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Effect of microRNA-370 on coronary atherosclerosis
and its underlying mechanism

XINGE SHI'? and XIN CHEN'

1Department of Thoracic and Cardiovascular Surgery, Nanjing First Hospital,

Nanjing Medical University, Nanjing, Jiangsu 210006; 2Department of Cardiovascular Surgery,

First Affiliated Hospital of Henan University of Science and Technology, Luoyang, Henan 471003, P.R. China

Received April 5, 2018; Accepted September 13, 2018

DOI: 10.3892/etm.2018.6961

Abstract. As a global health problem, cardiovascular disease
threatens the lives of human beings. It has been reported that
microRNAs (miRs) are important in regulating coronary
atherosclerosis. In the present study, the expression levels of
miR-370 in peripheral blood mononuclear cells of patients
with coronary atherosclerosis were significantly increased
compared with healthy patients, as demonstrated by reverse
transcription-quantitative polymerase chain reaction analysis.
Additionally, the target of miR-370 was predicted as Forkhead
Box 1 (FOXOI) with bioinformatics, and was confirmed by
a dual luciferase assay. The mRNA and protein expression
levels of FOXO1 were inhibited by miR-370. Furthermore,
the invasion and proliferation of human umbilical vein
endothelial cells were promoted by miR-370 via inhibiting
the expression of FOXOI. The results obtained in the present
study demonstrated that miR-370 served an important role in
regulating coronary atherosclerosis via targeting FOXO1. The
present data also indicated that miR-370 may be a promising
molecular target for treating coronary atherosclerosis.

Introduction

According to the investigation of the World Health
Organization (2015), cardiovascular disease, a global health
problem, is the leading cause of mortality globally (1,2). In
China, the number of patients with cardiovascular disease is
projected to increase annually (1,2). The tendency of develop-
ment of cardiovascular disease in China is consistent with the
global increase (1,2). Atherosclerosis is a chronic disease that
is induced by the accumulation of fibrous elements and lipids
in the larger arteries and frequently causes severe problems,
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including blocking the aorta and aorta rupture bleeding (1-3).
Atherosclerosis that occurs in the coronary artery is termed
coronary atherosclerosis. Coronary atherosclerosis, particu-
larly atherosclerosis of the external branch of the coronary
artery, is the most common constrictive coronary artery
disease (1-3). Numerous factors, including smoking, lack of
exercise and dietary habits are associated with the produc-
tion of coronary atherosclerosis (1-4). Due to the complicated
mechanisms underlying cardiovascular disease, there are
currently no successful treatments; therefore, there is a
requirement to determine the possible mechanism underlying
cardiovascular disease, and future studies should investigate
the biomarkers of coronary atherosclerosis. These studies will
provide data, for the early diagnosis and individual therapy of
cardiovascular disease.

MicroRNAs (miRs) are defined as noncoding RNA
molecules involved in regulating and controlling the post-
transcription expression of target mRNAs (5,6). They have
complementary sequences in the 3'-untranslated region (UTR)
and 5-UTR of target mRNAs and regulate the expression of
protein-coding genes by causing mRNA cleavage (1). Previous
studies have demonstrated that miRs can directly or indirectly
regulate the expression of intercellular adhesion molecules
and various inflammatory factors, including those involved
in cell cycle progression, cell proliferation, lipid metabolism,
endothelial cell function, angiogenesis, and plaque forma-
tion and rupture. These processes involve the regulation
of vascular endothelial cells, vascular smooth muscle cells
and macrophage function; therefore, the pathophysiology of
atherosclerosis and cardiovascular disease are affected (3,5,6).
As for miRs in coronary atherosclerosis or other cardiovascular
diseases, a number of studies have published their outcomes.
For example, Jiang et al (7) demonstrated that miR is a
signature and biomarker in chronic cardiovascular diseases. It
has been reported by Hoekstra ez al (8) that miR-370 is notably
increased in PBMCs of patients with coronary atherosclerosis.
In addition, Liu et al (9) revealed that plasma expression levels
of miR-370 were significantly higher in patients with coronary
artery disease compared with patients with non-coronary
artery disease. Also, miR-370 was identified to be critical
in the lipid metabolism, which is a potential biomarker for
the diagnosis of coronary artery disease (7). However, the
effect of miR-370 in critical cellular processes associated
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with coronary atherosclerosis remains unknown and requires
further study.

