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Abstract. The aim of the present study was to measure the 
level of microRNA (miRNA or miR)‑24 in the serum of 
patients with atherosclerosis and to investigate the effect of 
miR‑24 on the expression of importin‑α3 and tumor necrosis 
factor (TNF)‑α, as well as the proliferation and migration of 
vascular endothelial cells. A total of 30 patients with athero-
sclerosis admitted to hospital between January and June 2016 
were enrolled in the present study; 30 healthy subjects with a 
similar age range were enrolled as controls. Peripheral blood 
(10 ml) was collected from all participants. Human umbilical 
vein endothelial cells (HUVECs) were transfected with 
miR‑24 mimic using Lipofectamine 2000. TargetScan was 
used to elucidate whether importin‑α3 (KPNA4) was a target 
gene of miR‑24. Expression levels of miR‑24 and mRNAs were 
measured using reverse transcription‑quantitative polymerase 
chain reaction, and protein expression was determined using 
western blotting. Cell Counting Kit 8 assay was used to assess 
the proliferation of HUVECs, and a Transwell assay was 
performed to detect the migration of HUVECs. Expression of 
miR‑24 in peripheral blood from patients with atherosclerosis 
was significantly lower when compared with healthy subjects 
(P<0.05). Overexpression of miR‑24 was demonstrated to 
significantly inhibit the transcription and translation of the 
importin‑α3 gene (P<0.05) and negatively regulate the expres-
sion of endothelial inflammatory factor TNF‑α (P<0.05). 

Furthermore, overexpression of miR‑24 significantly inhibited 
the proliferation and migration of HUVECs (P<0.05), and 
miR‑24 knockdown significantly promoted these processes 
(P<0.05). The results of the present study suggest that miR‑24 
exerts its effect in atherosclerosis by blocking the nuclear 
factor‑κB signaling pathway, regulating inflammation in endo-
thelial cells, and inhibiting the proliferation and migration of 
vascular endothelial cells.

Introduction

Atherosclerosis is the most common lesion that occurs in the 
cardiovascular system, with a high incidence worldwide (1). The 
occurrence of atherosclerotic lesions is a chronic and complex 
process that involves interactions among various factors, such 
as local hemodynamics (2), arterial wall cells (3), the extracel-
lular matrix (4), the environment (5) and genetics (6). Vascular 
endothelial injury, phenotypic transformation of smooth 
muscle cells, lipid absorption by monocytes or macrophages, 
and inflammatory mediator release are important processes 
in the development of atherosclerosis  (7‑9). The nuclear 
factor κ‑light‑chain‑enhancer of activated B cells (NF‑κB) 
signaling pathway is considered a key signaling pathway 
that mediates vascular endothelial cell injury and the release 
of inflammatory mediators, such as vascular cell adhesion 
molecule‑1 (VCAM‑1) and intercellular adhesion molecule‑1 
(ICAM‑1)  (10). An important step in the development of 
atherosclerosis is the inflammation of the vascular endothelial 
cell layer (11). Importin‑α3 is a key protein that is associated 
with the nuclear transfer of NF‑κB, which is important in the 
occurrence of inflammation (12). Importin‑α3 was therefore 
chosen as a target gene in the present study. In addition to being 
a proinflammatory factor, tumor necrosis factor (TNF)‑α also 
activates NF‑κB, which then initiates a cascade reaction of 
cytokines, further aggravating inflammatory responses and 
apoptosis in tissues (13).

