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MiR-126 on mice with coronary artery disease

by targeting S1PR2
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Abstract. — OBJECTIVE: To screen the differ-
entially expressed micro ribonucleic acids (miR-
NAs) in the serum of coronary atherosclerosis
patients, and to investigate their possible mech-
anisms of action.

PATIENTS AND METHODS: The differentially
expressed serum miRNAs were screened from
3 coronary artery disease (CAD) patients and 3
healthy controls using miRNA expression pro-
files, which were verified using low-throughput
quantitative Reverse Transcription-Polymerase
Chain Reaction (RT-qPCR) assay. 60 apolipo-
protein E (ApoE)”" mice were divided into mod-
el group, agomir-126 group, agomir-control (con)
group, and antagomir-126 group using a random
number table. They were fed with high-fat di-
ets (21% fat and 0.15% cholesterol) ad libitum for
15 weeks to establish the mouse model of CAD.
Then, hematoxylin and eosin (HE) staining was
applied to detect the impact of miR-126 expres-
sion level on the tissue morphology in the tho-
racic aortic region. The influences of miR-126 ex-
pression level on the secretion levels of tumor ne-
crosis factor-alpha (TNF-a), interleukin-1 beta (IL-
1B), and IL-10 were determined via enzyme-linked
immunosorbent assay (ELISA). Western blotting
assay was performed to examine the effects of
miR-126 expression level on the expression lev-
els of nuclear factor-kappa B (NF-kB) and vascu-
lar cell adhesion molecule-1 (VACM-1) in the tis-
sues of the thoracic aortic region of the mice.
The correlation between miR-126 expression
level and sphingosine-1-phosphate receptor 2
(S1PR2) in the serum of CAD patients and animal
models was analyzed by the Pearson correlation
coefficient method. The targets of miR-126 were
predicted using the bioinformatics method, and
the direct targets were verified through investi-
gations. Western blotting assay and ELISA were
adopted to detect the impacts of miR-126 expres-
sion level on the expression and secretion lev-
els of TNF-a, IL-1B8, and IL-10 in S1P + oxidized
low-density lipoprotein (ox-LDL)-induced human
umbilical vein endothelial cells (HUVECS). Lenti-
virus-small hairpin RNA (shRNA) was utilized to
knock down the expression level of STRP2 to de-
termine whether miR-126 affected the increase in
the inflammation level in S1P + ox-LDL-induced
HUVECSs by targeting S1RP2.

RESULTS: Compared with those in control
group, 4 miRNAs (miR-126, miR-206, miR-4297,

and miR-3646) in the serum of CAD patients ex-
hibited the most significant expression differ-
ences, which increased by 6.72, 7.11, 13.57, and
21.22 times, respectively. The verification results
of low-throughput RT-qPCR assay indicated that
there were remarkable changes in the expres-
sion levels of the 4 selected miRNAs with differ-
ential expressions in comparison with those in
control group, displaying statistically significant
differences (p<0.01). The results of HE stain-
ing manifested that the coronary atherosclerot-
ic plaques were reduced markedly in agomir-126
group, while notably more coronary atheroscle-
rotic plaques were formed in the thoracic aortic
region in antagomir-126 group. Meanwhile, the
elevated expression level of miR-126 evidently
lowered the expressions of serum TNF-a and IL-
1B, but significantly increased the expression of
IL-10 in the mouse model of CAD. According to
the analysis results of the Pearson correlation
coefficient method, the miR-126 expression lev-
el was negatively correlated with SIPR2 expres-
sion level in the serum of both CAD patients and
animal models (r=-0.6123, r=-5.37). It was shown
in bioinformatics prediction and luciferase re-
porter gene assay that miR-126 negatively reg-
ulated the S1PR2 expression by targeting the 3’
untranslated region (UTR) of SIPR2 messenger
RNA (mRNA). In the in vitro inflammation model,
the increased expression level of miR-126 could
relieve the inflammation in cells induced by S1P
+ ox-LDL. Based on the results of both Western
blotting assay and ELISA, the differences in the
expression and secretion levels of TNF-a, IL-
1B, and IL-10, as well as the expression levels
of signaling molecules of the NF-kB signaling
pathway, in the cells were not statistically sig-
nificant among miR-126 mimic treatment group,
sh-S1PR2 group, and miR-126 mimic + sh-S1PR2
group, indicating that miR-126 affects the in-
flammation level in HUVECSs by targeting S1PR2.
CONCLUSIONS: MiR-126 represses the pro-
gression of coronary atherosclerosis in the mice
by binding to S1PR2. The results of this research
may propose a hew mechanism of miR-126 in ex-
erting its therapeutic effects and possess poten-
tial value for the treatment of CAD in the future.
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Introduction

