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MiR-19a overexpression contributes  
to heart failure through targeting ADRB1
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Abstract: Beta1-adrenoreceptor (β1-AR) predominantly exists in the heart and β1-AR reduction is closely related to 
severity of heart failure (HF). In this study, our research focused on the miRNAs that may repress β1-AR directly, and 
aim to find out new markers and target molecules for HF. We first did Argonaute2 AGO2 knock down experiments 
and confirmed that endogenous adrenoceptor beta 1 (ADRB1) expression was suppressed by miRNAs. To further 
identify which miRNA suppress ADRB1 expression directly, we constructed the ADRB1 3’UTR reporter plasmid and 
selected sixteen candidate miRNAs. Confirmed by dual-luciferase assay and western blot, we found that miR-19a 
suppressed ADRB1 expression by directly targeting 3’UTR. Further expressions detection the levels of miR-19a, BNP 
and cAMP in 32 plasma samples of HF patients helped us to construct positive correlations between the expression 
levels of miR-19a and BNP or cAMP, hints miR-19a may be used as a biomarker in HF patients indicating cardiac 
function. In conclusion, this study confirmed miR-19a suppressed ADRB1 expression by directly targeting 3’UTR of 
ADRB1 and found an positive correlation between plasma miR-19a and BNP or cAMP levels in HF patients, which 
may contributes to fully understand the HF pathogenesis and develops new therapy for HF.
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Introduction

Heart failure (HF) has been classified as an epi-
demic of the 21st century and is now one of the 
major cause of morbidity in the elderly in China. 
The etiology of heart failure includes coronary 
artery disease including a previous myocardial 
infarction, high blood pressure, atrial fibrilla-
tion, valvular heart disease, and cardiomyopa-
thy. These cause heart failure by changing 
either the structure or the functioning of the 
heart. Although with heavy economic burden 
worldwide, the mechanisms underlying HF 
remain largely undetermined.

MicroRNAs (miRNAs) are short, noncoding RNA 
sequences that regulate gene expression at 
the posttranscriptional level by targeting the 
3’-untranslated region of mRNA sequences. 
Bioinformatical study indicated that more than 
60% of human genes may be regulated by miR-
NAs [1]. Loss-of-function studies in mice firmly 
established that miRNAs control a variety of 

cellular processes essential to the heart [2, 3]. 
MiRNAs play very important roles in maintain-
ing normal human body physiology conditions, 
and abnormal miRNA expressions have been 
found related to many human diseases span-
ning from psychiatric disorders to malignant 
cancers [4-6].

Initial studies of miRNAs in animal models of 
hypertrophy and heart failure showed specific 
signature patterns suggesting that they could 
be used as valuable biomarkers for disease [7]. 
Recently, more and more studies have docu-
mented the regulatory role of miRNAs in HF. 
Studies from Olson and co-workers [8] and 
Condorelli and co-workers [9] have shown in 
mice that miRNAs play a critical role in develop-
ment and/or progression toward heart failure. 
Meanwhile, altered miRNAs expression has 
also been found in human HF patients. Van 
Rooij E and co-workers reported that overex-
pressed miR-195 is related to HF in mouse 
model and human [7]. Disturbed circulating 
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miRNAs expressions were also suggested to be 
used as biomarker for HF [10]. 

β-adrenoreceptors (β-ARs) and their associated 
guanine nucleotide regulatory protein (G pro-
tein)/adenylyl cyclase signal transduction path-
ways, are central to the regulation of cardiac 
function. β-ARs display peculiar tissue distribu-
tion and pharmacological properties: β1 is the 
“cardiac” receptor, while β2 is expressed pre-
dominantly in smooth muscle cells, and β3 in 
the adipose tissue. It is well known thatβ1-AR 
subtype is down-regulated in heart failure. In 
this study, our research focused on the miRNAs 
that may repress β1-AR directly aim to find out 
new therapy for HF.

Materials and methods

Clinical samples

Peripheral blood samples were collected from 
32 patients (age: 53±5; 20 males and 12 
females) at the Emergency Department, Beijing 
Friendship Hospital with a diagnosis of dilated 
cardiomyopathy (DCM). The non-failing controls 
were obtained from 9 age and sex matched 
patients (age: 51±4 years old; 5 males and 4 
females) with unexplained ventricular tachy-
arrhythmias but with a normal ejection fraction. 
To get the cell free plasma, samples were cen-
trifuges at 4°C 3,000 g for 10 min, and the 
supernatant plasma was quickly removed and 
stored immediately at -80°C until analysis. All 
protocols for this research were in compliance 
with institutional guidelines for human research 
and approved by the Beijing Friendship Hospital 
Review Board. 

