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Abstract. MicroRNA‑23b‑3p (miR‑23b‑3p) has been reported 
to be involved in the pathogenesis of a number of diseases, 
including non‑small cell lung cancer and gastric cancer, by 
acting on different signaling pathways. The present study aimed 
to understand the association between the miR‑23b‑3p level 
of intracranial aneurysms (IAs) and the mechanism involved. 
Computational analysis was used to search for the target of 
miR‑23b‑3p, and luciferase assay was used to validate the 
miRNA/target association. Western blot analysis and reverse 
transcription-quantitative polymerase chain reaction (RT-qPCR) 
were used to determine the expression of miR‑23b‑3p and 
phosphatase and tensin homolog (PTEN), and their expression 
in smooth muscle cells (SMCs) treated with miRNA mimic or 
inhibitor. Firstly, an online miRNA database (www.mirdb.org) 
was searched using the ‘seed sequence’ located within the 
3'‑untranslated region of the target gene, and then PTEN was 
validated as the direct target gene via a luciferase reporter 
assay system. The negative regulatory association between 
miR‑23b‑3p and PTEN was determined through the analysis 
of the relative luciferase activity. Additionally, RT-qPCR 
and western blot analysis was performed in order to assess 
the mRNA and protein expression levels of PTEN among IA 
(n=32) and control (n=17) groups or cells treated with scramble 
control, miR‑23b‑3p mimics, PTEN siRNA and miR‑23b‑3p 
inhibitors to verify the negative regulatory association between 
miR‑23b‑3p and PTEN. Experiments were then performed to 
investigate the effect of miR‑23b‑3p and PTEN on the viability 
and apoptosis of pulmonary artery SMCs  (PASMCs). The 

results showed that cells transfected with miR‑23b‑3p inhibitors 
suppressed the viability of SMCs by promoting the apoptosis 
of the cells compared with that of the scramble controls, while 
cells transfected with miR‑23b‑3p mimics and PTEN siRNA 
enhanced the viability of VSMCs by inducing apoptosis. 
This indicated that miR‑23b‑3p negatively interfered with the 
viability of the cells, while PTEN positively interfered with the 
viability of the cells. In conclusion, PTEN was found to be a 
virtual target of miR‑23b‑3p, and a negative regulatory associa-
tion existed between miR‑23b‑3p and PTEN. miR‑23b‑3p and 
PTEN interfered with the viability and apoptosis of SMCs.

Introduction

Intracranial aneurysms (IAs) are commonly observed in general 
people with prevalence rate between 2 and 7% and incidence 
rate between 1 and 5%. Subarachnoid bleeding due to a ruptured 
IA leads to serious consequences resulting in marked morbidity 
and substantial mortality rates. The mechanisms for the develop-
ment, progression and collapse of IAs remain largely unknown, 
although a certain degree of progress has been made recently in 
their diagnosis and treatment (1). In summary, cerebral infarction 
has a substantial negative impact on the outcome after SAH. The 
main potentially treatable factors associated with infarction were 
symptomatic vasospasm and temperature greater than 38˚C on 
day 8 (1). In the clinical setting, systemic high blood pressure is 
correlated with the initiation of an IA and subarachnoid hemor-
rhage due to aneurysmal collapse. However, whether high blood 
pressure causes the initiation of an IA or subarachnoid hemor-
rhage remains to be confirmed (2‑4).

The hypothesis that inflammation is central to IA genesis 
is strengthened by the flow‑mediated dysfunction of the 
endothelium and the subsequent regulation of smooth muscle 
cells (SMCs) to a synthetic phenotype (5). The contractile pheno-
type produces a pro‑remodeling and pro‑inflammatory milieu, 
and hence accounts for the inflammation in a number of vascular 
diseases, which in turn results in persistence and amplification 
of the recruitment of immune cells and endothelial dysfunction. 
SMCs of the media progressively transform to a pathophysiolog-
ical synthetic phenotype from a quiescent contractile phenotype 
during the development of aneurysms, as observed on sections of 
human samples for histological examination, and express matrix 
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metalloproteinases and pro‑inflammatory cytokines (6,7). These 
proteases have a role in the degradation of the extracellular 
matrix and in inflammatory regulation, and are accepted to 
account for the remodeling of IA lesions by the breaking down 
of the cellular substrate, finally leading to a weakened vascular 
wall (8,9). A variety of factors are involved in the promotion 
of SMC apoptosis and increased cell death, and the media of 
affected cerebral arteries become thinner with the progression 
of the disease, developing into an aneurysmal cavity (10). This 
process develops collectively via the apoptosis or degeneration 
of SMCs, the suppression of the proliferation of SMCs, and the 
suppression of collagen generation and processing by SMCs, 
which has been noted in rat IA models (11). However, the major 
trigger for the remodeling of the media remains unclear.