Coronary artery disease (CAD), also known as
coronary atherosclerosis, has relatively high mor-
bidity and mortality rates and causes disastrous
impacts on the social economy'. It is manifested
as coronary artery stenosis and remodeling, lead-
ing to ischemia and hypoxia of the myocardial
tissues, and ultimately resulting in myocardial
necrosis. The pathological mechanism of CAD,
with stable angina, acute coronary syndrome,
acute myocardial infarction, and sudden cardiac
death as the clinical manifestations, is fairly com-
plex and related to multiple factors?.

From the perspective of pathology, CAD is
mainly characterized by the formation of coro-
nary atherosclerotic plaques, whose pathological
process arises from vascular endothelial dysfunc-
tion, vascular tone dysregulation, and coronary
vasoconstriction. In the advanced stage, low-den-
sity lipoprotein (LDL) can induce the endothelial
cells to express the vascular adhesion molecules
and intercellular adhesion molecules, and then
promote the adhesion of monocytes, thus stimu-
lating the formation of foam cells®. Subsequently,
the proliferation of vascular smooth muscle cells
causes vascular stenosis and remodeling, finally
blocking the blood supply and triggering tissue
ischemia. The rupture of plaques will lead to
thrombosis, and the sudden occlusion of arterial
lumen will ultimately give rise to acute coronary
syndrome*.

Micro ribonucleic acids (miRNAs), a kind of
double-stranded non-coding RNAs with small
molecular weights, are crucial post-transcription-
al gene regulators’®, whose action mechanism is to
repress the expression or induce the degradation
of messenger RNAs (mRNAs) by binding to
their 3’ untranslated region (UTR)®. Currently,
several studies have manifested that miRNAs
play extremely important roles in the pathological
process of cardiovascular diseases. In the case of
atherosclerosis, for example, numerous miRNAs
are involved in the direct and indirect modu-
lation of such vital pathological processes as
vascular endothelial dysfunction, abnormal lipid
regulation, infiltration of inflammatory cells, and
differentiation of vascular smooth muscle cells’™.
However, there are still limited investigations
into the crucial roles of miRNAs in coronary
atherosclerosis at present.

Therefore, this research aims to screen the
differentially expressed miRNAs in the serum of
coronary atherosclerosis patients. The targets of
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the miRNAs were predicted using bioinformat-
ics method, and the direct targets were verified
through investigations. Later, functional verifica-
tion was performed at the in vitro and in vivo lev-
els, hoping to further understand the pathological
process of coronary atherosclerosis and seek for
a novel category of molecular markers and drug
targets to facilitate the diagnosis and treatment of
the disease.

Patients and Methods

Research Subjects

21 CAD patients confirmed by angiography
were set as CAD group. Those suffering from
cardiac function impairment, heart failure, acute
myocardial infarction or unstable CAD were ex-
cluded. 30 healthy volunteers without CAD and
other inflammatory diseases were enrolled as
control group. In addition, the exclusion criteria
of this research are as follows: patients with a
medical history of leukopenia or thrombocytope-
nia, or those with other inflammatory diseases.
This investigation was approved by the Moral
and Ethical Committee of our hospital, and all
the CAD patients and healthy volunteers signed
the informed consent.

Screening of Differentially Expressed
miRNAs via miRNA Expression Profiles
Total RNAs were extracted from the serum
samples of the two groups of subjects and then
quantified using the NanoDrop kit (Thermo Fisher
Scientific, Waltham, MA, USA). Next, the integ-
rity of the RNAs was evaluated by Bioanalyzer
2100 (Agilent, Santa Clara, CA, USA). In this
research, Affymetrix 3° IVT Express kit and 100
ng of total RNA were applied to prepare com-
plementary RNA (cRNA), which was hybridized
on the Affymetrix PrimeView Human Array at
45°C for 16 h according to the user manual of
GeneChip 3* Array (Affymetrix, Santa Clara, CA,
USA). In addition, the array was processed on the
Affymetrix FS-450 Fluidics Station, followed by
washing, staining, and scanning using the Affy-
metrix GeneChip Scanner in accordance with the
manufacturer’s protocol. The raw data in the CEL
files were imported into Partek Genomics Suite 6.6
software, and the probe sets were standardized by
Robust Multi-array Average method. Finally, one-
way analysis of variance was adopted to determine
the significance of the differentially expressed
genes, and p-values were corrected by FDR.
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Quantitative Reverse
Transcription-Polymerase Chain
Reaction (RT-qPCR) Assay