Materials and methods

Chemicals and materials. Fetal bovine serum (FBS) was
purchased from Gibco (Thermo Fisher Scientific, Inc., Waltham,
MA, USA) and Dulbecco's modified Eagle's medium (DMEM)
was purchased from Dalian Meilun Biology Technology
Co., Ltd (Dalian, China). Smooth muscle cell medium
(SMCM; cat. no. 1101; Sciencell Research Laboratories,
Inc., San Diego, CA, USA) was also obtained. Antibodies of
Forkhead Box 1 (FOXOI; cat. no. 2880), B-cell lymphoma 2
(Bcl-2)-associated X (Bax; cat. no. 5023), Bcl-2 (cat. no. 4223),
cleaved-poly (ADP-ribose) polymerase (PARP; cat. no. 5625)
and PB-actin (cat. no. 4970) were purchased from Cell Signaling
Technology, Inc. (Danvers, MA, USA). Antibodies for caspase
3 (cat. no. ab2302) were obtained from Abcam (Cambridge,
MA, USA). Human umbilical vein endothelial cells HUVECs
and 293 cells were obtained from the Type Culture Collection
of the Chinese Academy Sciences (Shanghai, China).
Reverse transcription-quantitative polymerase chain reaction
(RT-gPCR)-associated chemicals were purchased from
Thermo Fisher Scientific, Inc. The miR-370 mimics, miR-370
inhibitor, hsa-miR-370 mimics and miRNA negative control
(miR-NC) were provided by Shanghai GenePharma Co., Ltd.
(Shanghai, China). Western blot and gel analysis instruments
were purchased from Bio-Rad Laboratories, Inc. (Hercules,
CA, USA). All other reagents were of the highest purity and
were commercially available from Shenyang LaiBo Science and
Trade Co., Ltd (http:/www.11467.com/shenyang/co/75880.htm,
Shenyang, China).

Clinical samples. A total of 20 patients (10 male, 10 female;
age, 40-60 years) with coronary atherosclerosis who required
coronary artery bypass surgery, as confirmed by a coronary
angiogram, and 20 healthy patients without any abnormal
conditions in the coronary artery and heart, as confirmed by
a coronary angiogram, were treated at Nanjing First Hospital,
Nanjing Medical University (Nanjing, China). Patients with
either of the following conditions were excluded: type 1
diabetes mellitus, autoimmune disease, malignancy, chronic
or acute inflammatory disease, asthma, severe heart failure
and renal and hepatic dysfunction. Clinical samples used in
the present experiment were obtained from the Nanjing First
Hospital, Nanjing Medical University from October 2016
to October 2017. Written informed consent was obtained
in all cases. The study protocol was approved by the Ethics
Committee at Nanjing First Hospital, Nanjing Medical
University. PBMCs were obtained from these volunteers
and separated using the Ficoll-Hypaque gradient separation
technique (10). The samples were collected and immediately
stored in a refrigerator at -80°C. The differential expression of
miR-370 between patients with coronary atherosclerosis and
healthy patients was detected using RT-qPCR. Simultaneously,
the association between the expression of miR-370 and clinical
information of patients was also analyzed.

Cell culture and cell transfection. HUVECs were cultivated
in SMCM culture containing 10% FBS in a 5% CO, incubator
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at 37°C with 70-80% humidity. The 293T cells were cultivated
in DMEM culture supplemented with 10% FBS in a 5% CO,
incubator at 37°C with 70-80% humidity. miR-370 mimics
(5'-GCCUGCUGGGGUGGAACCUGGU-3"), miR-370 inhib-
itor (5'-CGGACGACCCCACCUUGGACCA-3") and miR-NC
(5'-GCCAGCCGUUGUGGCAGAUGGU-3'") were used.

