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Abstract: MicroRNAs (miRNAs) have been reported to be of great importance in a wide range of physiological and
pathological processes, including acute coronary syndrome (ACS). However, the exact role of miRNAs in the patho-
genesis of ACS has not been fully elucidated. In this study, we found that miR-101 was significantly upregulated in
the serum samples of patients with acute coronary syndrome compared with healthy controls. In human umbilical
vein endothelial cells (HUVECs), the overexpression of miR-101 drastically promoted cell apoptosis and inhibited
cell migration. Mechanistically, miR-101 repressed the expression of CHD5 by targeting its 3’-untranslated region
(3'UTR). The silencing of CHD5 also induced cell apoptosis and suppressed cell migration in HUVECs. Taken to-
gether, our findings suggest that the miR-101-CHD5 axis may play an important role in the biological behaviors of
endothelial cells during the pathogenesis of ACS and may afford an effective diagnostic marker and a powerful

therapy for this disease.
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Introduction

Acute coronary syndrome (ACS), a life-threaten-
ing disease and one of the leading causes of
cardiovascular death and disability around the
world, is mainly caused by decreased blood
flow in the coronary arteries, atherosclerotic
plaque rupture, plague erosion, and nodule cal-
cification [1, 2]. The incidence of ACS has risen
over the past few decades, especially in many
developing areas. Usually, the risk factors for
ACS involve obesity, hypertension, depression,
hypercholesterolemia, diabetes, and smoking
[3]. Although significant advances in the clinical
approach have been found for its treatment
and prevention, coronary artery disease is sti-
II'a major cause of mortality and morbidity in
many developing countries. Thus, novel thera-
peutic strategies are urgently needed to be
found to improve clinical outcomes in ACS
patients.

The function of vascular endothelial cells (VECs)
is frequently impaired in ACS, resulting in pla-

que erosion and thrombosis formation, which is
considered to be a key event for the formation
and progression of ACS. Coronary endothelial
dysfunction seems to be found in most patients
with ACS; however, it’s very difficult to interpret
the exact role of VEC dysfunction in the forma-
tion and progression of ACS.

MicroRNAs (miRNAs) are a class of endoge-
nous, small (22-24 nt) non-coding RNA mole-
cules that decrease the expression of target
genes by combining with the 3’-untranslated
region (3'UTR), subsequently triggering the deg-
radation of mRNA or the suppression of transla-
tion [4, 5]. Recently, a growing number of stud-
ies have shown that miRNAs can regulate the
biological behaviors of endothelial cells, inflam-
mation, plateletactivation,and aggregation. Mo-
reover, miRNA deregulation influences the initi-
ation, progression, and rupture of atheroscle-
rotic plaques. In addition [6, 7], miRNAs can be
secreted into the extracellular matrix, and the
blood and urine, which is termed circulatory
miRNAs. Circulatory miRNAs can be used as
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biomarkers for the diagnosis, treatment, and
prevention of diseases, including coronary he-
art disease. However, it is still unclear whether
mMiRNAs can be used as stable biomarkers for
ACS and can further evaluate the severity of
ACS [8].

Using a high-throughput screening technique, a
recent study found that circulating miR-101 is
upregulated in young patients with acute coro-
nary syndrome. In this study, we found that miR-
101 was clearly upregulated in the serum sam-
ples of patients with ACS compared with he-
althy controls. In HUVECs, the overexpression
of miR-101 significantly promoted cell apopto-
sis and inhibited cell migration. Mechanistically,
CDH5 is a direct target of miR-101, and miR-
101 repressed the expression of CHD5 via tar-
geting its 3’UTR. CHD5 knock-down also induc-
ed cell apoptosis and suppressed cell migra-
tion in HUVECs. Our results demonstrate that
the miR-101-CHD5 axis may play a critical role
in the biological behaviors of endothelial cells
during the formation and progression of ACS
and may afford an effective diagnostic marker
and therapeutic target for ACS treatment.

Materials and methods
Clinical samples

This study recruited adult patients at the
Tangshan Workers’ Hospital in accordance with
the approved guidelines of the Medical Ethics
Committee. Informed consent was obtained
from all the patients and healthy controls. 14
ACS male patients below 45 years of age, clini-
cally diagnosed with either NSTEMI or STEMI,
and 13 gender- and age-matched control sub-
jects were enrolled in this study.

