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Abstract. MicroRNAs (miRNAs) are non‑coding RNAs of 
~22 nucleotides in length, which serve an important role in 
numerous diseases. Asthma is a chronic airway inflammatory 
disease, which is the most common chronic disease among 
children. The role of miRNA (miR)‑16 in asthma is unclear. 
The objective of the present study was to examine the under-
lying molecular mechanism of the involvement of miR‑16 
in asthma. A total of 72 volunteers diagnosed with asthma 
consented to participate in the study, of whom 52 participants 
were identified to be sensitive to salmeterol and 20 partici-
pants were identified to be resistant to salmeterol. Receiver 
operating characteristic (ROC) curve analysis was performed 
to compare the expression levels of serum miR‑16 between the 
sensitive and resistant groups, and to confirm the association 
between the expression level of serum miR‑16 and forced expi-
ratory volume in 1 sec (FEV1). In silico analysis, a luciferase 
assay, reverse transcription‑quantitative polymerase chain 
reaction analysis and western blotting were performed to eluci-
date the molecular mechanism underlying the role of miR‑16 
in asthma. ROC results demonstrated that the serum miR‑16 
level may function as a biomarker to predict the response to 
salmeterol therapy, and the miR‑16 expression level displayed 
a significant negative correlation with FEV1. According to the 
in silico analysis, adrenoreceptor β‑2 (ADRB2) was a direct 
target of miR‑16, and it was further confirmed by luciferase 
assay that 25 nM miR‑16 mimic had an inhibitory effect on 
the luciferase activity of the wild‑type ADRB2 3' untranslated 
region (UTR); the inhibitory effect on the luciferase activity of 
the wild‑type ADRB2 3'UTR was stronger with 50 nM miR‑16 
mimic, and strongest with 75 nM miR‑16 mimic, whereas the 
luciferase activity of the mutant ADRB2 3'UTR in cells was 

similar following treatment with 0, 25, 50 or 75 nM miR‑16 
mimic. miR‑16 reduced the mRNA and protein expression 
levels of ADRB2 in a dose‑dependent manner. These results 
identified that miR‑16 may be used as a predictive biomarker 
of therapeutic response in asthma.

Introduction

Chronic obstructive pulmonary disease and asthma are chronic 
inflammatory disorders of the airways that trigger airflow 
limitation. The onset of asthma generally occurs in childhood, 
and in these cases is frequently associated with allergies. The 
patient may recover and experience a relapse in adulthood, or 
symptoms may be present throughout adolescence to adult 
life (1). In addition, asthma may recur at any age, mediated by 
a serious respiratory tract infection in certain cases. Asthma 
is characterized by shortness of breath, chest pressure, and 
variable and intermittent wheezing (2). The application of 
corticosteroids is recommended to regulate inflammation of 
the airway in chronic asthma, according to current guide-
lines (3). However, clinical studies reveal that sensitivities to 
the treatment vary largely in different individuals, with up to 
25% of patients exhibiting no response to oral corticosteroids, 
and up to 45% of patients exhibiting a suboptimal response 
to inhaled corticosteroids  (4,5). Airway inflammation is 
observed in these corticosteroid‑resistant (CR) patients, which 
leads to the serious asthma phenotype frequently found in 
these patients (6). For those patients with a variant cortico-
steroid response, switching to other treatments is required to 
enhance asthma control (7). Chronic airway inflammation in 
CR asthma is induced by the resistance to corticosteroids of 
lung macrophages (8).

β‑2 adrenergic receptor (β2AR) has been identified to 
have an important role in the occurrence of asthma. In 1968, 
Kunos and Szentivanyi (9) suggested that partial β‑adrenergic 
blockade causes bronchial hyperresponsiveness. This 
hypothesis was derived from evidence indicating enhanced 
β2AR downregulation, reduced β2AR density and decreased 
β‑adrenergic responses in human airway smooth muscle cells 
and lymphocytes originating from asthmatics, when compared 
with controls  (10). The β‑2 adrenergic receptor has been 
mapped to chromosome 5q31‑33, an area identified by a range 
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of genome‑wide and regional investigations to be harboring 
an asthma or atopy‑predisposition locus (11). Considering the 
correlation between bronchial hyperresponsiveness and the 
5q31‑33 locus, β2AR may be a potential gene for asthma (12).