MicroRNAs (miRNAs/miRs) are an important group of 
small regulatory RNAs containing ~22 nucleotides, which 
are crucial for gene control at the post‑transcriptional level. 
miRNAs bind to the 3'‑untranslated regions  (3'‑UTRs) of 
mRNAs and either result in message degradation or prevent 
translation through events mediated by RNA‑induced 
silencing complex (12). This family of small RNAs has been 
commonly observed since they were first identified ~10 years 
ago. Human microRNAs (n=2,578) are listed in the central 
database and repository of miRNAs in its most recently 
updated version (v20.0) at miRBase.org (13). miRNAs are 
located throughout the genome, in polycistronic miRNA 
clusters consisting of 2‑50 miRNAs, with transcriptional units 
being predominantly intronic to mRNAs.

There are correlations between altered levels of miRNAs 
and numerous cardiovascular problems complicated with 
diabetes (14), however, the manner in which diabetes per se 
regulates the phenotype and function of vascular SMC remains 
largely unknown. Gene expression alteration and SMC aberran-
cies in individuals with type II diabetes mellitus can be caused 
by dysregulated miRNAs triggered by the metabolic milieu (15).

The first miRNA analysis in IA showed reduced levels of 
18 miRNAs in IA tissue (16). A total of 681 target genes of the 
18 miRNAs were investigated in follow‑up studies, including 
the analysis of the mRNA expression profiles of IA and 
control samples. There is proliferation of numerous cell types 
and enrichment in ‘migration of phagocytes’, as indicated by 
functional classification of the target genes.

It has previously been demonstrated that miR‑23b is differ-
entially expressed in SMCs collected from patients with IA, and 
PTEN dysregulation has also been indicated to be involved in the 
molecular mechanism of SMC apoptosis (16,17). By searching 
the online miRNA database, it was found that PTEN is a virtual 
target of miR‑23b. The present study validated PTEN as a target 
of miR‑23b, and verified the involvement of miR‑23b and PTEN 
in the development of IA. The samples used in the present study 
were surgically removed aneurysm tissues.

Materials and methods

Patients and tissue samples. The subjects were unrelated individ-
uals assessed at the Department of Interventional Radiology, The 
First Affiliated Hospital of Zhengzhou University (Henan, China). 
For the case group, the trial recruited 32 sporadic intact IA patients 
(mean age, 48; age range, 39-65), while for the control group 
(mean age, 45; age range, 35-55), 17 individuals without any health 

problems were recruited, between July 2013 and September 2014. 
The patients with IA had been diagnosed by magnetic resonance 
angiography digital subtraction angiography or three‑dimensional 
computed tomography angiography. The patients provided written 
signed informed consent for participation in the study, and the 
study protocol was approved by the Research Ethics Committee at 
the First Affiliated Hospital of Zhengzhou University.

RNA isolation and reverse transcription-quantitative polymerase 
chain reaction (RT-qPCR). The total RNA, including miRNA, 
was isolated from vascular SMCs (VSMCs; isolated from the 
vessel walls) and extracted using TRIzol reagent (Thermo Fisher 
Scientific, Inc., Waltham, MA, USA). RNA concentration and 
purity were determined using a NanoDrop ND‑1000 spectro-
photometer (Nano Drop Technologies Inc., Rockland, DE, USA), 
with a 260/280 value >1.8 considered acceptable.