Reverse transcription-quantitative polymerase
chain reaction (RT-gPCR)

After the sample collection, total RNA from the
sera was isolated using the TRIzol LS Reage-
nt (Invitrogen, Carlsbad, CA, USA) according to
the manufacturer’s specifications. RNA quanti-
ty and quality were assessed using a NanoDrop
2000 spectrophotometer (NanoDrop Products,
Wilmington, DE., USA). RT-gPCR was performed
through two-step reactions. Each RT reaction
consisted of 100 ng of RNA, 4 ul of 5X First-
Strand Buffer, 2 pl of dNTP Mix (2.5 mM each),
2 ul of DTT (100 mM), 2.5 ul of specific RT prim-
er (20 uM), and 0.5 pl of SMART MMLV Reverse
Transcriptase (Takara, Beijing, China), in a total
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volume of 20 ul. The reactions were performed
at 42°C for 60 min, followed by the termination
of the reaction by heating at 70°C for 15 min.
Real-time PCR was performed using a ABl 7500
Real-time PCR System (Applied Biosystems,
Foster City, CA, USA) with 20 L of the reaction
mixture including 2 uL of cDNA, 10 yL of 2 x TB
Green Premix Ex Taq (Takara), 1 uL of universal
forward primers (20 uM), 1 pyL of miRNA-specif-
ic reverse primer (20 uM), and 6 uL of nucle-
ase-free water. Reactions were incubated in a
96-well optical plate (ABI) at 95°C for 10 min,
followed by 40 cycles of 95°C for 10 s and
60°C for 30 s. Each reaction was performed in
triplicate. The expression of U6 was used as an
internal control. The expression levels of the
miRNAs were calculated by the 222t method.
The primers used are as follows: Hsa-miR-101
RT: GTCGTATCCAGTGCAGGGTCCGAGGTATTCG-
CACTGGATACGACTTCAGT; Universal forward:
GTGCAGGGTCCGAGGT; Hsa-miR-101-specific
reverse: CTGAAGTCGTATCCAGTGCG. U6-forwa-
rd: CTCGCTTCGGCAGCACA; U6-revese and RT:
AACGCTTCACGAATTTGCGT.

Western blot analysis

The cells were lysed using the RIPA Lysis Bu-
ffer (Beyotime, Shanghai, China) for 15 min at
4°C, and the protein concentration was then
determined using an Enhanced BCA Protein
Assay Kit (Beyotime). Twenty ug of protein were
separated by SDS-PAGE (8% gels) and blotted
onto PVDF membranes (Bio-Rad, Hercules, CA,
USA). The blots were blocked with 5% non-fat
dry milk in TBS at room temperature for 1 h
and then incubated with primary antibodies
of CDH5 (Abcam, Cambridge, UK; ab232880;
1:1000), BAX (Abcam; ab77566; 1:1000), BAD
(Abcam; ab32445; 1:1000), BIM (Abcam; ab-
15184; 1:1000), BCL2 (Abcam; ab196495;
1:1000) and B-ACTIN (Cell Signaling Technology,
MA, USA; 4970; 1:5000) overnight at 4°C. The
membranes were exposed to anti-rabbit horse-
radish peroxidase-conjugated secondary anti-
body (7074; 1:8000, Cell Signaling Technology)
for 1 h at 37°C, following 3 washes with TBST
for 15 min each. The membranes were detect-
ed using the BeyoECL Plus reagent (Beyotime)
and quantified by using the Imagel) analysis
software (NIH, MD, USA).

Apoptosis assay

Apoptosis assays were carried out using the
Annexin V-FITC Apoptosis Detection Kit | (BD
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Pharmingen, San Diego, CA, USA) following the
manufacturer’s instructions. Briefly, 72 h after
transfection, the cells were collected and
stained with 5 pL of Annexin V-FITC and 5 pL of
propidium iodide (PI), followed by flow cytome-
try analysis in a FACS Canto Il machine (BD
Biosciences). The apoptotic cells were analyzed
by the FlowJo software 7.6.1 (Tree Star Inc,
Ashland, OR, USA).

