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ABSTRACT

This study aims to investigate the regulatory effect of Xuesaitong (XST) and miR-3158-3p on angiogenesis. All
mice were randomly assigned into Sham group, Model group, XST group, XST + miR-3158-3P-overexpression
(miRNA-OE) group. XST was found to increase the left ventricular anterior wall thickness at end diastole and
end systole (LVAWd and LVAWs), left ventricular internal dimension at end diastole and end systole (LVIDd and
LVIDs), fractional shortening (FS), and ejection fraction (EF) and decrease the proportion of fibrotic areas in
mice. In contrast to those in Sham group, the protein expressions of Nur77, p-PI3K, HIF-1a, VEGFs, COX-2 in the
heart tissues of mice in Model group were elevated and further increased after XST treatment in comparison
with those in Model group. Nur77-/- mice were utilized. It was found that XST enhanced cell viability through a
methyl thiazolyl tetrazolium assay and facilitated angiogenesis in each group, as assessed by a catheter
formation assay. Specifically, XST was shown to promote the formation of blood vessels. Moreover, the protein
expression levels of Associated proteins in the heart tissues of Nur77-/- mice were dramatically reduced in mice
in Model and XST group compared with those in WT mice. Additionally, the above-mentioned protein
expressions in the heart tissues of Nur77-/- mice did not change significantly in mice in Model + miRNA-OE +
XST group compared with those in WT mice, suggesting that miR-3158-3p can specifically inhibit the expression
of Nur77. In conclusion, XST inhibits miR-3158-3p targeting Nur77 to facilitate myocardial angiogenesis in mice
with myocardial infarction.

INTRODUCTION

Vascular endothelial cells are barriers between blood
and tissues. They secrete various vasoactive
substances, which are crucial for maintaining the
integrity of the vascular wall, regulating vascular
tension, activating and aggregating platelets, and

remodeling the vascular wall [1]. Vascular endothelial
injury and dysfunction are the initial links of numerous
cardiovascular diseases [2]. Besides, vascular endo-
thelial cells release and synthesize a variety of
vasoactive factors to exert vital regulatory effects on
vascular homeostasis [3]. Endothelial dysfunction
results from the unbalance between vasoactive sub-
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stances and cytokines synthesized and secreted by the
injured endothelium [4].

Xuesaitong (XST) mainly comprises Panax notoginseng
saponin (PNS). PNS has a hemostatic effect and can
enrich the blood, which is the main active ingredient of
Panax notoginseng, a classic drug for promoting blood
circulation and removing blood stasis [5]. Panax
notoginseng can facilitate cell division, growth, and
proliferation [6], and plays various roles in the vascular
system [7], nervous system [8], blood system [2], and
inflammatory responses [7], but it has been mainly
applied in cardiovascular and cerebrovascular diseases
[9]. Previous experiments have shown that XST is capable
of reducing platelet adhesion and aggregation, improving
microcirculation, enhancing the activity of oxidized
human umbilical vein endothelial cells (HUVECS), and
up-regulating the expression of the vascular endothelial
growth factor (VEGF) signaling pathway, so as to
facilitate angiogenesis [5]. Angiogenesis is defined as the
formation of new blood vessels in the human body, and it
is vital for various biological processes. In addition,
angiogenesis is crucial for treating numerous diseases,
including stroke, myocardial infarction, and cardio-
vascular diseases. The deficiency of blood vessels in
active metabolic tissues may impede injury repair or other
basic functions. It is widely recognized that myocardial
infarction often occurs with angiogenesis and collateral
vascular circulation, which help mitigate cardiac fibrosis
[10, 11]. Actually, the blood supply can be increased, and
ischemic brain function can be improved by impelling the
angiogenesis in the ischemic brain and increasing the
number of circulating collateral vessels.

Furthermore, micro ribonucleic acids (miRNAs) are
natural short non-coding RNAs that can inhibit the
expression of specific genes encoding target proteins after
transcription [12]. Their vital roles in the biology of blood
vessels and endothelial cells have been verified by new
evidence in recent years [13], but how XST modulates the
angiogenesis of endothelial cells through miRNAs
remains unclear. In this study, therefore, the regulatory
role of XST in the angiogenesis of endothelial cells was
first determined, and the specific mechanism by which
XST affects endothelial cell function by regulating miR-
3158-3p was then explored, so as to provide a theoretical
basis for applying XST in the clinical treatment of
vascular diseases such as myocardial infarction.