Plasmids construction

To generate 3’-UTR luciferase reporter, full 
length of 1342 bp 3’-UTR of ADRB1 were cloned 
into the downstream of the firefly luciferase 
coding region in pGL3 control vector (Promega). 
Plasmid with 4 nucleotides mutation in the 
putative miR-19a target site was constructed to 
confirm the binding region of miR-19a.

Dual-luciferase assay

Using Lipofectamine 2000 (Invitrogen), cells 
were transfected with 0.8 μg of pGL3-ADRB1 
plasmid, 20 pmol of either a stability-enhanced 
2’-O-methyl nontargeting RNA control or miR-
19a oligonucleotides (GenePharma). pRL-TK 

vector expressing renilla luciferase was used 
as transfection control. At 48 h after transfec-
tion, cells were lysed and luciferase activity 
was measured. Each treatment was performed 
in triplicate in three independent experiments. 
The results were expressed as relative lucifer-
ase activity (Firefly Luc/Renilla Luc).

RNA isolation

Total RNA was extracted from plasma by using 
TRIzol LS reagent (Invitrogen, Carlsbad, CA, 
USA) according to the manufacturer’s instruc-
tions. Briefly, about 250 μl plasma sample was 
added into 750 μl TRIzol reagent, and were 
incubated at room temperature for 5 min. 
Chloroform was added to the samples, vigor-
ously mixed, and incubated at room tempera-
ture for 5 min. Following incubation, the sam-
ples were centrifuged at 12,000 g for 15 min at 
4°C. RNA was precipitated from the aqueous 
phase by addition of isopropyl alcohol to a fresh 
tube containing the supernatant aqueous 
phase. The integrity of the RNA was tested by 
spectroscopic analysis.

miRNA real-time RT-qPCR

Quantitive RT-PCR analysis was used to deter-
mine the relative expression level of candidate 
miRNAs. The expression level of miRNAs was 
detected by TaqMan miRNA RT-Real Time PCR. 
Single-stranded cDNA was synthesized by 
using TaqMan MicroRNA Reverse Transcription 
Kit (Applied Biosystems, Foster City, CA, USA) 
and then amplified by using TaqMan Universal 
PCR Master Mix (Applied Biosystems, Foster 
City, CA, USA) together with miRNA-specific 
TaqMan MGB probes (Applied Biosystems, 
Foster City, CA, USA). The U6 snRNA was used 
for normalization. Each sample in each group 
was measured in triplicate and the experiment 
was repeated at least three times for the detec-
tion of miRNAs.

Western blotting

Protein extracts from cells were boiled in SDS/
β-mercaptoethanol sample buffer, and 20 μg 
samples were loaded into each lane of 10% 
polyacrylamide gels. The proteins were sepa-
rated by electrophoresis, and the proteins in 
the gels were blotted onto PVDF membranes 
(Amersham Pharmacia Biotech, St. Albans, 
Herts, UK) by electrophoretic transfer. The 
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membrane was incubated with rabbit anti-
ADRB1 or AGO2 polyclonal antibody (Abcam, 
Cambridge, MA, USA) or mouse anti-β-actin 
monoclonal antibody (Santa Cruz Biotechnology 
Inc., Santa Cruz, CA, USA) for 2 h at 37°C. The 
specific protein-antibody complex was detect-
ed by using horseradish peroxidase conjugated 
goat anti-rabbit or rabbit anti-mouse IgG. 
Detection by the chemiluminescence reaction 
was carried using the ECL kit (Pierce, Appleton, 
WI, USA). The β-actin signal was used as a load-
ing control.

Plasma BNP and cAMP detection

The plasma BNP and cAMP levels were de- 
tected by enzyme-linked immunosorbent  
assay (ELISA) kit (eBioscience Inc., San Diego, 

CA, USA) following the manufacturers’ in- 
structions.

Statistical analysis

The relationship between the expression of 
miR-19a, the BNP level, and the patient clinical 
characteristics was analyzed using Student’s 
t-test or a χ2-analysis. The findings were consid-
ered to be significant at a P-value <0.05. All sta-
tistical analyses were performed using the 
SPSS v. 16.0 software program (SPSS, Inc., 
Chicago, IL, USA).