Transwell migration assay

The treated cells (2.5 x 10* cells) were sus-
pended into 200 uL of fresh culture medium
without FBS and plated in the top chamber of a
24-well insert (Corning, NY, USA, pore size: 8
um). A fresh culture medium with 10% FBS was
added into the lower chamber. After 16 h of
incubation, the migrated cells were stained
with 20% methanol and 0.2% crystal violet, and
then six photographs of each sample were
taken randomly. The stained crystal violet was
resolved with 200 pl of 0.05 mM sodium citrate
and 0.05 mM citric acid in 50% ethanol and
measured at OD570 using an ELISA reader
(Molecular Devices, Sunnyvale CA, USA).

Wound-healing assay

The stably transfected cells (1 x 10° per well)
were trypsinized and seeded in 24-well plates,
and then cultured overnight in the complete
medium. The monolayers of cells were scra-
tched using a 200-pl pipette tip. The cells were
then washed with the culture medium to re-
move cellular debris and allowed to culture ag-
ain up to 24 h in the serum-free medium. The
cell migration areas were recorded by micro-
scope every 8 hours (0, 8, and 16 hours).

Dual-luciferase reporter assay

The potential binding site of miR-101 with CDH5
was predicted by the bioinformatics software
database TargetScanHuman 7.2 (http://www.
targetscan.org/vert_72/). The 3'UTR of CDH5
containing a miR-101 binding site was ampli-
fied and cloned into the reporter plasmid psi-
CHECK-2 (Promega, Fitchburg, WI, USA). The mu-
tant-type dual-luciferase vector (CDH5-3'UTR
MUT) was constructed by using the Site-Direc-
ted Mutagenesis System (Beyotime) according
to the manufacturer’s instructions. The prime-
rs used were as follows: CDH5-3'UTR-WT-for-
ward: 5-GCGCGATCGCGCGGCCGAGGTCACTCT-
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GG-3; CDH5-3'UTR-WT-reverse: 5-GCGTTTA-
AACTTGCCCAGGCTAAAGATTTTTC-3’; CDH5-3-
UTR-MUT-forward: 5'-TGTCTATATATTGGCCAAAC-
TGGTGCATGACAAGATGACAATTTTTTTATAC-3’;
CDH5-3’UTR-MUT-reverse: GTATAAAAAAATTG-
TCATCTTGTCATGCACCAGTTTGGCCAATATATAGA-
CA. The luciferase reporter assay was per-
formed as previously described [9].

Quantifying the plasma levels of CRP, IL6, and
MCP-1

The plasma levels of CRP (Abcam; ab99995),
IL6 (Abcam; ab178013) and MCP-1 (Abcam;
ab100586) were measured by the ELISA kits
according to the manufacturer’s instructions.

Statistical analysis

All statistical analyses were performed by using
SPSS 17.0 (IBM Corporation, Armonk, NY, USA).
The differences were analyzed by using the stu-
dent’s t-test or a one-way ANOVA. A P-value <
0.05 was considered to be statistically signifi-
cant (P < 0.05, P < 0.01, ""P < 0.001).

Results

miR-101 is upregulated in the serum samples
of patients with ACS

Previous studies have shown that circulating
miRNA expression profiles are significantly
altered in patients with ACS, including miR-101.
To determine the expression of miR-101 in the
serum samples of patients with ACS, qRT-PCR
was performed. The results showed that circu-
lating miR-101 expression was significantly
upregulated in patients with ACS compared
with the control groups (P = 0.0004; Figure
1A). Consistently, the concentrations of the
ACS-associated cytokines MCP-1 (P = 0.0043,
Figure 1B), CRP (P =0.0153, Figure 1C) and IL6
(P = 0.0153, Figure 1D) were also significantly
elevated compared with the controls.

Upregulation of miR-101 contributes to vascu-
lar endothelial cell apoptosis

As mentioned above, the dysfunction of vascu-
lar endothelial cells plays a critical role in ACS.
Thus, to further evaluate the effects of miR-101
on the development of ACS in vitro, we next
examined the role of miR-101 in the biological
behaviors of vascular endothelial cells. HUVECs
were transfected with an miR-101 mimic or a
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Figure 1. The expressions of miR-101, MCP-1, CRP, and IL6 are significantly
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upregulated in the serum samples derived from patients with ACS. (A) The

expression of circulating miR-101 in patients with ACS (n = 14) compared
with the healthy controls (n = 13). (B-D) ELSIA analyses were performed to
determine the protein levels of MCP-1 (B), CRP (C), and IL6 (D) in the serum
samples derived from patients with CAD compared with the healthy con-
trols. All the data were statistically analyzed using Student’s t-test.

