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Abstract
Objective: This study explored the protective effects of the microRNA-126 (miR-126)-
mediated PI3K/Akt/eNOS signaling pathway on human cardiac microvascular endothelial 
cells (HCMECs) against hypoxia/reoxygenation (H/R)-induced injury and the inflammatory 
response. Methods: Untreated HCMECs were selected for the control group. After H/R 
treatment and cell transfection, the HCMECs were assigned to the H/R, miR-126 mimic, mimic-
negative control (NC), miR-126 inhibitor, inhibitor-NC, wortmannin (an inhibitor of PI3K) 
and miR-126 mimic + wortmannin groups. Super oxide dismutase (SOD), nitric oxide (NO), 
vascular endothelial growth factor (VEGF) and reactive oxygen species (ROS) were measured 
utilizing commercial kits. Quantitative real-time polymerase chain reaction (qRT-PCR) and 
enzyme-linked immunosorbent assay (ELISA) were performed to detect miR-126 expression 
and the mRNA and protein expression of inflammatory factors. Western blotting was used to 
determine the expression of key members in the PI3K/Akt/eNOS signaling pathway. ACCK-
8 assay and flow cytometry were employed to examine cell proliferation and apoptosis, 
respectively. The angiogenic ability in each group was detected by the lumen formation test. 
Results: Compared to the control group, p/t-PI3K, p/t-Akt and p/t-eNOS expression, NO, VEGF 
and SOD levels, cell proliferation and in vitro lumen formation ability were decreased, while 
the ROS content, interleukin (IL)-6, IL-10 and tumor necrosis factor (TNF)-α expression and 
cell apoptosis were significantly increased in the H/R, mimic-NC, miR-126 inhibitor, inhibitor-
NC, wortmannin and miR-126 mimic + wortmannin groups. Additionally, in comparison 
with the H/R group, the miR-126 mimic group had elevated p/t-PI3K, p/t-Akt and p/t-eNOS 
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expression, increased NO, VEGF and SOD contents, and strengthened cell proliferation and 
lumen formation abilities but also exhibited decreased ROS content, reduced IL-6, IL-10 and 
TNF-α expressions, and weakened cell apoptosis, while the miR-126 inhibitor and wortmannin 
group exhibited the opposite results. Furthermore, decreased p/t-PI3K, p/t-Akt and p/t-eNOS 
expressions, decreased NO, VEGF and SOD contents, cell proliferation and lumen formation 
abilities, as well as increased ROS content, increased IL-6, IL-10 and TNF-α expression, and 
increased cell apoptosis were observed in the miR-126 mimic + wortmannin group compared 
to themiR-126 mimic group. Conclusions: These findings indicated that miR-126 protects 
HCMECs from H/R-induced injury and inflammatory response by activating the PI3K/Akt/
eNOS signaling pathway.

Introduction

Human umbilical vein endothelial cells (HUVECs) are considered a common cell model 
for exploring the pathogenesis of cardiovascular disease and are essential in vascular 
physiology and pathology [1, 2]. Cardiac microvascular endothelial cells (CMECs), which 
exhibits pindle-shaped, polygonal-shaped, and typical cobblestone-like morphology, play 
leading roles in myocardial angiogenesis and have different structures and functions 
from HUVECs; the communication between CMECs and the surrounding cardiac myocytes 
regulates endothelial cell proliferation and angiogenesis [3, 4]. The cardiac microvasculature 
is located at the terminal end of the circulation, which determines the level of myocardial 
perfusion and the coronary reserve [3]. Being the most common cells in a normal heart, 
CMECs are a basic component of the myocardial microcirculation and play a key role in 
the preservation of cardiomyocytes (CMs) against reperfusion injury [5]. Sustained high 
levels of deleterious circulatory stimulation are associated with cardiovascular risk factors, 
including the diabetes-induced responses of vascular endothelial cells (ECs), which lead to a 
number of cardiovascular and cerebrovascular diseases (CCVD) and endothelial dysfunction 
[6]. Endothelial barrier dysfunction is considered one of the initiating mechanisms of 
diabetic microvascular complications, and characteristic changes include auto-regulatory 
dysfunction and increased endothelial permeability, all of which could help aggravate microvascular lesions and abnormal extravasations of inflammatory factors [7]. However, 
the inner mechanisms on the injury of vascular endothelial cells have not been illustrated 
clearly.

