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Abstract: Background: Despite a crucial role of miR-155 in human cancers, its function in heart failure (HF) is still 
under investigation. This study was designed to explore its association with HF. Methods: The abdominal transverse 
aortic constriction (TAC) was adopted for establishment of mouse HF models. qRT-PCR and WB were adopted to 
detect the changes of miR-155, HIF-1α, Cle-caspase-3, BCL2 and Bax levels in myocardial cells and heart tissues. 
The changes of cardiac function were checked by ultrasound. Additionally, luciferase reporter gene was adopted 
for interaction analysis of miR-155 with HIF-1α, and in situ end labelling method was used for detecting myocardial 
apoptosis. Results: MiR-155 in myocardial tissue of HF mice was significantly down regulated. In HF mice injected 
with agomiR-155, the up-regulation of miR-155 strongly improved cardiac function, and also significantly lowered 
the protein levels of apoptosis-associated markers, C-caspase-3 and Bax, but up regulated Bcl-2. Additionally, HIF-
1α was identified as the direct target of miR-155. As expected, over-expression of HIF-1α greatly reversed the effects 
of agomiR-155 on cardiac function and the expression of apoptosis-associated markers in heart tissues of HF mice. 
Conclusion: MiR-155 overexpression can suppress myocardial cell apoptosis through HIF-1α, and strongly allevi-
ate the cardiac function damage in HF mice, indicating the potential of miR-155/HIF-1α axis to be a target for the 
diagnosis and therapy of HF.
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Introduction

Heart failure (HF) is an emerging global health 
problem [1]. As the proportion of the elderly 
increases in China, and the living habits chang-
es along with imbalance of diet structure, the 
number of patients with basic cardiovascular 
diseases is growing, resulting in an annual 
increase of the prevalence of HF in China [2-4]. 
HF can be classified into acute HF and chronic 
HF (CHF). CHF is a complex clinical syndrome 
triggered by the development of various heart 
diseases to a serious stage, and its readmis-
sion rate and mortality rate remain high [5]. 
According to 2003 epidemiological survey, the 

prevalence of HF among Chinese adults aged 
35-74 was 0.9% [6]. Accordingly, it is of signifi-
cant urgency and importance to strengthen the 
basic research and prevention of CHF.

MicroRNA (miR), a non-coding RNA (about 
18-24 nt long), is a primary member of the 
ncRNA family [7]. It can regulate downstream 
mRNA by pairing with the complementary 
sequence of downstream targeted mRNA. Prior 
research has revealed its involvement in vari-
ous acute and chronic diseases, inflammation, 
cancer, infection and organ damage [8]. Re- 
portedly, miR plays a crucial part in the develop-
ment and progression of CHF [9]. The relation-
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ship of miRNA with CHF has been reported. For 
example, Li et al. [10] found that miR-320 
accelerates CHF and cardiac fibrosis by activat-
ing IL6/STAT3 axis. Other research revealed 
that miR-30d regulates cardiac remodelling 
through intracellular and paracrine signals [11]. 
Additionally, Zhang et al. [12] found that miR-
129-5p has a potential to be a diagnostic index 
because of its low expression in patients with 
CHF and the area under the ROC curve >0.9 for 
patient diagnosis. These studies have verified 
the involvement of miRs in the development of 
CHF. MiR-155 is a multifunctional microRNA, 
which is essential for various physiological and 
pathological processes, including differentia-
tion, inflammation, oxidative stress, prolifera-
tion, and cardiovascular remodelling [13]. Prior 
research has revealed the ability of hypoxia 
inducible factor 1 subunit alpha (HIF-1α) to up-
regulate miR-155 in human cancers by directly 
binding to the hypoxia response element of 
miR-155 promoter [14, 15]. Conversely, miR-
155 suppresses HIF-1α expression by targeting 
its 3’-untranslated region, and thus forms one 
negative feedback loop of HIF-1α-miR-155 axis 
for maintaining oxygen balance, which triggers 
the change in HIF-1α expression. However, no 
report has been found whether miR-155 and 
HIF-1α take a regulatory part in CHF. 