Representing a class of ubiquitous, single‑stranded 
non‑coding RNAs, microRNAs (miRNAs) consist of 
19‑22  nucleotides. miRNAs bind to the 3'  untranslated 
regions (3'UTRs) of mRNAs in mammalian cells, largely via 
incomplete base‑pairing, to post‑transcriptionally suppress 
gene translation and hence decrease the expression of target 
genes  (13). miRNAs have a regulatory role in numerous 
biological processes, including stress, cell development and 
differentiation (14).

Mouse and human models have been established to inves-
tigate the effect of miRNAs in the pathogenesis of asthma. 
To date, asthmatic patients have been identified to have 
differential expression of >100 miRNAs when compared with 
normal healthy subjects (15). Nevertheless, different studies 
frequently conflict with respect to the direction of differen-
tial expression of miRNAs in asthma (16). A comparison of 
16 asthmatics to 12 healthy controls identified that miRNA 
(miR)‑221 was discovered to be increased (17). The study of 
Burger et al (18) revealed that decreased airway inflammation 
may be triggered by blocking miR‑221 in a mouse asthma 
model induced by ovalbumin, demonstrating the function of 
miR‑221 in asthma. T cells have been the focus in the majority 
of investigations on miRNAs in the blood for asthma risk. 
For instance, elevated expression of miR‑155 was observed 
in bronchial epithelial cells when seven patients with asthma 
were compared with seven healthy subjects (16); while asth-
matic patients had lower expression of miR‑155 expression in 
cluster of differentiation 4+ T cells, a greater reduction was 
observed when the disease severity was increased from mild 
to severe asthma (19).

It has been previously reported that miR‑16 is differentially 
expressed in blood collected from the disease, and dysregula-
tion of adrenoreceptor β‑2 (ADRB2) has also been reported 
to be involved in the molecular mechanism underlying 
the control of smooth muscle cell contraction  (20‑22). By 
searching the online miRNA database miRanda, it was identi-
fied that ADRB2 is a virtual target of miR‑16. In the present 
study, ADRB2 was validated as a target of miR‑16, and the 
involvement of miR‑16 and ADRB2 in the development of the 
disease was verified.

Materials and methods

Subjects. The present study was conducted according to the 
Declaration of Helsinki. A total of 72 participants between 
January 2017 and December 2017 were enrolled in the study at 
the Department of Respiratory Medicine, Liaocheng People's 
Hospital (Liaocheng, China), and all of them were diag-
nosed with asthma. Among the 72 participants, 52 asthmatic 
participants were sensitive to salmeterol, and 20 asthmatic 
participants were resistant to salmeterol. Participants who 
had had medical disorders of the upper and lower respiratory 
tract within the past 3 months, diabetes mellitus, chronic heart 
or lung disease, immunodeficiency or tumors were excluded 
from the study. Moreover, subjects receiving systemic cortico-
steroids or antihistamines within 1 month prior to the research 

were also excluded. The institutional Ethics and Research 
Committees of Liaocheng People's Hospital approved the 
protocol of the present study. The patients signed informed 
consent forms for participation in the study.

Pulmonary artery smooth muscle cell (PASMC) isolation. 
Blood vessels were isolated from the pulmonary artery and 
mechanically cut into small pieces in a cold buffer containing 
127 mM NaCl, 5.9 mM KCl, 1.2 mM MgCl2, 2.4 mM CaCl2, 
1.8  mM glucose and 10  mM HEPES adjusted to pH  7.4. 
Enzymatic digestion was performed in a mixture of one 
part Dulbecco's modified Eagle's medium/Ham's F12‑solved 
papain (0.5 mg/ml; Sigma‑Aldrich; Merck KGaA; Darmstadt, 
Germany) and one part buffer without calcium containing 
additional 32  mM DTT and 0.5% bovine serum albumin 
(BSA; Sigma‑Aldrich; Merck KGaA) for 30 min at 37˚C. 
Following centrifugation at room temperature at 300 x g for 
10 min, the supernatants were discarded and pulmonary artery 
pieces were digested with a buffer containing 0.75 mg/ml 
collagenase (Sigma‑Aldrich; Merck KGaA) in the presence 
of 0.5% BSA for 10 min at 37˚C. The enzyme was removed 
by centrifugation, and smooth muscle cells were resuspended 
with cell culture medium (Dulbecco's modified Eagle's 
medium/Ham's F12 1:1) supplemented with 10% fetal calf 
serum (HyClone; GE Healthcare Life Sciences, Logan, UT, 
USA), 2 mM L‑glutamine, 2.7 g/l D‑glucose, 25 mM HEPES, 
100 U/ml penicillin and 0.1 mg/ml streptomycin, and seeded 
on glass coverslips.