Being one of the small RNAs, microRNAs (miRs) are 21-25 nucleotides in length 
inherent in eukaryotic organisms, and their abnormal expression is closely associated with 
disease occurrence and development [8]. MiR-126 is the most commonly expressed miR 
in endothelial cells, including in the heart, lung and other murine tissues [9]. In addition, 
it can promote the invasion and metastasis of cancer cells by different mechanisms and 
inhibit angiogenesis and lung metastatic colonization in the human breast cancer MDA-
MB-231 cells [10]. Previous studies have demonstrated that miRNAs could regulate CMECs-
induced angiogenesis [11] and combinatorial microRNAs might inhibit hypoxia-induced 
cardiomyocytes apoptosis [12]. Endothelial nitric oxide synthase (eNOS) plays an important 
role in the regulation of vascular function and can produce nitric oxide (NO) and superoxide 
dismutase [13]. Previous investigations have demonstrated that the phosphatidylinositol-3 
kinase/serine/threonine kinase (PI3K/Akt) signaling pathway is essential for regulating 
various cellular and molecular functions [14-16]. And Roundabout4 (Robo 4) could inhibit 
glioma-induced endothelial cell proliferation, migration and tube formation in vitro via the inhibition of VEGR2-mediated PI3K/AKT and FAK signaling pathways [17]. In addition, the 
growth factors and hormones of the PI3K/Akt pathway and eNOS activity could promote the survival of a variety of cells [18]. It has been verified that over-expression of miR-126 
can block the activation of PI3K/Akt, leading to ischemic angiogenesis and tumor growth 
inhibition [9]. Therefore, we aimed to study the inner mechanism of miR-126 in the treatment 
of endothelial cell injury by regulating the PI3K/Akt/eNOS pathway.
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Materials and Methods

Establishment of hypoxia and reoxygenation (H/R) model

The primary human cardiac microvascular endothelial cells (HCMEC, ScienCell™ Research Laboratories, 

Carlsbad, California, USA) were cultured with 10% heat-inactivated fetal bovine serum (FBS, Gibco 

Laboratories, Grand Island, New York, USA) and extracellular matrix (EMC, HyClone Laboratories, Logan, 

Utah, USA) culture solution containing with 100 units/mL penicillin/streptomycin (HyClone Laboratories, 

Logan, Utah, USA) in a 5% CO
2
 constant-temperature incubator at 37°C. The transfected cells were blocked 

by culturing for 4 h without serum. Then, 10% FBS was added and the cells were cultured for another 24 h. After that, the cells were placed in the anoxic tank at 37°C and closely monitored during 2 h of culture to 
induce hypoxia. Then, the cells were placed in the normoxic incubator for 24 h to allow re-oxygenation, and 

then they were collected for the subsequent experiments.

Cell culture, grouping and transfection

According to the damage H/R model of endothelial cells, this experiment was divided into 8 groups: 

the control group, the H/R group (exposed to H/R), the miR-126 mimic group (miR-126 mimic+ H/R), the 

mimic-negative control (NC) group (mimic-NC + H/R), the miR-126 inhibitor group (miR-126 inhibitor + 

H/R), the inhibitor-NC group (inhibitor-NC + H/R), wortmannin group (PI3K inhibitor + H/R) and the miR-

126 mimic + wortmannin group (miR-126 mimic, PI3K inhibitor + H/R). The oligonucleotide sequences 

was shown in Table 1 and synthesized by the Shanghai GenePharma Co., Ltd. (Shanghai, China). The transfected mixtures were configured according to the instructions of the Lipofectamine 2000 (Invitrogen 
Inc., Carlsbad, California, USA) kit. The control and H/R groups were administered only culture medium 

without serum and double antibody. The wortmannin group and miR-126 mimic +wortmannin group both 

were administered50nmol/L of PI3K inhibitor wortmannin (Sigma-Aldrich Chemical Company, St Louis, 

Missouri, USA). The other groups were treated with liposome (Invitrogen Inc., Carlsbad, California, USA) encapsulated oligonucleotide medium (final concentration of 20µmol/L). 
Quantitative real-time polymerase chain reaction (qRT-PCR)

The miRNA was extracted according to the instructions of the miRNeasy Mini kit (Qiagen company, 

