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Abstract. The present study aimed to investigate the role of 
miR‑214 on inflammation and apoptosis in the vascular system 
and to examine its potential mechanisms. Anti‑miR‑214 mimics 
were used to downregulate miR‑214 expression in HUVECs. 
Cell viability and the apoptosis rate were measured using MTT 
assay and flow cytometry. Tumor necrosis factor (TNF)‑α, 
interleukin (IL)‑1β, IL‑6 and IL‑18 levels were measured using 
ELISA kits. Following this, caspase‑3/9, Bax, phosphatase and 
tensin homolog (PTEN), nuclear factor (NF)‑κB and phos-
phorylated‑(p)‑protein kinase B (Akt) protein expression were 
analyzed using western blotting. The results demonstrated that 
anti‑miR‑214 mimics inhibited cell proliferation, increased 
apoptosis and inflammatory factors (TNF‑α, IL‑1β, IL‑6 and 
IL‑18 levels), inhibited cell proliferation, and induced Bax 
protein expression in TNF‑α‑induced vascular endothelial 
cells through induction of PTEN and NF‑κB protein expres-
sion and inhibition of Akt protein expression. The PTEN 
inhibitor inhibited the function of anti‑miR‑214 on apoptosis 
and inflammation in TNF‑α‑induced inflammation vascular 
endothelial cells through the PTEN/Akt signaling pathway. 
These results suggest that miR‑214 mediates vascular inflam-
mation and apoptosis via PTEN expression. 

Introduction

According to the World Health Organization (WHO), cardio-
vascular disease has become one of the most dangerous 
diseases endangering human health. It is predicted that cardio-
vascular diseases will progress to become the leading cause of 
human mortality by 2020, thus is an important public health 
problem (1). There are 230 million people with cardiovascular 
disease in China and there are ~3 million cases of cardiovas-
cular disease‑associated mortality per year, accounting for 

~50% of all causes of mortality in China (2). Someone dies 
due to cardiovascular complications every 13  sec  (2) and 
it is predicted that by 2030, the morbidity and mortality of 
cardiovascular disease in China will increase by 73% (2). At 
present, cardiovascular disease costs up to 300 billion yuan 
(~£35 billion) in China every year, in addition its growth 
rate is almost twice that of China's GDP, thus will cause a 
large economic burden on society (2). Atherosclerosis (AS) 
accounts for the largest proportion of cardiovascular disease, 
along with the highest morbidity and mortality (3). Chronic 
vascular inflammatory reaction serves a significant role in the 
occurrence and development of AS (4). In addition, vascular 
inflammatory injury is an important pathogenic mechanism 
leading to the occurrence and development of hypertension, 
aneurysm, in addition to percutaneous transluminal coronary 
angioplasty (5). Previous studies have demonstrated that tumor 
necrosis factor (TNF)‑α‑induced inflammation in vascular 
endothelial cells is a common model for studying vascular 
inflammation (5). 

MicroRNAs (miRNAs) are small non‑coding RNAs that are 
approximately 19‑22 bases in length. They function normally 
as regulators of gene expression, and have been demonstrated 
to serve key regulatory roles in biological processes (6). This 
regulation is also present in the self‑renewal of stem cells 
and the differentiation of a variety of cell lineages (7). It is 
confirmed that the generation of miRNAs can interfere with 
the process of angiogenesis and the function of vascular endo-
thelial cells (8).

Inflammation is a common cause of endothelial dysfunc-
tion. Under physiological conditions, the endothelium will 
affect the vascular inflammation through the release of nitric 
oxide  (9). However, endothelial dysfunction will produce 
excessive reactive oxygen species and aggravate inflammation 
of the blood vessels, thereby damaging the blood vessels (10). 
Various inflammatory factors are associated with endothelial 
dysfunction and atherosclerosis  (11). Inflammation is also 
associated with overexpression of TNF‑α and interleukin 
(IL)‑6, which promotes the adhesion and migration of mono-
cytes (12). In addition, these inflammatory factors can also 
cause expression of adhesion molecules, including vascular 
cell adhesion molecules, intracellular adhesion molecules and 
monocyte chemotactic factor 1 in endothelial cells and mono-
cytes. Thus, this causes more severe endothelial dysfunction. 
Upon reaching the intima, the monocytes are transformed 
into giant cells, which are conductive to the expression of 
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receptors that facilitate lipid uptake and accumulation (12). 
In this way, the macrophages can be transformed into foam 
cells. Subsequently, smooth muscle cell migration occurs, 
which together with foam cells, form necrotic nuclei, leading 
to the formation of atherosclerotic plaques (13). Therefore, the 
endothelial dysfunction caused by inflammation additionally 
has a direct association with the occurrence and development 
of vascular diseases.