microRNA (miRNA or miR) are a class of endog-
enous non‑coding RNA that regulate a variety of cellular 
mechanisms, including inflammation, cytothesis and lipid 
metabolism, as well as participating in the development of 
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atherosclerosis (14). For example, miR‑155 regulates multiple 
functions of macrophages, including inflammation, lipid 
absorption and apoptosis (15,16). In addition, low‑density lipo-
protein and mildly oxidized low‑density lipoprotein are able 
to induce the expression of miR‑155 in macrophages (15,16). 
miR‑342‑5p promotes the expression of miR‑155 via V‑protein 
kinase B murine thymoma viral oncogene homolog 1, and 
facilitates the expression of inflammatory mediators, such 
as nitric oxide, TNF‑α and interleukin‑6 (17). Furthermore, 
miR‑33 (18), miR‑122 (19) and miR‑27a (20) affect the devel-
opment of atherosclerosis by participating in lipid metabolism. 
It has been reported that miR‑24 participates in pathophysio-
logical processes, including tumor formation (21) and ischemic 
reperfusion injury (22). However, the role of miR‑24 in athero-
sclerosis has rarely been reported. Maegdefessel et al (23) 
reported that miR‑24 limits aortic vascular inflammation and 
murine abdominal aneurysm development. Murata et al (24) 
demonstrated that miR‑24 in plasma may function as a 
biomarker for rheumatoid arthritis. In the present study, serum 
expression of miR‑24 in elderly patients with atherosclerosis 
was assessed, and the effect of miR‑24 on importin‑α3, TNF‑α 
and the proliferation and migration ability of vascular endo-
thelial cells was investigated.

Materials and methods

Patients. A total of 30 patients with atherosclerosis admitted 
to Cangzhou Central Hospital between January and June 
2016 were enrolled in the present study, including 20 males 
and 10 females (age range, 60‑70 years; mean, 64±4.9 years). 
Inclusion criteria were as follows: Significantly elevated 
blood lipids and a positive diagnosis of atherosclerotic plaque 
formation using peripheral vascular ultrasound examina-
tions. A total of 30 healthy subjects were enrolled as controls, 
including 20 males and 10 females (age range, 60‑70 years; 
mean, 63±5.6  years). Healthy subjects had no history of 
hypertension, diabetes, atherosclerosis or tumors. Peripheral 
blood (10 ml) was collected from all patients and healthy 
subjects, and centrifuged at 1,200 x g and 20‑22˚C for 8 min 
to separate serum. All procedures were approved by the Ethics 
Committee of Cangzhou Central Hospital (Cangzhou, China). 
Written informed consent was obtained from all participants 
or their families.

Cells. Human umbilical vein endothelial cells (HUVECs; Cell 
Bank of Chinese Academy of Sciences, Shanghai, China) were 
cultured in Dulbecco's modified Eagle's medium (DMEM) 
supplemented with 10% fetal bovine serum (Thermo Fisher 
Scientific, Inc., Waltham, MA, USA) at 37˚C in an atmosphere 
containing 5% CO2. Cells were seeded in culture plates 
at 3x105  cells/well and cultured for 24  h. HUVECs were 
randomly divided into the has‑miR‑24 mimic group (trans-
fected with has‑miR‑24 mimic; Guangzhou RiboBio Co., 
Ltd., Guangzhou, China) or negative control group (untrans-
fected). When cells reached 50% confluency they were used 
for transfection. In the first vial, 7.5 µl small RNA fragments 
was mixed with 125 µl serum‑free DMEM. In the second 
vial, 7.5 µl liposome (Lipofectamine 2000; Thermo Fisher 
Scientific, Inc.) was mixed with 125 µl serum‑free DMEM. 
After standing for 5 min, the two vials were combined and left 

to stand at room temperature for 20 min. The mixtures were 
subsequently added to cells for incubation at 37˚C for 6 h. The 
medium was subsequently replaced with DMEM containing 
10% fetal bovine serum and cultivated at 37˚C for 48 h, at 
which point the cells were collected for further assays.

