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MicroRNA-126 promotes endothelial progenitor cell proliferation
and migration ability via the Notch pathway
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Background: Effective regulation of the biological function of endothelial progenitor cells (EPCs) is of
great importance in its clinical application. This study aimed to explore the effect of microRNA-126 (miR-
126) on the proliferation and migration of EPCs and the possible mechanism involved.

Methods: EPCs was isolated and cultured in vitro, and differences in the expression of miR-126 in
endothelial cells (ECs) and EPCs, respectively, were detected by quantitative real-time PCR (RT-PCR).
EPCs proliferation was then observed through CCKS8 and colony formation experiments. Flow cytometry
was also used to observe changes in the cycle and apoptosis of EPCs, and their migration ability was detected
by scratch healing and Transwell assays. RT-PCR and Western blotting were carried out to observe the
expression of key mRNA molecules and proteins of the Notch pathway.

Results: The relative expression of miR-126 in the EPCs group were 1.91x0.21, which was significantly
higher than that in the EC group (1.25£0.06, P<0.05). When si-miR-126 and si-NC were transfected into
the EPCs, it was found that the proliferation ability of cells in the si-miR-126 group decreased significantly
(P<0.05), the apoptotic rate of the cells transfected with si-miR-126 was significantly increased, and the cell
cycle was blocked at GO/G1 phase. RT-PCR and Western blotting demonstrated that the mRNA and protein
expressions of Notch 1 and HES were significantly decreased in the si-miR-126 group.

Conclusions: miR-126 can effectively promote the proliferation, invasion, and migration of EPCS, while
inhibiting apoptosis, through the Notchl pathway.
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Introduction

Vascular endothelial dysfunction is an important initiating
factor and central link in the pathogenesis of the ischemic
cardio-cerebrovascular disease (ICD) (1,2). Endothelial cells
(ECs) are widely acknowledged as one of the most active
types of cell in the body. They are known to be involved

in vascular regeneration, repair, and reconstruction, as

© Cardiovascular Diagnosis and Therapy. All rights reserved.

well as coagulation and fibrinolysis, vasomotor tension,
vascular smooth muscle cell proliferation, and inflammatory
response (3). In vivo, ECs are rich in content, and it is of
great importance that the biological function of ECs are
effectively regulated.

Endothelial progenitor cells (EPCs), a type of bone
marrow stem cell, and the precursor cells of ECs were first
discovered in 1997. Since then, the mechanism of EPCs
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has been gradually clarified (4). EPCs serve an important
role in angiogenesis in the embryonic stage and during
angiogenesis after birth and hold potential significance for
the treatment of ICD (5,6). Local vascular injury, ischemia,
burns, trauma, and cytokines can stimulate EPCs to enter
the blood circulation from bone marrow and migrate to the
injured endothelium (7).

In basic and clinical studies, gender, age, hypertension,
hyperglycemia, and other risk factors were found to affect
the number and function of EPCs. Thus, it is of great
significance to explore an effective and feasible intervention
method to pre-treat EPCs before transplantation, to
improve their number and biological function, and improve
the efficacy of transplantation (8,9). Previous research has
mainly focused on improving the therapeutic potential of
EPCs in the final stage after they enter ischemic tissues (8).
However, there have been relatively few studies on EPCs
migration and the target homing process, and these were
mainly limited to the local microenvironment of cerebral
ischemia; the study of specific gene regulation mechanism is
rare (9). Therefore, methods for EPCs migration and target
homing must be improved.