Hilden, Germany), and total RNA was extracted according to the instructions for TRIzol (Invitrogen Inc., Carlsbad, California, USA). The RNA concentration was detected by NanoDrop2000 (Thermo Fisher Scientific Inc., Waltham, Massachusetts, USA) and stored at -80°C for further use. According to the gene sequence 
published in the GenBank database, primers were designed with Primer 5.0 design software (Table 2) 

and they were synthetized by the Shanghai GenePharma Co., Ltd. (Shanghai, China). The miRNA reverse 

transcription was carried out with the One Step PrimeScript® miRNA cDNA Synthesis Kit (Perfect Real Time) (Takara Holdings Inc., Kyoto, Japan). The miRNA was reacted at 37°C for 1 h (poly (A) tail addition and reverse transcription reaction) and then heat shocked at 85°C for 5 s (enzyme inactivation reaction). The qRT-PCR reaction conditions for miRNA were as follows: 42°C for 5 min, 95°C for 10 s, and then 40 cycles of 95°C for 5 s, 60°C for 1 min and 72°C for 15 s. The qRT-PCR of non-miRNA was performed according to 
the instructions of One Step SYBR® PrimeScript® PLUS RT- PCR Kit (Takara Holdings Inc., Kyoto, Japan). The PCR reaction conditions were as follows: 42°C for 5 min, 95°C for 10 s, and then 40 cycles of 94°C for 5 s, 58°C for 30 s, 72°C for 15 s. U6/β-actin was used as the internal reference, and the reliability of the PCR results was evaluated by the dissolution curve. The Ct value (power curve of amplification), △Ct = Ct (target 

gene) – Ct (reference), △△Ct = △Ct (the experimental group) - △Ct (the control group). And the relative 

expression of the target gene was calculated according to2-△△Ct [19].

Table 1. The oligonucleotide sequences. Note: miR-126, 

microRNA-126; NC: negative control
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Detection of SOD activity and the levels of NO, VEGF and ROS

The SOD detection kit was provided by the JianCheng biological company (Nanjing, Jiangsu Province, China). The reaction solution was configured according to the instructions. After mixing evenly, the reaction solution was incubated at room temperature for 10 min. A Type 722 spectrophotometer (Thermo Fisher Scientific, Waltham, MA, USA) was used to detect the optical density (OD) at the wavelength of 550 nm. The 
SOD activity (U/mL) = (control tube 

OD
– determination tube 

OD
)/control tube 

OD
/50%.

The relative concentration of nitric oxide (NO) was detected as follows: 1 mL of sample was added 

to 0.5 mL 0.02% 4-hydroxycoumarin (solubilized in dimethylformamide: 2 mol/L HCl, 1: 1 volume ratio, 

Sigma-Aldrich Chemical Company, St Louis, Missouri, USA). The sample was incubated on ice for 5min after being mixed evenly and was added to 50 µl 8% Na
2
S

2
O

3 
(Sigma-Aldrich Chemical Company, St Louis, 

Missouri, USA) and allowed to sit for 10 min at room temperature. Then, 0.5 mL 1.5 mol/L NaOH (Sigma-

Aldrich Chemical Company, St Louis, Missouri, USA) was added and the solution stood for 10 min at room temperature. The relative fluorescence intensity was detected by Thermo fluorescence spectrophotometer. 
The standard curve was drawn based on the standard NaNO

2
 (Sigma-Aldrich Chemical Company, St Louis, 

Missouri, USA) and the relative concentration of NO was calculated.

The detection process strictly complied with the vascular endothelial growth factor (VEGF) ELISA 

Kit (Roche Ltd., Basel, Switzerland) instructions. The ELISA kit was allowed to sit for 20 min at room temperature and then the washing liquid, standard products and reaction system were configured. The OD 
value of each well (450 nm) was detected after addition of the Universal enzyme marker (BioTek Synergy 2) 

3 min after the liquid reaction was terminated. The standard curve was drawn based on the OD value, and 

the content of VEGF was calculated.An intracellular oxidation activated oxygen fluorescence assay kit (GENMED SCIENTIFICS INC., 
Arlington, Massachusetts, USA) was adopted to detect the content of reactive oxygen species (ROS). When the cells reached 70% confluence, the medium was removed and GENMED staining solution and diluent solution were added to the cell culture plate. The cells were incubated at 37°C for 20 min. After that, the GENMED staining solution was aspirated, and 500 µl pre-heated GENMED preservation solution was added to the cell culture wells. The fluorescence value was observed through the cell culture well by the fluorescence spectrophotometer when the emission wavelength was set at 590 nm and the excitation 
wavelength at 540 nm. The relative content of ROS was calculated based on the standard curve.