A previous study identified that PTEN is closely associated 
with tumor angiogenesis (14). It can inhibit the angiogenesis 
by activating the phosphoinositide 3‑kinase (PI3K) signaling 
pathway and regulating hypoxia‑inducible factor 1 in addition 
to vascular endothelial growth factor (15). The present study 
aimed to investigate the role of miRNA (miR)‑214 on inflam-
mation and apoptosis in the vascular system and to examine its 
potential mechanism.

Materials and methods 

Cell culture and transfection. Human umbilical vein endothe-
lial cells (HUVECs) were obtained from the Shanghai Cell 
Bank of Chinese Academy of Sciences (Shanghai, China) 
and cultured in M199 medium (Hyclone; GE Healthcare 
Life Sciences, Logan, UT, USA) containing 10% fetal bovine 
serum (Hyclone; GE Healthcare Life Sciences) at 37˚C in a 
humidified 5% CO2 environment. Anti‑miR‑214 mimics were 
obtained from Shanghai Sangon Biotech Co., Ltd. (Shanghai, 
China). Anti‑miR‑214 mimics were transfected with 
Lipofectamine® 2000 Reagent (Invitrogen; Thermo Fisher 
Scientific, Inc., Waltham, MA, USA) into the HUVECs. After 
transfection at 48 h, HUVECs were induced by 500 ng/ml 
TNF‑α (cat. no.  sc‑4564; Santa Cruz Biotechnology, Inc., 
Dallas, TX, USA) for 24 h. 

Reverse transcription‑polymerase chain reaction (RT‑PCR). 
Total RNA isolation was conducted using TRIzol (Invitrogen; 
Thermo Fisher Scientific, Inc.). A total of 1 µg total RNA was 
reverse transcribed into cDNA using the PrimeScript™ RT 
reagent kit (Takara Bio, Inc., Otsu, Japan) according to the 
manufacturer's protocol. The RT‑PCR reaction was conducted 
using an AB7300 thermal cycler (Applied Biosystems; Thermo 
Fisher Scientific, Inc.) using Platinum SYBR Green qPCR 
SuperMix‑UDG (Invitrogen; Thermo Fisher Scientific, Inc.). 
The primers used were as follows: miR‑214, forward 5'‑CAC​
CGC​ATC​CGC​TCA​CCT​GTA​CAG​C‑3' and reverse 5'‑AAA​
CGC​TGT​ACA​GGT​GAG​CGG​ATG​C‑3'; U6, forward 5'‑CTC​
GCT​TCG​GCA​GCA​CA‑3' and reverse 5'‑AAC​GCT​TCA​CGA​
ATT​TGC​GT‑3'. The amplification conditions were as follows: 
Initial denaturation at 95˚C for 10 min, followed by 40 cycles 
for 30 sec at 95˚C and 1 min in 60˚C. Data were analyzed 
using the 2‑ΔΔCq method (16). 

Cell proliferation. Cell viability was determined by the 
MTT [3‑(4,5‑dimethylthiazol‑2‑yl)‑2,5‑diphenyl tetrazolium 
bromide] assay. MTT was added (5.0 mg/ml) into a plate and 
incubated at 37˚C in 5% CO2 for 4 h. Dimethyl sulfoxide 
was added to each well and shaken for 20 min at 37˚C. The 
optical density was determined (Stat Fax 2100 Microplate 
Reader; Awareness Technology, Inc., Palm City, FL, USA) 
at 490 nm. 

Apoptosis assay. Cells were then washed with PBS and 
pelleted by centrifugation at 500 x g for 5 min at 4˚C and 
resuspended in binding buffer (FACS Vantage Buffer; BD 
Biosciences, San Jose, CA, USA). Cells were stained with 5 µg 
Annexin‑V‑fluorescein isothiocyanate and 5 µg propidium 
iodide at room temperature in the dark for 15  min. The 
samples were examined by flow cytometry (FACS Vantage; 
BD Biosciences).