Accordingly, this study was designed to analyse 
the potential mechanism of miR-155/HIF-1α 
axis in CHF to offer potential targets to clinical 
therapy.

Materials and methods 

Animal source

Twenty-four male C57BL/6 mice (26-30 g) from 
Charles River Company (Beijing, China) were 
kept in the SPF animal room of experimental 
animal centre of our hospital, in 12-hour light 
and 12-hour darkness (temperature: 22-25°C; 
the maximum temperature difference: <4°C; 
the relative humidity: 40%-70%; acoustic sound 
level: <60 dB) with free access to water and 
foods. The mice were grouped randomly for 
experiment and given different drugs and surgi-
cal interventions according to the experimental 
requirements. Animal euthanasia was done by 
carbon dioxide inhalation. Each procedure was 
performed under the 2011 Guidelines for the 
Care and Use of Laboratory Animals (8th ed.), 
AVMA Animal Euthanasia Guidelines (2013 

ed.), and with approval from the institutional 
animal care and use committee with ethical 
approval number of JC084(A)441.

Constructions of animal models

The TAC was conducted under isoflurane anes-
thesia (Sigma, USA, 1349003). For the ago-
miR assay, mice were assigned to sham-opera-
tion group (n=6), TAC group (n=6), TAC+ago-
miR-155 group (n=6) and TAC+ago-miR-155+ 
pcDNA-HIF-1α (n=6) group, respectively. After 
TAC, ago-miR-155 (20 mg/kg) and ago-miR-
155+pcDNA-HIF-1α (20 mg/kg) dissolved in 
100 μL PBS were immediately injected into the 
tail vein of the mice in corresponding group, 
twice a week, for 4 weeks. At 4th week after 
TAC, the mice were killed.

Ultrasonic cardiogram

The ventricular function was evaluated th- 
rough Doppler echocardiography (MyLabAlpha, 
Esaote SPA) with 2.5 and 3.75 MHz phased 
array ultrasonic probes. Cardiac hypertrophy 
was determined through measuring parame-
ters at systolic and diastolic phases, including 
diastolic left ventricular posterior wall thick-
ness (LVPWd), systolic left ventricular posterior 
wall thickness (LVPWs), diastolic left ventricular 
diameter (LVIDd), systolic left ventricular inner 
diameter (LVIDS), end-diastolic left ventricular 
anterior wall thickness (LVAWd) and ejection 
fraction (EF).

Construction of eukaryotic expressing vector 
(EEV)

To express HIF-1α efficiently in human umbilical 
vein endothelial cells, the full-length sequence 
of its encoded protein was amplified through 
PCR, and ligated into EEV, pc DNA3.1. The for-
ward primer: 5’-GGGACCGATTCACCATGGAG-3’; 
reverse primer: 5’-TAATGAGCCACCAGTCATCC- 
AA-3’. The primers were designed and synthe-
sized by Shanghai Sangon Biotech Co., Ltd.

Cell culture

H9C2 was incubated (37°C, 5% CO2) in RPMI 
1640 medium containing 10% FBS, followed by 
passage when the cell fusion reached 80-90%. 
The injury model of myocardial cells in vitro  
was established with 2.67 μmol/L adriamycin 
(ADR, Shenzhen Main Luck Pharmaceuticals 
Inc., H44024359). The incubation lasted for 44 
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h totally. HEK293 cells were treated with DMEM 
containing 10% FBS. MiRNA mimics (100 nM, 
5’-UCACAACCUCCUAGAAAGAGUAGA-3’), nc-mi- 
mics (100 nM, 5’-UUCUCCGAACGUGUCACGU- 
TT-3’), miRNA inhibitors (100 nM, 5’-UCUAC- 
UCUUUCUAGGAGGUUGUGA-3’), and nc-inhibi-
tors (100 nM, 5’-ACGUGACACGUCGGAGAA- 
TT-3’) were transfected into H9C2 via lipo-
fectamine 2000 (Invitrogen, Carlsbad, CA) 
according to the manufacturer’s protocol. After 
48 hours, the cells were harvested. Primer 
design was verified and synthesized by RiboBio 
(Guangzhou, China).