Reverse transcription‑quantitative polymerase chain reac‑
tion (RT‑qPCR). Serum (1 ml) was mixed with 1 ml TRIzol 
(Thermo Fisher Scientific, Inc.) for lysis and total RNA was 
extracted using the phenol chloroform method. The purity of 
RNA was determined by A260/A280 using ultraviolet spec-
trophotometry (Nanodrop ND1000; Thermo Fisher Scientific, 
Inc.). cDNA was obtained by RT using a PrimeScript™ RT 
reagent kit with gDNA Eraser (Takara Biotechnology Co., 
Ltd., Dalian, China) from 1 µg RNA and stored at ‑20˚C. The 
temperature protocol was as follows: 42˚C for 2 min, 37˚C for 
15 min and 85˚C for 5 sec.

Expression of miR‑24 was determined using a SYBR 
PrimeScript miRNA RT‑PCR Kit (Takara Biotechnology Co., 
Ltd.), with U6 as an internal reference. The reaction system 
(25 µl) contained 12.5 µl SYBR Premix Ex Taq, 1 µl of each 
forward primer (miR‑24, 5'‑GCA​GAT​GGC​TCA​GTT​CAG​
CAG‑3'; U6, 5'‑TGC​GGG​TGC​TCG​CTT​CGG​CAG​C‑3'), 1 µl 
Uni‑miR qPCR primer (cat no. 638315; Takara Biotechnology 
Co., Ltd.), 2  µl template and 8.5  µl ddH2O. The reaction 
protocol was as follows: Initial denaturation at 95˚C for 10 min, 
followed by 40 cycles of 95˚C for 15 sec and 60˚C for 1 min 
(iQ5; Bio‑Rad Laboratories, Inc., Hercules, CA, USA). The 
2‑ΔΔCq method was used to calculate the relative expression of 
miR‑24 against U6 (25). Each sample was tested in triplicate.

A SYBR-Green RT‑qPCR kit (Kapa Biosystems, Inc., 
Wilmington, MA, USA) was used to detect the mRNA expres-
sion of importin‑α3 and TNF‑α, using GAPDH as an internal 
reference. The reaction system (20 µl) was composed of 10 µl 
SYBR Premix Ex Taq, 0.5 µl upstream primer (importin‑α3, 
5'‑CTG​TGT​ACG​AGA​GCG​TGG​TT‑3'; TNF‑α, 5'‑GGA​GAA​
GGG​TGA​CCG​ACT​CA‑3'; and GAPDH, 5'‑AAG​GTG​AAG​
GTC​GGA​GTC​A‑3'), 0.5 µl downstream primer (importin‑α3, 
5'‑TAT​CAG​CCC​CCT​GAA​GGT​GA‑3'; TNF‑α, 5'‑CTG​CCC​
AGA​CTC​GGC​AA‑3'; and GAPDH, 5'‑GGA​AGA​TGG​TGA​
TGG​GAT​TT‑3'), 1 µl cDNA and 8 µl ddH2O. Thermocycling 
conditions were as follows: Initial denaturation at 95˚C for 
10 min, followed by 40 cycles of denaturation at 95˚C for 1 min, 
annealing at 60˚C for 40 sec and elongation at 72˚C for 30 sec, 
and final elongation at 72˚C for 1 min. The 2‑ΔΔCq method was 
used to calculate the relative expression of importin‑α3 and 
TNF‑α mRNA against GAPDH (25). Each sample was tested 
in triplicate.