Enzyme-linked immunosorbent assay (ELISA)

The detection process strictly complied with the ELISA Kit (Bio-Rad, Inc., Hercules, California, USA) 

instructions. The ELISA Kit was allowed to sit at room temperature for 20 min and then the washing liquid was prepared. After the standard sample was dissolved, 100 µl mixture was added to the reaction plate to generate the standard curve. The 100 µl sample was added to the reaction well and incubated at 37°C for 90 min. The 100µl working fluid with biotin antibody was added to the sample solution after washing and incubated at 37°C for 60 min. After washing, the 100µl working fluid with enzyme binding reaction (protected from light) was added and incubated at 37°C for 60 min. The culture plate was washed 3 times and added to 100µl substrate. After incubating for 15 min at 37°C in the dark, the terminating fluid was 

Table 2. Primers of miRNA and inflammatory factors. Note: miR-126, microRNA-126; IL, interleukin; TNF-α, tumor necrosis factor-α
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quickly added to stop the reaction. The Universal enzyme marker (BioTek Synergy 2) was applied to detect 

the OD values of each tube at 450 nm within 3 min. According to the OD values, the standard curve was drawn and the contents of interleukin-6 (IL-6), IL-10 and tumor necrosis factor-α (TNF-α) in the cell supernatant 
of each group were analyzed.

Western blotting

The concentration of extracted protein was determined by BCA Kit (Wuhan Boster Biological 

Technology Co., Ltd., Wuhan, Hubei Province, China). The extracted protein was added to the sample buffer and boiled at 95°C for 10 min, followed by the addition of 50 µg sample in each well. After that, 
10% polyacrylamide gel (Wuhan Boster Biological Technology Co., Ltd., Wuhan, Hubei Province, China) 

electrophoresis was carried out to isolate the protein. The electrophoresis voltage was changed from 80 V to 120 V, and wet transfer with transfer voltage of 100 mV continued for 70 min to transfer the proteins to 
PVDF membrane. Then, the membranes were blocked with 5% BSA at room temperature for 1h, followed by the addition of primary antibodies (p-AKT (ab81283), t-AKT (ab179463), p-PI3K (ab182651), t-PI3K (ab86714), p-eNOS (ab76199), eNOS (ab66127) and β-actin (ab8226) (all at a1:1000 dilution, Abcam Inc., Cambridge, Massachusetts, USA) and incubation overnight at 4°C. Tris-buffered saline Tween-20 (TBST) 
was used to wash the membranes 3 times for 5 min each, and the corresponding secondary antibody (at a 1: 

1000 dilution, Abcam Inc., Cambridge, Massachusetts, USA) was added and incubated at room temperature 

for 1 h, followed by a membrane wash at 3 times/5 min. The Roche ECL chemiluminescence reagent was applied for band development. The β-actin was used as an internal reference, and Bio-rad Gel Dol EZimaging (GEL DOC EZ IMAGER, Bio-rad, Hercules, California, USA) was used for image analysis. Image J software was 
adopted to analyzed the grey value for the target bands.

CCK-8 assayThe cells were inoculated into 96-well plates (100µl cell suspension, 5000 cells per well). After 
transfection, the cells were cultured for 24 h, and the cell proliferation was detected by cell counting kit-

8 (CCK-8) (Beyotime Institute of Biotechnology, Haimen, Jiangsu Province, China). According to the kit instructions, the cell plates were removed, and 10µl CCK-8 reagent was added to each well. Then, the cells were incubated for 3 h at 37°C.The OD at 450 nm in each well was detected by the multifunctional enzyme standard instrument (Thermo Fisher Scientific, Waltham, MA, USA). In the experiment, the concentration 
of DMSO in each well was no more than 0.1%, and 4 duplicated wells were set. The above actions were 

repeated 3 times, and the average value was calculated. The rate of miR-126 cell proliferation was calculated 

according to the OD value of each well. The cell viability (%) of each group was detected at different time 

points and it was used as a testing index. Cell proliferation activity (%) = (OD
 experimental group

 - OD 
blank control group

)/

( OD
 control group

 - OD 
blank control group

) × 100%.