ELISA. Cells were harvested by scraping from the wells, 
proteins were obtained with radioimmunoprecipitation assay 
lysis buffer (RIPA; Bio‑Rad Laboratories, Inc., Hercules, CA, 
USA). The protein concentrations were determined using 
Coomassie protein reagent (Bio‑Rad Laboratories, Inc.). 
Proteins (5 µg) were used to measure TNF‑α, IL‑1β, IL‑6 and 
IL‑18 levels using ELISA kits. The optical density was deter-
mined (Stat Fax 2100 Microplate Reader) at 450 nm. Caspase‑3 
and caspase‑9 activity were measured using Caspase‑3 and 
caspase‑9 activity kits (Beyotime Institute of Biotechnology, 
Jiangsu, China). The optical density was determined (Stat Fax 
2100 Microplate Reader) at 405 nm.

Western blotting. Cells were harvested by scraping from the 
wells, proteins were obtained with RIPA. The protein concen-
trations were determined using Coomassie protein reagent. 
Protein (50 µg) was loaded per lane and separated by 8‑10% 
SDS‑PAGE and then transferred to nitrocellulose membranes 
(GE Healthcare Life Sciences, Arlington Heights, IL, USA). 
Membranes were blocked in Tris‑buffered saline containing 
0.1% Tween‑20 and 5% skimmed milk for 1 h at 37˚C and 
incubated with primary antibodies: Bax (cat. no.  sc‑6236; 
1:1,000; Santa Cruz Biotechnology, Inc.), PTEN (cat. 
no. sc‑9145; 1:1,000; Santa Cruz Biotechnology, Inc.), NF‑κB 
(cat. no.  sc‑109; 1:2,000; Santa Cruz Biotechnology, Inc.), 
p‑Akt (cat. no. sc‑7985‑R; 1:500; Santa Cruz Biotechnology, 
Inc.) and GAPDH (cat. no.  sc‑25778; 1:5,000; Santa Cruz 
Biotechnology, Inc.) at 4˚C overnight, followed by incubation 
with anti‑rabbit IgG peroxidase‑conjugated secondary anti-
bodies (cat. no. 7054; 1:5,000; Cell Signaling Technology, Inc., 
Danvers, MA, USA) for 1 h at 37˚C. The detection of specific 
proteins was carried out with an ECL Western blotting and 
quantified using a G: Box gel imaging system by Syngene 
(Syngene, Frederick, MD, USA).

Statistical analysis. Data are expressed as the mean ± stan-
dard deviation. Statistical analysis of data was performed 
using one‑way analysis of variance. P<0.05 was considered to 
indicate a statistically significant difference.

Results 

Cell proliferation and cell apoptosis in vascular endothelial 
cells with miR‑214 downregulation. In order to explore the role 
of miR‑214 on cell growth and apoptosis in TNF‑α‑induced 
inflammation in vascular endothelial cells, the cell prolifera-
tion and cell apoptosis were analyzed. As presented in Fig. 1A, 
anti‑miR‑214 mimics reduced miR‑214 expression in vascular 
endothelial cells induced by TNF‑α, compared with the 
control group. However, miR‑214 downregulation inhibited 
cell proliferation and induced apoptosis of TNF‑α‑induced 
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inflammation vascular endothelial cells, compared with the 
control group (Fig. 1B‑D). 

Caspase‑3/9 and Bax protein expression in vascular endo‑
thelial cells with miR‑214 downregulation. Subsequently, the 
function of miR‑214 in apoptosis in TNF‑α‑induced inflam-
mation in vascular endothelial cells was investigated, with 
caspase‑3/9 activity and Bax protein expression as markers 
of apoptosis. There were significant increases of caspase‑3/9 
activity and Bax protein expression in TNF‑α‑induced 
inflammation in vascular endothelial cells with miR‑214 
downregulation, which indicated that miR‑214 downregula-
tion induced vascular endothelial cell apoptosis (Fig. 2). 