Cellular RNA isolation and reverse transcription‑quantitative 
polymerase chain reaction (RT‑qPCR). A GeneJET™ RNA 
Purification kit (Fermentas; Thermo Fisher Scientific, Inc., 
Waltham, MA, USA) was utilized to isolate the total RNA 
from PASMCs. A Revert Aid™ First Strand cDNA synthesis 
kit (Fermentas; Thermo Fisher Scientific, Inc.) was utilized 
to synthesize the cDNA from the extracted RNA at 42˚C for 
60 min and 70˚C for 10 min. RT‑qPCR was performed over 
35 cycles at 94˚C for 5 min to pre‑denature, 94˚C for 30 sec 
to denature, 60˚C for 30 sec to anneal, and 72˚C for 30 sec for 
extension. The Applied Biosystems 7500 Sequence Detection 
System (ABI7500 SDS; Applied Biosystems; Thermo Fisher 
Scientific, Inc.) was utilized to perform RT‑qPCR (PowerUp 
SYBR-Green; Thermo Fisher Scientific, Inc.), according to the 
manufacturer's protocol. Small nucleolar RNA (snoRNA) U6 
was used as an internal control to normalize the expression 
of miR‑16 and ADRB2 mRNA. The 2‑ΔΔCq method, described 
elsewhere (23), was utilized to analyze the relative expression 
of miR‑16 and ADRB2 mRNA. All reactions were performed 
in triplicate. The primers used in this study were as follows: 
miR‑16 forward, 5'‑GGG​GTA​GCA​GCA​CGT​AAA​T‑3' and 
reverse, 5'‑TGT​CGT​GGA​GTC​GGC​AAT​TG‑3'; ADRB2 
forward, 5'‑AAC​TGG​TTG​GGC​TAT​GTC​AA‑3' and reverse, 
5'‑GTT​AGT​GTC​CTG​TCA​GGG​AG‑3'.

Serum RNA isolation and RT‑qPCR. A Qiagen miRNeasy® 
kit (Qiagen GmbH, Hilden, Germany) was utilized to isolate 
the total RNA from 100‑µl serum samples derived from all 
subjects, following the manufacturer's protocol. A NanoDrop 
ND‑1000 spectrophotometer (Thermo Fisher Scientific, Inc., 
Wilmington, DE, USA) was utilized to measure the RNA 
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concentration, and Revert Aid™ First Strand cDNA synthesis 
kit (Fermentas; Thermo Fisher Scientific, Inc.) was utilized to 
synthesize the cDNA from the extracted RNA. RT‑qPCR was 
performed over 35 cycles at 94˚C for 5 min to pre‑denature, 
94˚C for 30 sec to denature, 60˚C for 30 sec to anneal, and 
72˚C for 30 sec for extension. ABI7500 SDS as utilized to 
performed RT‑qPCR (PowerUp SYBR-Green; Thermo Fisher 
Scientific, Inc.), according to the manufacturer's protocol. 
snoRNA U6 was used as an internal control to normalize the 
expression of miR‑16 and ADRB2 mRNA. The 2‑ΔΔCq method 
was utilized to analyze the relative expression of miR‑16 
mRNA and ADRB2. All reactions were performed in tripli-
cate. The primers used were as stated above.

miRNA target prediction. Targets mRNAs of miRNAs were 
predicted using miRanda (http://miranda.org.uk/). miRanda 
predicts the biological targets of miRNAs by searching for 
the presence of conserved 8mer and 7mer sites that match 
the seed region of each miRNA. Also identified are sites 
with mismatches in the seed region that are compensated by 
conserved 3' pairing. In mammals, predictions are ranked based 
on the predicted efficacy of targeting as calculated using the 
context+ scores of the site alignment. TargetScan (http://www.
targetscan.org/vert_72/) Human considers matches to anno-
tate human UTRs and their orthologs, as defined by UCSC 
whole‑genome alignments (24). Conserved targeting was also 
detected within open reading frames.