Flow cytometry 

The apoptosis rate was detected by an Annexin V FITC apoptosis kit. The transfected cells were digested 

by 2.5% trypsin and centrifugation at 1000 r/min for 5 min with supernatant discarded. The suspended 

in buffer solution (PBS with calcium) for the preparation of a single cell suspension with 1×106 cell/ml concentration. At room temperature, the 100µl cell suspension was placed into the test tube. Propidium iodide (PI) and RNase A with the same final concentration of 10mg/mL were added and mixed in the tube, followed by incubation at 4°C for 30 min. After 400µl staining buffer was added, the cells were immediately detected and analyzed with flow cytometry (Becton, Dickinson and Company, Franklin Lakes, New Jersey, 
USA). A total of 104 cells were selected each time, and Cell Quest software was utilized to conduct data 

analysis. Annexin V-positive cells were apoptotic cells, and the right upper quadrant and the right lower 

quadrant presented the apoptotic cells. The cell apoptosis rates of each group were calculated.

In vitro lumen formation assayThe pre-liquefied matrigel (BD Company) was added (60 µl) to a sterilized 96-well plate (Corning 
Glass Works, Corning, New York, USA) and was evenly distributed in each well of the culture plate. The 96-well plate was then placed in the incubator at 37°C for 30min and removed after matrigel coagulation. To each well, 100 µl of transfected cells in logarithmic growth was added at a density of 1×105 cell/mL, and then 

the cells were cultured in a 5% CO
2
 constant temperature incubator at 37°C. After incubation for 24 h, the 
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transfected cells were placed under a phase-contrast microscope (Olympus Optical Co., Ltd, Tokyo, Japan) to 

observe the changes in lumen formation ability of the cells in each group. The lumen formation ability was observed by photos under high magnification (400 ×).
Statistical analysis

All data were analyzed with SPSS 21.0 statistical software (SPSS, Inc., Chicago, Illinois, USA). The 

measurement data were expressed as the mean ± standard deviation. Independent-sample t test was applied 

in comparisons between two groups when the data obeyed a normal distribution and one-way analysis of 

variance (ANOVA) was used in comparisons among several groups. Count data was expressed by percentage 

or rate and tested by Chi square test. P < 0.05 indicated statistical significant.
Results

Comparison of the miR-126 expression in each group
The expression of miR-126 in each group was analyzed by qRT-PCR. The corresponding 

results indicated that, compared with the control group, the expression of miR-126 in 
the H/R, wortmannin, mimic-NC, miR-126 inhibitor and inhibitor-NC groups were all significantly reduced (all P < 0.05), while there was no significant difference in the miR-126 
mimic group and miR-126 mimic + wortmannin group. In comparison with the H/R group, 
the expression of miR-126 in the miR-126 mimic group and miR-126 mimic + wortmannin group were significantly increased, while it was notably decreased in the miR-126 inhibitor 
group (both P < 0.05) (Fig. 1).

Comparisons of the expressions of PI3K/Akt/eNOS signaling pathway-related proteins in 
each group
Western blotting was used to detect the protein expressions of PI3K/Akt/eNOS signaling 

pathway-related proteins. The results indicated that, when compared with the control 
group, the expression of p/t-PI3K, p/t-Akt, p/t-eNOS in the H/R, wortmannin, mimic-NC, miR-126 mimic + wortmannin, miR-126 inhibitor and inhibitor-NC groups was significantly 
decreased (all P < 0.05) in all, while no significant difference was found in themiR-126 mimic 
group. When compared with the H/R group, the p/t-PI3K, p/t-Akt, p/t-eNOS expression was significantly increased in the miR-126 mimic group, while the expression was found to be 
decreased in the wortmannin and miR-126 inhibitor groups (all P < 0.05). In comparison 
with the miR-126 mimic group, the expression of p/t-PI3K, p/t-Akt, p/t-eNOS in the miR-126 mimic + wortmannin group was significantly reduced (all P < 0.05) (Fig. 2). These results 
suggested that miR-126 could activate the PI3K/Akt/eNOS signaling pathway.

