR-155 reduced cardiomyocyte apoptosis in HF. 

 

MiR -155 downregulates BDNF and promotes 

cardiomyocyte apoptosis 

 

Online database mirDIP, RNA22, miRWalk, and 

starBase searches predicted that BDNF has a binding 
 

 
 

Figure 1. Sirt1, NF- Bˁ p65 expression and apoptosis in heart tissues of successfully induced HF rats. (A) Ventricular mass index; 

(B) Sirt1 mRNA expression, determined using RT-qPCR; (C) Sirt1, NF- Bˁ p65, and NF- Bˁ p65 Ac protein expression assessed by Western blot 
analysis; (Dύ /ƻƭƭŀƎŜƴ ǾƻƭǳƳŜ ŦŀŎǘƛƻƴ ŘŜǘŜǊƳƛƴŜŘ ōȅ aŀǎǎƻƴΩǎ ǘǊƛŎƘǊƻƳŜ ǎǘŀƛƴƛƴƎ όмлл ҎύΤ όE) Apoptosis determined by TUNEL staining (200 
×); *p < 0.05 vs. control rats and # p < 0.05 vs. sham rats. Data were expressed as a mean ± standard deviation. Three or more groups were 
analyzed by one-way analysis of variance (ANOVA) and Tukey's post hoc test. N = 12. 
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site for miR-155 (Figure 5A). We further studied this 

binding relationship by using a dual luciferase reporter 

gene assay. Luciferase activity in the BDNF-wild-type 

(WT)/miR-155 mimic group was significantly lower 

than that of mimic NC group (Figure 5B). However, 

there were no differences in luciferase activity between 

the BDNF-mutated (MUT)/miR-155 mimic group and 

mimic NC group. This indicates that miR-155 

specifically binds to the BDNF (Figure 5B). BDNF 

mRNA (Figure 5C) and protein (Figure 5D) expressions 

in the heart of HF rats were significantly lower than that 

in control and sham rats. These results suggested that 

BDNF may be related to HF involving miR-155.  

 

In cardiomyocytes treated with H2O2, the miR-155 

inhibitor significantly reduced the mRNA (Figure 5E) 

and protein (Figure 5F) expressions of miR-155 but on 

the other hand, increased BDNF levels. Conversely, 

miR-155 mimic increased miR-155 expression but 

reduced BDNF. MiR-155 mimic decreased cell viability 

(Figure 5G) and increased apoptosis (Figure 5H) in HF 

cardiomyocytes. BDNF overexpression normalized the 

effect of miR-155 mimic. Similarly, miR-155 mimic 

was found to upregulate Bax and cleaved-caspase3 

while decreasing Bcl-2, but this trend was prevented by 

BDNF overexpression (Figure 5I). These results 

indicated miR-155 overexpression inhibited BDNF 

expression and promoted cardiomyocyte apoptosis. 

Therefore, miR-155 inhibition up-regulated BDNF and 

reduced cardiomyocytes apoptosis and thus may be 

beneficial to HF. 

MiR -155/BDNF axis attenuates HF in vivo 

 

MiR-155 antagomir significantly decreased mRNA 

(Figure 6A) and protein (Figure 6B) expressions of 

miR-155 while increasing that of BDNF in heart tissues 

of HF rats. The addition of sh-BDNF exhibited no effect 

on the expression of miR-155, but decreased that of 

BDNF in miR-155 antagomir-treated HF rats. MiR-155 

antagomir decreased IVSD, LVEDD, and LVESD while 

increasing LVPWD, LVEF, and FS in HF rats (Table 

5). BDNF silencing significantly increased IVSD, 

LVEDD, and LVESD and decreased LVPWD, LVEF, 

and FS in miR-155 antagomir-treated HF rats. MiR-155 

antagomir decreased LVEDP while increasing LVSP, 

+dp/dt, and -dp/dt (Table 6). As expected, BDNF 

silencing significantly increased LVEDP and decreased 

LVSP, +dp/dt, and -dp/dt in miR-155 antagomir-treated 

HF rats. There was no noteworthy difference in HR 

between groups. LVMI, RVMI (Figure 6C), CVF 

(Figure 6D), and cardiomyocytes apoptosis (Figure 6E) 

were significantly lowered by miR-155 antagomir and 

were normalized by BDNF silencing in heart tissues of 

HF rats. These results indicated that miR-155 inhibition 

upregulated BDNF expression and alleviated HF  

in vivo. 