Cell culture and transfection. Minimum essential medium 
(MEM; Invitrogen; Thermo Fisher Scientific, Inc,) supple-
mented with 10% fetal bovine serum (HyClone; GE Healthcare 
Life Sciences), 1,000  µg/ml streptomycin sulfate and 
1,000 U/ml penicillin G (Invitrogen; Thermo Fisher Scientific, 
Inc.), 20 mM/L‑glutamine and 1 mM MEM non‑essential amino 
acids was used to maintain the PASMCs under an atmosphere 
of 5% CO2 at 37˚C. When the cells reached 30‑50% confluence, 
Lipofectamine® 2000 transfection reagent (Invitrogen; Thermo 
Fisher Scientific, Inc.) was used to transfect the PASMCs with 
miR‑16 mimics (5'‑AAA​UGC​ACG​ACG​AU‑3') or negative 
control (5'‑UUC​UCC​GAA​CGU​GUC​ACG​UTT‑3') at 0, 25, 50 
or 75 nM for 48 h (Shanghai GenePharma Co., Ltd., Shanghai, 
China), following the manufacturer's protocol. All experiments 
were performed three times.

Luciferase assay. Normal human cDNA served as a template, 
and was used to amplify the ADRB2 3'UTR by site‑directed 
mutagenesis. PCR was performed as described above. The 
PCR products were inserted into a pMIR‑REPORT™ 
Expression Reporter Vector from Augusta University 
(Augusta, GA, USA), and DNA sequencing was performed to 
confirm the inserts. Cells were maintained in 48‑well plates 
at a final density of 1x105 cells/well. Lipofectamine® 2000 
(Invitrogen; Thermo Fisher Scientific, Inc.) was used to 
co‑transfect miR‑16 mimics or negative control mimics and 
3'UTR ADRB2 luciferase reporter constructs or pRL‑CMV as 
an internal control for 48 h. The dual luciferase reporter assay 
system (Promega Corporation, Madison, WI, USA) was used 
to measure the luciferase activity based on the introduction by 
the manufacturer by comparing with Renilla luciferase. Each 
test was carried out three times.

Western blot analysis. A radioimmunoprecipitation assay 
lysis buffer (Upstate Biotechnology, Inc., Lake Placid, NY, 
USA) with protease inhibitor cocktail (Sigma‑Aldrich; Merck 
KGaA) was utilized to lyse the cells 48 h post‑transfection to 
detect the expression level of ADRB2 protein, in accordance 
with the manufacturer's protocol. The protein was quantified 
using the bicinchoninic acid method. SDS gradient gels of 
4‑20% (Mini‑PROTEAN TGX; Bio‑Rad Laboratories, Inc., 
Hercules, CA, USA) were utilized to load equal amounts 
(30 µg) of total protein, and gel electrophoresis was performed 
to separate the proteins, followed by transfer to polyvinylidene 
fluoride membranes (Immobilon‑P; EMD Millipore, Billerica, 
MA, USA). The primary antibodies anti‑ADRB2 at a dilution 
of 1:5,000 (cat. no. 8513; Cell Signaling Technology, Inc., 
Beverly, MA, USA) and monoclonal anti‑β‑actin at a dilution 
of 1:10,000 (cat. no. sc‑130301; Santa Cruz Biotechnology, 
Inc., Dallas, TX, USA) were utilized to treat the membrane at 
4˚C overnight, and horseradish peroxidase (HRP)‑conjugated 
secondary anti‑rabbit immunoglobulin G antibody at a dilu-
tion of 1:10,000 (cat. no. ab6721; Abcam, Cambridge, MA, 
USA) was used to treat the membrane for 60 min at room 
temperature. ImageJ software version 1.0 (National Institutes 
of Health, Bethesda, MD, USA) was used to visualize the 
bands. Each test was repeated in triplicate.

Statistical analysis. All data are presented as the mean ± stan-
dard deviation. SPSS 15.0 software (SPSS, Inc., Chicago, IL, 
USA) was used for statistical analysis, and a Student's t‑test, or 
one‑way analysis of variance followed by a post hoc multiple 
comparison via the Bonferroni method, was performed to 
analyze the differences among groups. Receiver operating 
characteristic (ROC) curves were generated to evaluate the 
association between miR‑16 and sensitivity. Pearson correla-
tion analysis was used to evaluate the correlation between 

Table I. Demographic and clinical characteristics of the study 
groups.