MATERIALS AND METHODS
Bioinformatics analysis
Through searching for the data set related to

myocardial infarction in the Gene Expression Omnibus
(GEO) database (https:/www.ncbi.nlm.nih.gov/gds/),

GSES83500, the data set of myocardial infarction-related
mRNA gene expression, and GSE76604, the data set of
myocardial infarction-related miRNA sequencing, were
found and downloaded. Additionally, the quantile
standardization and differential gene analysis of RNA-seq
data were carried out using R language limma software
package (/logFC/>1, P<0.05). Then ggplot2 software
package was utilized to plot the visualized volcano map of
grouped differentially expressed genes (DEGs) in
GSES83500 in R software, and the cluster analysis heat
map of DEGs was drawn by R software package
pheatmap. Likewise, the visualized volcano map and
cluster analysis heat map of grouped DEGs in GSE76604
were plotted.

Functional enrichment analysis

DEGs in GSE83500 were subjected to Gene Ontology
(GO) and Kyoto Encyclopedia of Genes and Genomes
(KEGG) enrichment analyses. Besides, DEGs in
biological processes, cell compositions, and molecular
functions were analyzed using the online database tool
DAVID (https://david.ncifcrf.gov) to integrate GO
terms and create a biological process network of
DEGs. Moreover, the GO and KEGG pathway
enrichment analysis diagrams of DEGs were plotted
using GOplot and ggplot2 packages in the R language
environment.

Gene set enrichment analysis (GSEA)

GSEA was performed for all genes using the GSEA tool
(http://www.gsea-msigdb.org/), and its pathway
diagram was drawn.

Protein-protein interaction (PPI) network analysis of
messenger RNA (mRNA) DEGs and screening of
target genes

The screening of interacting proteins with a combined
score>0.9 was carried out by entering DEGs into the
online tool STRING. Then the obtained PPI results
were imported into the Cytoscape software, and the
target genes with a score <10 were obtained through a
calculation based on the degree algorithm with
Cytohubba plug-in.

Prediction of miRNA target genes

The online tools starBase and targetScan were utilized
to predict the candidate target genes of miRNAs. The
Venn diagrams of these candidate genes and GSE76604
DEGs were plotted using the VennDiagram package to
predict the target genes. Finally, the binding site
between mRNAs and miRNAs was mapped according
to gene prediction results.
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Animal modeling and grouping

All the mice were randomly divided into six groups,
namely, Control group, sham operation group (Sham
group), Model group, XST group (intragastric
administration with XST immediately after operation),
and XST + miR-3158-3p-overexpression (miRNA-OE)
group (injected with miR-3158-3p mimic via the tail
vein). The optimal dose was selected according to the
results of cardiac ultrasonography. Next, the mouse model
of myocardial infarction was established according to the
literature [14]. Specifically, the mice were intra-
peritoneally  injected with  pentobarbital sodium
hydrochloride (30 mg/kg) for anesthetization. Then
ventilator-assisted breathing of mice was performed
through orotracheal intubation, followed by thoracotomy
and coronary artery ligation (the ligation site was about
1.0-1.5 mm from the lower edge of the left atrial
appendage). After body surface ECG monitoring results
indicated successful modeling, the chest wall was sutured.
Subsequently, the physiological state of the mice was
observed to be stable, and penicillin was injected to
prevent infection after operation. In Sham group, only
thoracotomy was performed, with no coronary artery
ligation. Furthermore, the mice treated with XST (40
mg/kg) received intragastric administration immediately
after operation, and some of them were injected with miR-
3158-3p mimic via the tail vein. After that, the mice were
further grouped into Sham group, Model group, Model +
XST group, and Model + miRNA overexpression (OE) +
XST group.