 

Sirt1 overexpression alleviates HF in vivo  

 

Sirt1 overexpression reduced NF-əB p65 and NF-əB 

p65 Ac protein expressions in heart tissues of HF rats 

(Figure 7A). Sirt1 overexpression led to increased 

 

 
 

Figure 2. Effects of NF- Bˁ p65 silencing on heart failure in rats. (A) NF- Bˁ p65 mRNA expression after sh-RNA treatment; (B) NF- Bˁ 
p65 protein expression in heart tissues; (C) Ventricular mass index; (Dύ /±C ŘŜǘŜǊƳƛƴŜŘ ōȅ aŀǎǎƻƴΩǎ ǘǊƛŎƘǊƻƳŜ ǎǘŀƛƴƛƴƎ όмлл ҎύΤ όE) Apoptosis 
determined by TUNEL staining (200 ×); *p < 0.05 vs. model + sh-NC group; # indicates lowest NF-ˁ. p65 mRNA expression. Data are expressed 
as mean ± standard deviation. A comparison of data from 2 groups was performed by an unpaired t test, while 3 or more groups were 
performed by one-way analysis of variance (ANOVA) and Tukey's post hoc test. N= 12. 
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Table 3. Effects of NF- Bˁ p65 silencing on heart functions. 

Group LVPWD (mm)  IVSD (mm) LVEDD (mm)  LVESD (mm) LVEF (%)  FS (%) 

Model + sh-NC 1.07±0.12 2.64±0.31 6.17±0.72 4.12±0.43 32.76±4.54 15.23±1.74 

Model + sh-NF-əB p65 1.36±0.19* 1.24±0.16* 2.91±0.39* 1.54±0.21* 67.34±7.84* 23.16±2.69* 

Note: *p < 0.05 vs. model + sh-NC group. NC, negative control; miR-155, microRNA-155; BNDF, brain-derived neurotrophic 
factor; LVPWD, left ventricular posterior wall thickness; IVSD, interventricular septal dimension; LVEDD, left ventricular end 
diastolic diameter; LVEF, left ventricular ejection fraction; FS, fractional shortening. 

 

Table 4. Effects of NF- Bˁ p65 silencing on hemodynamics of the heart. 

Group LVSP (mm Hg) LVEDP (mm Hg) HR (bpm) +dp/dt (mm Hg/s) -dp/dt (mm Hg/s) 

Model + sh-NC 48.26 ± 4.91 20.13 ± 2.46 276.15 ± 31.24 1724.71 ± 186.72 996.14 ± 100.26 

Model + sh- NF-əB p65 104.37±11.28* 5.01±0.72* 281.47±33.24 4067.38±412.34* 1817.21±204.37* 

Note: *p < 0.05 vs. model + sh-NC group. NC, negative control; LVSP, left ventricular systolic pressure; LVEDP, left ventricular 
end diastolic pressure; HR, heart rate; +dp/dt, rate of increase in left ventricular pressure; -dp/dt, rate of decrease in left 
ventricular pressure. 

 

BDNF expression. Moreover, Sirt1 overexpression 

reduced miR-155 expression (Figure 7B). These results 

indicated that the overexpression of Sirt1 down-

regulated NF-əB p65 by inhibiting NF-əB p65 

acetylation, thus leading to reduced miR-155 expression 

and an increased BDNF expression. 

 

Sirt1 overexpression reduced IVSD, LVEDD, and 

LVESD while elevated LVPWD, LVEF, and FS in HF 

rats (Table 7). Heart hemodynamic studies showed that 

LVEDP was significantly decreased, while LVSP, 

+dp/dt, and -dp/dt were increased by Sirt1 

overexpression (Table 8). The HR was not different 

among the different groups. LVMI, RVMI (Figure 7C), 

CVF (Figure 7D), and cardiomyocytes apoptosis (Figure 

7E) were reduced in HF rats by the overexpression of 

Sirt1. These results indicated that the overexpression of 

Sirt1 exhibited protective effects against HF. 

 

DISCUSSION 
 

HF is a complex disease that has a wide variety of 

etiological causes and mechanisms of action, many of 

which are still not properly understood. There are 

multiple animal and cell models to mimic certain, but 

not all, aspects of HF [24, 25]. In this study, we used an 

artery ligation rat model to mimic ischemic injury and 

an H2O2-induced cardiomyocyte injury cell model. 