CCK8 assay

Cell viability was assessed using CCK-8 kit 
(Beyotime, Shanghai, CN). The cells with densi-
ty adjusted to 1×104 cells/well were seeded to 
one 96-well plate in triplicate for 48 h, and 
CCK-8 working solution (10 µL) was added into 
the wells, followed by 2-h incubation (37°C). 
One Thermo Fluoroscan Ascent spectrometer 
was adopted for measuring the optical density 
of cells (450 nm) (Bio-Tek, Winooski, VT, USA).

Cell invasion assay

A Transwell insert was placed on a sterile 
24-well plate. Each chamber was added with 
100 μl matrigel (diluted with precooled high 
glucose and serum-free DMEM at a ratio of 
1:10), followed by 24-h incubation at 37°C. The 
cell suspension after transfection was dilu- 
ted with serum-free medium and 10% FBS-
contained medium, separately, and then 100 
μL cell suspension (1×105 H9C2 cells and dilut-
ed with serum-free medium) was added to the 
upper chamber. 600 μL medium containing 
10% FBS was supplemented in the basolateral 
chamber and cultured in the incubator. After 24 
h, the cells were fixed with 4% paraformalde-
hyde for 20 minutes, stained with 0.1% crystal 
violet and washed twice with clear water 
(Olympus CKX41). Cells in five visual fields 
selected randomly were counted.

Apoptosis assay

Apoptosis was determined through flow cytom-
etry with annexin V-FITC/PI kit (Sigma-Aldrich; 
Merck KGaA). One 12-well plate with transfect-
ed cells (3×104 cells/well) was given 48-h incu-
bation (5% CO2 and 37°C), and the cells were 
labelled with Annexin V-FITC and PI with dark 
surroundings at room temperature for 10 min. 
The FACSCalibur flow cytometer (BD Bioscien- 
ces) and FlowJo software (version number 10; 
BD Biosciences) were adopted for apoptosis 
evaluation.

qRT-PCR assay

Cells and tissues were acquired, followed by 
extraction of total RNA via GenElute Total RNA 
Purification Kit (Sigma-Aldrich; Merck KGaA). 
Then NanoDrop 2000 (Thermo Fisher Scienti- 
fic, Inc.) was adopted to analyse the concentra-
tion and mass of total RNA. RNA with the 
OD260/OD280 close to 2.0 was used for sub-
sequent reverse transcription. Reverse tran-
scription was done with 2.0 μg total RNA 
through a SuperScrip®Vilo cDNA synthesis kit 
(Invitgen, CA, USA). The HIF-1α and miR-155 
levels were quantified via qPCR through SYBR 
green I Master Mix kit (Invitrogen; Thermo 
Fisher Scientific, Inc.) in 7500 real-time PCR 
system (Applied Biosystems; Thermo Fisher 
Scientific, Inc.), under the manufacturer’s gui- 
delines. U6 and GAPDH acted as the endoge-
nous controls of miR-155 and HIF-1α, respec-
tively. qPCR was performed under thermal 
cycling conditions: Initial denaturation (95°C, 
10 min), followed by 40 cycles of 95°C (20  
sec), 60°C (15 sec) and 72°C (20 sec). The 
primer sequences are shown in Table 1. The 
final expression was calculated via the 2-ΔΔCq 
method [16].