HUVECsS in the logarithmic phase were obtained and
transfected with miR-370 mimics, miR-370 inhibitors and
miR-NC with Lipofectamine 2000 (Invitrogen; Thermo
Fisher Scientific, Inc.). The 10 nM miR-370 mimics (11) were
used for miR-370 overexpression and an equal quantity of
miR-370 inhibitors was used for miR-370 downregulation.
Simultaneously, miR-NC was used in the present study.
miR-370 mimics and inhibitors are chemically modified small
RNAs, and miR-370 mimics are double-stranded RNAs;
however, miR-370 inhibitors are single-stranded RNAs (12).
miR-370 was used to upregulate miR-370 activity and mimic
endogenous miR-370. Additionally, miR-370 inhibitors were
used to inhibit endogenous miR-370 molecules and empower
miR-370 functional analysis by downregulating of miR-370.
At 48 h post-transfection, total RNA were extracted with a
TRIzol assay and analyzed with RT-qPCR to detect the ratio
of transfection.

Cell proliferation assay [Cell counting kit-8 (CCK-8) assay].
HUVECs were selected for the cell proliferation assay. The
cell proliferation value was measured by CCK-8 (Thermo
Fisher Scientific, Inc.) at 0, 24, 48 and 72 h post-transfection.
In brief, the cell viability of cells collected from different
time points post-transfection was determined with CCK-8 in
triplicate. CCK-8 reagent (10 pl) was added to 1x10° cells and
incubated for 1 h at 37°C. Subsequently, the absorbance of the
resulting product was measured at 450 nm using a microplate
reader (L-117; Thermo Fisher Scientific, Inc.).

miR analysis using RT-gPCR. HUVECs were cultured in
6-well plates and harvested at 80% cell density. The total
RNA were extracted according to the manufacturer's protocols
using TRIzol reagent (Invitrogen; Thermo Fisher Scientific,
Inc.). In brief, cells were centrifuged at 2,000 x g for 5 min
at room temperature (RT). Subsequently, the supernatant was
removed and the residue was combined with 1 ml TRIzol.
Following 5 min at RT, it was transferred into a new 1.5 ml
Eppendorf tube. Following the addition of 200 pl chloroform,
the mixture was placed at RT for 10 min. Subsequently, the
mixture was centrifuged at 12,000 x g for 15 min at 4°C. The
upper supernatant was collected and combined with 200 ul
pre-cold isopropanol. Following an incubation for 10 min at
4°C, the mixture was centrifuged at 12,000 x g for 12 min
at 4°C and the supernatant was discarded. The residue was
washed with 1 ml 75% ethanol (prepared with fresh diethyl
pyrocarbonate water). Subsequently, the suspension was
centrifuged at 10,800 x g for 5 min at 4°C twice, and then the
supernatant was discarded. Once the total RNA was obtained,
reverse transcription into cDNA was performed according
to the manufacturer's protocols of the High-Capacity cDNA
Reverse Transcription kit (Thermo Fisher Scientific, Inc.). U6
was selected as the internal control. The sequences of miR-370
and U6 were as follows: miR-370, forward 5'-TAGCCTGCT
GGGGTGGAA-3' and reverse 5S-"TATGGTTTTGACGAC
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TGTGTGAT-3"; and U6, forward 5-ATTGGAACGATACAG
AGAAGATT-3' and reverse 5-GGAACGCTTCACGAATTT
G-3'. In order to quantify the expression of miR, the cycle
quantification (C,) was determined using the TagMan small
RNA assay (Thermo Fisher Scientific, Inc.) with miR-specific
primers, according to manufacturer's protocols. In brief, 7.6 ul
nuclease-free water and 10 ul probe qPCR mix were added
to 1.4 ul cDNA. The TagMan small RNA assay primer of
has-miR-9-5p was used. RT-qPCR reactions were conducted
with a QuantStudio 5 Real-Time PCR System (Thermo Fisher
Scientific, Inc.). Samples were run in triple for each experi-
ment. PCR cycling procedures were as follows: 95°C for 5 min,
followed by 35 cycles of 95°C for 40 sec, 60°C for 40 sec, 72°C
for 40 sec and 72°C for 10 min.

The expression of miR-370 in PBMCs was also deter-
mined with RT-qPCR. The method of sample preparation was
performed as mentioned above.