RNA was extracted from pulmonary artery SMCs 
(PASMCs) using TRIzol reagent (Thermo Fisher Scientific, 
Inc.) and subsequently purified by column with RNeasy kits 
(Qiagen GmbH, Hilden, Germany). For RT‑qPCR of 
miR‑23b‑3p, a 7900HT Fast Real‑Time PCR system (Applied 
Biosystems; Thermo Fisher Scientific, Inc.) was used to 
reverse‑transcribe 100 ng total RNA. The reverse transcription 
kit used was mirVana™ qRT-PCR miRNA Detection kit 
(Invitrogen; Thermo Fisher Scientific, Inc.). For RT‑qPCR of 
mRNAs, a High Capacity cDNA Archive kit (Applied 
Biosystems; Thermo Fisher Scientific, Inc.) was used to 
synthesize cDNA from 1 mg total RNA. The SYBR Green 
assay (Applied Biosystems; Thermo Fisher Scientific, Inc.) 
was used with the Applied Biosystems Real‑Time PCR system 
(Applied Biosystems; Thermo Fisher Scientific, Inc.) to detect 
the expression of PTEN and miR‑23b‑3p. The RT primer 
sequence used was: 5'-GTCGTATCCAGTGCGTGTCGTGG 
AGTCGGCAATTGCACTGGATACGACGGTAAT-3' (forward, 
5'-GGGATCACATTGCCAGGG-3' and reverse, 5'-CAGTGC 
GTGTCGTGGAGT-3'). Mature sequence hsa-miR-23b-3p 
was used as reference gene. The thermocycling conditions 
were as follows: 95˚C for 10 min, 40 cycles at 95˚C for 30 sec, 
60˚C for 30 sec and 72˚C for 30 sec. The quantification method 
used was the 2-∆∆Cq method (18).

Cell culture and transfection. The VSMCs were cultured at 
37˚C in a humidified atmosphere of 5% CO2, and maintained 
in Dulbecco's modified Eagle's medium  (DMEM), supple-
mented with 10% fetal bovine serum, 100 U/ml penicillin and 
100 mg/ml streptomycin (all from Thermo Fisher Scientific, Inc.). 
When 80% confluence was reached, the VSMCs were trans-
fected in suspension into 6‑well plates (5‑6x105 cells/well) using 
Lipofectamine 2000 (Invitrogen; Thermo Fisher Scientific, Inc.) 
according to the manufacturer's instructions. miR‑23b‑3p mimics, 
inhibitor or PTEN siRNA were used to transfect the cultured 
cells, and VSMCs transfected with a scramble control were used 
as a control (transfection reagent, Lipofectamine 2000; concen-
tration, 2 µl). The sequences used were as follows: miR‑23b‑3p 
mimics, 5'-ATCACATTGCCAGGGATTACC-3' and miR‑23b‑3p 
inhibitor, 5'‑GGTAATCCCTGGCAATGTGAT-3'. The growth 
medium was changed and the total cellular protein or RNA was 
isolated for further experiments 4 h later. Western blot analysis and 
RT-PCR were performed to determine the expression of PTEN 
and were performed according to the methods stated below.
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Vector construction and mutagenesis. The TargetScan public 
database (www.targetscan.org) was searched for the target 
gene of miR‑23b‑3p, and PTEN was found to be the putative 
miR‑23b‑3p binding site. The 3'‑UTR of PTEN containing 
the binding site of miR‑23b‑3p was amplified through PCR 
and inserted into the psiCHECK‑2 reporter vector (Promega 
Corporation, Madison, WI, USA). PCR was performed 
according to the methods already stated. Meanwhile, mutagen-
esis was performed by replacing the miR-23b-3p binding site 
nucleotides and introduced into the control vector (Ambion; 
Thermo Fisher Scientific, Inc.).

Cell proliferation assay. The effects of miR‑23b‑3p 
overexpression on VSMC proliferation were assessed using Cell 
Counting Kit‑8 (CCK‑8; Dojindo Molecular Technologies, Inc., 
Kumamoto, Japan). The PASMC proliferation reagent WST‑1 
was used to quantify proliferation rates of PASMCs. Briefly, 
PASMCs (0.5x106 cells/well) were transferred to 96‑trawell 
plates and AZD5438, NU6140, and CPT were used to treated the 
proliferating cells in serum containing medium. Following treat-
ment, the PASMCs were washed in DMEM without L‑glutamine 
and phenol red. WST‑1 reagent was diluted (1:10 final dilution) 
in DMEM without phenol red and with L‑glutamine (all from 
Sigma‑Aldrich; Merck KGaA, Darmstadt, Germany). This 
diluted tetrazolium WST‑1 reagent (200 µl)was then added to 
each well and absorption was measured at 2, 4 and 6 h. Diluted 
WST‑1 reagent was used for the background control. Absorbance 
was read at 440 nm using an ELISA plate reader.