 

 
 

Figure 3. Binding relationship between NF- Bˁ p65 and miR-155. (A) miR-155 expression in heart tissues; (B) Enrichment of NF- Bˁ p65 
in the promoter region of miR-155 determined by ChIP assay; (C) miR-155 expression in cardiomyocytes; *p < 0.05 vs. control, oe-NC or sh-NC 
group; #p < 0.05 vs. sham group; ^p < 0.05 vs. model + sh-NC group. Data were expressed as a mean ± standard deviation. Three or more 
groups by one-way analysis of variance (ANOVA) and Tukey's post hoc test. N= 12. 
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Collectively, reduced Sirt1 expression in HF lead to 

increased NF-əB p65 and miR-155 expressions, 

reduced BDNF expression, which promoted HF. 

 

Sirt1 expression is shown to be reduced in HF [13]. The 

reduced expression of Sirt1 in HF is consistent to the 

increased acetylation in HF [26, 27]. Similarly, we 

found that a reduction in Sirt1 expression produced an 

increase in levels of acetylation and expression of NF-

əB p65. Therefore, we expected that increased Sirt1 

expressions would prevent injuries in cardiomyocytes 

and hence avoid the subsequent progression to HF. We 

also discovered that Sirt1 overexpression increased cell 

viability, reduced apoptosis, and improved heart 

function in HF rats. These results agree with previous 

studies by showing the beneficial effects of Sirt1 on HF 

including: improving cell survival, reducing oxidative 

stress, and reducing ischemia/reperfusion injury [8, 9, 

28, 29]. Therefore, Sirt1 may be a novel target for the 

treatment of HF [7, 30]. 

 

The increased levels of protein acetylation are well-

known in HF. It is postulated that acetylation is caused 

by ischemic stress, leading to metabolic dysfunction 

especially in mitochondria [26]. The acetylation of 

metabolic-relevant, non-histone-related proteins such as 

ATP synthase, long-chain acyl-CoA dehydrogenase, 

creatine kinase, malate dehydrogenase, and pyruvate 

dehydrogenase can be visibly seen in the mitochondria 

of failing hearts [31]. Acetylation of histone-related 

 

 
 

Figure 4. Effects of miR-155 inhibition on cardiomyocyte apoptosis. (A) Expression of miR-155; (B) Cell viability determined by MTT 

assay; (C) Cell apoptosis determined by flow cytometry; (D) Protein expression of apoptosis-related factors; *p < 0.05 vs. control group or 
model + inhibitor NC. Data were expressed as a mean ± standard deviation. Three or more groups were analyzed by one-way analysis of 
variance (ANOVA) and Tukey's post hoc test. Data comparison between different time points was performed by repeated measures ANOVA 
and Bonferroni post hoc test. The cell experiment was repeated three times. 
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Figure 5. Effects of miR-155 and BDNF on cardiomyocyte apoptosis. (A) Binding relationship between miR-155 and BDNF predicted 

by online tools; (B) Binding relationship between miR-155 and BDNF determined by dual luciferase reporter gene assay; (C) BDNF mRNA 
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expression in heart tissues; (D) BDNF protein expression in heart tissues; (E) miR-155 and BDNF mRNA expression in cardiomyocytes.  
(F) BDNF protein expression in cardiomyocytes; (G) Cell viability determined by MTT assay; (H) Cell apoptosis determined by flow cytometry; 
(I) Protein expression of apoptosis-related factors; *p < 0.05 vs. control, model + inhibitor NC, model + mimic NC, or model + miR-155 mimic + 
oe-NC groups; #p < 0.05 vs. sham group. Data were expressed as a mean ± standard deviation. A comparison of data from 2 groups was 
performed by an unpaired t test, while 3 or more groups by one-way analysis of variance (ANOVA) and Tukey's post hoc test. Data 
comparison between different time points was performed by repeated measures ANOVA and Bonferroni post hoc test. N= 12. The cell 
experiment was repeated three times. 
 

proteins, on the other hand, has been shown to be 

responsible for an increased heart mass, such as left 

ventricular hypertrophy in HF [32]. In this study, we 

reported to the best of our knowledge, that the 

acetylation of NF-əB was increased in heart tissues 

during HF because of reduced deacetylase Sirt1. Our 

results supported the idea that acetylation is a potential 

target for treating HF [33, 34]. 