Wound healing assay. The influence of miR-370 on the wound
healing of HUVECs was measured using a wound healing
assay. In brief, HUVECs were cultured in 6-well plates and
transfected according to the aforementioned method. At 24 h
post-transfection, the ratio of transfection was ~90%. The
vertically lineation was scratched on the cell culture plate with
a 200 pl pipette tip. Following washing with PBS three times,
cells were cultured in SMCM without serum for 24 h at 37°C.
The width of the scratch at different time points (0 and 24 h)
was recorded under a light microscope (magnification, x200).
Samples were run in triplicate for each experiment.

Matrigel invasion assay. HUVEC invasion was conducted
using BioCoat Matrigel Invasion Chambers (cat. no. 354480;
Corning Incorporated, Corning, NY, USA), according to the
manufacturer's protocols. The upper chamber was pre-coated
with 100 pl Matrigel and exposed to ultra violet light for
2 h. DMEM medium containing with 10% FBS (500 pl) was
added to the lower wells. Following transfection with miR-370
mimics, the HUVECs, in serum-free SMCM medium, were
added to the upper well (4x10* cells/ml). Subsequently, the
cells were incubated at 37°C for 24 h. Following this, the cells
on the surface of the upper chamber membrane were discarded
with cotton swabs. The cells underside of the membrane were
fixed in 100% methanol and stained with a solution containing
50% isopropanol, 1% formic acid and 0.5% crystal violet for
20 min at RT. Subsequently, the cells were counted under a
light microscope (views were randomly selected, at least
5 views/well; magnification, x200). Results were presented by
mean + standard deviation (SD). Samples were run in sextuple
for each experiment.

Cell apoptosis assay. The collected HUVECs at 48 h
post-transfection were washed two times with cold PBS, centri-
fuged at 1,000 x g for 5 min at 4°C and then the supernatant was
discarded. The residue was resuspended in 100 ul binding buffer
(Thermo Fisher Scientific, Inc.). Subsequently, 4 1 Annexin
V-fluorescein isothiocyanate and 3 yl propidium iodide (Thermo
Fisher Scientific, Inc.) were added in the dark. Following incu-
bating for 15 min at RT, 200 pl binding buffer was added and
measured using a flow cytometer (BD Biosciences, San Jose,
CA, USA). The same experiments were performed in triplicate.
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The dual luciferase reporter system assay. A total of three
types of internet-based bioinformatics online software,
TargetScan 6.0 (http:/www.targetscan.org/vert_71/), miRanda
(http://www.microrna.org/microrna/home.do) and miRbase
(http://www.mirbase.org/), were used to search the specific
targets between miR-370 and the 3'-untranslated region
(UTR) of FOXOI1. Based on the complementarity nucleo-
tide sequence to the 3'-UTR region of FOXO1 mRNA, the
specific targets were recognized. According to the informa-
tion recorded on microRNA.org, miR expression data were
obtained. The target gene sequence and the mutation gene
sequence were synthesized by Sangon Biotech Co., Ltd.
(Shanghai, China). The dual luciferase reporter system assay
kit was provided by Promega Corporation (Madison, WI,
USA) and contained the luciferase reporter plasmid. The
gene sequence was bound with the carrier psiCHECK-2.
Gene sequences were digested using Xho I and Not I enzymes
and the sequences were authenticated by electrophoresis and
sequencing. 293 cells in the exponential phase were selected
for the present assay. The psiCHECK2-FOXO1-wild type
(WT) and psiCHECK2-FOXOl-mutation (MT) were treated
with hsa-miR-370 mimics separately. Lipofectamine 2000
was used in the transfection procedure according to the
manufacturer's protocols. Following incubation in 5% CO,
for 24 h at 37°C, the medium was replaced with fresh SMCM
medium. Subsequently, the 293T cells were transfected for
48 h. Three samples were contained in each group. Following
transfection, the 293 cells in WT and MT groups were digested
using tritonX-100. The lysate was treated with Firefly lucif-
erase and Renilla luciferase buffer solution and their relative
substrate separately. Firefly luciferase was used as the internal
reference of psiCHECK-2 and the expression of the carrier
psiCHECK-2+miR-NC was used as the control. Luciferase
activities were determined with a dual-luciferase assay kit 48 h
following transfection.