Luciferase assay. The 3'‑UTR of PTEN was cloned into the 
psiCHECK‑2 vector, between the XhoI/NotI site, immediately 
downstream of the firefly luciferase gene in the pGL3‑control 
vector (both Promega Corporation). For selected targets, inverse 
PCR with non‑overlapping primers carrying the mutated 
sequences was used to introduce 3 point mutations into the 
7‑nt seed‑binding sequence (19). Lipofectamine 2000 (Invitrogen 
Life Technologies) was used to co‑transfect the 10 ng of each 
psi‑CHECK‑2 construct and 10 nM miRNA duplexes or into 
VSMCs in a 96‑well plate. The cell extract was harvested 2 days 
later and assayed using the Dual‑Luciferase reporter system 
(Promega Corporation) to measure Firefly and Renilla luciferase 
activities according to the manufacturer's protocols. Each experi-
ment was analyzed in triplicate in three independent experiments.

Western blot analysis. Ice-cold PBS and radio immuno-
precipitation assay lysis buffer were used to wash the cell 
monolayers in ice cold extraction buffer [20 mM Tris‑HCl 
(pH 7.5), 1 mM Na2 EDTA, 150 mM NaCl, 1% Triton X‑100, 
1 mM EGTA, 2.5 mM sodium pyrophosphate, 1 mM Na3VO4 
and 1 mM‑glycerophosphate; Thermo Fisher Scientific, Inc.] 
containing protease inhibitor cocktail (Sigma‑Aldrich; Merck 
KGaA) for 10 min according to the manufacturer’s protocols. 
Cell lysates were centrifuged at 16,770 x g at 4˚C for 10 min 
and proteins were separated by 12% SDS‑PAGE. The target 
proteins were transferred to Hybond ECL nitrocellulose 
membrane (GE  Healthcare, Chicago, IL, USA), blocked 
using 5% skimmed dry milk and 0.1% Tween‑20 for 2 h at 
room temperature and detected with the indicated antibodies 
[primary antibody, PTEN (cat. no. 9552S; dilution, 1:1,000; 
Cell Signaling Technology, Inc., Danvers, MA, USA) at 4˚C for 

12 h; secondary antibody, HRP-linked antibody (cat. no. 7075S; 
dilution, 1:3,000; Cell Signaling Technology, Inc.) at 25˚C for 
2 h] in TBS buffer (5% skimmed dry milk and 0.1% Tween‑20; 
blotting grade; Bio‑Rad Laboratories, Inc., Hercules, CA, USA). 
The protein determination method was BCA assay (Beyotime 
Institute of Biotechnology, Haimen, China). Next, horseradish 
peroxidase‑conjugated secondary antibodies were used for 1 h 
at room temperature according to the manufacturer's instruc-
tions. The visualization reagent used was Amersham ECL 
Prime Western Blotting Detection reagent (GE Healthcare).

Apoptosis analysis. Annexin V/propidium iodide staining with 
the apoptosis detection kit (Nanjing KeyGen Biotech Co., Ltd., 
Nanjing, China) was used to detect VSMC apoptosis. To measure 
the apoptosis of VSMCs, flow cytometry was performed with 
Annexin V-FITC (fluorescein isothiocyanate)/PI Apoptosis 
Detection kit (Sigma-Aldrich; Merck KGaA). VSMCs were 
harvested following the transfection with miR‑23b‑3p mimic after 
48 h, and then washed twice using PBS. Cells were resuspended 
at a final density of 4x105 cells per well with 1X binding buffer. 
After treated with 5 µl PE Annexin V and 5 µl 7-AAD, 100 µl 
cell suspension was incubated in darkness for 15 min. FACS (BD 
Biosciences; San Jose, CA, USA) was used to detect cell apop-
tosis. The y‑axis and x‑axis were used to show plasma membrane 
integrity and Annexin V immune fluorescence, respectively. 
Assays were performed in three independent experiments, and 
the ratio of dead cells/total cells was analyzed statistically.