In our previous studies, we found that the content
of vascular endothelial growth factor (VEGF) was
significantly increased in peripheral blood of ICD rats
transplanted with EPCs, as well as in brain tissue from
the ischemic area (10). This confirmed that the target
homing mechanism of EPCs was related to the VEGF
signaling pathway (10). However, the specific mechanism
needs further study. With the development of genomics,
microRNA-126 (miRNA/microRNA, molecule-126, and
miR-126), which can specifically regulate the expression
of VEGF in ECs, has gradually drawn more attention.
Previous research has shown that miR-126 can be
specifically expressed in the ECs of the umbilical vein (11)
and that it participates in the vascular regeneration and
repair process after ischemia and hypoxia. The secretion
of miR-126 was found to be increased significantly in
the local hypoxia microenvironment, and it could be
released into the extracellular fluid through cells present
in a biological fluid such as blood and cerebrospinal fluid.
Recent studies have shown that the VEGF signaling
pathway, which is regulated by miR-126, is involved in
the regulation of vascular growth and development (12),
playing an important role in maintaining cell integrity.

Therefore, this study mainly focused on exploring the
effect of miR-126 on the proliferation and migration of
EPCs, and the possible mechanism involved, to provide a
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theoretical basis for the clinical treatment with EPCs.

Methods
Preparation of bone marrow mononuclear cells (MNCs)

"Ten male Sprague-Dawley (SD) rats (RGD Cat# 10395233,
weighing 250-280 g) were provided by Beijing Vital River
Laboratory Animal Technology Co., Ltd. All experiments
were approved by the ethics research committee of Capital
Medical University.

Bone marrow cells (3 mL) were extracted under sterile
conditions from the distal femur of the rats using a 10 mL
syringe and stored in heparinized phosphate-buffered saline.
MNCs were isolated using a Ficoll gradient (Lympholite-M,
Cedar lane), and the cells were cultured as previously
described (10). Adherent cell culture continued for 2 weeks
with the media replaced every 3 days, after which, 1x10°
cells were prepared for the subsequent experiments.

Quantitative real-time PCR analysis

Total RNA was extracted from tissues and cells by Trizol
reagent (Takara, Japan). RNA concentration was measured
using an ultraviolet-visible spectrophotometer ultraviolet
spectrophotometer (Thermo company, USA). RNA was
synthesized into cDNA with a reverse transcription kit.
SYBR premier ex Taq (Takara company, Japan) was used
for real-time fluorescent quantitative PCR. All of these
processes were carried out according to the manufacturers'
instructions and the previous study (11,13).

Cell counting kit-8 (CCKS) detection of cell activity

The digested cells were resuspended in a complete medium
and inoculated into 96-well plates at a concentration of
2x10°/mL. After 24 h, si-miR-126 was transfected into
the cells using Lipofectamine 2000, and cell viability
was detected after 24, 48, 72, and 96 h, respectively. The
viability of the cells was detected using CCK8 (Dojindo
Laboratories company, Japan), the absorbance value was
recorded at 450 nm, and the cell growth curve was drawn.

EPCs migration capability test

First, a 0.25% trypsin solution was added to digest the
EPCs, according to the manufacturer's instructions. Five
high-power observation fields were selected at random. The
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number of cells that had migrated to the bottom layer in
each chamber field was counted, and the average number
was calculated.

Colony formation experiment

The digested cells were resuspended and inoculated into
6-well plates at a concentration of 1x10°/mL. The cells
were cultured at 37 °C containing 5% CO,. After 14 d, the
culture medium was discarded, and the cells were washed
3 times with PBS solution and then air-dried. Next, the
cells were fixed with polyoxymethylene for 15 min and then
stained with crystal violet.

Flow cytometry technology

Cells in the logarithmic growth stage were digested and
resuspended, then inoculated into a 6-well plate at a
concentration of 3x10°/mL. Si-mir-126 was transfected
into the cells using Lipofectamine 2000. After 48 h, the
cells were collected and double-stained with Annexin V/PI,
before being placed in a dark room for 10 min. Then, the
apoptosis rate was measured by flow cytometry. After the
cells were collected using the same method and conditions,
they were resuspended with precooled 75% ethanol and
placed overnight at -20 °C. The DNA content of the cells
was detected by flow cytometry with PI staining. The time
stages of the cell cycle were divided into G1/G0, S, and
G2/M, and the percentage of cells at each time stage was
calculated.