WB assay

From H9C2 and tissue, proteins were acquired, 
followed by SDS-PAGE. The separated protein 
from the gel was transferred onto the polyvinyli-

Table 1. Primer sequences
Den ID Upstream primers Downstream primers
HIF-1α 5’-CCCATTCCTCACCCATCAAATA-3’ 5’-CTTCTGGCTCATATCCCATCAA-3’
miR-155 5’-GGCTAAGGAGATTGGTGCTGTA-3’ 5’-CTCGCTTCGGCAGCACAT-3’
U6 5’-AACGCTTCACGAATTTGCGT-3’ 5’-ACGAGGGGCTG-AGACATTTAC-3’
GAPDH 5’-CAATGACCCCTTCATTGACC-3’ 5’-TTGATTTTGGAGGGATCTCG-3’
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dene fluoride membrane, followed by 2-h in- 
cubation (5% milk, 37°C) and then let to stay 
overnight (4°C). The primary antibodies includ-
ed HIF-1α (1:1000, Ab179483, Abcam), Cle-
caspase-3 (1:1000, ab32042, Abcam), BCL2 
associated X (Bax) (1:1000, ab32124, Abcam), 
Pro-caspase-3 (1:1000, ab32150, Abcam), and 
GAPDH (1:1000, Santa Cruz, USA). Then the 
membrane was subjected to 1-h incubation 
(room temperature) with corresponding sec-
ondary antibodies (1:2000, CST, USA). The 
immunoreactive bands were tested through 
chemiluminescence (ECL reagent, Milipole, 
Massachusetts, USA) and exposed to X-ray film 
for density analysis.

dUTP-digoxigenin nick end labelling (TUNEL) 

TUNEL staining was conducted to label apop-
totic cells and all nuclei were stained with DAPI 
(Sigma) using an in-situ cell death detection  
kit (Roche Diagnostics, Indianapolis, USA). The 
apoptosis index (AI) was determined as the 
number of TUNEL positive nuclei divided by the 
total number of nuclei stained with DAPI in 40 
visual fields per heart.

Dual luciferase reporter (DLR) assay

Targetscan (https://www.targetscan.org/vert_ 
72/) was used to predict the target gene [17]. 
With Lipofectamine 2000, co-transfection was 
conducted to HEK293 cells with 200 ng pMIR-
Report luciferase plasmid construct, 10 ng pRL-
TK plasmid (Promega, Madison, WI) and miR-
155 mimics (100 nM) or control (100 nM).

Statistical analyses

In this study, all assays were conducted in trip-
licates, and the results were averaged. Using 
SPSS22.0 (IBM, Armonk, NY, USA) statistical 
software, the data results were analysed. 
Measurement data were expressed by mean ± 
SEM, and the independent sample t test was 
used for analysis. Their inter-group comparison 
was performed via the one-way ANOVA and LSD 
post-hoc test. Data comparisons of multiple 
time points were conducted using the repeated 
measures analysis of variance and Bonferroni 
post-hoc test. P<0.050 suggests a notable 
difference.

Results

Expression of miR-155 in ADR-induced H9C2 
(ADR+H9C2) cells

For quantifying miR-155 in ADR+H9C2, qRT-
PCR was performed, and a significant decrease 
of miR-155 was found in ADR+H9C2 cells in 
contrast to normally cultured H9C2 cells (P< 
0.05, Figure 1A). In addition, ADR+H9C2 cells 
treated with miR-155-mimics and miR-155-in-
hibit were determined. First, miR-155-mimics 
and miR-155-inhibit plasmids were determined 
through qRT-PCR. According to the results, 
plasmids presented notably up regulated miR-
155 after transfection of miR-155-mimics, but 
plasmids presented notably down regulated 
miR-155 after treatment with miR-155-inhibit 
(P<0.05, Figure 1B), implying successful con-
struction of miR-155-mimics and miR-155-in-

Figure 1. MiR-155 expression in ADR+H9C2 cells and detection of transfection efficiency. A. MiR-155 expression in 
ADR+H9C2 cells measured by qRT-PCR. B. Transfection efficiency miR-155-mimics and miR-155-inhibit plasmids 
measured by qRT-PCR. C. MiR-155 expression in ADR+H9C2 cells after transfection of miR-155-mimics/miR-155-in-
hibit plasmid measured by qRT-PCR. Note: ***P<0.001. qRT-PCR: Quantitative real-time PCR; ADR: Adriamycin.
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hibit plasmids. Subsequently, miR-155-mimics 
and miR-155-inhibit were transfected into 
ADR+H9C2 cells, followed by a qRT-PCR assay. 
According to the results, ADR+H9C2 cells pre-
sented significantly up regulated miR-155 after 
treatment by miR-155-mimics compared with 
those treated by NC-mimics, while ADR+H9C2 
cells presented notably down regulated miR-
155 after treatment by miR-155-inhibit in con-
trast to those treated by NC-inhibit (P<0.05, 
Figure 1C), implying successful transfection  
of miR-155-mimics and miR-155-inhibit into 
ADR+H9C2 cells. 