Inflammation changes in vascular endothelial cells with 
miR‑214 downregulation. To determine the function of 
anti‑miR‑214 on inflammation changes in vascular endothelial 
cells, TNF‑α, IL‑1β, IL‑6 and IL‑18 levels were determined 
using ELISA kits. Following transfection with miR‑214 
mimics for 48 h, TNF‑α, IL‑1β, IL‑6 and IL‑18 levels were 
significantly increased in TNF‑α‑induced inflammation in 
vascular endothelial cells with miR‑214 down‑expression 
(Fig. 3). 

PTEN and NF‑κB protein expression in vascular endothelial 
cells with miR‑214 downregulation. In order to examine the 
mechanism of anti‑miR‑214 on inflammation and apoptosis 

Figure 2. Caspase‑3/9 activity and Bax protein expression in vascular endothelial cells by miR‑214 downregulation. (A) Caspase‑3 and (B) caspase‑9 activity 
levels were determined. (C) Bax protein expression was quantified and measured by (D) western blotting in vascular endothelial cells by miR‑214 downregula-
tion. ##P<0.01 vs. control group. miR, microRNA; control, control group; anti‑miR‑214, anti‑miR‑214 mimics group. 

Figure 1. Cell proliferation and cell apoptosis in vascular endothelial cells by miR‑214 downregulation. (A) miR‑214 expression, (B) cell proliferation and 
(C and D) cell apoptosis in vascular endothelial cells by miR‑214 downregulation. ##P<0.01 vs. control group. miR, microRNA; control, control group; 
anti‑miR‑214, anti‑miR‑214 mimics group. 



WANG et al:  miR-214 MEDIATES VASCULAR INFLAMMATION AND APOPTOSIS VIA PTEN EXPRESSION2232

in TNF‑α‑induced inflammation in vascular endothelial cells, 
PTEN and NF‑κB protein expression levels were measured 
in vascular endothelial cells. Fig.  4 indicates that PTEN 
and NF‑κB protein expression were significantly induced, 
and p‑Akt protein expression was significantly reduced in 
TNF‑α‑induced inflammation in vascular endothelial cells by 
miR‑214 downregulation. 

PTEN inhibitor inhibited the function of miR‑214 on PTEN 
and NF‑κB protein expression in vascular endothelial cells. 
According to the above results, the PTEN inhibitor was used 
to adjust PTEN expression in TNF‑α‑induced inflammation 
in vascular endothelial cells by miR‑214 downregulation. As 

presented in Fig. 5, the PTEN inhibitor could inhibit PTEN 
and NF‑κB protein expression, and induced p‑Akt protein 
expression in TNF‑α‑induced inflammation in vascular endo-
thelial cells by miR‑214 downregulation. 

PTEN inhibitor inhibited the function of anti‑miR‑214 on 
apoptosis in vascular endothelial cells. Subsequently, it 
was investigated whether the PTEN inhibitor decreased the 
function of miR‑214 on apoptosis in vascular endothelial 
cells. The inhibition of PTEN expression promoted cell 
proliferation and inhibited apoptosis of TNF‑α‑induced 
inflammation in vascular endothelial cells by miR‑214 
downregulation (Fig. 6). 

Figure 3. Inflammatory changes in vascular endothelial cells by miR‑214 downregulation. (A) TNF‑α, (B) IL‑1β, (C) IL‑6 and (D) IL‑18 activity levels are 
presented. ##P<0.01 vs. control group. MiR, microRNA; TNF‑α, tumor necrosis factor α; IL, interleukin; control, control group; anti‑miR‑214, anti‑miR‑214 
mimics group. 

Figure 4. PTEN and NF‑κB protein expression in vascular endothelial cells by miR‑214 downregulation. (A) Western blotting of PTEN, NF‑κB and p‑Akt 
protein expression and statistical analysis of (B) PTEN, (C) NF‑κB and (D) p‑Akt in vascular endothelial cells by miR‑214 downregulation. ##P<0.01 vs. control 
group. PTEN, phosphatase and tensin homolog; NF‑κB, nuclear factor κB; miR, microRNA; p‑Akt, phosphorylated protein kinase B; control, control group; 
anti‑miR‑214, anti‑miR‑214 mimics group. 
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PTEN inhibitor inhibited the function of miR‑214 on caspase‑3 
and Bax protein expression in vascular endothelial cells. In 
addition, it was identified that the inhibition of PTEN expres-
sion decreased the function of miR‑214 on caspase‑3 and Bax 
protein expression in vascular endothelial cells (Fig. 7).