RT and qPCR were employed to detect the
expression of miR-126 in the serum samples
and large cell lines, and the mRNA expression
of sphingosine-1-phosphate receptor 2 (SIPR2)
in human umbilical vein endothelial cells (HU-
VECs). The total RNA samples (500 ng) for
reverse transcriptase reaction were divided into
three parts, each of which was diluted at 1:10.
Then, 3 uL of total RNA was taken for PCR
amplification. After that, 5% agarose gel elec-
trophoresis was performed to verify the amplifi-
cation level of target genes. LabWorks 4.0 image
acquisition and analysis software were used for
data quantification and processing. U6 was se-
lected as the internal reference in this research,
and the primers of miR-126 were purchased from
ABM (Peterborough, Cambridge, Canada). The
samples in every group were measured three
times to obtain reliable data. In this research, the
284Ct method was adopted to analyze the changes
in relative expressions of target genes, and the
primer sequences utilized are shown in Table I.

Cell Culture and Experimental Scheme

The HUVECs and HEK293 cell line used in
this research were purchased from the American
Type Culture Collection (ATCC; Manassas, VA,
USA). The cells were cultured in Dulbecco’s
Modified Eagle’s Medium (DMEM) containing
10% fetal bovine serum (FBS) and 1% penicillin/
streptomycin in an incubator with 5% CO, at
37°C. Before the investigation, all the inoculated
cells were subjected to serum-free culture for 8 h
and synchronization.

MiR-126 mimic (miR-126), miRNA control
(miR-con), miR-126 inhibitor, small hairpin RNA
(shRNA) targeting SIPR2 (sh-S1PR2), and shR-
NA control (sh-con) were purchased from Shang-
hai GenePharma Co., Ltd (Shanghai, China).
The full-length SIPR2 sequence was cloned into

Table I. Primer sequences.

Primer name Primer sequences (5-3’)

MiR-126 5’-CATTATTACTTTTGGTACGC-3
5-GAACATGTCTGCGTATCTC-3
S1PR2 5> TGGAAACGCAGGAGACGACCTC-3’

5-CGAGTGGAACTTGCTGTTTCGG-3

ué6 5’-CGCTTCGGCAGCACATATACTA-3’
5-CGCTTCACGAATTTGCGTGTCA-3’

lentivirus plasmid pLenti6/V5-D-TOPO vector
(Invitrogen, Carlsbad, CA, USA) to establish the
recombinant plasmid of SIPR2, with empty plas-
mid as the control.

In the preliminary investigation, all the cells
were divided into 4 groups, namely control group
(normal HUVECs), miR-con treatment group,
miR-126 mimic treatment group, and miR-126
inhibitor treatment group. In this research, the
HUVECs in miR-126 mimic treatment group
were transfected with 100 nM of miR-126 mimic
using the Lipofectamine 2000 kit (Invitrogen,
Carlsbad, CA, USA, lot number: 11573019) strict-
ly according to the experimental operations of
the manufacturer’s kit. The processing methods
in miR-126 inhibitor treatment group were iden-
tical to those in miR-126 mimic treatment group
except for the concentration of miR-126 inhibitor
at 100 nM. After the successful transfection,
the cells were cultured in a fresh medium for
24 h and processed with a medium containing
oxidized LDL (ox-LDL) for 6 h. Later, the me-
dium containing ox-LDL was sucked, and the
cells were washed carefully with aseptic phos-
phate-buffered saline (PBS) for 3 times, followed
by culture in a complete medium for 24 h. The
processed cells were used for RT-qPCR, Western
blotting, and enzyme-linked immunosorbent as-
say (ELISA).

In the subsequent investigation, the cells were
divided into 4 groups: control group, miR-126
mimic treatment group, miR-126 mimic + sh-
SI1PR2 treatment group, and miR-126 mimic + sh-
con treatment group. SIPR2 was knocked down
by shRNA (Qiagen, Cambridge, MA, USA), and
the shRNA targeting SIPR2 (30 nM) was trans-
fected into the HUVECs using the Lipofectamine
2000™ transfection reagent (Invitrogen, Carls-
bad, CA, USA). 6 h later, the medium containing
the transfection reagent was discarded, and the
HUVECs were cultured in a fresh medium for
another 48 h. After that, the medium containing
ox-LDL was added for treatment for 6 h and ab-
sorbed. Then, the cells were washed with aseptic
PBS for 3 times carefully and cultured with the
complete medium for 24 h. The processed cells
were used for RT-qPCR, Western blotting, and
ELISA.