Western blot analysis. HUVECs were seeded into 6‑well plates 
at a density of 1x106 cells/well. At 48 h after transfection, the 
cells were collected and mixed with 100 µl precooled radio-
immunoprecipitation assay lysis buffer (Beyotime Institute 
of Biotechnology, Haimen, China) containing 1 mM phenyl-
methylsulfonyl fluoride (Beyotime Institute of Biotechnology) 
for lysis of 15 min at 4˚C. Then, the mixture was centrifuged 
at 12,000 x g and 4˚C for 5 min. The supernatant was used 
to determine protein concentration using a bicinchoninic 
acid protein concentration determination kit (RTP7102; 
Real‑Times Biotechnology Co., Ltd., Beijing, China). Protein 
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samples (50 µg) were mixed with 2X SDS loading buffer and 
denatured in a boiling water bath for 5 min. Following this, the 
samples (10 µl) were separated by 10% SDS‑PAGE at 100 V. 
Resolved proteins were transferred to polyvinylidene difluo-
ride membranes on ice (300 mA, 1.5 h) and blocked with 5 g/l 
skimmed milk at room temperature for 1 h. The membranes 
were subsequently incubated with goat anti‑human importin‑α3 
polyclonal primary antibody (1:1,000; cat no. ab6039), rabbit 
anti‑human TNF‑α polyclonal primary antibody (1:1,000; 
cat no.  ab9635) and rabbit anti‑human GAPDH primary 
antibody (1:2,000; cat no. ab9485, all Abcam, Cambridge, 
UK) at 4˚C overnight. Following washing with PBST three 
times of 15 min, the membranes were incubated with poly-
clonal goat anti‑rabbit horseradish peroxidase‑conjugated 
secondary antibody (1:1,000; cat no. ab205718, Abcam) for 
1 h at room temperature. Membranes were washed three times 
with PBST three times for 15 min and developed using an 
enhanced chemiluminescence detection kit (Sigma‑Aldrich; 
Merck KGaA, Darmstadt, Germany). Image Lab v3.0 software 
(Bio‑Rad Laboratories, Inc.) was used to acquire and analyze 
imaging signals. Expression of importin‑α3 and TNF‑α 
protein was calculated relative to GAPDH.

Cell‑Counting Kit 8 (CCK‑8) assay. HUVECs were seeded 
at 5,000 cells/well in 96‑well plates for transfection. At 48 h 
after transfection, HUVECs were subjected to CCK‑8 assay 
for the detection of proliferation. At 24, 48 and 72 h, DMEM 
(Hyclone; GE Healthcare Life Sciences, Logan, UT, USA) was 
discarded, the cells were washed with twice with PBS and 10% 
CCK‑8 reaction reagent (Beyotime Institute of Biotechnology) 
diluted in DMEM medium was added. Following incubation 
at 37˚C for 2 h, the absorbance of each well was measured at 
450 nm using 600 nm as a reference for plotting cell prolif-
eration curves. A total of five replicate wells were assayed for 
each group and the mean values were calculated.

Transwell assay. HUVECs were seeded at 3x105/well into 
6‑well plates for transfection. At 48  h after transfection, 
Transwell chambers (8 µm diameter and 24 wells; Corning 
Inc., Corning, NY, USA) were used to evaluate the migra-
tion ability of HUVECs. Transfected cells were collected 
by trypsin digestion, and resuspended at a density of 
1x105 cells/ml using DMEM. The cell suspension (100 µl) was 
added into the upper chamber. In the lower chamber, 600 µl 
DMEM medium supplemented with 10% fetal bovine serum 
was added. Following incubation at 37˚C for 24 h, cells in the 
upper chamber were wiped with a cotton swab. The chamber 
was subsequently fixed using 95% ethanol for 10 min at room 
temperature. Following staining with 0.1% crystal violet at 
22˚C for 30 min, the number of cells in 10 fields were counted 
under a light microscope (magnification, x200).

Dual luciferase reporter assay. Bioinformatics prediction 
is a powerful tool for studying the functions of miRNA. To 
elucidate whether importin‑α3 (KPNA4) was a target gene 
of miR‑24, TargetScan (targetscan.org) was used to predict 
miRNA molecules that may regulate importin‑α3, and 
miR‑24 was identified as a potential regulator of importin‑α3. 
According to the bioinformatics results, wild‑type (WT) and 
mutant seed regions of miR‑24 in the 3'‑untranslated region 