miR-155 regulated the growth and metastasis 
of H9C2 cells

To understand the impacts of miR-155 on 
H9C2 cells, the viability, invasion and apoptosis 

of ADR+H9C2 cells were tested after transfec-
tion. Through CCK-8 and Transwell assays, the 
viability of ADR+H9C2 cells was tested. Accor- 
ding to the results, ADR+H9C2 cells showed 
enhanced viability and invasion activity after 
transfection of miR-155-mimics in contrast to 
those treated by NC-mimics, and the cells pre-
sented significantly weakened viability and 
invasion activity after transfection of miR-
155-inhibit compared with those treated by 
NC-inhibit (P<0.05, Figure 2A, 2B). According 
to flow cytometry, ADR+H9C2 cells presented 
weakened apoptosis after transfection of  
miR-155-mimics compared with those treated 
by NC-mimics, and the cells presented in- 
creased apoptosis after transfection of miR-
155-inhibit than those treated by NC-inhibit 
(P<0.05, Figure 2C). Moreover, according to 
WB, ADR+H9C2 cells showed down-regulated 

Figure 2. Changes in the growth and metastasis of ADR+H9C2 cells after regulation of miR-155. A. Changes in 
the viability of ADR+H9C2 cells after regulation of miR-155 analyzed by CCK-8 assay. B. Changes in the invasion 
activity of ADR+H9C2 cells after regulation of miR-155 according to Transwell assay. C, D. Apoptosis of ADR+H9C2 
cells after regulation of miR-155 analyzed by flow cytometry and WB assay. Note: *P<0.05, ***P<0.001. CCK-8: Cell-
counting-kit-8; WB: Western blot; miR: microRNA; Bax: BCL2 associated X; ADR: Adriamycin.
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expression of Cle-caspase-3 and Bax proteins 
after transfection of miR-155-mimics and up-
regulated Bcl-2 compared with those treated  
by NC-mimics, and ADR+H9C2 cells had oppo-
site results of Cle-caspase-3, Bax and Bcl-2 
after transfection of miR-155-inhibit compared 
with those treated by miR-155-mimics (Figure 
2D), suggesting that miR-155 can regulate the 
growth, metastasis and apoptosis of H9C2 
cells in vitro. 

HIF-1α is the target gene of miR-155

Prior research has revealed the ability of miR-
155 to target and regulate downstream tar- 
get genes to affect the development of diseas-
es. In this study, online tool analysis revealed 
targeted loci between miR-155 and HIF-1α 
(Figure 3A). In order to verify the targeting  
function between the two, a DLR assay was 
conducted. According to the results, miR-155- 
mimics significantly inhibited fluorescence 
activity of HIF-1α-wild type (WT) (P<0.05, Figure 
3B). In addition, according to qRT-PCR and WB 
assays, ADR+H9C2 cells presented notably 
lower mRNA and protein levels of HIF-1α after 
transfection of miR-155-mimics than those 

transfected by NC-mimics, while ADR+H9C2 
cells transfected with miR-155-inhibit pre- 
sented opposite results in mRNA and protein 
levels of HIF-1α (P<0.05, Figure 3C, 3D). The 
results imply the ability of miR-155 to regulate 
HIF-1α.