Transwell cell invasion assay experiment

When the fusion rate reached 80% and 90%, the si-
miR-126-transfected cells were digested with trypsin,
resuspended in serum-free medium at 3x10°/mL, and then
inoculated into a 12-well plate. After the cells were laid on
the bottom of the plate, scratches were made perpendicular
to the pore plate using a 1-mL pipette gun head. Then,
the cell culture medium was sucked off, the pore plate was
washed three times with PBS to remove the cell fragments,
and serum-free medium was added. Cell migration was
evaluated by measuring the cell coverage.

Western blotting to detect the expression of Notch 1

The ECs were collected, and total protein was extracted
according to the manufacturer’s instructions, as previously
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described (14). A 30 pg protein sample underwent page
electrophoresis, before being transferred to a nitrocellulose
membrane for 2 h. Then, the membrane was blocked
with 5% skimmed milk powder at room temperature of
25 °C for 1 h. Anti-I (1:1,000, rat anti-human Notch 1) was
added, and the membrane was incubated at 37 °C. After
2 h, the membrane was washed with tris-buffered saline
and incubated with secondary antibody goat anti-rat IgG
(1:3,000) labeled with horseradish peroxidase, at 37 °C for
1 h. Finally, the membrane was washed with BST buffer
and developed using ECL reagent. B-actin protein was used
as internal reference.

Statistical analysis

All statistical analyses were carried out using SPSS 19.0.
Data are presented as mean + SD. Differences among
groups were assessed by analysis of variance with Scheffe’s
post-hoc test to identify individual group differences.
Differences were deemed statistically significant with
P<0.05 by analysis of variance and regression analysis using
relevant factors. P<0.01 indicates a statistically significant
difference.

Results
miR-126 expression in ECs

RT-PCR was used to detect the expression of miR-126 in
the EPCs group and the EC (control) group. The relative
expression of miR-126 in the EPCs group (1.91£0.21)
was significantly higher than that in the control group
(1.25+0.06). The difference was statistically significant
(P<0.05).

Impact of miR-126 on EPCs proliferation

The expression level of miR-126 was significantly increased
in EPCs. Therefore, we designed and synthesized three
specific interference sequences of miR-126, which were
transfected into EPCs, respectively, using Lipofectamine
2000, and screened out the sequence with the best
interference-effect. The expression of miR-126 was
significantly decreased, and the interference efficiency
was higher in the two cell lines transfected with No 1.
Therefore, sequence No 1 was selected for subsequent
experiments (Figure 14,B).

Then, a CCK-8 test was used to detect the proliferation
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Figure 1 The effect of miR-126 on EPCs proliferation and cell viability. (A) The proliferation ability of cells transfected
with si-miR-126 was significantly decreased compared with si-NC (P<0.05); (B,C,D) the results showed that after mir-
126 expression was decreased (B), the colony formation rate of EPCs was significantly reduced (C), and the difference was
statistically significant compared with si-NC (P<0.01) (D). Combined with the results of CCK8 experiment, mir-126 can
promote the proliferation capacity and cell vitality of EPCs. Compared with the si-NC group, *, P<0.05; **, P<0.01. EPCs,

endothelial progenitor cells.

of si-miR-126 cells after transfection. The results showed
that the proliferation ability of si-miR-126 cells was
significantly decreased compared with that of si-NC
cells (P<0.01). Besides, colony formation assay was also
conducted to observe the change in cell proliferation ability
after si-miR-126 transfection. The results showed that the
colony formation rate of EPCs was significantly lower than
that of si-NCs (P<0.01) (Figure 1C,D). Based on the results
of CCK-8 assay, miR-126 could promote the proliferation
and cell viability of EPCs, as shown in Figure 1.

Effect of miR-126 on cell cycle and apoptosis of EPCs

At 48 h after si-miR-126 transfection, changes in EPCs

apoptosis and cell cycle were detected by flow cytometry.
Compared with si-NCs, the cell cycle of EPCs in the

© Cardiovascular Diagnosis and Therapy. All rights reserved.

si-miR-126 group was blocked in the G0/G1 phase
(Figure 2); the experimental results showed that the
apoptosis rate of cells was also significantly increased
(Figure 3), and the difference was statistically significant
(P<0.01). These results showed that miR-126 could regulate
the cycle progression and inhibit the apoptosis of EPCs.