Cardiac ultrasonography

After anesthesia by inhalation with 2.0% isoflurane, the
mice were fixed in the supine position on a heating plate
at a constant temperature (37° C). Their breasts and
upper abdomen underwent depilation to expose their
skin fully. After that, they were examined by Vevo2100
small animal ultrasonic apparatus using an MS-550D
probe. Later, the long-axis section of the sternum was
taken, and the short-axis section of the left ventricle
could be detected by rotating the probe clockwise at 90°
on the basis of the long-axis section of the left ventricle.
Afterward, the movement of the left ventricle was
recorded by M-mode, followed by measurement of the
left ventricular anterior wall thickness at end diastole
and end systole (LVAWAd and LVAWSs), left ventricular
internal dimension at end diastole and end systole
(LVIDd and LVIDs), fractional shortening (FS), and
ejection fraction (EF).

Morphological observation

Paraffin-embedded sections were deparaffinized and
added with Regaud or Weigert hematoxylin for 5-10

min of nucleus staining. After washing with water, the
sections were stained by Masson ponceau acid
reddening solution for 5-10 min, rinsed with 2% glacial
acetic acid aqueous solution for a while, and
differentiated using 1% phosphomolybdic acid aqueous
solution for 3-5 min. After that, the sections were
directly dyed using an aniline blue or light green
solution for 5 min and soaked in 0.2% glacial acetic
acid aqueous solution for a while. Subsequently, they
were transparentized with 95% alcohol, absolute
alcohol, and xylene and then sealed with neutral balsam.
Following drying, the sections were observed and
photographed under a microscope. Finally, the fibrotic
area of cardiac lesions was analyzed by Image Pro-Plus-
6 software (Media Cybernatics, Rockville, MD, USA).

Methyl thiazolyl tetrazolium (MTT) assay

A single cell suspension was prepared using a culture
medium containing 10% fetal bovine serum. Cells were
seeded into a 96-well plate (200 pL/well) at 1x10°
cells/well and incubated under the same general culture
conditions for three days. Later, 20 pL of MTT solution
(5 mg/mL in PBS) was added per well. The plate was
then incubated for an additional 4 h, after which the
culture was stopped, and the in-well culture supernatant
was carefully aspirated. The suspension cells were then
centrifuged, and the in-well culture supernatant was
discarded. Next, 150 pL of DMSO was added per well,
and the plate was shaken for 10 min to dissolve the
crystals fully. The enzyme-linked immunosorbent assay
(ELISA) kit was used to measure the optical density
(OD) value at the wavelength of 490 nm. The results
were recorded, with the time as the abscissa and the OD
value as the ordinate.

Extraction and culture of cardiomyocytes

Cardiomyocytes were isolated from the heart tissue of
WT suckling mice and nerve growth factor-induced
gene B knockout (Nur777) suckling mice aged 1-4 days
old. First, the chest skin was disinfected with 75%
ethanol, and the heart was removed from the mice and
placed into a flat M containing D-Hanks solution. The
atrium and ventricles were then cut, and the heart was
rinsed three times with D-Hanks solution to remove the
residual blood. Later, the heart tissue was cut into small
fragments (I mm?®) and transferred to a centrifuge tube
containing digestive juice (5 mL). The tissue was then
digested for 5 min at 37° C, and the supernatant was
discarded after natural precipitation. This process was
repeated for 20 min with a fresh digestion solution.
After blowing for 1 min with a pipette, the undigested
heart fragments were aspirated into another centrifuge
tube and mixed with a pre-cooled culture medium (2
mL) to terminate the digestion process. The resulting

WWWw.aging-us.com 4086

AGING



solution was centrifugated at 1000 rpm for 5 min to
discard the supernatant, washed with 2 mL of D-Hanks
solution, and resuspended in 2 mL of culture medium.
After blowing with a pipette, a cell suspension was
prepared and incubated in an incubator with 5% CO, at
37° C.

Co-culture of cells

Primary cardiomyocytes extracted from WT suckling
mice and Nur77” suckling mice were inoculated into
the Transwell chamber and cultured for 24 h. C166
mouse vascular endothelial cells were seeded into cell
culture plates and cultured for 24 h. After overnight
incubation, the culture medium in the Transwell
chamber and plate was removed, and a new culture
medium was added to the lower compartment of the
Transwell chamber. Then the chamber was placed into
the cell culture plate for 48-72 h of incubation. After
that, the Transwell chamber was removed, and the
culture medium was aspirated from the cell culture
plate. The cells were then washed twice with PBS and
fixed with 4% paraformaldehyde.