Results

β1-AR predominantly exists in the heart and the 
chronic activation of β1-AR signaling has been 

Figure 1. The expression of ADRB1 
was regulated by miRNAs. A. The ex-
pression of ADRB1 was up-regulated 
when AGO2 was knocked down, 
which means ADRB1 expression was 
repressed by endogenous microR-
NAs. B. The schematic diagram of 
constructing ADRB1 3’UTR reporter 
vector. C. Dual-luciferase assay to 
screen miRNAs which may target 
ADRB1 3’UTR. The results were ana-
lyzed by student t-test, and P<0.05 
was considered statistically signifi-
cant *P<0.05, compared with control; 
**P<0.01, compared with control.
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confirmed to be related to many kinds of heart 
diseases like DCM and HF. The name of β1-AR 
coding gene is ADRB1.To understand whether 
the expression of ADRB1 is regulated by miR-
NAs in the heart, we first knockdown the 
expression of AGO2 in HEK293T cells and 
mouse cardiomyocytes, which is a key compo-
nent of miRISC. As shown in Figure 1A, the 
expression of hAGO2 and mAGO2 was reduced 
by in the Si-AGO2 groups. Meanwhile, the 
expression of ADRB1 was overexpressed by 
Si-AGO2 transfection. These results indicated 
that the expression of ADRB1 was suppressed 
by miRNAs in HEK293T and mouse 
cardiomyocytes.

miRNAs suppress post-transcriptional gene 
expression through targeting the 3’UTR of  
targeting genes. To identify which microRNA 
suppresses ADRB1 expression by targeting 
3’UTR directly, we first constructed ADRB1 
3’UTR luciferase reporter vector. A shown in the 
schematic diagram (Figure 1B), the full length 
of 1342 bp human ADRB1 3’UTR was cloned 
into the pGL3 control vector, downstreaming 
the coding region of firefly luciferase gene. 
According to the prediction of TargetScan 
(http://www.targetscan.org/), an online bioin-
formatics tool, sixteen candidate miRNAs were 
selected. HEK293T cells were co-transfected 
with pGL3-ADRB1 and miRNAs mimics or inhib-

Figure 2. The expression of eight 
candidate miRNAs in HF plasma 
samples. The expression of can-
didate miRNAs in plasma sam-
ples from HF patients and non-
failing controls were detected by 
quantitative RT-PCR. The results 
were analyzed by student t-test, 
and P<0.05 was considered sta-
tistically significant. The expres-
sion of miR-19a exhibited a sig-
nificant up-regulation compared 
with control. *P<0.05, compared 
with control.
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itors (Figure 1C). 24 h after transfection, cells 
were lysed and luciferase activities were 
detected. As shown in Figure 1C, compared 

with the miRNA control, the luciferase activity 
was significantly suppressed by miR-19a, miR-
19b, miR-30a, miR-30b, miR-30c, miR-30d, 

Figure 3. ADRB1 is a target gene of miR-19a. A-C. Since the 3’UTR of ADRB1 contains three putative miR-19a  
target sites, we divided them into three segments and subcloned into pGL3 vector independently. HEK293T cells 
were co-transfected with miRNA control, miR-19a mimic, anti-miR control or miR-19a inhibitor and pGL3-ADRB1 for 
dual-luciferase assay. PRL-TK containing Renilla luciferase was co-transfected for data normalization. D. M utation 
analysis of the miR-19a binding site. When 3 nucleotides of the binding site of miR-19a in the 3’-UTR of ADRB1 was 
mutated, the luciferase activity was not significantly changed by miR-19a mimic. E. ADRB1 protein level in miR-19a 
mimic or inhibitor-treated HEK293T cells was detected by western blot. The results were analyzed by student t-test, 
and P<0.05 was considered statistically significant. *P<0.05, compared with control. **P<0.01, compared with 
control.
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miR-101 and miR-367. These results indicate 
that these eight miRNAs target the 3’-UTR of 
ADRB1, leading to the change of firefly lucifer-
ase translation.

In order to understand the clinical presenta-
tions of these miRNAs, we detected their 
expression in plasma samples of nine HF 
patients and paired controls. As shown in 
Figure 2, the expression of miR-19a has a sig-
nificant up-regulation in HF patients compared 
with control (P=0.029).

According to the prediction of TargetScan, three 
miR-19a target sites existed in the 3’UTR of 
ADRB1. We divided them into three indepen-
dent segments and cloned into pGL3 vector 
separately, to identify the functional pattern of 
miR-19a. As shown in Figure 3A-C, miR-19a 
only inhibit the luciferase activity of the first 
vector which use the ADRB1 3’UTR first seg-
ment containing 143 bp of ADRB1 3’UTR. 
Furthermore, the luciferase activity was signifi-
cantly up-regulated by the miR-19a inhibitor 
compared with the anti-miR control, about 
33.3% (P<0.05). These results indicate that 
miR-19a targets the 3’-UTR of ADRB1, leading 
to the change of firefly luciferase translation, 
and the target site exist in the region between 
602-745 bp of ADRB1 3’UTR.