Western blot analysis. HUVECs were lysed with radioim-
munoprecipitation assay buffer containing protease inhibitor
cocktail (Dalian Meilun Biotech Co., Ltd., Dalian, China).
Subsequently, the lysate was centrifuged for 10 minat 10,800x g
at 4°C. The supernatant was obtained for further analysis.
Total protein was measured using a Pierce BCA protein assay
kit (Thermo Fisher Scientific, Inc). Equal amounts of total
protein (40 ug) were subjected to SDS-PAGE (10% gels) and
transferred onto polyvinylidene fluoride membranes (PVDF;
Dalian Meilun Biotech Co., Ltd.) with a wet transmembrane
device (Thermo Fisher Scientific, Inc.). The following primary
antibodies were used: Anti-FOXOI (1:1,000 dilution), anti-Bax
(1:1,000 dilution), anti-Bcl-2 (1:1,000 dilution), anti-cleaved
PARP (1:1,000 dilution) anti-active caspase 3 (1:1,000 dilu-
tion) and anti-f3-actin (1:1,000). Following blocking with 5%
non-fat milk at RT for 1 h, the membranes were incubated
overnight with primary antibodies and incubated with the
appropriate horseradish peroxidase (HRP)-conjugated
secondary antibodies (HRP-anti-rabbit, cat. no. 0208, 1:5,000
dilution; HRP-anti-goat, cat. no. 0216, 1:5,000 dilution; both
Beyotime Institute of Biotechnology, Shanghai, China) for 2 h
at RT. Subsequently, the PVDF membranes were incubated
with enhanced chemiluminescence reagent (Santa Cruz
Biotechnology, Inc., Dallas, TX, USA), in order to develop the
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Figure 1. miR-370 enhances the activity of HUVEC proliferation. (A) Relative miR-370 expression in PBMCs of healthy patients and patients with atheroscle-
rosis (n=20 in each group). "P<0.05 as indicated. (B) Relative miR-370 expression in HUVECs following transfection with miR-370 mimics and inhibitors.
(C) Effect of miR-370 on HUVEC proliferation following transfection with miR-370 mimics and inhibitors. Relative miR-370 expression was measured using
reverse transcription-quantitative polymerase chain reaction. The cell proliferation assay was performed using Cell Counting kit-8. miR-370 mimics and
inhibitors were transfected into HUVECs using Lipofectamine 2000. Values were presented as the mean + standard deviation. "P<0.05 and “"P<0.05 vs. NC
group. NC, negative control; miR, microRNA; PBMC, peripheral blood mononuclear cells; HUVEC, human umbilical vein endothelial cells.

blots. All values were normalized to those of f-actin. Protein
densitometry was determined using Image-Pro Plus 6.0
software (Media Cybernetics, Inc., Rockville, MD, USA).

Statistical analysis. Values were expressed as the mean + SD.
All experiments were conducted a minimum of three
times. All statistical analyses were calculated using SPSS
19.0 software (IBM Corp., Armonk, NY, USA). One-way
analysis of variance followed by Dunnett's post hoc test was
used to compare the differences between multiple groups.
Statistical differences between two groups were determined
using the Student's t-test. P<0.05 was considered to indicate a
statistically significant difference.

Results

miR-370 enhances the cell proliferation of HUVECsS.
Compared with healthy patients, the expression levels of
miR-370 in PBMCs of patients with atherosclerosis were
significantly increased, which indicated that the abnormal
expression of miR-370 was associated with atherosclerosis
(Fig. 1A). Following transfection with miR-370 mimics, the
expression levels of miR-370 in HUVECs were significantly
increased compared with the NC group (Fig. 1B); however, the
expression levels of miR-370 in HUVECs were significantly
reduced compared with the NC group, following transfection
with miR-370 inhibitors (Fig. 1C). These results demonstrated
that the transfection model was successful. Following transfec-
tion with miR-370 mimics or inhibitors, HUVEC proliferation
was affected in two different directions. Accompanied with
the enhanced expression of miR-370 induced by transfection
with miR-370 mimics, HUVEC proliferation was significantly
increased compared with the NC group (P<0.01; Fig. 1C).
miR-370 enhanced the cell proliferation, which was also
confirmed by the decreased cell viability in the miR-370
inhibitor group compared with the NC group (Fig. 1C).