Impact of miR-126 on EPCs invasion

The effect of miR-126 on EPCs invasion was observed
by the Transwell assay. At 48 h after the transfection
of the miR-126 interference sequence, the number of
EPCs cells passing through the chamber was significantly
reduced compared with the number of si-NCs (Figure
4). This indicated that miR-126 promoted the invasive
ability of EPCs.
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Figure 2 The effect of miR-126 on the cell cycle of EPCs. (A) The effect of miR-126 on cell cycle of si-NC group cells; (B)
the effect of miR-126 on the cell cycle of si-miR-126 group cells; (C) compared with si-NC, the proliferation ability of EPCs
was significantly decreased, and the cell cycle of EPCs was blocked in the GO/G1 phase in the si-miR-126 group. Compared
with the si-NC group, *, P<0.05. EPCs, endothelial progenitor cells.
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Figure 3 The effect of miR-126 on EPCs apoptosis. (A) The effect of miR-126 on apoptosis of si-NC group cells; (B) the
effect of miR-126 on apoptosis of si-miR-126 group cells; (C) the rate of apoptosis was also increased significantly in the si-
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Figure 4 The effect of miR-126 on EPCs invasion. (A) The effect of miR-126 on invasion in si-NC group cells; (B) the effect
of miR-126 on invasion in si-miR-126 group cells; (C) the number of cells passing through the chamber was significantly
reduced in si-miR-126 group compared with si-NC. Compared with si-NC group, *, P<0.05. EPCs, endothelial progenitor

cells.

Impact of miR-126 on EPCs migration

The effect of miR-126 on EPCs migration and invasion
was observed by scratch assay. After 48 h of miR-126
interference sequence transfection, the scratch healing rate
of the EPCs was significantly lower than that of the si-NCs,
which was consistent with the results of the Transwell assay
(Figure 5). The results showed that miR-126 promoted the
migration ability of EPCs.

The activity of miR-126 in the Notch pathway

RT-PCR and Western blotting were used to observe the
activity of the Notch pathway after the expression of miR-
126 was disturbed. After 48 h, the mRNA and protein
expressions of Notchl and HES1 were downregulated. The
expression of matrix metalloproteinase was decreased, and
the abnormal activation of the Notch pathway was inhibited
after the interference of miR-126 expression, which further
inhibited the migration and invasion of ECs (Figure 6A4).

The results of Western blotting showed that compared
with the control group (si-NC), the protein expression band
signal of Notch 1 in the miR-126 overexpression group
was weakened (P<0.05; Figure 6B). Using Image J software
semi-quantitative analysis, the mRINA expression of miR-
126 was 0.47+0.08 in the si-miR-126 group, and that of the
si-NC group was 1. A significant difference existed between
the two groups (P<0.05; Figure 6C).

© Cardiovascular Diagnosis and Therapy. All rights reserved.

Discussion

EPCs play an important role in embryogenesis and
postnatal angiogenesis (5,6,15). They not only directly
participate in the process of angiogenesis by differentiating
into mature ECs, but also secrete a large number of
cytokines to promote the proliferation and survival of ECs,
thus promoting angiogenesis. EPCs could potentially be
applied in the treatment of ICD (5,7). Our previous study
found that EPCs from rat bone marrow could be cultured
and amplified in virro to effectively reduce acute and
chronic ischemic brain damage in rats (10). However, we
also found that the homing and directional migration ability
of the expanded EPCs had not improved synchronously.
Improvements in the capability and the efficiency of the
transplanted EPCs to target the ischemic area must be
addressed in the further research (15-17).