Fig. 1. Comparison of the miR-126 expression in 

each group. Note: *, P < 0.05, compared with the 

control group; #, P < 0.05, compared with the H/R 

group; miR-126, microRNA-126; H/R, hypoxia/

reoxygenation; NC, negative control.
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Comparisons of SOD activity and the levels of NO, VEGF and ROS in each group 
The expression of VEGF, SOD, NO and ROS was measured. Compared with the control 

group, the ROS expression in the H/R, wortmannin, mimic-NC, miR-126 mimic + wortmannin, MiR-126 inhibitor and inhibitor-NC groups was significantly elevated, while the expression 
of NO, VEGF and SOD was notably decreased(all P < 0.05). No obvious difference was found 
in the miR-126 mimic group. In addition, when compared with the H/R group, the expression 

Fig. 2. Comparison of protein expressions of PI3K/Akt/eNOS signaling pathway-associated proteins in each 

group. (A: Western Blotting was applied to detect the protein expressions of PI3K/Akt/eNOS signaling pa-

thway mediators in each group; B: The expressions of PI3K/Akt/eNOS signaling pathway mediators was 

analyzed by gray analysis). Note: *, P < 0.05, compared with the control group; #, P < 0.05, compared with 

the H/R group; &, P < 0.05, compared with the miR-126 mimic group; miR-126, microRNA-126; H/R, hypo-

xia/reoxygenation; NC, negative control.

Fig. 3. Comparisons 

of SOD activity and 

the levels of NO, VEGF 

and ROS in each group 

(A: The expression of 

ROS in each group; B: 

The expression of NO 

in each group; C: The 

expression of VEGF ex-

pression in each group; 

D: The SOD activity in 

each group). Note: *, P 

< 0.05, compared with 

the control group; #, P 

< 0.05, compared with 

the H/R group; &, P < 

0.05, compared with the 

miR-126 mimic group; 

miR-126, microR-

NA-126; H/R, hypoxia/

reoxygenation; NC, ne-

gative control; ROS, re-

active oxygen species; 

NO, nitric oxide; VEGF, 

vascular endothelial 

growth factor; SOD, su-

per oxide dismutase.
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of ROS in the miR-126 mimic group was significantly decreased, while the expression of NO, VEGF and SOD was significantly increased; the expression of ROS in themiR-126 inhibitor group and wortmannin group was significantly increased, and the expression of NO, VEGF and SOD was significantly decreased (all P < 0.05). When compared with the miR-126 mimic group, the ROS expression in the miR-126 mimic + wortmannin group was significantly increased, while the NO, VEGF and SOD expression was significantly reduced (all P < 
0.05) (Fig. 3). The above results suggested that miR-126 inhibits the down-regulation of 
the expression of NO, VEGF and SOD as well as the up-regulation of the expression of ROS 
induced by endothelial cell injury via the PI3K/Akt/eNOS signaling pathway.

Comparisons of the expressions of inflammatory factors in each group The expression of inflammatory factors in each group was detected. When compared with the control group, the expression of mRNA and protein expression of IL-6, IL-10, TNF-α 
in the H/R,wortmannin, mimic-NC, miR-126 mimic + wortmannin, miR-126 inhibitor and inhibitor-NC groups were all significantly increased (all P < 0.05), and no obvious change of those inflammatory factors was found in the miR-126 mimic group. In comparison with the H/R group, the expression of IL-6, IL-10, TNF-α in the miR-126 mimic group was significantly reduced (which corresponded to the control group); the expression of IL-6, IL-10, TNF-α in themiR-126 inhibitor group was significantly elevated (all P < 0.05). The expression ofIL-6, IL-10, TNF-α in the miR-126 mimic + wortmannin group was significantly increased when 
compared with the miR-126 mimic group(all P < 0.05) (Fig. 4). These results demonstrated thatmiR-126 inhibits the up-regulation of the expression of IL-6, IL-10 and TNF-α-induced 
by endothelial cell injury via the PI3K/Akt/eNOS signaling pathway.