Tube formation assay

A matrix gel was coated onto a 24-well plate (BD
Biosciences, Franklin Lakes, NJ, USA). The
unpolymerized matrix was placed in wells (300 pL/well)
and polymerized for 1 h at room temperature. C166 cells
were then seeded onto the polymerized matrix at 5x10*
cells/well in 500 pL of the medium. The angiogenic
stimulators, VEGF-A (Shanghai BestMart Technology
Co., Ltd., China) and basic fibroblast growth factors
(bFGFs) (Shanghai Bioart Technology Co., Ltd., China),
were added to the medium at a concentration of 10 ng/mL
each, respectively. The cells were then incubated with 5%
CO; for 18 h at 37° C. After incubation, the tumor
formation images were acquired using an inverted phase-
contrast optical microscope equipped with a microscope
camera (Q Imaging, Surrey, BC, Canada) (Olympus
Corporation, Tokyo, Japan).

Western blotting

A protein extraction kit was utilized to extract cell
proteins and determine the protein concentration. Next,
50 pg of proteins received sodium dodecyl sulfate-
polyacrylamide gel electrophoresis (SDS-PAGE), and
the proteins on the gel were transferred onto a
nitrocellulose membrane by point transfer. Later, the
proteins were sealed with 3.0% skim milk powder, and
incubated with primary antibodies against Nur77,
phosphorylated  phosphatidylin-ositol-3-kinase  (p-
PI3K), total PI3K (t-PI3K), phosphorylated mamma-
lian target of rapamycin (mTOR) (p-mTOR), total

mTOR (t-mTOR), hypoxia-inducible factor lo (HIF-
la), VEGFs, cyclooxygenase-2 (COX-2) and
glyceraldehyde 3-phosphate dehydrogenase (GAPDH)
diluted at 1: 10000 at 4° C overnight. After membrane
washing, the proteins were incubated with horseradish
peroxidase-labeled goat anti-rabbit secondary antibody
(1:10000) at room temperature for 2 h. At last, images
were collected after chemiluminescence, and their gray
scales were analyzed using Quantity One analysis
software.

Statistical analysis

Bioinformatics analysis was conducted by R v3.6.1
software package DEseq2 and ggpubr statistical
software package. Wald test was adopted for DEG
analysis, and the rank-sum test was employed for
cytokine comparison between two groups. Other
indexes were expressed as mean + standard deviation
(x+s). Besides, the one-way analysis of variance of the
differences in each index was carried out using SPSS
22.0 software, and pairwise comparison was performed
via LSD test. P<0.05 represented that the difference was
statistically significant.

RESULTS
Screening results of DEGs

The myocardial infarction-related data set GSE83500
was downloaded from the GEO database, and the data
were normalized by quantiles (Figure 1A, 1B).
According to the criteria of P<0.05 and /logFC/>1,
GSE83500 was screened. The results revealed that
there were 248 DEGs in the mRNAs involved in
myocardial infarction, of which 150 were up-
regulated, and 98 were down-regulated. Then ggplot2
software package was utilized to plot the visualized
volcano map of grouped DEGs in GSE83500 in R
software (Figure 1C), and the cluster analysis heat map
of DEGs was drawn by R software package pheatmap
(Figure 1D). The quantile standardization of the
miRNA data set GSE76604 was performed using the
same method (Figure 1E, 1F). Then DEGs were
screened, and their volcano map (Figure 1G) and
cluster analysis heat map (Figure 1H) were plotted.