miR-370 promotes cell migration and invasion. As depicted in
Fig. 2A, the distance in the NC, miR-370 mimics and miR-370

inhibitor groups was similar at 0 h; however, the distance in
the miR-370 mimics group was reduced at 24 h compared
with the NC group. According to the results observed in the
wound healing assay, overexpression of miR-370 significantly
promoted the activity of cell migration compared with the NC
group (Fig. 2B). The invasion capacity of HUVECs, which
were transfected with the miR-370 mimics, was evaluated by
performing the Matrigel assay. As indicated in Fig. 2C and D,
upregulation of miR-370 with miR-370 mimics significantly
promoted cell migration compared with the NC group.
Notably, miR-370 inhibitors did not affect cell migration and
invasion (Fig. 2A-D).

Downregulation of miR-370 promotes cell apoptosis. As
depicted in Fig. 3A, a notable number of apoptotic cells
were observed in HUVECs transfected with miR-370 inhibi-
tors. Based on the results obtained with flow cytometry,
the apoptosis rate was calculated and depicted in Fig. 3B.
The apoptotic rate in the NC and miR-370 mimics groups
were low. According to the results depicted in Fig. 1B, the
expression of miR-370 was significantly reduced following
transfection with miR-370 inhibitors; however, the apoptotic
rate of HUVECS in the miR-370 inhibitor group was signifi-
cantly increased compared with the NC group. Collectively,
the results demonstrated that downregulation of miR-370
promoted cell apoptosis. Notably, miR-370 mimics could not
induce HUVEC apoptosis.

miR-370 is a regulator of FOXOI. The miRNA sequence in
the bioinformatics platforms was used to search for potential
targets, which were weighted and a list of the optimal potential
targets are generated. According to the three most commonly
used bioinformatics prediction tools (TargetScan 6.0, miRanda
and miRbase), protein FOXO-1 was projected as the most
possible target of miR-370; the specific combined targets of
miR-370 on FOXOLl gene was focused from 46-53 of FOXO1
3'-UTR (Fig. 4A); therefore, FOXO1 was indicated as the
target gene of miR-370. In order to confirm the result, the dual
luciferase reporter assay was performed. 293T cells, the most
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Figure 2. miR-370 promotes cell migration and invasion. (A) Effect of miR-370 on cell migration with a wound healing assay (magnification, x200). (B) Effect
of miR-370 on cell invasion with a Matrigel invasion assay. Invaded cells were counted under a light microscope (views were randomly selected, at least five
views/well; magnification, x200). (C) Effect of miR-370 on cell invasion with a Matrigel invasion assay. Invaded cells were counted under a light microscope
(views were randomly selected, at least five views/well; magnification, x200). (D) Migratory cells in each group were quantified. Values were presented as the
mean =+ standard deviation. “P<0.05 vs. NC group. NC, negative control; miR, microRNA.
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Figure 3. Downregulation of miR-370 promotes cell apoptosis. (A) Effect of downregulation of miR-370 on cell apoptosis by Annexin V and propidium iodide
staining using flow cytometry. (B) Apoptosis rate of HUVECs was determined following transfection with miR-370 inhibitors. Values were presented as the
mean =+ standard deviation. “P<0.05 vs. NC group. NC, negative control; HUVEC, human umbilical vein endothelial cells; miR, microRNA.

commonly used tool in this assay, were selected. The luciferase
activity was significantly reduced following transfection with
psiCHECK-2-FOXO1-WT and miR-370 mimics compared
with the NC group (Fig. 4B); however, the luciferase activity
was not significantly affected when the specific target was

compared with the NC group. However, HUVECs in the pres-
ence of miR-370 inhibitors exhibited increased expression
levels of FOXOL1 protein compared with the NC group.