Fig. 4. Comparison of the expressions of inflammatory factors in each group (A: The expression of IL-6 mRNA in each group; B: The expression of IL-10 mRNA in each group; C: The expression of TNF-α mRNA in 
each group; D: Changes in the IL-6 level determined by ELISA in each group; E: Changes in the IL-10 level in each group; F: Changes in the TNF-α level detected by ELISA in each group). Note: *: P < 0.05, compared with 

the control group; #: P < 0.05, compared with the H/R group; &: P < 0.05, compared with the miR-126 mimic group; miR-126, microRNA-126; H/R: hypoxia/reoxygenation; NC: negative control; IL, interleukin; TNF-α, tumor necrosis factor-α; ELISA, enzyme-linked immunosorbent assay.
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Effects of miR-126 on cell proliferation activity in each group
In comparison with the control group, the cell proliferation activity in the H/R, 

wortmannin, mimic-NC, miR-126 mimic + wortmannin, miR-126 inhibitor and inhibitor-NC groups was significantly diminished (all P < 0.05),while no obvious change was found in the 
miR-126 mimic group. When compared with the H/R group, the cell proliferation activity was significantly increased in themiR-126 mimic group while decreased in the miR-126 
inhibitor and wortmannin groups(both P < 0.05). In comparison with the miR-126 mimic group, the cell proliferation activity in the miR-126 mimic + wortmannin was significantly 
diminished (P < 0.05) (Fig. 5). These results indicated that the decreased cell proliferation 
activity induced by endothelial cell injury could be alleviated by miR-126.

Effects of miR-126 on cell apoptosis in each group A flow cytometry assay was applied to detect the effects of miR-126 on the cell 
apoptosis of CMECs. Compared with the control group, the cell apoptosis rates in the H/R, 
mimic-NC, miR-126 mimic + wortmannin, miR-126 inhibitor and inhibitor-NC groups were all significantly increased (all P < 0.05), while there was no obvious change in the miR-126 
mimic group. In comparison with the H/R group, the cell apoptosis rate in the miR-126 mimic group was significantly decreased, reaching the normal level, while the cell apoptosis rates in the miR-126 inhibitor group and wortmannin group were significantly increased 
(both P < 0.05). When compared with the miR-126 mimic group, the cell apoptosis rate in 

Fig. 5. Comparison of cell proliferation activity in 

each group. Note: *: P < 0.05, compared with the 

control group; #: P < 0.05, compared with the H/R 

group; &: P < 0.05, compared with the miR-126 mi-

mic group; miR-126, microRNA-126; H/R: hypoxia/

reoxygenation; NC: negative control.

Fig. 6. Comparison of cell apoptosis in each group. Note: miR-126, microRNA-126; H/R: hypoxia/reoxyge-

nation; NC: negative control;*: P < 0.05, compared with the control group; #: P < 0.05, compared with the 

H/R group; &: P < 0.05, compared with the miR-126 mimic group.
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the miR-126 mimic + wortmannin group was significantly elevated (P < 0.05) (Fig. 6). These 
results suggested that miR-126 inhibits the cell apoptosis induced by endothelial cell injury 
via the PI3K/Akt/eNOS signaling pathway.

Effects of miR-126 on in vitro lumen formation in each group
The relationship between miR-126 and angiogenesis was studied based on the in vitro 

lumen formation assay. The results suggested that lumen formation in the H/R, wortmannin, 
mimic-NC, miR-126 mimic + wortmannin, miR-126 inhibitor and inhibitor-NC groups were all significantly reduced in comparison with the control group(all P < 0.05), while no significant difference was found in the miR-126 mimic group. When compared with the H/R group, the lumen formation ability was significantly increased in the miR-126 mimic group, and it was significantly decreased in the miR-126 inhibitor group and wortmannin 
group (both P < 0.05). In comparison with the miR-126 mimic group, the lumen formation rate in themiR-126 mimic + wortmannin group was significantly reduced (P < 0.05) (Fig. 7). 
Altogether, these results demonstrated that the miR-126 could promote lumen formation 
after endothelial cell injury.

Discussion

As the most common cells in a normal human heart, CMECs play important roles 
with regard to myocardial protection during reperfusion injury by autocrine or paracrine 
secretion mechanisms [5]. OverexpressingmiR-126 could enhance ischemic angiogenesis 
due to stimulating the Akt/ERK–related pathway [20]. Therefore, our study aimed to explore the effects of miR-126 on relieving endothelial cell damage and inflammation via the PI3K/
Akt/eNOS pathway.