Up-regulation of HIF-1α inhibited cell growth 
and metastasis 

In order to understand the impacts of HIF-1α  
on ADR+H9C2 cells, pcDNA-HIF-1α was trans-
fected into ADR+H9C2 cells. According to qRT-
PCR assay, the ADR+H9C2 cells treated by 
pcDNA-HIF-1α presented notably increased 
HIF-1α mRNA than those treated by pcDNA-NC 
(P<0.05, Figure 4A). The viability and invasion 
of treated ADR+H9C2 cells were evaluated. 
According to the results, the ADR+H9C2 cells 
treated by pcDNA-HIF-1α presented notably 
weaker viability and invasion activities than 
those treated by pcDNA-NC (P<0.05, Figure  
4B, 4C). According to the flow cytometry and 
WB assay, transfection of pcDNA-HIF-1α in- 
duced the apoptosis of ADR+H9C2 cells, and 
the cells presented notably up regulated HIF-
1α, Cle-caspase-3 and Bax proteins and down 

Figure 3. Verification of targeting association of miR-155 with HIF-1α. A. Prediction of target loci and mutation loci of 
miR-155 and HIF-1α by targetscan. B. Impacts of miR-155 on HIF-1α-WT luciferase activity according to DLR assay. 
C, D. Impacts of transfection of miR-155-mimics or miR-155-inhibit on HIF-1α in ADR+H9C2 cells according to qRT-
PCR and WB assays. Notes: ***P<0.001. WB: Western blot; qRT-PCR: Quantitative real-time PCR; miR: microRNA; 
HIF-1α: Hypoxia inducible factor 1 subunit alpha; ADR: Adriamycin; WT: Wild type.
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Figure 4. Effect of up-regulating HIF-1α on the growth and metastasis of ADR+H9C2 cells. A. HIF-1α mRNA expression in ADR+H9C2 cells transfected with pcDNA-
HIF-1α according to qRT-PCR assay. B. Changes in ADR+H9C2 cell viability after transfection of pcDNA-HIF-1α according to CCK-8 assay. C. Changes in ADR+H9C2 
cell invasion activity after transfection of pcDNA-HIF-1α according to Transwell assay. D. Apoptosis of ADR+H9C2 cells after transfection of pcDNA-HIF-1α accord-
ing to flow cytometry. E. Changes in apoptosis-associated proteins and HIF-1α protein levels in ADR+H9C2 cells after transfection of pcDNA-HIF-1α according to 
WB assay. Note: *P<0.05, **P<0.01, ***P<0.001. CCK-8: Cell counting kit-8; WB: Western blot; miR: MicroRNA; Bax: BCL2 associated X; ADR: Adriamycin; qRT-PCR: 
Quantitative real time PCR; HIF-1α: Hypoxia inducible factor 1 subunit alpha.
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regulated Bcl-2 in contrast to cells treated by 
pcDNA-NC (P<0.05, Figure 4D, 4E).

miR-155-mimics attenuated the impacts of 
HIF-1α overexpression on the growth and me-
tastasis of ADR+H9C2 cells 

In order to verify that miR-155 can impact the 
growth and metastasis of ADR+H9C2 cells 
through HIF-1α in vitro, co-transfection assay 
was conducted. According to the results, co-
treatment with miR-155-mimics and pcDNA-
HIF-1α reversed the weakened vitality and inva-
sion activities of ADR+H9C2 cells after trans-
fection of pcDNA-HIF-1α, and inhibited the cell 
apoptosis (P<0.05, Figure 5A-D).

Impacts of miR-155/HIF-1α axis on ventricular 
hypertrophy and myocardial fibrosis

The above study has confirmed the mechanism 
of miR-155/HIF-1α axis in in vitro model, but 

whether it has the same in vivo impact still 
requires investigation. Accordingly, another ani-
mal model was constructed. According to echo-
cardiography, mice in the TAC models showed 
notably lower LVIDs, LVIDd and EF levels and 
higher LVPWs and LVPWd levels than the Sham 
group. Additionally, mice treated by TAC+ago-
miR-155 presented higher LVIDs, LVIDd and EF 
levels and greatly lower LVPWs and LVPWd lev-
els than those treated by TAC, and co-interven-
tion of the two reversed the above situation 
(Figure 6A-E), implying the ability of miR-155/
HIF-1α axis to regulate myocardial hypertrophy 
and fibrosis in mice.