Bioinformatics analysis results

GO and KEGG enrichment analyses were conducted
for DEGs in GSE83500. Besides, the online database
tool DAVID (https://david.nciferf.gov/) was employed
to analyze the DEGs in biological processes to
integrate GO terms and create a biological process
network of DEGs. Subsequently, R language was
utilized to plot the diagrams of up-regulated
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Figure 1. (A, B) Standardization of GSE83500 dataset, in which blue represents the data before standardization, and red represents the data
after standardization. (C) DEGs between two groups of samples in the GSE83500 data set, in which red represents up-regulated genes, blue
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represents down-regulated genes, and black represents genes with no significant difference in expression (/logFC/>1, P<0.05); (D) Clustering
heat map of top 100 differential genes, in which red represents relatively up-regulated genes, blue represents relatively down-regulated
genes, and yellow indicates genes with no significant difference in expression. (E, F) Standardization of the GSE83500 data set, where blue
represents the data before standardization, and red represents the data after standardization. (G) DEGs between the two groups in the
GSE83500 data set, where red represents up-regulated genes, blue represents down-regulated genes, and black represents genes with no
significant difference in expression (/logFC/>1, P<0.05); (H) Cluster heat map of top 100 DEGs, where red represents relatively up-regulated
genes, blue represents relatively down-regulated genes, and yellow indicates genes with no significant difference in expression.
(1) Enrichment of the top 15 up-regulated GO terms. (J) Enrichment function of up-regulated DEGs. (K) Enrichment of the top 15 down-
regulated GO terms. (L) Enrichment function of down-regulated DEGs. (M) KEGG pathway analysis of DEGs. (N, O) GSEA of the enrichment
pathway. (P) PPl network analysis diagram of enrichment pathways, where red represents up-regulated genes, and blue represents down-
regulated genes. (Q) Top 10 target genes in PPl network score. (R) Target genes of miRNA predicted using targetScan. (S) Venn diagram
showing common miRNAs. (T) The binding site between mRNAs and miRNAs.

(Figure 11, 1J) and down-regulated (Figure 1K, 1L)
GO pathways of DEGs. Up-regulated pathways
included the positively regulated PI3K signaling
pathway, positively regulated nuclear-transcribed
mRNA catabolic process, adenosine-independent
decay and cell responses to VEGF stimulation, while
down-regulated pathways included G protein-coupled
receptor signaling pathway, signal transduction, and
chemical synaptic transmission, which were
enrichment pathways of myocardial infarction.
Additionally, the KEGG pathway was analyzed using
DEGs, and its diagram was drawn (Figure 1M).

GSEA results

GSEA results manifested that gene sets were enriched in
the PI3K and mTOR signaling pathways (Figure 1N, 10).

Results of PPI network analysis of DEGs and
screening of target genes

DEGs were imported into the STRING database to
obtain the PPI network (Figure 1P). Then the PPI
network was imported using Cytoscape, and cytoHubba
plug-in was utilized for calculation. Finally, target
genes with a score <10 were obtained (Figure 1Q).

Prediction results of miRNA target genes

The miRNA prediction was carried out for the target
genes obtained in section 2.4 using targetScan
(Figure 1R). Next, Venn diagrams of these target genes
and GSE76604 DEGs were drawn, and the intersection
was taken to find out miR-3158, an up-regulated co-
associative miRNA (Figure 1S). Finally, the binding
site between mMRNAs and miRNAs was mapped
according to gene prediction results (Figure 1T).

XST improved left ventricular morphology and
function in mice with myocardial infarction

The ultrasonography results (Figure 2) manifested that
compared with those in Control group, the parameters

of cardiac ultrasonography including LVAWd(,
LVAWs, LVIDd, LVIDs, FS, and EF in Sham group
exhibited no significant changes. In comparison with
those in Model group, LVAW; d, LVAW; s, and EF
markedly rose in XST group and decreased in Model +
XST + miRNA-OE group.

XST relieved cardiac fibrosis in mice with
myocardial infarction

According to the morphological examination results
(Figure 3A, 3B), compared with Control group, Sham
group showed fibrosis in few tissues, but Model group
displayed obvious tissue fibrosis. Moreover, in contrast
to that in Model group, the proportion of fibrotic areas
in mice in High-Dose XST group evidently declined
(P<0.01), indicating that the cardiac fibrosis of mice
with myocardial infarction is notably alleviated.

XST improved the proliferation and survival of cells
in mice with myocardial infarction

The MTT assay results revealed that the OD value in
Model + XST group was significantly increased
compared with that in Model group (P<0.01), while
the OD value in Model + miRNA-OE + XST group
was markedly decreased in comparison with Model +
XST group (P<0.01) (Figure 4), indicating that XST
can increase the survival rate and enhanced the
proliferation ability of cells in mice with myocardial
infarction cells.