(UTR) of importin‑α3 gene were chemically synthesized 
in vitro, added to SpeI and HindIII restriction sites, and cloned 
into pMIR‑REPORT luciferase reporter plasmids (Promega 
Corporation, Madison, WI, USA). Plasmids (0.5 µg) with WT 
or mutant 3'‑UTR DNA sequences were co‑transfected with 
miR‑24 mimic (100 nM; Sangon Biotech Co., Ltd., Shanghai, 
China) into HEK293T cells (ATCC, Manassas, VA, USA). 
Following cultivation at 37˚C for 24 h, cells were lysed using 
a dual luciferase reporter assay kit (Promega Corporation) 
according to the manufacturer's manual, and fluorescence 
intensity was measured using GloMax 20/20 illuminometer 
(Promega Corporation). Using Renilla fluorescence activity as 
an internal reference, the fluorescence values of each group of 
cells were measured.

Statistical analysis. Statistical analysis was performed using 
SPSS v16.0 (SPSS, Inc., Chicago, IL, USA). Measurement data 
were expressed as the mean ± standard deviation. Two groups of 
data were compared using an independent samples t‑test. Single 
factor analysis of variance was used to compare the means of 
multiple samples followed by a Tukey's post hoc test. P<0.05 
was considered to indicate a statistically significant difference.

Results

Expression of miR‑24 in peripheral blood from patients with 
atherosclerosis is abnormal. To measure the expression of 
miR‑24 in the peripheral blood, RT‑qPCR was performed. 
The results demonstrated that the level of miR‑24 in patients 
with atherosclerosis was significantly lower than that of the 
controls (P<0.05; Fig. 1). These findings suggests that miR‑24 
expression is abnormal in patients with atherosclerosis.

Figure 1. Expression of miR‑24 in peripheral blood from healthy control 
subjects and patients with atherosclerosis. Expression of miR‑24 was deter-
mined by reverse transcription‑quantitative polymerase chain reaction. 
*P<0.05 vs. control. miR, microRNA.

Figure 2. Bioinformatics prediction of direct interactions between miR‑24 
and importin‑α3 using TargetScan (targetscan.org). miR, microRNA.
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Overexpression of miR‑24 inhibits the transcription and 
translation of importin‑α3 gene. To predict whether miR‑24 
is able to target importin‑α3, TargetScan was used. The data 

demonstrated that miR‑24 is able to bind with the 3'‑UTR of 
miR‑24 (Fig. 2). To test whether miR‑24 regulates the expres-
sion of importin‑α3, HUVECs were transfected with miR‑24 

Figure 4. Effect of miR‑24 on the expression of TNF‑α in HUVECs. (A) Relative expression of TNF‑α mRNA in HUVECs of negative control and miR‑24 
mimic groups. (B and C) Relative expression of TNF‑α protein in HUVECs of negative control and miR‑24 mimic groups. Reverse transcription‑quantitative 
polymerase chain reaction was used to determine the expression of TNF‑α mRNA, and western blotting was employed to measure TNF‑α protein expression. 
*P<0.05 vs. negative control group. miR, microRNA; TNF, tumor necrosis factor; HUVECs, human umbilical vein epithelial cells.

Figure 3. Effect of miR‑24 on the expression of importin‑α3 in HUVECs. (A) Relative expression of miR‑24, (B) importin‑α3 mRNA and (C and D) importin‑α3 
protein in HUVECs from the negative control and miR‑24 mimic groups. Reverse transcription‑quantitative polymerase chain reaction was used to determine 
the expression of miR‑24 and importin‑α3 mRNA, and western blotting was employed to measure importin‑α3 protein expression. *P<0.05 vs. negative control 
group. miR, microRNA; HUVECs, human umbilical vein epithelial cells.