miR-370 regulates cell apoptosis by affecting relative target

mutated (Fig. 4B). Therefore, miR-370 was indicated as a vital
regulator of the FOXO1 gene. Furthermore, the western blot
analysis result of the FOXO1 protein performed on HUVECs
also supported this conclusion. As depicted in Fig. 4C and D,
the protein expression levels of FOXOI1 in HUVECs following
transfection with miR-370 mimics was significantly reduced

proteins. FOXOI, as a transcription factor, serves a vital
role in numerous crucial cellular processes, including cell
apoptosis and cell cycle progression (13). FOXO1 is consid-
ered to be involved in the process of inducing cell apoptosis
through its transcription of a number of genes in the apop-
totic pathway and its location in the cell nucleus (13,14). A
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Figure 4. miR-370 is a regulator of FOXOI. (A) The specific combined position between FOXO1 3'-UTR and miR-370 based on the results of bioinformatics
tools. (B) Luciferase activity was measured using the dual luciferase reporter assay. 293T cells were selected and used in the present assay. Cells in the
WT group were treated with psiCHECK-2-FOXO1-WT+miR-NC and psiCHECK-2-FOXO1-WT+miR-370 mimics separately. Cells in the MT group were
treated with psiCHECK-2-FOXO1-MT+miR-NC and psiCHECK-2-FOXO1-MT+miR-370 mimics separately. “P<0.01 as indicated. (C) Effect of miR-370 on
FOXOIL protein expression in HUVECs following transfection with miR-370 mimics and miR-370 inhibitors. The expression levels of FOXOl were detected
using western blot analysis. (D) Relative protein expression levels of FOXO1 in HUVECs quantified by Image pro plus 6.0. Values were presented as the
mean + standard deviation. “P<0.05 vs. NC group. NC, negative control; WT, wild type; MT, mutation type; HUVEC, human umbilical vein endothelial cells;
miR, microRNA; FOXO1, Forkhead Box 1.
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Figure 5. miR-370 regulated cell apoptosis by affecting relative target proteins. (A) Effect of overexpression and downregulation of miR-370 on apoptotic
proteins, including Bax, Bcl-2, cleaved-PARP and active caspase 3. Effect of overexpression and downregulation of miR-370 on apoptotic relative proteins
(B) Bax, (C) Bcl-2, (D) cleaved-PARP and (E) active caspase 3 in HUVECs quantified by Image pro plus 6.0. Values were presented as the mean =+ standard
deviation. “P<0.05 vs. NC group. NC, negative control; miR, microRNA; Bcl-2, B-cell lymphoma-2; Bax, Bcl-2-associated X; HUVEC, human umbilical vein
endothelial cells; PARP, poly(ADP-ribose) polymerase.

total of four apoptotic proteins, Bax, Bcl-2, cleaved-PARP  of pro-apoptotic proteins, including Bax, cleaved-PARP and
and active caspase 3, were selected to evaluate the associa-  active caspase 3, were reduced compared with the NC group
tion between miR-370 and cell apoptosis (Fig. 5). Following  (Fig. 5A and B). However, the expression levels of Bcl-2, a type
transfection with miR-370 mimics, protein expression levels  of inhibitor of apoptotic proteins, was significantly decreased
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following transfection with miR-370 inhibitors compared
with the NC group (Fig. 5A and C). In addition, miR-370
inhibitors significantly increased the expression levels of Bax,
cleaved-PARP and active caspase 3 in HUVECs following
transfection (Fig. 5A, B, D and E).

Discussion

miR-370 is considered to be a key miR in lipid metabolism
that downregulates the expression of the carnitine palmitoyl
transferase 1o gene, which controls fatty acid oxidation (15).
Liu et al (9) revealed that plasma expression levels of
miR-370 were significantly higher in the patients with coro-
nary artery disease compared with those without coronary
artery disease (9). Consistent with a previous report (9), the
expression levels of miR-370 in the PBMCs of patients with
atherosclerosis were significantly increased. In addition, it has
been reported that miR-370 expression levels are potential
diagnostic tools for discriminating coronary artery disease to
facilitate with the management of patient care (9). However, to
the best of our knowledge, there is no report on the function of
miR-370 in atherosclerosis.