PTEN inhibitor inhibited the function of miR‑214 on 
inflammation in vascular endothelial cells. To investigate the 
role of anti‑miR‑214 on inflammation in vascular endothelial 

cells, TNF‑α, IL‑1β, IL‑6 and IL‑18 levels were measured. The 
inhibition of PTEN expression significantly reduced TNF‑α, 
IL‑1β, IL‑6 and IL‑18 levels in TNF‑α‑induced inflammation in 
vascular endothelial cells by miR‑214 downregulation (Fig. 8). 

Discussion 

A clinical epidemiological survey has indicated that the 
morbidity and mortality of cardiovascular disease in China 

Figure 5. PTEN inhibitor, inhibited the function of miR‑214 on PTEN and NF‑κB protein expression in vascular endothelial cells. the PTEN inhibitor inhibited 
the function of miR‑214 on PTEN, NF‑κB and p‑Akt protein expression observed by (A) western blotting and statistical analysis of (B) PTEN, (C) NF‑κB and 
(D) p‑Akt in vascular endothelial cells by miR‑214 downregulation. ##P<0.01 vs. control group, **P<0.01 vs. anti‑miR‑214 mimics group. PTEN, phosphatase 
and tensin homolog; miR, microRNA; PTEN inhibitor, VO‑Ohpic trihydrate + anti‑miR‑214 group; NF‑κB, nuclear factor κB; p‑Akt, phosphorylated protein 
kinase B; control, control group; Aanti‑miR‑214, anti‑miR‑214 mimics group.

Figure 6. PTEN inhibitor, inhibited the function of anti‑miR‑214 on apoptosis in vascular endothelial cells. The PTEN inhibitor inhibited the function of 
anti‑miR‑214 on (A) cell proliferation and (B and C) cell apoptosis in vascular endothelial cells by miR‑214 downregulation. ##P<0.01 vs. control group, 
**P<0.01 vs. anti‑miR‑214 mimics group. PTEN, phosphatase and tensin homolog; miR, microRNA; PTEN inhibitor, VO‑Ohpic trihydrate + anti‑miR‑214 
group; control, control group; anti‑miR‑214, anti‑miR‑214 mimics group.
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is increasing, it is predicted that the cases of cardiovascular 
disease will increase by 73% by 2030 in China (17). Chronic 
inflammation serves an important role in the occurrence and 
development of cardiovascular diseases  (18). However, at 
present, the traditional anti‑inflammatory therapies have not 
achieved satisfactory efficacy (19). Therefore, it is of signifi-
cance to study the role and mechanism of the inflammatory 
reaction in cardiovascular disease. Full elucidation of the 
association between inflammation and cardiovascular disease 
in addition to exploring novel targets for intervention of 
vascular inflammation is important (19). In the present study, 

it was demonstrated that miR‑214 downregulation inhibited 
cell proliferation and induced apoptosis in TNF‑α‑induced 
vascular endothelial cells. Yang  et  al  (20) has suggested 
that miR‑214 inhibited left ventricular remodeling through 
suppressing cell apoptosis in acute myocardial infarction. 

A large number of inflammatory markers and inflam-
matory mediators demonstrate the role of inflammatory 
responses in hypertensive disorders. In addition, innate and 
adaptive immune system disorders are important factors 
in the development of hypertension (21). In animal models 
with hypertensive diseases, the vessel wall is infiltrated by 

Figure 8. PTEN inhibitor, inhibited the function of miR‑214 on inflammation in vascular endothelial cells. The PTEN inhibitor inhibited the function of 
miR‑214 on (A) TNF‑α, (B) IL‑1β, (C) IL‑6 and (D) IL‑18 levels. ##P<0.01 vs. control group, **P<0.01 vs. anti‑miR‑214 mimics group. PTEN, phosphatase 
and tensin homolog; miR, microRNA; PTEN inhibitor, VO‑Ohpic trihydrate + anti‑miR‑214 group; TNF‑α, tumor necrosis factor α; IL, interleukin; control, 
control group; anti‑miR‑214, anti‑miR‑214 mimics group. 