EXPERIMENTAL AND THERAPEUTIC MEDICINE  15:  338-344,  2018342

mimic. The results showed that that HUVECs transfected with 
miR‑24 mimics had significantly increased miR‑24 levels when 
compared with the negative control group (P<0.05; Fig. 3A). In 
addition, the expression of importin‑α3 mRNA and protein in 
HUVECs transfected with miR‑24 mimics was significantly 
lower than that of the negative control (P<0.05; Fig. 3B‑D). 
These results indicate that overexpression of miR‑24 inhibits 
the transcription and translation of importin‑α3 gene.

miR‑24 negatively regulates the expression of endothelial 
inflammatory factor TNF‑α. To examine the effect of miR‑24 
on the expression of TNF‑α, RT‑qPCR and western blotting 
were performed. TNF‑α mRNA and protein expression levels 
were significantly lower in HUVECs transfected with miR‑24 
mimic, when compared with the negative control group (P<0.05; 
Fig. 4). These results suggest that miR‑24 negatively regulates 
the expression of endothelial inflammatory factor, TNF‑α.

Overexpression of miR‑24 inhibits HUVEC proliferation and 
miR‑24 knockdown promotes it. To determine how miR‑24 
affects the proliferation of HUVECs, a CCK‑8 assay was 
employed. The absorbance of HUVECs transfected with 
miR‑24 mimic was significantly lower than that of the nega-
tive control group at 48 and 72 h (P<0.05; Fig. 5). By contrast, 
the absorbance of HUVECs transfected with miR‑24 inhibitor 
was significantly higher compared with the negative control 
group at 48 and 72 h (P<0.05; Fig. 5). This suggests that over-
expression of miR‑24 inhibits the proliferation of endothelial 
cells, whereas the inhibition of miR‑24 expression promotes.

Overexpression of miR‑24 reduces the migration ability 
of endothelial cells, but inhibition of miR‑24 expression 
promotes it. To examine the effect of miR‑24 on the migration 
ability of HUVECs, a Transwell assay was used. The number 
of cells that migrated to the lower chamber was significantly 
lower in the miR‑24 mimic group compared with the negative 
control group (P<0.05; Fig. 6), whereas the number of cells 
that migrated to the lower chamber in miR‑24 inhibitor group 
was significantly higher (P<0.05; Fig. 6). This suggests that 
overexpression of miR‑24 reduces the migration ability of 
endothelial cells, whereas miR‑24 knockdown promotes it.

miR‑24 downregulates the expression of importin‑α3 by 
binding with the 3'‑UTR of importin‑α3 gene. To understand 
whether miR‑24 directly targets importin‑α3, a dual luciferase 
reporter assay was performed. Transfection with miR‑24 
mimics and pMIR‑REPORT‑wild type importin‑α3 led to a 
significant decrease in fluorescence intensity, as compared with 
the negative control (P<0.05; Fig. 7). Transfection with miR‑24 
mimic and pMIR‑REPORT‑mutant importin‑α3 had no signif-
icant effect on fluorescence intensity. These results suggests 
that miR‑24 downregulates the expression of importin‑α3 by 
binding with the 3'‑UTR of the importin‑α3 gene.

Discussion

Atherosclerosis is the pathological basis of various types 
of cardiac and cerebral vascular diseases  (26). The most 
important processes in the occurrence and development of 
atherosclerosis include i) vascular endothelial cell injury and 

Figure 5. Proliferation of HUVECs at 24, 48, and 72 h after transfection with 
miR‑24 mimics or inhibitors. Cell Counting Kit‑8 assay was used to deter-
mine the proliferation of the cells. Absorbance of each well was measured at 
450 nm with a microplate reader and cell proliferation curves were plotted. 
*P<0.05 vs. negative control group. miR, microRNA; HUVECs, human 
umbilical vein epithelial cells.

Figure 6. Effect of miR‑24 on the migration ability of HUVECs. 
Transwell assay was used to determine the migration ability of the cells. 
(A) Representative images the number of migrated cells in the lower chamber 
(magnification, x100) and (B)  subsequent relative analysis. *P<0.05 vs. 
negative control group. miR, microRNA; HUVEC, human umbilical vein 
epithelial cell.