Ability of miR-155 to alleviate the damage of 
cardiac function

The damage of myocardial cells in mice was 
evaluated. According to HE staining, compared 
with the TAC group, the ago-miR-155 group pre-
sented notably alleviated myocardial hypertro-

Figure 5. Growth and metastasis of ADR+H9C2 cells after co-transfection. A. Changes in viability of ADR+H9C2 
cells after co-transfection according to CCK-8 assay. B. Changes in the invasion activity of ADR+H9C2 cells after co-
transfection according to Transwell assay. C. The apoptosis rate of ADR+H9C2 cells after co-transfection according 
to flow cytometry. D. Changes in apoptosis-associated protein and HIF-1α protein levels in ADR+H9C2 cells after 
co-transfection according to WB. Note: *P<0.05; **P<0.01; ***P<0.001. WB: Western blot; miR: MicroRNA; Bax: BCL2 
associated X; ADR: Adriamycin; HIF-1α: Hypoxia inducible factor 1 subunit alpha. 
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phy and myocardial fibrosis (Figure 7A, 7B). 
According to TUNEL assay, compared with the 
TAC group, the ago-miR-155 group presented 
notably slower apoptosis. According to qRT-
PCR, mice treated by ago-miR-155 presented 
higher miR-155 and lower HIF-1α than those  
by TAC. According to WB, mice treated by  
ago-miR-155 presented higher HIF-1α, Cle-
caspase-3 and Bax proteins and lower Bcl-2 
than those treated by TAC, but co-intervention 
with pcDNA-HIF-1α reversed the above situa-
tion. The results show that the miR-155/HIF-1α 
axis is involved in the occurrence and develop-
ment of CHF (Figure 7C-E).

Discussion

CHF is the final stage of heart disease triggered 
by various causes, with features of high inci-

dence, critical illness, high mortality and unfa-
vourable prognosis [18], but its mechanism is 
still under investigation. Accordingly, under-
standing the pathogenesis of CHF and finding 
potential therapeutic targets are urgent.

Changes in the expression of miR-155 impli-
cated in regulation of cancer pathways affect 
various physiological and pathological process-
es, including hematopoietic lineage differentia-
tion, immune response, inflammation as well 
as tumorigenesis [13, 19, 20]. Prior research 
has revealed the ability of miR-155 to regulate 
the malignant biological behaviour of human 
hepatocellular carcinoma cells in hepatocellu-
lar carcinoma cases via SRPK1 [21, 22]. In 
addition to its expression in cancer, miR-155 
also takes a regulatory part in cardiovascular 
diseases. For instance, miR-155 is able to alle-

Figure 6. Impacts of miR-155/HIF-1α axis on ventricular hypertrophy and myocardial fibrosis. A. Comparison of 
mouse LVIDs after joint intervention. B. Comparison of mouse LVIDd after joint intervention. C. Comparison of 
mouse EF after joint intervention. D. Comparison of mouse LVPWs after joint intervention. E. Comparison of mouse 
LVPWd after joint intervention. Notes: *P<0.05; **P<0.01; P<0.001. LVPWd: Diastolic left ventricular posterior wall 
thickness; LVPWs: Systolic left ventricular posterior wall thickness; LVIDd: Diastolic left ventricular diameter; LVIDs: 
Systolic left ventricular inner diameter; LVAWd: End-diastolic left ventricular anterior wall thickness; EF: Ejection frac-
tion; HIF-1α: Hypoxia inducible factor 1 subunit alpha; miR: MicroRNA; TAC: Transverse aortic constriction.
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viate heart injury through inhibiting the NF-κB in 
acute viral myocarditis [23]. Another study has 
revealed the ability of miR-155-5p to serve as a 
potential marker for early screening of HF [24]. 
In this study, miR-155 presented low expres-
sion in ADR+H9C2 cells. We up regulated or 
inhibited miR-155 in ADR+H9C2 cells, and fur-
ther observed the cell biological function, find-
ing that up-regulated miR-155 suppressed the 
cell viability and invasion activity, but transfec-
tion of miR-155-inhibit gave rise to opposite 
situation. The results suggest a strong role of 
miR-155 in the function of H9C2 cells.