Figure 7. PTEN inhibitor, inhibited the function of miR‑214 on caspase‑3/9 and Bax protein expression in vascular endothelial cells. The PTEN inhibitor 
inhibited the function of miR‑214 on (A) caspase‑3 and (B) caspase‑9 activity levels. (C) Bax protein expression revealed by (D) western blotting in vascular 
endothelial cells by miR‑214 downregulation. ##P<0.01 vs. control group, **P<0.01 vs. anti‑miR‑214 mimics group. PTEN, phosphatase and tensin homolog; 
miR, microRNA; PTEN inhibitor, VO‑Ohpic trihydrate + anti‑miR‑214 group; control, control group; anti‑miR‑214, anti‑miR‑214 mimics group. 
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a large number of inflammatory cells. In addition, target 
organs including the heart and kidney are accompanied 
by varying degrees of inflammatory injury  (22). Vascular 
inflammation is also involved in the pathophysiology of other 
hypertension‑associated cardiovascular diseases, and vascular 
inflammation is suggested to be a bridge between hyperten-
sion and atherosclerosis  (23). Specifically, it was observed 
that miR‑214 downregulation increased TNF‑α, IL‑1β, IL‑6 
and IL‑18 levels of TNF‑α induces inflammation in vascular 
endothelial cells. Chen  et  al  (24) demonstrated that the 
upregulated microRNA‑214 enhances cardiac injury‑induced 
inflammation. Future studies should investigate the role of 
miR‑214 in vascular inflammation further by examining the 
effects of miR‑214 overexpression in vascular endothelial cells.

PTEN expression is predominantly regulated by miRNA 
(miR‑21), phosphorylation, acetylation and ubiquitination after 
transcription (15). A number of studies have demonstrated 
that the deletion of the PTEN gene serves an important role in 
the development and progression of tumors (25). In addition, 
its angiogenesis can be affected by PI3K/Akt signaling. The 
main process is that of PTEN reversing the phosphorylation 
of PI3K and removing the phosphatidylinositol‑3 phosphate 
(PIP3) phosphate group through its lipid phosphatase activity. 
In this way, it is reduced to phosphatidylinositol‑2‑phosphate, 
maintaining low intracellular PIP3 levels (25,26). At present, 
multiple experimental studies have reported that PTEN serves 
an important role in the regulation of key signals in tumor 
angiogenesis (25,26). Notably, it was observed that miR‑214 
downregulation induced PTEN and NF‑κB protein expression 
and suppressed p‑Akt protein expression in TNF‑α‑induced 
inflammation in vascular endothelial cells. Zhao et al (27) 
demonstrated that miR‑214 promotes osteoclastogenesis by 
targeting the PTEN/PI3K/Akt pathway. Chu et al (28) reported 
that microRNA‑214 suppresses NF‑κB‑mediated inflamma-
tory responses in fish, further studies will aim to investigate 
this association anti‑miR‑214‑mediated regulation of NF‑κB 
in further detail.

PTEN additionally regulates the behavior of endothelial 
cells. Certain experiments have demonstrated that the PTEN 
expression is disrupted in most cell matrix and endothelial 
cells, thus reducing the activation of PTEN signaling in PI3K 
in endothelial cells  (29). In addition, it leads to increased 
endothelial cell proliferation, survival and migration. These 
changes are often important factors and markers of tumor 
angiogenesis (29). It was additionally observed that the PTEN 
inhibitor inhibited the function of miR‑214 on apoptosis and 
inflammation in TNF‑α‑induced inflammation in vascular 
endothelial cells through PTEN/Akt signaling. Wang et al (30) 
suggested that microRNA‑214 protects against hypoxia/reox-
ygenation‑induced cell damage through suppression of PTEN 
and Bim1 expression. The present study lacked specificity of 
the PTEN inhibitor, future experiments should use siRNA to 
knockdown PTEN expression in order to investigate its role in 
miR‑214‑induced vascular inflammation.

In summary, the data of the present study demonstrated 
that the downregulation of miR‑214 increased vascular inflam-
mation and apoptosis via the PTEN/Akt signaling pathway in 
TNF‑α‑induced inflammation in vascular endothelial cells. 
Thus, miR‑214 may serve a role in vascular inflammation and 
apoptosis that may be harnessed for use in clinical applications. 
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