 

 
 

Figure 6. Effects of miR-155 and BDNF on heart failure in vivo. (A) Expression of miR-155 and BDNF mRNA expression; (B) BDNF 

protein expression; (C) Ventricular mass index; (Dύ /±C ŘŜǘŜǊƳƛƴŜŘ ōȅ aŀǎǎƻƴΩǎ ǘǊƛŎƘǊƻƳŜ ǎǘŀƛƴƛƴƎ όмлл ҎύΤ όE) Apoptosis determined by 
TUNEL staining (200 ×); *p < 0.05 vs. model + NC antagomir or model + miR-155 antagomir + sh-NC group. Data were expressed as mean ± 
standard deviation. A comparison of data from 2 groups were performed by unpaired t test. N= 12. 



ǿǿǿΦŀƎƛƴƎ-ǳǎΦŎƻƳ мппфл !DLbD 

Table 5. Effects of miR-155 and BDNF inhibition on heart functions in HF rats. 

Group LVPWD (mm)  IVSD (mm) LVEDD (mm)  LVESD (mm) LVEF (%)  FS (%) 

Model + NC antagomir 0.84±0.09 1.37±0.34 3.96±0.54 1.92±0.39 33.17±1.37 11.64±1.27 

Model + miR-155 antagomir 1.23±0.16* 0.78±0.17* 1.25±0.34* 1.01±0.21* 68.16±2.76* 23.38±2.14* 

Model + miR-155 antagomir + sh-NC 1.34±0.15 0.62±0.14 1.42±0.28 1.16±0.23 69.14±2.72 23.08±2.31 

Model + miR-155 antagomir + sh-BDNF 0.76±0.08* 1.41±0.29* 3.73±0.79* 2.07±0.32* 31.05±1.34* 11.25±0.96* 

Note: *p < 0.05 vs. model + NC antagomir or model + miR-155 antagomir + sh-NC group. HF, heart failure; NC, negative 
control; miR-155, microRNA-155; BNDF, brain-derived neurotrophic factor; LVPWD, left ventricular posterior wall thickness; 
IVSD, interventricular septal dimension; LVEDD, left ventricular end diastolic diameter; LVEF, left ventricular ejection fraction; 
FS, fractional shortening. 

 

Table 6. Effects of miR-155 and BDNF inhibition on heart hemodynamics in HF rats. 

Group LVSP (mm Hg) LVEDP (mm Hg) HR (bpm) +dp/dt (mm Hg/s) -dp/dt (mm Hg/s) 

Model + NC antagomir 53.64±5.86 22.46±2.47 249.21±26.85 1921.26±203.16 1017.24±129.24 

Model + miR-155 antagomir 93.34±9.46* 5.34±0.71* 261.37±25.89 4054.23±463.79* 2364.69±217.45* 

Model + miR-155 antagomir + sh-NC 109.56±15.24 4.21±0.63 279.34±31.26 4212.34±465.79 2169.37±301.75 

Model + miR-155 antagomir + sh-BDNFl 49.67±5.79* 21.04±2.76* 278.76±34.19 1863.27±197.64* 996.17±107.65* 

Note: *p < 0.05 vs. model + NC antagomir or model + miR-155 antagomir + sh-NC group. HF, heart failure; NC, negative 
control; miR-155, microRNA-155; BNDF, brain-derived neurotrophic factor; LVSP, left ventricular systolic pressure; LVEDP, left 
ventricular end diastolic pressure; HR, heart rate; +dp/dt, rate of increase in left ventricular pressure; -dp/dt, rate of decrease 
in left ventricular pressure. 

 

 
 

Figure 7. Effects of Sirt1 overexpression on heart failure in vivo. (A) Sirt1, NF- Bˁ p65, NF- Bˁ p65 Ac and BDNF protein expression; 

(B) miR-155 expression; (C) Ventricular mass index; (Dύ /±C ŘŜǘŜǊƳƛƴŜŘ ōȅ aŀǎǎƻƴΩǎ ǘǊƛŎƘǊƻƳŜ ǎǘŀƛƴƛƴƎ όмлл ҎύΤ όE) Apoptosis determined by 
TUNEL assay (200 ×); *p < 0.05 vs. model + oe-NC group. Data were expressed as mean ± standard deviation. A comparison of data from 2 
groups was performed by an unpaired t test. N= 12. 