Luciferase Reporter Assay

The wild-type and mutant-type 3’UTRs of
SIPR2 gene were amplified and cloned into
psiCHECK™-2 luciferase plasmids (Promega,
Madison, WI, USA) to construct the wild-type
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and mutant-type SIPR2 reporter groups. The
primary neurons in mouse spinal cord were
cultured in a 24-well plate and co-transfected
with miR-126 or miR-con, and wild-type or
mutant-type plasmids. The luciferase activity
was measured via Dual-Luciferase Reporter
agent (Promega, Madison, WI, USA) at 48 h
after transfection.

Western Blotting Assay

The tissue lysis buffer was prepared, and a
proper amount of radioimmunoprecipitation as-
say (RIPA) and protease inhibitor phenylmeth-
ylsulfonyl fluoride (PMSF; RIPA: PMSF=100:1)
were added and mixed (Beyotime, Shanghai,
China). The cells digested with trypsin were har-
vested and added with the tissue lysis buffer, and
the lysates were collected and transferred into
Eppendorf (EP) tubes, followed by centrifugation
in a high-speed low-temperature centrifuge at
4°C and 14,000 rpm for 30 min and aspiration of
the protein supernatant. Subsequently, the pro-
teins were subjected to a heat bath at 95°C for
10 min for denaturation. The prepared protein
samples were stored in a refrigerator at —80°C
for later use. The bicinchoninic acid (BCA) kit
(Pierce, Rockford, IL, USA) was used to quan-
tify the proteins. After that, the gel for sodium
dodecyl sulfate-polyacrylamide gel electropho-
resis (SDS-PAGE) was prepared, and the protein
samples were loaded into the loading wells of
SDS-PAGE for electrophoresis under a constant
voltage of 80 V for 2.5 h. Later, the proteins
were transferred onto polyvinylidene difluoride
(PVDF) membranes (Millipore, Billerica, MA,
USA) through semi-dry processes. Subsequently,
the PVDF membrane was soaked in Tris-Buff-
ered Saline and Tween-20 (TBST) solution con-
taining 5% skim milk powder and shaken slowly
on a table for 1 h for sealing. Next, antibodies
were diluted using 5% skim milk powder, and
primary antibodies were added for incubation.
Then, the membrane was rinsed with TBST
solution for 3 times (10 min/time), incubated with
secondary antibodies at room temperature for
2 h, and then rinsed with TBST solution twice
and TBS once (10 min/time). Subsequently, the
proteins were detected using enhanced chemilu-
minescence (ECL) reagent and exposed in a dark
room. Finally, Image-Pro Plus v6 software (Me-
dia Cybernetics, Silver Spring, MD, USA) was
employed to analyze the relative expression of
proteins. The antibodies applied in this research
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were all purchased from Abcam (Cambridge,
MA, USA).

ELISA

The levels of tumor necrosis factor-alpha
(TNF-a), interleukin-1 beta (IL-1B), and IL-10
secreted by the ox-LDL-treated cells were de-
tected through the ELISA kits according to the
manufacturer’s instructions.

Animal Experiments

In this research, 60 male apolipoprotein E
(ApoE)" mice purchased from the Institute of
Materia Medica, Peking Union Medical College
were divided into 4 groups, namely model group,
agomir-126 group, agomir-con group, and antag-
omir-126 group, using a random number table.
The mice in the 4 groups had free access to high-
fat diets (21% fat and 0.15% cholesterol) for 15
weeks to establish the CAD model'. This study
was approved by the Animal Ethics Committee
of Taihe People’s Hospital Animal Center.

Both agomir-126 and antagomir-126 were
bought from Shanghai GenePharma Co., Ltd.
(Shanghai, China), with the mismatched ago-
mir-126 as the agomir-con in this research. 10
nmol of agomir-126 or 20 nmol of antagomir-126
were dissolved in 0.1 mL of normal saline, and
the drugs were injected into the tail vein once
every 3 d from the 10" week for 5 weeks.