In the present study, the function and target gene of
miR-370 in HUVECs were investigated. HUVECs are the
most commonly used model for the study of coronary athero-
sclerosis, as the proliferation and migration of endothelial cells
(ECs) are vital processes involved in atherosclerosis (2). The
present study results suggested that overexpression of miR-370
enhanced cell migration and invasion. The enhanced invasion of
assorted exogenous cells across a stiffened extracellular matrix
and an increase in the migratory behavior of resident cells are
considered to characterize atherosclerosis (16). For example,
as an RNA aptamer, Apt-alphavbeta3 has been identified to
reduce platelet-derived growth factor-stimulated tube formation
and to increase HUVEC apoptosis through inhibition of focal
adhesion kinase phosphorylation pathway. In addition, human
endothelial cell proliferation and survival were significantly
inhibited by Apt-alphavbeta3, which in turn resulted in reduced
angiogenesis (17). Similarly, the present study indicated that
downregulation of miR-370 promoted cell apoptosis.

In order to further investigate the underlying molecular
target involved in miR-370-mediated atherosclerosis, three
tools, namely TargetScan 6.0, miRanda and miRbase, were used.
According to the result of these three tools, protein FOXO-1 was
considered to be the possible target of miR-370. FOXO-1 was
selected in the present study to investigate its association with
miR-370. The dual luciferase reporter system assay suggested
that miR-370 could bind to the 3'-UTR of FOXO1 mRNA,
which resulted in the inhibition of FOXOI expression.

FOXOs have been confirmed to be essential regulators of
cellular homeostasis, including oxidative stress response and
redox signaling, lipid metabolism, apoptosis and cell cycle
progression (18,19). FOXO1 has been considered to be impor-
tant in different types of cellular action (18,19). Deng et al (20)
demonstrated that FOXOL1 served an important role in vascular
smooth muscle cell calcification and the ubiquitination of
PTEN/Akt-modulated Runt-associated transcription factor 2.
Li et al (21) demonstrated that FOXOI and the pro-apoptotic
protein Bcl-2 like 11 (Bim) served vital roles in regulating
endothelial cell apoptosis induced by oxidative stress; however,
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endothelial cell apoptosis caused by oxidative stress is an early
event in the development of atherosclerosis. Furthermore,
miR-370 has been reported to be effective in regulating the
proliferation of human prostate cancer cells through directly
inhibiting the tumor suppressor FOXOL1 (12,18,19). According
to the present results, miR-370 was a specific regulator of
FOXOL1, which was consistent with previous reports (12,18,19).
Apoptosis has critical role in maintaining tissue homeo-
stasis and eliminating damaged cells, and has been confirmed
to be a programmed cell suicide mechanism (21). The Bcl-2
family and caspases are the two major regulators of apop-
tosis (21). According to reports published previously, FOXO1
is inhibited by the phosphorylation of Akt, while the down-
stream protein Bim is activated by the phosphorylation of
FOXOL1 (18-21). Additionally, Bim can directly activate the
pro-apoptotic protein Bax, which is downstream of Bim and
inhibits the anti-apoptotic protein Bcl-2 (21). Furthermore,
PARP is inhibited by caspase 3 and cleaved PARP is an impor-
tant protein in promoting cell apoptosis (22). These proteins
are all involved in the mitochondrial apoptotic pathways (22).
Collectively, as a specific regulator of FOXOI, the present
findings suggested that miR-370 serves a vital role in coronary
atherosclerosis. Overexpression of miR-370 inhibited the
expression of FOXOI. Furthermore, Bax, Bcl-2 and cleaved
PARP expression levels were affected in the process of cell
apoptosis; therefore, miR-370 has the potential to be used as a
biomarker in identifying coronary atherosclerosis and may be
used in treatment to improve coronary atherosclerosis. Further
research on the function between these markers in vivo will
provide an essential insight into basic and clinical processes.
However, many miRNAs may be associated with atheroscle-
rotic disease. Thus, the assessment of other miRNAs and their
functional effects in atherosclerosis is required, which may
offer a potential target for coronary artery disease therapy.
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