Statistical analysis. All data are presented as the 
mean ± standard deviation. Each experiment was analyzed for 
three times, with three samples for each. The results of western 
blot analyses from three experiments are shown. One-way analysis 
of variance and Student-Newman-Keuls post hoc test determined 
the significance of the differences between the means. P<0.05 
was considered to indicate a statistically significance.

Results

PTEN is a virtual target of miR‑23b‑3p. miR‑23b‑3p has been 
reported to be involved in numerous diseases (20), including 
non‑small cell lung cancer and gastric cancer, by acting 
on different signaling pathways. The present study aimed 
to increase our understanding of the association between 
miR‑23b‑3p level and IA. Online miRNA target prediction 
tools were used to search for the regulatory gene of miR‑23b‑3p, 
and consequently PTEN was identified in cells with the ‘seed 
sequence’ in the 3'‑UTR (Fig. 1). A luciferase activity reporter 
assay was conducted in the VSMCs to determine the interac-
tions, and only the luciferase activity from the miR‑23b‑3p 

Figure 1. PTEN as the candidate target gene of miR‑23b‑3p in cells with the 
‘seed sequence’ in the 3'‑untranslated region. PTEN, phosphatase and tensin 
homolog; miR, microRNA.
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and wild‑type PTEN 3'‑UTR cotransfected cells decreased 
significantly (Fig. 2). The activity of cells with miR‑23b‑3p and 
mutant PTEN 3'‑UTR cotransfection was similar to that of the 
scramble control (Fig. 2). The results demonstrated that PTEN 
was a validated target of miR‑23b‑3p in the VSMCs. To further 
understand the interactions between miR‑23b‑3p and PTEN, 
the correlation between the expression level of miR‑23b‑3p 
and PTEN mRNA among the tissues was analyzed (n=32), and 
a negative regulatory correlation was found (Fig. 3).

Determination of expression patterns of miR‑23b‑3p and 
PTEN in tissues of different groups. The tissues of two different 
groups (IA, n=32; control, n=17) were used to further investi-
gate the impact on the interaction between miR‑23b‑3p and 
the PTEN 3'‑UTR. qPCR was performed to detect miR‑23b‑3p 
and PTEN mRNA expression, with results revealing that 
compared with that of the normal control, miR‑23b‑3p expres-
sion was decreased in the IA group (Fig. 4A). PTEN mRNA 
expression (Fig. 4B) was increased in the IA group compared 
with the normal control, as was PTEN protein expression, 
according to densitometry analysis (Fig.  4C). To further 

validate the hypothesis of the negative regulatory association 
between miR‑23b‑3p and PTEN, PTEN mRNA expression 
in SMCs was investigated, with the SMCs being transfected 
with scramble control, miR‑23b‑3p mimics, PTEN siRNA and 
miR‑23b‑3p inhibitors. As shown in Fig. 5, the PTEN mRNA 
expression level of SMCs treated with miR‑23b‑3p mimics and 
PTEN siRNA were markedly lower than those of the scramble 
control, while the expression of cells treated with miR‑23b‑3p 
inhibitors was markedly higher than that of the scramble 
control, validating the negative regulatory association between 
miR‑23b‑3p and PTEN.

Alternations in miR‑23b‑3p and PTEN affect the viability 
of SMCs. VSMCs were transfected with scramble control, 
miR‑23b‑3p mimics, PTEN siRNA and miR‑23b‑3p inhibitors 
to evaluate the effect of alternations in miR‑23b‑3p on the rela-
tive viability and apoptosis of the cells. miR‑23b‑3p inhibitor 
transfection suppressed the viability of the SMCs (Fig. 6A) 
by promoting their apoptosis (Fig. 6B) when compared with 
the scramble controls, while miR‑23b‑3p mimic and PTEN 
siRNA transfection enhanced the viability of the VSMCs 

Figure 4. (A) Expression of miR‑23b‑3p decreased in the IA group compared with 
that in the normal control group, while the expression of PTEN (B) mRNA and 
(C) protein increased in the IA group compared with that in the normal group. PTEN, 
phosphatase and tensin homolog; miR, microRNA; IA, intracranial aneurysm.