XST enhanced the tube formation ability in mice
with myocardial infarction

As shown in Figure 5, the tube formation assay results
manifested that treatment with XST remarkably enhanced
the tube formation ability in WT group (P<0.01), while
the addition of miR-3158-3p greatly weakened the tube
formation ability. However, no change in the tube
formation ability was observed in Nur77”~ mice. The
above results suggested that XST affects the tube
formation ability by inhibiting miR-3158-3p targeting
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Nur77 and regulating the proliferative capacity of blood
vessels.

XST facilitated angiogenesis in mice with
myocardial infarction by inhibiting the expression of
miR-3158-3p

It was found that in contrast to those in Sham group,
the protein expressions of Nur77, p-PI3K, HIF-1a,
VEGFs, and COX-2 in the heart tissues of mice in
Model group were remarkably elevated (P<0.01), and
they also evidently rose after XST treatment compared
with those in Model group. Moreover, such
expressions all declined in Model + miRNA-OE +
XST group in comparison with Model + XST group
(P<0.01).

XST inhibited miR-3158-3p targeting Nur77 to
facilitate the angiogenesis in cardiomyocytes

The primary cardiomyocytes extracted from Nur77” or
WT suckling mice were cultured until they reached
the logarithmic growth phase. After digestion and
suspension, the cell density was adjusted to 6x10°/mL.

Nur77 "= == ~mw = = = (4kDa

p-PI3K ‘ 85kDa
p-mTOR - . e s e 289kDa
t-mTOR SR SR E u o= an s & 239LDa
HIFla S S e e 93KDa
VEGF o 34D
Ccox2 . = & 69kDa
GAPDH SEBEEBSBES® D,

+miRNA OE

+ XST

5%0:+Hypoxic cell culture medium

Nur77

t-mTOR

VEGF

t-PI3K

The cells were then divided into normal group,
myocardial infarction group treated with 5% O and a
hypoxic cell culture medium to simulate the myocardial
infarction in cells, and miR-3158-3p mimic group
treated with XST or miRNA OE. The results manifested
that in Model group and XST groups, the protein
expression levels of Nur77, p-PI3K, mTOR, HIF-1a,
VEGFs, and COX-2 in the heart tissues of Nur77”" mice
were dramatically reduced compared with those of
wild-type (WT) mice (P<0.01), implying that the gene
deletion of Nur77 inhibits angiogenesis and that XST
may play a role by affecting the expression of Nur77.
Besides, the above-mentioned protein expressions in the
heart tissues of Nur77~ mice did not change
significantly compared with those of WT mice in Model
+ miRNA-OE + XST group, suggesting that miR-3158-
3p can inhibit the expression of Nur77 in a targeted
manner (Figure 6).

DISCUSSION

As lifestyle changes and the living standard experiences
improvement, cardiovascular diseases have seriously
jeopardized human health and life, among which

p-PI3K

p-mTOR

HIFla

COX2

O wr WT

= Nur BEd  Nu?r- oxST
& wr e wr .} +miRNA OE

BE& Nur77 BEA Nur77

Figure 6. XST inhibits miR-3158-3p targeting Nur77 to facilitate the angiogenesis-associated proteins of cardiomyocytes in

in vitro experiments.
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myocardial infarction has been the “leading killer of
health”. It is of great significance for exploring the
development, treatment, and prognosis of cardiovascular
diseases to observe the changes in cardiac morphological
structure, cardiac function, and abnormal wall motion
during research on the development process of
cardiovascular diseases [15]. Generally, the ventricular
wall becomes thinner after the onset of myocardial
infarction. The thinned myocardium caused by the
partially necrotic myocardium due to previous myocardial
infarction results in local ventricular wall thinning [16]. It
was found in this study that compared with those in
Model group, the LVAWd, LVAWSs, and LVPWd in
High-Dose XST group all rose significantly, indicating
that high-dose XST can reduce LVAWd, LVAWs and
LVPWd in mice with myocardial infarction, and reduce
the risk of pericardial tamponade caused by ventricular
wall rupture and bleeding. In the meantime, the thinning
of the ventricular wall may influence the left ventricular
EF (%). EF is the main index for evaluating the left
ventricular systolic function, which can reflect the
myocardial fiber shortening function of the left ventricle
[17]. The results also demonstrated that the EF of the left
ventricle of mice in Model group was remarkably raised
after high-dose XST treatment, further suggesting that
high-dose XST can relieve cardiac hypofunction after
myocardial infarction in mice. Furthermore, the
therapeutic effect of XST on mice with myocardial
infarction was examined through morphological
observation. The results revealed that after XST treatment,
myocardial fibrosis in mice with myocardial infarction
was dramatically attenuated.