Hematoxylin and Eosin (HE) Staining

The mice to be examined were killed by dis-
location at one time, and the heart was isolated
and processed with 4% paraformaldehyde/PBS
(pH 7.4) at 4°C for 48 h. After washing with run-
ning water, the tissues were dehydrated in 70%,
80%, and 95% ethanol and processed with 100%
ethanol, and then the ethanol was eliminated
using xylene. Later, the tissues were embedded
in paraffin (4 pm), followed by staining in strict
accordance with the manufacturer’s instructions
of the HE staining kit (Beyotime Biotechnology,
Shanghai, China).

Statistical Analysis

All the data were presented as mean £ SD
(standard deviation), the non-paired Student’s
t-test and one-way analysis of variance (ANO-
VA) were used for statistical analysis between
two groups, and Statistical Product and Service
Solutions (SPSS) 17.0 (SPSS Inc., Chicago, IL,
USA) was employed for statistical analysis in this
research.
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Results

Differentially Expressed MiRNASs in
the Serum of CAD Patients Screened
Via MiRNA Expression Profiles

To explore the differentially expressed miR-
NAs in the CAD patients, the gene expression
profiles in the serum of 3 CAD patients and 3
healthy controls were analyzed. According to
the screening results, a total of 211 differentially
expressed miRNAs were discovered with p<0.05
as the screening criterion. Next, the results of bio-
informatics prediction, with fold change >5 and
p<0.01 as the criteria, further exhibited 43 miR-
NAs that had potential target genes participating
in the pathological process of CAD. Compared
with those in control group, 4 miRNAs (miR-126,
miR-206, miR-4297, and miR-3646) in the serum
of CAD patients displayed the most significant
expression differences, which were increased by
6.72, 7.11, 13.57, and 21.22 times, respectively
(Figure 1).

Expression Differences in MiRNAs
Detected Via RT-qPCR Assay

MiRNAs probably exert important effects in
the process of coronary atherosclerosis. To fur-
ther validate the reliability of the high-through-
put screening results, 4 markedly up-regulat-
ed miRNAs were selected and verified using
low-throughput RT-qPCR assay. Results mani-
fested that there were remarkable changes in the
expression levels of the 4 selected miRNAs with
differential expressions in comparison with those
in control group, and the differences were statisti-
cally significant (p<0.01). Among them, miR-126
displayed the biggest difference in expression, so
it was chosen for subsequent functional verifica-
tion (Figure 2).

Overexpressed MiR-126 Delayed the
Progression of Coronary Atherosclerosis

It was indicated in the HE staining results that
there were significantly more coronary athero-
sclerotic plaques formed in the thoracic aortic
region in model group than that in control group.
The coronary atherosclerotic plaques were re-
duced markedly in agomir-126 group, while they
were increased prominently in the thoracic aortic
region in antagomir-126 group, suggesting that
miR-126 may play crucial roles in the patholog-
ical process and progression of coronary athero-
sclerosis (Figure 3A).
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Figure 1. Differentially expressed miRNAs in the serum
in CAD group (n=3) and control group (n=3) analyzed
via expression profiles. The heat map visualizes the
differentially expressed miRNAs with prominent changes
(fold change >5), in which the dark red stands for highly
expressed miRNAs, and the bright green for lowly expressed
miRNAs.

For the purpose of investigating the influence
of miR-126 expression level on the progression of
coronary atherosclerosis, agomir-126, and antag-
omir-126 were utilized to overexpress or knock
down the expression of miR-126. It was revealed
in RT-qPCR assay results that in comparison with
that in agomir-Con group, the expression level of
miR-126 was elevated remarkably in the tissues
of the thoracic aortic region in agomir-126 group,
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Figure 2. Differences in serum miRNA expressions between CAD group (n=21) and control group (n=30) detected via RT-
qPCR assay. The results of RT-qPCR assay manifest that the expression levels of miR-126, miR-206, miR-4297, and miR-3646
in the serum are raised evidently in CAD group compared with those in control group. **p<0.01.
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Figure 3. Influences of miR-126 expression level on CAD mouse model. A, Influences of different processing methods on
tissue morphology in the thoracic aortic region in different groups detected via HE staining (200%). B, Influences of different
processing methods on serum miR-126 expression level in different groups (n=4) detected via RT-qPCR assay. C, Influences
of different processing methods on secretion levels of serum TNF-a, IL-1p, and IL-10 in different groups (n=4) detected via
ELISA. D, Influences of different processing methods on expression levels of NF-kB and VACM-I in tissues of the thoracic
aortic region in different groups detected via Western blotting assay.
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but it was lowered notably in antagomir-126
group, displaying statistically significant differ-
ences (p<0.05; Figure 3B).