	 Asthmatic patients (n=72)
	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
	 Sensitive	 Resistant
Parameter	 (n=52)	  (n=20)	 P‑value

Age, years	 19.1±6.2	 18.9±7.9	 0.671
Sex, n (%)
  Male	 21 (40.4)	   9 (45.0)
  Female	 31 (59.6)	 11 (55.0)	 0.722
Residence, n (%)
  Rural	 17 (32.7)	   7 (35.0)
  Urban	 35 (67.3)	 13 (65.0)	 0.852
Family history of 
asthma, n (%)
  Negative	 15 (28.8)	   6 (30.0)
  Positive	 37 (71.2)	 14 (70.0)	 0.924
FEV1	 71.4±8.2	 72.5±6.7	 0.812

FEV1, forced expiratory volume in 1 sec.
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miR‑16 and forced expiratory volume in 1 sec (FEV1). P<0.05 
was considered to indicate a statistically significant difference.

Results

Clinical and demographic characteristics of subjects. A total 
of 72 volunteers diagnosed with asthma were enrolled in the 
present study, of whom 52 participants were identified to be 
sensitive to salmeterol (sensitive group) and 20 participants 
were identified to be resistant to salmeterol (resistant group). 
Information on the subjects, including age, sex, residence, 
family history of asthma and FEV1 was collected and is 
presented in Table  I. FEV1 was not significantly different 
between the sensitive and resistant groups.

ROC curve analysis. A ROC curve was generated to detect the 
optimal sensitivity and specificity threshold values of miR‑16 
between participants sensitive and resistant to salmeterol. It 
was observed that the serum miR‑16 level may function as a 
biomarker to predict the response to salmeterol therapy, with 
an area under the curve (AUC) value of 0.99, and was robust in 
distinguishing between patients with asthma who were sensi-
tive or resistant to salmeterol. The cut off value was <2.8. The 
specificity and sensitivity cut off values of miR‑16 to verify a 
subject with asthma as being sensitive or resistant to salme-
terol were 96.2 and 88.4%, respectively (Fig. 1).

Correlation between serum miR‑16 and FEV1. In order to 
demonstrate the correlation between the miR‑16 expression 
level and FEV1, Pearson correlation analysis was performed. 
As presented in Fig. 2, miR‑16 expression displayed a signifi-
cant negative correlation with FEV1.

ADRB2 is a direct target of miR‑16. To examine the under-
lying molecular mechanism of the association between miR‑16 

expression and response to therapy in asthma, as presented 
in Fig. 3, the association between miR‑16 and its target genes 
was analyzed using bioinformatics analysis with miRanda 
(version 2010). It was identified that ADRB2 had a predicted 
binding site for miR‑16, and the ‘seed sequence’ located on 
the ADRB2 3'UTR was highly conserved among species, 
indicating that this seed sequence may serve an important 
function.

Furthermore, to verify that miR‑16 regulates the expres-
sion of ADRB2 by binding to its 3'UTR, the ADRB2 
3'UTR fragment containing the miR‑16 putative binding 
site was amplified by PCR, and site‑directed mutagenesis 
was performed to mutate the binding site of miR‑16 located 
within ADRB2 3'UTR to eradicate miR‑16 binding to ADRB2 
mRNA. The wild‑type and mutant ADRB2 3'UTRs were 
inserted into luciferase reporter vectors to obtain pMIR‑(wild-
type or mutant) ADRB2‑3'UTR constructs. PASMCs were 
maintained in 48‑well plates, and co‑transfected with the 
constructs and different doses of miR‑16 mimic (0, 25, 50 
and 75 nM). RT‑qPCR revealed that miR‑16 expression was 
gradually increased following miR‑16 mimic transfection, in 
a dose‑dependent manner (Fig. 4A). Luciferase activity was 
detected 48 h post‑transfection, as presented in Fig. 4B, 25 nM 
miR‑16 mimic exerted an inhibitory effect on the luciferase 
activity of the wild‑type ADRB2 3'UTR; the inhibitory effect 
of 50 nM miR‑16 mimic was stronger, and that of 75 nM 
miR‑16 mimic was the strongest. The luciferase activity of the 
mutant ADRB2 3'UTR in cells was similar following treat-
ment with 0, 25, 50 or 75 nM miR‑16 mimic (Fig. 4C). These 
data collectively suggested that miR‑16 was a direct regulator 
of ADRB2, and negatively regulated the expression of ADRB2 
in a dose‑dependent manner.