XST has been shown to protect the ischemic
myocardium, resist myocardial ischemia, prevent
reperfusion injury, dilate coronary arteries, increase
coronary blood flow, improve myocardial metabolism,
and up-regulate the expression of the VEGF signaling
pathway, thus promoting angiogenesis [5]. Hence,
angiogenesis-related proteins in mouse heart tissues
were further detected. It was found that the protein
expressions of HIF-la, VEGFs, and COX-2 were
increased with the marked increases of Nur77 and p-
PI3K protein expressions in the heart of myocardial
infarction mice. These results suggested that the process
of angiogenesis can be initiated after myocardial
ischemia, which increases the new vessels of the
ischemic myocardium to raise the blood supply, and
that ischemia and hypoxia can trigger the expression of
these proteins. In the process of angiogenesis,
endothelial cells on the inner wall of blood vessels react
to growth signals (such as alkalinity) to form bFGFs,
VEGFs, cytokines, or nitric oxides, thus proliferating
and migrating to form new blood vessels [18]. With
respect to pathology, angiogenesis can facilitate the
healing of inflammation and abnormal wounds, but it

also can speed up the development and progression of
vascular diseases and tumors [19]. Besides, the
experimental results also revealed that compared with
Model group, XST groups exhibited notably increased
expressions of the above-mentioned genes in the heart.
A study demonstrated that the PI3K signaling pathway,
the key to signal transduction in normal cells, exerts a
vital effect on the occurrence and development of
tumors [20]. In addition, it also plays an indispensable
role in functions such as cell metabolism, migration,
proliferation, angiogenesis, adhesion and invasion [21],
illustrating that XST’s promoting effect on angiogenesis
after myocardial infarction in mice 1is probably
associated with the activation of the PI3K signaling
pathway. Moreover, in comparison with those in Model
+ XST group, the protein expressions of Nur77, p-PI3K,
HIF-1a, VEGFs, and COX-2 in mouse heart tissues all
declined in Model + miRNA-OE + XST group
(P<0.01), suggesting that miR-3158-3p inhibits the
expression of Nur77, p-PI3K and angiogenesis-related
proteins. The above results were consistent with the
results of bioinformatics analysis, that is, miR-3158-3p
was lowly expressed, whereas Nur77 was highly
expressed in mice with myocardial infarction.

Hence, Nur77” mice were used to further determine
whether XST facilitates angiogenesis in mice with
myocardial infarction by suppressing miR-3158-3p
targeting Nur77. It has been revealed that the deficiency
of Nur77 promotes endothelial-interstitial —trans-
formation, thus exacerbating myocardial fibrosis after
myocardial infarction [22, 23]. The results of this study
manifested that in Model group and XST groups, the
protein expression levels of Nur77, p-PI3K, mTOR,
HIF-1a, VEGFs, and COX-2 in the heart tissues of
Nur77”- mice were dramatically reduced compared with
those of WT mice (P<0.01), reflecting that the gene
deletion of Nur77 inhibits angiogenesis, which is
consistent with previous study results, and that XST
may play a role by affecting the expression of Nur77.
Besides, the above-mentioned protein expressions in the
heart tissues of Nur77”~ mice did not change
significantly compared with those of WT mice in Model
+ miRNA-OE + XST group, suggesting that miR-3158-
3p is able to inhibit the expression of Nur77 in a
targeted way. In a word, XST inhibits miR-3158-3p
targeting Nur77 to facilitate myocardial angiogenesis in
mice with myocardial infarction.
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wall thickness at end diastole; LVAWS: left ventricular
anterior wall thickness at end systole; LVIDd: left
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ositol-3-kinase; HIF-la: hypoxia-inducible factor 1a;
VEGEF: vascular endothelial growth factor; COX-2:
cyclooxygenase-2; Nur77: nerve growth factor-induced
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