To probe the related mechanism of miR-126 in
delaying the progression of coronary atherosclero-
sis, the ELISA results demonstrated that the raised
expression level of miR-126 clearly decreased the
expressions of serum TNF-a and IL-1B but sig-
nificantly increased the expression of IL-10 in the
mouse model of CAD. Meanwhile, the lowered
expression level of miR-126 distinctly enhanced
the expressions of serum TNF-o and IL-1B but
prominently attenuated the expression of IL-10 in
the CAD mouse model (Figure 3C). All these data
illustrated that the mechanism of miR-126 in de-
laying the progression of coronary atherosclerosis
probably has a correlation with the inflammatory
mechanism. The subsequent Western blotting assay
further proved the above viewpoints, i.e., the rise in
miR-126 expression remarkably reduced the expres-
sion levels of nuclear factor-kappa B (NF-kB) and
vascular cell adhesion molecule-1 (VACM-1) in the
thoracic aortic region of the CAD mouse model, and
vice versa. Besides, there were statistically signifi-
cant differences in the data (p<0.05) (Figure 3D).

MiR-126 Expression Level was
Negatively Correlated with mRNA
Expression of S1PR2 in Clinical
Samples and CAD Animal Models

The results of analysis through the Pearson
correlation coefficient method indicated that the

miR-126 expression level had a negative correla-
tion with SIPR2 expression level in the serum of
both CAD patients and animal models (+=-0.66,
r=-0.68) (Figure 4).

MiR-126 Negatively Regulated S1PR2
Expression by Targeting the 3'UTR of
STPRZ2 mRNA

Through the bioinformatics software, we found
that TargetScan SIRP2 might be a potential target
of miR-126 (Figure 5A). Then, luciferase report-
er assay was adopted to measure the response
of wild-type and mutant-type SIRP2 genes in
the primary neurons in mouse spinal cord to
miR-126 and miR-con to further confirm the
interaction between miR-126 and SIRP2 gene.
It was discovered that the fluorescence response
intensity of HEK293 transfected with miR-126
and wild-type SIRP2 gene declined markedly,
while no apparent change in the fluorescence re-
sponse intensity of HEK293 transfected with mu-
tant-type SIRP2 gene was detected (Figure 5B).
In addition, RT-qPCR and Western blotting as-
says were performed to obtain further evidence.
We revealed that the transfection with miR-126
prominently increased the mRNA and protein
levels of SIRP2. On the contrary, the knockdown
of miR-126 could enhance the expression of
SIRP2 gene. In a word, these results elaborated
that miR-126 negatively regulates SIPR2 expres-
sion by binding to the 3’UTR of SIPR2 mRNA
(Figure 5C-E).
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Figure 4. Negative correlation between miR-126 expression level and SIPR2 expression level in clinical samples. The results
of Pearson correlation coefficient analysis indicate that the miR-126 expression level has a negative correlation with SIPR2
expression level in the serum of both CAD patients and animal models (»=-0.6123, r=-5.37).
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Figure 5. MiR-126 negatively regulates SIPR2 expression by directly binding to the 3’UTR of SIPR2 mRNA. A, TargetScan
database predicts that miR-126 directly binds to the 3’UTR of SIPR2 mRNA. B, Response of wild-type and mutant-type
SIRP2 genes in the primary neurons in mouse spinal cord to miR-126 and miR-con detected via luciferase reporter assay. C,
D, E, Influences of transfection with miR-con, miR-126, and miR-126 inhibitor on mRNA and protein levels of SIRP2 detected
via Western blotting and RT-qPCR assays. **: miR-126 group vs. miR-con group, p<0.01, and &&: miR-126 inhibitor group

vs. miR-con group, p<0.01.

Influences of MiR-126 on Expression
and Secretion Levels of TNF-a, IL-1,
and IL-10 in HUVECs