Figure 7. Fluorescence values of HEK293T cells transfected with WT or 
mutant 3'‑untranslated region DNA sequences of importin‑α3 and miR‑24 
mimic. A dual luciferase reporter assay was used to evaluate the interac-
tion between miR‑24 and importin‑α3. *P<0.05 vs. NC. WT, wild type; miR, 
microRNA; NC, negative control.
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inflammatory activation; ii) the proliferation and migration 
of endothelial/smooth muscle cells; and iii)  the release of 
inflammatory mediators stimulated by macrophage activa-
tion  (27‑30). It has been reported that miR‑24 expression 
is downregulated in atherosclerotic plaques, and miR‑24 
participates in the formation of atherosclerosis primarily by 
targeting and inhibiting matrix metalloproteinase‑14 (31). In 
the present study, it was demonstrated that miR‑24 expres-
sion is significantly lower in patients with atherosclerosis, as 
compared with healthy subjects. Bioinformatics revealed that 
the importin‑α3 gene is a potential target gene of miR‑24. 
A previous study reported that the importin protein family 
(α1, α3, α4, α5, α6 and α7) is an important class of transport 
proteins associated with the nuclear transfer of NF‑κB, which 
is a key process in the activation of the NF‑κB signaling 
pathway (32). The results of the present study demonstrate that 
miR‑24 inhibits the expression of importin‑α3 and NF‑κB 
signaling pathway‑mediated inflammatory factor, TNF‑α. 
Naqvi et al (33) demonstrated that TNF‑α is also a target gene 
of miR‑24. Combined with the results of the present study, this 
suggests that miR‑24 may regulate inflammatory processes by 
simultaneously targeting importin‑α3 and TNF‑α in respect to 
the mechanism of atherosclerosis. Therefore, miR‑24 reduces 
the activation of vascular endothelial cells and inflamma-
tory responses. Maegdefessel et al (23) reported that miR‑24 
inhibits the development of aortic vascular inflammation and 
abdominal aortic aneurysm in mice by targeting chitinase 
3‑like 1. Xiang et al  (34) demonstrated that patients with 
diabetes have low miR‑24 expression, which suggests poten-
tial thrombotic events in these patients. The present study 
indicates that endothelial cell activation and inflammatory 
responses regulated by miR‑24 participate in the development 
of atherosclerosis.

miRNAs have previously been reported to participate 
in the regulation of vascular endothelial cell functions, and 
have important roles in the development of atherosclerosis; 
for example, enhanced expression of miR‑221 and miR‑222 
in human arterial endothelial cells causes reduced levels 
and activity of nitric oxide synthase, leading to cell dysfunc-
tion  (35). In addition, reduced miR‑126 and increased 
miR‑125b expression results in increased endothelial inflam-
matory response protein secretion (36). miR‑29 affects the 
production of collagen and elastin, and has important roles 
in maintaining arterial structural integrity (37). The results 
of the present study indicate that overexpression of miR‑24 
inhibits the proliferation and migration of endothelial cells. 
Lal et al (38) reported that miR‑24 targets E2F2 and inhibits 
the proliferation of erythroleukemia K562 cells. Similarly, 
Amelio et al  (39) demonstrated that miR‑24 regulates the 
migration of human keratinocytes and mouse epidermal cells, 
suggesting that miR‑24 has important roles in the regulation of 
proliferation, invasion and migration of cells.

In conclusion, the results of the present study demon-
strate that miR‑24 inhibits the proliferation and migration 
of endothelial cells by targeting importin‑α3 and regulating 
inflammatory responses in endothelial cells. Low levels of 
miR‑24 in the peripheral blood are associated with atheroscle-
rosis progression. Furthermore, miR‑24 may provide a novel 
strategy and direction for the clinical treatment and research on 
atherosclerosis. Further investigation is required to elucidate 

the underlying mechanism of inflammation in atherosclerosis 
and to explore the mechanism of abnormal expression of 
miR‑24 in the blood of patients with atherosclerosis.
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