matched control. As a result, the miR-101 mi-
mic transfection significantly increased the
expression of miR-101 in HUVECs (Figure 2A
and 2B). Subsequently, Annexin V and PI dou-
ble staining assays revealed that cell apoptosis
was significantly facilitated by the ectopic over-
expression of miR-101 in HUVECs (Figure 2C).
The apoptosis assay showed that HUVECs tr-
ansfected with the miR-101 mimic had a higher
percentage of apoptotic cells both in the early
phase (Figure 2D) and the late phase (Figure
2E) compared to the control group. Consistent
with the flow cytometry analysis, the Western
blot analysis also demonstrated that the pro-
apoptotic genes BAX, BAD, and BIM were sig-
nificantly enhanced by miR-101 overexpres-
sion, but the anti-apoptotic gene BCL2 was
attenuated by the miR-101 overexpression
(Figure 2F-H). The above results indicate that
miR-101 overexpression promotes apoptosis in
HUVECs.

The overexpression of miR-101 suppresses
cell motility and migration in HUVECs in vitro

To further characterize the biological roles of
miR-101 in HUVECs, we performed a transwe-
Il assay to evaluate the migration ability of
HUVECs transfected with the miR-101 mimic

3323

To further investigate the un-
derlying mechanism by whi-
ch miR-101 regulates HUVEC
apoptosis and migration, we
performed a search for miR-
101 potential targets by using
the bioinformatics software database Target-
ScanHuman 7.2 (http://www.targetscan.org/
vert_72/). Among these, CDH5, a calcium-
dependent cell-cell adhesion molecule playing
an important role in cell invasion and migration,
was identified as a potential target of miR-101.
To verify this prediction, the wild type (CDH5-
3'UTR-WT) or mutant (CDH5-3'UTR-MUT) 3’UTR
sequences of CDH5 containing the putative
binding site of miR-101 were inserted into psi-
CHECK-2 plasmids (Figure 4A). The results
from luciferase reporter assays demonstrated
that miR-101 overexpression markedly decrea-
sed the luciferase activity of the wild type 3’'UTR
of CDHb5, but not that of the mutant CDH5
3'UTR in HUVECs (Figure 4B). In addition, we
found that both the mRNA and protein levels of
CDH5 were significantly suppressed by miR-
101 overexpression in HUVECs (Figure 4C and
4D). These results confirmed the direct interac-
tion between miR-101 and CDH5.

Silence of CDH5 drastically promoted cell
apoptosis and inhibited cell migration in HU-
VECs

The aforementioned results demonstrated that

there is an association between miR-101 and
CDH5 in HUVECs. Thus, it was hypothesized
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Figure 2. The overexpression of miR-101 induced cell apoptosis in HUVECs. (A, B) Semi-quantitative RT-PCR (A) and
quantitative RT-PCR (B) to determine the expression of HUVECs transfected with the miR-101 mimic compared with
the control. (C-E) Annexin V-FITC/PI staining to evaluate the apoptotic rates of HUVECs transfected with miR-101
mimic compared with the control. (F-H) Western blots to determine the protein expression levels of BAX, BAD, BIM
and BCL2 in HUVECs transfected with the miR-101 mimic compared with the control. All the data were obtained
from three independent experiments and statistically analyzed by one-way ANOVA. **P < 0.01."""P < 0.001.

that CDH5 may neutralize the effects of miR-
101 on HUVECs. A series of experiments was
performed to confirm that CDH5 affects cell
apoptosis and migration in HUVECs. These
results demonstrated that transfection with
CDH5 siRNA (Figure 5A and 5B) promoted cell
apoptosis (Figure 5C and 5D) and inhibited cell
migration (Figure 5E and 5F) in HUVECs.

Discussion

Cardiovascular events are the leading cause of
death and about 20% of these deaths occur
from ACS, meaning that ACS is the first cause
of human mortality and morbidity all over the
world [10]. A growing number of studies have
shown that the progression of ACS is a com-
plex, multiple-step process. Endothelial cell
dysfunction, which may be affected by endo-
thelial cell proliferation, apoptosis, invasion
and migration, is regarded as a major contribu-
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tor to the pathogenesis of ACS [11]. Up to now,
the precise mechanism underlying the patho-
genesis of ACS still remains largely unknown. In
the present study, we demonstrated the pro-
apoptotic and anti-migrated effects of miR-101
in HUVECs. Mechanistically, the effect of miR-
101 was mediated through the inhibition of
CDHb5. Therefore, the miR-101/CDH5 axis may
be a novel target for the prevention and treat-
ment of ACS.