According to the results of Western blotting
assay and ELISA, the secretion and expression
levels of pro-inflammatory cytokines TNF-a
and IL-1p in HUVECs were significantly elevat-
ed, while the expression level of anti-inflamma-
tory cytokine IL-10 declined notably in S1P +
ox-LDL (60 pg/mL) treatment group compared
with those in S1P (1 puM) treatment group,
showing statistically significant differences
(p<0.01). Moreover, miR-126 mimic treatment
group exhibited markedly lower secretion and

expression levels of pro-inflammatory cytokines
TNF-a and IL-1B, and higher expression level
of anti-inflammatory cytokine IL-10 than S1P +
ox-LDL (60 pg/mL) treatment group. However,
miR-126 inhibitor treatment group had promi-
nently higher secretion and expression levels of
pro-inflammatory cytokines TNF-a and IL-1B,
but the lower expression level of anti-inflamma-
tory cytokine IL-10 than SIP + ox-LDL (60 pg/
mL) treatment group. All those findings suggest
that in the in vitro inflammation model, the in-
creased expression level of miR-126 can relieve
the inflammation in cells induced by SI1P + ox-
LDL (Figure 6 A-C).
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Figure 6. Influences of miR-126 on expression and secretion levels of TNF-a, IL-1f,and IL-10 in HUVECs. A, Expression level
of miR-126 in each group of cells detected via RT-qPCR assay. B, Influences of miR-126 on secretion levels of inflammatory
cytokines TNF-a, IL-1B, and IL-10 induced by SIP + ox-LDL detected via ELISA. C, Influences of miR-126 on expression
levels of inflammatory cytokines TNF-a, IL-1B, and IL-10 induced by SIP + ox-LDL detected via Western blotting assay.

MiR-126 Affected Inflammation Level
in HUVECs by Targeting ST1RPZ2

To further explore the influence of miR-126
on the inflammation level in HUVECs induced
by SIP + ox-LDL, the lentivirus-shRNA was
utilized to knock down the expression level of
SIRP2 to determine whether miR-126 affected
the elevation in the inflammation level in S1P +
ox-LDL-induced HUVECs by targeting SIRP2.
The results of RT-qPCR assay manifested that the
mRNA and protein expression levels of SIPR2
were decreased evidently in miR-126 mimic
treatment group, sh-S1IPR2 group, and miR-126
mimic + sh-SIPR2 group in comparison with
those in control group. The differences were sta-
tistically significant (p<0.01). Nevertheless, there

were no significant differences in the mRNA and
protein expression levels of SIRP2 among miR-
126 mimic treatment group, sh-SIPR2 group and
miR-126 mimic + sh-SIPR2 group. In the results
of both Western blotting assay and ELISA we
pointed out that the differences in the expression
and secretion levels of TNF-a, IL-1p, and IL-
10 were not significant among miR-126 mimic
treatment group, sh-S1IPR2 group, and miR-126
mimic + sh-S1PR2 group. Additionally, in the re-
sults of Western blotting assay we noted that the
expression levels of the NF-kB signaling path-
way-related proteins in the cells also displayed no
significant differences among the three groups,
indicating that miR-126 affects the inflammation
level in HUVECS by targeting SIPR2.

901



J.-L. Fan, L. Zhang, X.-H. Bo

A _ s B s+ + o+ o+
34 oxwoL + + o +
.§-§ 1.0- miR-126 mimic - + - +
£ E o
2 o Sh-S1IPR2 = + - =
sk
Ea 0.5
2% S1PR2 WD e ew e
T =r=
Z g0l N -

°‘,\éa é‘é\ »3& '3& p-IKB « D v e e —
o é“g’ &
& & KB | TR BN e
N
& .
‘(,\g: B-actin

C 5 400 Il Control
E) [ miR-126 mimic
S [ miR-126 mimic + sh-S1PR2
=
g [] sh-S1PR2
]
=
[)

)
[e]
=
o
«* R N
NS % .

Figure 7. MiR-126 affects inflammation level in HUVECs by targeting SIRP2. A, Differences in mRNA expression level of
SI1PR2 in control group, miR-126 mimic treatment group, sh-S1PR2 group and miR-126 mimic + sh-SIPR2 group detected via
RT-qPCR assay. B, Differences in expression levels of SIPR2 and NF-«kB signaling pathway in control group, miR-126 mimic
treatment group, sh-S1PR2 group, and miR-126 mimic + sh-S1PR2 group detected via Western blotting assay. C, Differences
in secretion levels of TNF-a, IL-1f, and IL-10 in control group, miR-126 mimic treatment group, sh-SIPR2 group, and miR-

126 mimic + sh-SIPR2 group detected via ELISA.