Seed sequence mutation clone was also used 
to further confirm the binding site for miR-19a 
(Figure 3D). Putative miR-19a binding region in 
the 3’-UTR of ADRB1 with 3 mutant nucleotides 

was constructed and co-transfected with miR-
19a mimic into HEK293T cells, with pRL-TK as 
transfection control. The histogram in Figure 
2D showed that the enzyme activity was not 
significantly changed in cells transfected miR-
19a mimics and miRNA control (P>0.05). These 
data indicate that miR-19a may suppress gene 
expression through binding to seed sequence 
at the 3’-UTR of ADRB1, and the target site is at 
the position 721-728 bp of ADRB1 3’UTR.

Although ADRB1 was identified as a target gene 
for miR-19a, it was unknown whether miR-19a 
could regulate endogenous ADRB1 expression. 
HEK293T cells were transfected with miR-19a 
mimics or inhibitor to see whether the dysregu-
lation of miR-19a expression affected endoge-
nous ADRB1 expression. Compared with corre-
sponding control, the level of ADRB1 protein 
was significantly suppressed by miR-19a mim-
ics and up-regulated by miR-19a inhibitor 
(Figure 3E). To further understand the clinical 
roles of overexpressed miR-19a, we detected 
the plasma BNP level which has been recog-
nized to have a significant application value  
in the early diagnosis and assessment of sever-
ity, prognosis, and therapeutic outcome in 
patients with heart failure. As shown in Figure 
4A, the plasma BNP level has a positive corre-
lation between miR-19a (r=0.42, P=0.017). 
Meanwhile, we also detected the plasma cAMP 
level, which was found to have a negative cor-
relation with cardiac function [11]. As shown in 
Figure 4B, a significant positive correlation 
(r=0.46, P=0.008) was constructed between 

Figure 4. The correlation between the expression of miR-19a and the plasma BNP or cAMP level in HF patients. The 
plasma BNP and cAMP levels were detected by enzyme-linked immunosorbent assay (ELISA). The plasma miR-19a 
expression was detected by using stem-loop qRT-PCR.
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plasma miR-19a and cAMP levels in 32 HF 
patients.

Discussion

β1-AR predominantly exists in the heart and 
β1-AR reduction is closely related to severity of 
HF. In this study, our research focused on the 
miRNAs that may repress β1-AR directly aim to 
find out new markers and target molecules for 
HF. The AGO2 knock down experiment con-
firmed that endogenous ADRB1 expression is 
suppressed by miRNAs. To further identify 
which miRNA suppress ADRB1 expression 
directly, we construct the ADRB1 3’UTR report-
er plasmid and selected sixteen candidate miR-
NAs. Confirmed by dual-luciferase assay and 
western blot, we found that miR-19a sup-
pressed ADRB1 expression by directly targeting 
3’UTR. Further expressions detection the levels 
of miR-19a, BNP and cAMP in 32 plasma sam-
ples of HF patients helped us to construct posi-
tive correlations between the expression levels 
of miR-19a and BNP or miR-19a and cAMP, 
hints miR-19a may be used as a biomarker in 
HF patients indicating cardiac function.

Normal human heart is composed of predomi-
nately β1-AR that selectively decrease during 
HF compared to β2-AR and the severity of the 
loss of β1-AR also correlates with the severity 
of the HF [12, 13]. Recently, there are reports 
indicate that β1-AR participate the miRNAs pro-
cessing progress [14]. However, whether the 
expression of β1-AR is regulated by miRNA is 
still unknown. Herein, we first confirmed that 
the expression of ADRB1 is regulated by miR-
NAs in HEK293T cells and mouse cardiomyo-
cytes. Consequently, we identified that miR-
19a, which had an up-regulated expression in 
HF patients, suppressed ADRB1 expression by 
directly targeting 3’UTR. Finally, we found an 
inverse correlation was existed between miR-
19a and BNP or cAMP level in 32 HF patients. 
To our knowledge, this is the first report that 
ADRB1 expression is suppressed by miRNA and 
helping shed light on the mechanism of ADRB1 
reduction in HF patients.

In conclusion, this study confirmed miR-19a 
suppressed ADRB1 expression by directly tar-
geting 3’UTR of ADRB1 and found an positive 
correlation between miR-19a and BNP or cAMP 
level in HF patients’ plasma, which may contrib-
utes to fully understand the HF pathogenesis 
and develops new diagnostic method for HF.
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