Recently, miRNAs are attracting more attention
due to their important regulatory roles in the
progression of ACS. MiRNAs modulate endo-
thelial functions during the development of
ACS. For instance, deregulated expressions of
circulating miRNAs such as miR-499 [12], miR-
486-3p [13], miR-210 [14], miR-197 [15], and
miR-223 [15] have been established in patients
with ACS [16], and their roles in the regulation
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swell migration assay. C, D. Determination of the cell mobility of HUVECs transfected with the miR-101 mimic com-
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the means + SEM. Statistical significance, determined by a one-way ANOVA, was indicated by "P < 0.05, P < 0.01.
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Figure 4. CDH5 is a direct target of miR-101 in HUVECs. (A) Schematic view to present a putative miR-101 binding
site (wild type and mutant) in the 3’UTR of CDH5. (B) Luciferase reporter assay to assess the effect of miR-101 on
CDH5 expression. Data are shown as the means + SEM (n = 6). Statistical significance, determined by Student’s
t-test, was indicated by P < 0.05, P < 0.01. (C and D) The overexpression of miR-101 suppressed the expression
of CDH5 in HUVECS, as determined by quantitative RT-PCR (C) and western blot (D). Data were shown as the means
+ SEM (n = 3). Statistical significance, determined by Student’s t-test, was indicated by **P < 0.01.
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Figure 5. The silencing of CDH5 promotes cell apoptosis and suppresses cell migration in HUVECs. (A, B) Quantita-
tive RT-PCR (A) and western blot (B) to determine the mRNA and protein levels of CDH5 in the HUVECs transfected
with CDH5 siRNA and control siRNA, respectively. (C, D) The silencing of CDH5 elevated the apoptotic cells in
HUVECs transfected with CDH5 siRNA compared with the control siRNA, demonstrated by Annexin V/PI double
staining. (E, F) The silencing of CDH5 suppressed cell migration in HUVECs transfected with CDH5 siRNA compared
with the control siRNA, as determined by the migration assay. The data was calculated in triplicate and shown as
the means + SEM. Statistical significance, determined by one-way ANOVA, was indicated by “P < 0.05, “*P < 0.01.

of endothelial function, differentiation of vascu-
lar smooth muscle cells, and plaque stabiliza-
tion leading to the development of these dis-
eases are documented. The objective of our
study was to validate the role of miR-101 in
patients with acute coronary syndrome and its
underlying mechanisms. Our findings demon-
strate serum miR-101 could serve as a power-
ful biomarker of ACS as serum miRNA is stable
and easy to measure. Substantial studies dem-
onstrate that miR-101 plays an important role
in cardiovascular diseases. For example, Cheng
et al. have demonstrated that Geniposide regu-
lates the miR-101/MKP-1/p38 pathway and
alleviates atherosclerosis inflammatory injury
in ApoE”- mice [17]. miR-101-3p serves as a
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therapeutic target that limits endothelial cell
death associated with vascular disorders [18].
Dong et al. have shown that the down-regula-
tion of miR-101 contributes to rheumatic heart
disease by up-regulating TLR2 [19].

Endothelial cell-cell junctions, comprising the
vascular endothelial (VE)-cadherin (CDH5)-ca-
tenin complex, function to maintain the mono-
layer integrity [20]. VE-cadherin (CDH5)-based
cell-cell junctions are dynamic and remodeled
during several biological processes such as
angiogenesis and homeostasis [21]. In this
study, CDH5 was identified as a direct target of
miR-101 in HUVECs. We propose that upregula-
tion of miR-101 contributes to a decrease of

Int J Clin Exp Pathol 2019;12(9):3320-3328
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CDH5 leading to the disruption of endothelial
cell-cell junction.

Our study has some limitations. First, rescue
experiments are lacking to validate the effect
of CDH5 on the function of miR-101 in HUVECs.
Secondly, no data about in vivo experiments
was performed to elucidate the role of the miR-
101/CDH5 axis in ACS.

Taken together, our findings suggest the miR-
101-CHD5 axis may play an important role in
the biological behaviors of endothelial cells in
the pathogenesis of ACS and may afford
an effective diagnosis marker and therapeutic
marker for this disease.
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