Figure 3. Correlation (Pearson correation analysis) between the expression level 
of miR‑23b‑3p and PTEN mRNA between patients (intracranial aneurysm, 
n=32; control, n=17). PTEN, phosphatase and tensin homolog; miR, microRNA.

Figure 2. Luciferase activity reporter assay was conducted to verify PTEN 
as the direct target gene of miR‑23b‑3p. PTEN, phosphatase and tensin 
homolog; miR, microRNA; UTR, untraslated region. *P<0.05 vs. control.
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(Fig. 6A) by inducing apoptosis (Fig. 6B). This indicates that 
miR‑23b‑3p negatively affects the viability of SMCs, while 
PTEN positively affects the viability of cells.

Discussion

miR‑23b‑3p is a member of the miR‑23b/27b/24‑1 cluster, the 
dysregulation of which has been demonstrated in a variety of cancer 
types. In human colon cancer, downregulation of miR‑23b‑3p is 
observed, regulating MAP3k1 or FZD7 to trigger the multiple 
processes of metastasis in vivo. Moreover, miR‑23b‑3p acts as an 
oncogenic miRNA to suppress PTEN in renal cell carcinoma (21). 
Also, thymic lymphoma induced by radiation has been demon-
strated to exhibit upregulated expression of miR‑23b‑3p (22). 
miR‑23b‑3p was also found to induce the sensitivity of GC cells 
to chemotherapy (23). Furthermore, our previous study showed 
that miR‑23b‑3p has two directly functional targets, including 
high‑mobility group box 2 and autophagy‑related gene 12, which 
are overexpressed in GC multidrug-resistant cells and positively 
associated with either chemoresistance or autophagy (24). It has 
been previously shown that miR‑23b is differentially expressed 
in SMCs collected from patients diagnosed with IA (16). In the 
present study, tissues were collected from patients with IA (n=32) 
or unaffected controls (n=17), and qPCR was used to determine 
the expression of miR‑23b‑3p. This revealed that the miRNA was 
substantially downregulated in the IA samples. Furthermore, it 

was found that PTEN is a virtual target of miR‑23b by using an 
online miRNA database.

In another study, we previously demonstrated that there 
was an association between miR‑23b‑3p level and survival in 
patients with renal carcinoma (22). As with miR‑21, all patients 
exhibited low or moderate expression of miR‑23b‑3p, but only 
half of the patients with high miR‑23b‑3p expression achieved 
5‑year survival following surgery. miR‑23b‑3p‑knockdown 
in renal cancer cells contributed to an elevated quantity of 
apoptotic cells, and reduced cell migration and invasion. 
Tumor inhibitor PTEN was not detected in tumor samples 
with high expression of miR‑23b‑3p and was augmented in 
miR‑23b‑3p‑knockdown cells. miR‑23b‑3p directly targeted 
the 3'‑UTR of PTEN, demonstrating that PTEN is involved 
in the apoptotic mechanism induced by miR‑23b‑3p. GEN 
treatment reduced the expression of miR‑23b‑3p, revealing 
that downregulated miR‑23b‑3p expression could trigger 
the pro‑apoptotic role of GEN on renal cancer cells (22). In 
the present study, a luciferase activity reporter assay was 
conducted in the VSMCs, and it was revealed that only the 
luciferase activity from the miR‑23b‑3p and wild‑type PTEN 
3'‑UTR cotransfected cells significantly decreased (Fig. 2), 
while cells with miR‑23b‑3p and mutant PTEN 3'‑UTR 
cotransfection showed results similar to that of the scramble 
control (Fig. 2). This supported PTEN as a validated target of 
miR‑23b‑3p in VSMCs.