It has been reported that miR takes part in the 
development of diseases via downstream tar-
get genes [25]. In this study, online tool analy- 
sis revealed targeted binding loci between HIF-
1α and miR-155. As one DNA-binding protein, 
HIF-1 is composed of an α subunit and a β  
subunit, while α subunit, a crucial unit of HIF-1 
protein activity regulation, affects adaptive 
responses of many animal cells triggered by 
hypoxia [26]. It has been reported that, HIF-1α, 
one key protein regulator of cell hypoxia, takes 
one crucial part in vascular endothelial cell pro-
liferation and tissue repair of ischemia and 

Figure 7. Ability of miR-155 to alleviate the damage of cardiac function. A. Infiltration of myocardial cells in co-
transfected mice according to HE staining. B. Apoptosis of myocardial cells in co-transfected mice according to 
TUNEL assay. C, D. MiR-155 and HIF-1α expression in myocardial cells in co-transfected mice according to qRT-
PCR. E. Apoptosis protein and HIF-1α protein in myocardial cells in co-transfected mice according WB assay. Note: 
*P<0.05; **P<0.01, ***P<0.001. qRT-PCR: Quantitative Real-Time PCR; WB: Western blot; TUNEL: dUTP-digoxigenin 
nick end labeling; Bax: BCL2 associated X; HIF-1α: Hypoxia inducible factor 1 subunit alpha; TAC: Transverse aortic 
constriction.
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hypoxia [27]. In this study, the fluorescence 
activity of HIF-1α-WT was greatly inhibited by 
miR-155-mimics, and both HIF-1α mRNA and 
protein levels were inhibited after transfection 
of miR-155-mimics, but the opposite results 
appeared after transfection of miR-155-inhibit. 
These results all indicated the ability of miR-
155 to regulate HIF-in vitro. Prior research by Li 
et al. [28] has revealed the effect of regulating 
HIF-1α on the cardiac function of rats with HF 
after myocardial infarction. However, in this 
study, the overexpression of HIF-1α greatly 
enhanced the viability and invasion activity of 
ADR+H9C2 cells, and induced apoptosis. The 
results imply that HIF-1α has the same regula-
tory function in H9C2 cells. However, whether 
miR-155 can regulate HIF-1α and affect CHF  
is still under investigation. Therefore, we per-
formed one rescue assay. In this study, the 
impacts of miR-155-mimics transfection on 
vitality, invasion ability and apoptosis of 
ADR+H9C2 cells were reversed after co-trans-
fection of pcDNA-HIF-1α. These assays reveal a 
regulatory part of miR-155/HIF-1α axis in CHF. 
Finally, for further verifying the experimental 
results, we also carried out an animal assay, 
finding that after intervention of ago-miR-155, 
mice showed restored cardiac function, allevi-
ated infiltration of myocardial cells and lowered 
apoptosis rate of myocardial cells. However, 
after the joint intervention of pcDNA-HIF-1α 
and miR-155-mimics, the above situation dis-
appeared, and the viability, invasion ability and 
apoptosis of myocardial cells deteriorated.

The above research has determined the role of 
miR-155/HIF-1α axis in CHF. However, this 
study still has some limitations. In such a basic 
study, no human samples have been collected, 
so whether the miR-155 and HIF-1α expression 
in CHF patients is consistent with the results of 
this study needs further research. Second, 
whether HIF-1α, as an important member of 
hypoxia gene family, regulates the development 
of CHF through hypoxia is still under explora-
tion. Finally, we hope to carry out more experi-
ments in future research and collect clinical 
samples to verify the research conclusions.

To sum up, miR-155 overexpression can sup-
press myocardial cell apoptosis via HIF-1α, and 
strongly alleviate the cardiac function damage 
in HF mice, indicating the potential of miR-155/
HIF-1α axis to be one target for diagnosis/ther-
apy of HF.
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