In this study, miR-126 was significantly increased in
EPCs and ECs. MicroRNAs are small non-coding RNAs
that make a major contribution to the regulation of cell
migration, proliferation, apoptosis, and angiogenesis,
and are essential for the development and progression of
vascular disease (13). Previous studies have suggested that
miRNAs, including miR-150 and miR-126, play a crucial
role in regulating angiogenesis and migration in EPCs
(18-20). These studies showed that the inhibition of miR-
126 expression could block the proliferation, invasion,
and metastasis of EPCs, and promote apoptosis (20). We
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Figure 5 The effect of miR-126 on EPCs invasion and migration. A and B showed that the number of transmembrane cells
in miR-126 mimics group was significantly increased, which showed that miR-126 could increase the invasion ability of
EPCs in vitro. The results of C and D showed that the scratch healing rate of EPCs transfected with miR-126 mimics was
significantly increased in scratch assay. The results demonstrated that miR-126 can enhance the migration ability of EPCs.

EPCs, endothelial progenitor cells.

showed that miR-126 possesses the biological functions of
promoting meticulous proliferation, inhibiting apoptosis,
blocking cell cycle, and promoting cell invasion and
metastasis in EPCs. The results of the present study did not
correspond with those of previous studies. We speculated
that miR-126 regulates the related expression molecules
mainly by blocking protein translation (transcriptional
inhibition) or degrading mRNA (i.e., gene silencing). At
least 30% of human genes are regulated by miRNA. The
existing research shows that miR-126 can be specifically
expressed in umbilical vein ECs (20), and it participates
in the process of vascular regeneration and repair after
ischemia and hypoxia. The secretion of miR-126 has
been found to increase significantly in local hypoxia
microenvironment and to be released through cells in the
extracellular fluid such as blood and cerebrospinal fluid.
Recent studies have shown that the miR-126-regulated

© Cardiovascular Diagnosis and Therapy. All rights reserved.

VEGF signaling pathway is involved in the regulation of
vascular growth and development (12), which plays an
important role in maintaining cell integrity.

VEGFEF, the most important regulatory factor in
angiogenesis (21), is a cell-specific angiogenic and
vasculogenic mediator (22-25). It is found ubiquitously at
sites of angiogenesis, and its levels are closely correlated
with the spatial and temporal events of blood vessel growth
(21,24). Simultaneously, it is an upstream regulator of the
Notch signaling pathway and can induce the expression of
Notch 1 and DIl4 (Notch ligand) in the ECs of arteries,
thus promoting blood vessels development (25). Whether
miR-126 can regulate the VEGF Notch signaling pathway
is an important question in elucidating the mechanism of
angiogenesis after ischemia. However, the effect of miR-126
on Notch signaling molecules has not been reported. In this
study, we further explored its mechanisms. After inhibiting
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Figure 6 The impact of miR-126 on the NOTCH pathway of EPCs. Western blotting results showed that compared with
the control group, the protein expression band signal of Notch 1 in EPCs of the si-miR-126 group was weakened (A).
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the control group was 1. There was significant difference between the two groups (B). The mRINA results showed that the
mRNA expression of Notch 1 and HES! in si-miR-126 was downregulated 48 h after transfection of miR-126 interference
sequence into EPCs (C). Compared with the si-NC group, *, P<0.05; **, P<0.01. EPCs, endothelial progenitor cells.

the expression of miR-126, we found that the expressions
of mRNA and protein of marker molecules in the Notch
pathway was decreased. This suggested that miR-126
could promote the proliferation and invasion of EPCs
by regulating Notch signal transduction. It is confirmed
that miR-126 regulates the target-homing mechanism of
EPCs about the Notch signaling pathway, through which
it may also participate in the regulation of angiogenesis.
This provides an experimental basis for elucidating the new
molecular mechanism of angiogenesis regulation by EPCs.

Conclusions

miR-126 is upregulated in EPCs, and the inhibition of
its expression can inhibit the proliferation, invasion, and
migration, as well as blocking the cell cycle and promoting
apoptosis of EPCs. Therefore, the study of miR-126
provides an important theoretical basis for the clinical
application of EPCs.
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