Discussion

CAD is mainly triggered by coronary athero-
sclerosis, which is a chronic disease accompa-
nied by excessive inflammatory responses and
a pathological process involving multiple cell
types, including T lymphocytes, macrophages,
and endothelial cells'’. It is extremely important
to diagnose and treat CAD early due to its high
morbidity and mortality rates around the world.
There is growing evidence that miRNAs are
vital players in the pathological process of cor-
onary atherosclerosis, and several studies have
demonstrated that miRNAs in the serum can
serve as valuable biomarkers for the early diag-
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nosis of CAD. For instance, Sullivan et al'? in-
dicated that the expression levels of miR-15a-5p,
miR-16-5p, and miR-93-5p raised distinctly in
the serum of CAD patients. Therefore, they can
be taken as biomarkers for the early diagnosis
of CAD. Although increasingly more miRNAs
playing crucial roles in CAD have been discov-
ered so far, there is a limited discussion about
their mechanisms of action, thus restricting the
clinical application of research findings related
to miRNAs.

There were several major results in this re-
search: (1) The expression levels of miR-126,
miR-206, miR-4297, and miR-3646 were clevated
markedly in the serum of CAD patients, and the



MIiR-126 on mice with coronary artery disease by targeting STPR2

statistical results showed that these 4 miRNAs
exhibited the most significant differences, which
were further verified by low-throughput RT-qP-
CR. (2) The results of in vivo investigations in-
dicated that the coronary atherosclerotic plaques
were reduced remarkably in agomir-126 group,
while they were notably increased in the thoracic
aortic region in antagomir-126 group. Meanwhile,
the elevated expression level of miR-126 evident-
ly lowered the expressions of serum TNF-a and
IL-1B, but significantly increased the expression
of IL-10 in the mouse model of CAD. (3) In the
bioinformatics prediction and luciferase reporter
gene assay we displayed that miR-126 exerted a
negative regulatory effect on the SIPR2 expres-
sion by targeting the 3’UTR of SIPR2 mRNA.
Also, in the analysis results of Pearson correlation
coefficient method we manifested that the expres-
sion level of miR-126 was negatively correlated
with SIPR2 expression level. (4) The increase
in miR-126 expression level could reduce the
inflammation in SIP + ox-LDL-induced cells in
the in-vitro inflammation model. (5) The Western
blotting assay and ELISA results demonstrated
that the differences in the expression and secre-
tion levels of TNF-a, IL-1B, and IL-10, as well as
the expression levels of signaling molecules of
the NF-kB signaling pathway, were not statisti-
cally significant among miR-126 mimic treatment
group, sh-S1PR2 group, and miR-126 mimic +
sh-S1PR2 group, illustrating that miR-126 affects
the inflammation level in HUVECs by targeting
SIPR2.

In the biological system, S1P is a type of active
molecule implicated in lipid regulation, which
plays a pivotal role in the cardiovascular system'.
SIP exerts biological effects by conjugating with
its receptors. Currently, a total of 5 kinds of SIPRs
have been discovered on the cell surface, and all
of them belong to the G protein-coupled receptor
family". Much attention has been given to the
SIP/S1PR2 combination among the 5 S1PRs at
present. Increasing reports'® have pointed out that
SIPR2 plays a harmful role in coronary athero-
sclerosis. In in vitro experiments, for example,
the S1P/S1PR2 in the cardiomyocytes is able to
activate the PKC/NF-«kB signaling pathway, fi-
nally stimulating the inflammatory responses'.
The expression levels of inflammatory cytokines
such as IL-6, TNF-a, interferon-y, and MCP-1 are
decreased notably in the SIPR2” macrophages.
Besides, it has been reported that the SIP/S1PR2
can activate the NF-kB signaling pathway in
the endothelial cells, thereby aggravating the

inflammatory responses. The in vivo experimen-
tal results revealed that the expressions of such
pro-inflammatory cytokines as IL-18 and IL-1J
in the serum of SIPR2” mice decline prominent-
ly, elaborating that SIPR2 exerts an important
effect in the inflammatory signals'’. According
to the results in this research, miR-126 target-
ed the 3’'UTR of S1IPR2 mRNA to negatively
regulate the expression of SIPR2. Moreover, no
significant differences in the secretion levels of
inflammatory cytokines and the activation levels
of the NF-xB signaling pathway were observed
between miR-126 mimic treatment group and sh-
SIPR2 group, implying that miR-126 influences
the inflammation level in HUVECs by targeting
SIRP2.

Conclusions

In summary, we revealed that miR-126 is capa-
ble of significantly alleviating the progression of
CAD and prominently ameliorating the increased
inflammation level in HUVECs induced by ox-
LDL/S1P, whose action mechanism is associated
with the SIRP2 targeting. All these findings
elucidate that miR-126 is an important player in
the inflammatory process of coronary atheroscle-
rosis, which may become a promising therapeutic
target of CAD.
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