The expression of miR-126wasdown-regulated in the H/R group, in which the activation of the PI3K/Akt/eNOS pathway was impaired, and the inflammatory response and cell 
apoptosis were also increased. Additionally, miR-126 could relieve cell proliferation activity 
and promote the lumen formation induced by endothelial cell injury. Endothelial cells are 
important in the regulation of vascular integrity and angiogenesis, and they mediate the 
development of miR-126 angiogenesis [21]. Additionally, the knockdown of miR-126 could 
cause loss of vascular integrity and hemorrhage, and the decreased expression of miR-223-
3p also plays an essential role of angiogenesis in the CMECs of rats [22, 23]. The expression 
of miR-126 is essential for endothelial growth as a promoter for endothelial cell proliferation 
and migration, which makes it a putative tumor suppressor, in violation of intuition [24]. 
In addition, miR-126 is highly enriched in endothelial cells that produce the regulatory function in vascular integrity and vascular pathology [25]. MiR-126 has played significant 

Fig. 7. Lumen formation determined by phase-contrast microscopy (400 ×). Note: *: P < 0.05, compared 

with the control group; #: P < 0.05, compared with the H/R group; &: P < 0.05, compared with the miR-126 

mimic group; miR-126, microRNA-126; H/R, hypoxia/reoxygenation; NC, negative control.
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roles in different physiological and pathological processes, including inflammation, blood 
vessel growth, and cancer through various pathways [24]. Circulating miR-126-5p has been 
reported as an underlying biomarker for the complexity and severity of Coronary Artery 
Disease (CAD) in patients with stable angina pectoris [26]. Additionally, the effect of miR-126 on vascular inflammation is regulated by adhesion molecule-1 [27]. The way in which miR-
126 affects endothelial cells is partially mediated by the PI3K/Akt/eNOS signaling pathway, of which PKB/Akt is significant in the apoptosis and survival of endothelial cells [28, 29]. Moreover, a previous study indicated that the expression of miR-126 could significantly 
improve the function of CD4+T cells in vivo and promote cell differentiation [30].

This study also suggested that miR-126 could activate the PI3K/Akt/eNOS signaling 
pathway to inhibit the down-regulated expression of VEGF and SOD and up-regulate the expression of IL-10 and TNF-α, which is motivated by endothelial cell injury. MiR-126 serves 
as a regulating and adjusting device in the control of PI3K-Akt pathway transduction, as the 
activation of the PI3K-Akt-pathway is activated by low expression of miR-126 [9]. Previous 
studies have proven that resveratrol could inhibit hydrogen peroxide-induced apoptosis 
in endothelial cells via the activation of PI3K/Akt by miR-126, and the overexpression of 
miR-126 could decrease PIK3R2 and enhance PKB/Akt [31, 32]. It has also reported that 
Selenium could inhibit homocysteine-induced dysfunction and apoptosis of endothelial 
cells by activating AKT pathway [33]. Additionally, eNOS reduction in endothelial cells is 
regulated by changes in the expression of miRNA [34]. In addition, endothelial cells respond 
to various proteins and growth factors that regulate angiogenesis [35]. VEGF is important 
for regulating the function of endothelial cells, in which miR-126 positively regulates the 
response of ECs to VEGF [36]. A previous study has indicated that miR-126 could regulate 
tumor angiogenesis, and the decreased expression of miR-126 is correlated with the 
increased mRNA and protein levels of VEGF-A, which indicated that the up-regulation of 
miR-126 reduced endothelial cell lumen formation ability and VEGF-induced migration [35]. In addition, miR-126 silencing could significantly down-regulate the expression of Foxp3 on 
Tregs accompanied by decreased expression of IL-10 [9]. In addition, the overexpression of miR-126 could reduce ROS production and TNF-α expression [37]. Another previous study 
illustrated that miR-126 could reduce vascular cell adhesion molecule 1 expression in ECs 
by combining with its 3’ UTR, which could reduce leukocyte-EC interactions in response to TNF-α [38].

To sum up, this study noted that miR-126 could activate the PI3K/Akt/eNOS pathway to affect inflammation, cell apoptosis and activity, which has the potential to become a 
new target for the treatment of endothelial cell injury. However, more research should be 
performed to provide guidance for clinical treatment with respect to miR-126 and the PI3K/
Akt/eNOS pathway for endothelial cell injury.
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