Figure 5. (A and B) SMCs were transfected with scramble control, miR‑23b‑3p 
mimics, PTEN siRNA and miR‑23b‑3p inhibitors. The expression level of 
PTEN mRNA in the cells treated with miR‑23b‑3p mimics and PTEN siRNA 
decreased, while that in cells treated with miR‑23b‑3p inhibitors increased. 
PTEN, phosphatase and tensin homolog; miR, microRNA; siRNA, small 
interfering RNA; SMCs, smooth muscle cells. *P<0.05 vs. control.

Figure 6. (A and B) SMCs transfected with miR‑23b‑3p inhibitors showed 
evidently upregulated viability, while those transfected with miR‑23b‑3p 
mimics and PTEN siRNA showed comparably lower viability; SMC cells 
transfected with miR‑23b‑3p mimics and PTEN siRNA exhibited decreased 
apoptosis while those transfected with miR‑23b‑3p exhibited increased apop-
tosis. PTEN, phosphatase and tensin homolog; miR, microRNA; siRNA, 
small interfering RNA; SMCs, smooth muscle cells.*P<0.05 vs. control.
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PTEN is a lipid phosphatase and protein that serves an 
inhibitory role in numerous pathways implicated in prolif-
eration, cell survival and inflammation (25). The effect of 
PTEN has been well established in cancer, but its effects 
in vascular disorders are less well characterized. Several 
studies have demonstrated that the inactivation of PTEN 
contributes to elevated SMC proliferation and reduced cell 
death  (26,27). In addition, vascular injury accounts for 
inactivation of SMC PTEN and is correlated with elevated 
formation of neointima (28). SMC‑specific-knockout of PTEN 
in vivo leads to a larger neointima responding to injury of the 
vessel wall caused by recruitment of inflammatory cells and 
elevated proliferation (29). An inflammatory SMC phenotype 
can be promoted by in vitro shRNA‑dependent depletion of 
PTEN, characterized by elevated production of chemokines 
and inflammatory cytokines, reduced SM‑gene expression 
and elevated proliferation (17). Moreover, a study by Ji et al 
revealed that miR‑21 directly targets PTEN and that miRs 
such as miR‑21 are differentially expressed by SMC when 
vascular injury occurs (30). In addition, neointima formation 
is regulated by altered miR‑21 in vivo. 

In humans, germline mutations of PTEN are corre-
lated with Lhermitte‑Duclos disease, Bannayan‑Zonana 
syndrome and Cowden disease  (31,32). Patients have 
common pathological characteristics, such as benign hyper-
plasias or tumors of different tissue origins, and initiation 
of hamartomas. A variety of tumors and hyperplasias are 
developed in mice that are heterozygous for Pten genes 
during their lifetime (33). Notably, Freeman et al showed 
that PtenΔ5/+ mice exhibited vascular abnormalities resem-
bling hemangiomas or angiomatosis, and that the genetic 
background was the basis of the initiation and spectrum of 
tumor development (34). Moreover, vascular malformation 
is observed in transgenic murine models with maintained 
activation of Akt. Abnormal blood vessel formation can be 
caused by expression of myristoylated‑Akt1 in endothelial 
cells (35,36). It is unclear why endothelial cells are particu-
larly prone to tumor development correlated with loss of 
three of the four Pten alleles, and this therefore requires 
further study in ptena+/‑ptenb‑/‑ and ptena‑/‑ptenb+/‑ fish. In 
the present study, SMCs were transfected with scramble 
control, miR‑23b‑3p mimics, PTEN siRNA and miR‑23b‑3p 
inhibitors to evaluate the effect of alternation of miR‑23b‑3p 
on relative cell viability and apoptosis. It was found that 
cells transfected with miR‑23b‑3p inhibitors suppressed the 
viability of SMCs by promoting the apoptosis of the cells 
when compared with the scramble controls, while cells 
transfected with miR‑23b‑3p mimics and PTEN siRNA 
enhanced the viability of VSMCs by inducing apoptosis, 
indicating that miR‑23b‑3p negatively affected the viability 
of the cells, while PTEN positively affected the viability of 
the cells.

In conclusion, PTEN was virtual target of miR‑23b‑3p and 
a negative regulatory association existed between miR‑23b‑3p 
and PTEN in the present study. miR‑23b‑3p and PTEN 
affected the viability and apoptosis of SMCs.
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