Inhibition of ADRB2 expression via miR‑16 transfection. To 
further confirm the regulatory role of miR‑16 in the control of 
ADRB2 expression, gain‑of‑function analysis was performed 
in the PASMCs by transfecting the cells with different doses 
of miR‑16 mimic (0, 25, 50 and 75 nM). RT‑qPCR and western 
blotting were performed to examine the expression of ADRB2 
in the different treatment groups. As presented in Fig. 5, miR‑16 
mimic, in a concentration‑dependent manner, suppressed the 

Figure 2. Analysis of the correlation between serum miR‑16 and FEV1. miR, 
microRNA; FEV1, forced expiratory volume in 1 sec.

Figure 1. Receiver operating characteristic curve analysis of serum microRNA‑16 
in discriminating between patients who are sensitive and resistant to salmeterol.
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protein (Fig. 5A) and mRNA (Fig. 5B) expression of ADRB2, 
indicating that ADRB2 was a target of miR‑16, and that miR‑16 
inhibited the expression of ADRB2.

Discussion

Asthma causes persistent inflammation of the airways, and is 
characterized by shortness of breath, chest tightness, and inter-
mittent episodes of wheezing and airway hyperresponsiveness. 
A previous study revealed that a range of miRNAs are increased 
when responding to inflammatory stimuli in human epithelial 
cell lines and in mouse models of inflammation (25). The 
application of drugs, including corticosteroids and β2 agonists, 
by patients may also trigger interference with the expression 
of miRNAs that may be associated with asthmatic pathogen-
esis (26); asthmatics who had never undergone corticosteroid 
treatment for their asthma were previously assessed, and the 
expression of 227 miRNAs that represent a large majority of 
those demonstrated to be either uniquely generated, or those 
contributing to a large majority of the variations in miRNA 
profiles between tissues and cell lineages, was determined (27). 
Improvements in bronchial hyperresponsiveness may be 

Figure 3. Schematic representation of the target sequence in the 3'UTR of ADRB2 and miR‑16. UTR, untranslated region; ADRB2, adrenoreceptor β‑2; 
miR, microRNA.

Figure 4. miR‑16 binding with the 3'UTR of ADRB2 gene. (A) Reverse 
transcription‑quantitative polymerase chain reaction analysis of miR‑16 
expression in cells transfected with different doses of miR‑16 mimics. 
(B) Luciferase analysis of the wild‑type ADRB2 3'UTR in cells transfected 
with different doses of miR‑16 mimic. (C) Luciferase analysis of the mutant 
ADRB2 3'UTR in cells transfected with different dose of miR‑16 mimic. 
*P<0.05 vs. 0 nM miR‑16 group. miR, microRNA; UTR, untranslated region; 
ADRB2, adrenoreceptor β‑2.

Figure 5. miR‑16 transfection inhibits ADRB2 expression. (A) Western blot 
analysis of ADRB2 protein expression in cells transfected with different doses 
of miR‑16 mimic. (B) Reverse transcription‑quantitative polymerase chain 
reaction detection of ADRB2 mRNA level in cells transfected by different 
dose of miR‑16 mimics. *P<0.05 vs. 0 nM miR‑16 group. miR, microRNA; 
ADRB2, adrenoreceptor β‑2. 
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largely due to the anti‑inflammatory role of corticosteroids. 
No alteration in the expression of miRNAs was discovered 
following budesonide therapy, regardless of the fact that 
certain of the abundantly expressed miRNAs included binding 
sites for the nuclear factor‑κB transcription factor. It is likely 
that no action is exerted by budesonide upon basal miRNA 
expression, considering the absence of differentially expressed 
miRNAs in mild asthmatics (26).

miR‑16 is a member of the miR‑15/miR‑16 cluster that 
is present on the noncoding gene deleted in lymphocytic 
leukemia 2 (28). Verified targets of miR‑16 include numerous 
genes associated with the modulation of cell‑cycle progres-
sion, including cyclin E and cyclin D1 among others (29‑31). 
miR‑16 has been demonstrated to be commonly decreased in 
persistent lymphocytic leukemia (32). However, the action of 
miR‑16 in solid malignant tumors remains largely unknown. 
For example, miR‑15a and miR‑16 are markedly reduced in 
advanced prostate cancer, while the expression of Wnt family 
member 3A, cyclin D1 and BCL2, apoptosis regulator is consis-
tently increased (29). This investigation demonstrated that the 
reconstruction of miR‑16 in prostate cancer cells leads to apop-
tosis, growth arrest, and marked regression of prostate tumor 
xenografts in experimental models (29). miR‑16 overexpression 
was demonstrated to render MCF‑7 human breast cancer cells 
sensitive to the chemotherapeutic agent doxorubicin, and to 
inhibit the growth and self‑renewal of mammary tumor stem 
cells in mice (33). In the present study, 72 volunteers diagnosed 
with asthma were recruited, and they were divided into two 
groups: Asthmatic participants sensitive to salmeterol (n=52) 
and asthmatic participants resistant to salmeterol (n=20). It 
was found that FEV1 was not significantly different between 
the sensitive and resistant groups. ROC curve analysis was 
performed to determine the optimal sensitivity and specificity 
threshold values of miR‑16 between the sensitive and resistant 
groups, and it was revealed that the serum miR‑16 level may 
function as a biomarker to predict responses to salmeterol 
therapy, with an AUC value of 0.99. In addition, Pearson corre-
lation analysis was performed between miR‑16 expression and 
FEV1, and it was observed that miR‑16 expression displayed 
a significant negative correlation with FEV1. The observed 
negative correlation between miR‑16 and FEV1 indicated that 
miR‑16 may function as a negative regulator of ADRB2; the 
expression level of ADRB2 is positively correlated with lung 
functional indices, including FEV1 (34) , thus it is not unex-
pected that miR‑16 is negatively correlated with FEV1.

As a member of the G protein‑coupled receptor family, 
ADRB2 is highly expressed on bronchial smooth muscle cells, 
and has specific binding sites for and is stimulated by a group of 
ligands termed catecholamines, particularly epinephrine (35). 
The stimulation of ADRB2 may lead to dilation of the small 
airways, and thus ADRB2 agonists are applied as a first‑line 
bronchodilator treatment in asthma (36). ADRB2, which has 
a direct role in the effect of β‑1 adrenergic bronchodilators, 
is encoded by an intronless gene present on chromosome 
5q31‑32 (37). It has been demonstrated that ADRB2 variants 
are associated with treatment response, asthma severity and 
airway hypersensitivity (38).

The most frequently prescribed and applied inhaled asthma 
drugs are ADRB2 agonists (38). Their effectiveness partially 
relies on the structure, density and conformation of ADRB2 on 

the cell surface, and their molecular consistency and functions. 
The modulation/expression of ADRB2 is altered by a range of 
single nucleotide polymorphisms in the promoter, coding and the 
3'UTR domains (37). ADRB2+46*G (Gly16) leads to receptor 
downregulation triggered by agonists, while ADRB2+79*G 
(Glu27) is notably resistant (37). The receptor binding affinity 
is altered by ADRB2+491*T (Ile164), with decreased activation 
in vitro and reduced in vivo sensitivity to terbutaline in indi-
viduals with cardiac failure and healthy people (39,40). In the 
present study, computational analysis was performed, and it was 
observed that ADRB2 had a predicted binding site for miR‑16, 
located in the highly conserved 3'UTR. A luciferase reporter 
assay was conducted to test the above hypothesis, and it was 
revealed that 25 nM miR‑16 mimic suppressed the luciferase 
activity of wild‑type ADRB2 3'UTR; the inhibitory effect on 
the luciferase activity of the wild‑type ADRB2 3'UTR was 
stronger with 50 nM miR‑16 mimic, and strongest with 75 nM 
miR‑16 mimic, whereas the luciferase activity of the mutant 
ADRB2 3'UTR in cells was similar following treatment with 
0, 25, 50 or 75 nM miR‑16 mimic. Finally, western blotting and 
RT‑qPCR were performed to confirm the regulatory association 
between miR‑16 and ADRB2, and it was observed that miR‑16 
mimic suppressed the ADRB2 protein and mRNA expression 
levels in a concentration‑dependent manner.

The focus of the present study was the response medical 
treatment in patients with asthma. In addition to the involvement 
of miR‑16 in the control of the response to treatment, miR‑16 
has also been reported to be differentially expressed in airway 
smooth muscle cells collected from subjects with asthma, and 
was considered to be the hub of the miRNA regulatory network 
which is involved in the pathogenesis of asthma (41‑44).

The present results identified that miR‑16 may be used as a 
predictive biomarker of response to therapy in asthma.
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