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Purpose: A majority of diabetes mellitus patients with disturbances of glucose metabolism 
present with vascular complications. This study aimed to explore regulatory mechanisms of 
miR145 and its potential target gene ANGPT2 on diabetic vasculopathy under 
hyperglycemia.
Methods: Based on the fact that miR145 is detected in rat aortic endothelial cells (RAECs) 
under hyperglycemia, RAECs were transfected with miR145 mimics/inhibitor for further 
confirmation. RAEC proliferation was detected with CCK8 assays, and cell apoptosis and 
CD34+-cell population with annexinV–PI staining and anti-CD34FITC on flow cytometry, 
respectively. Then, qPCR and Western blot were applied to detect mRNA and protein 
expression of ANGPT2 and involved pathway factor NFκB p65. Subsequently, dual lucifer-
ase–reporter gene analysis was utilized to verify whether miR145 acted directly upon the 
3ʹUTR of ANGPT2 mRNA.
Results: The ANGPT2 gene was confirmed to be a direct target of miR145. miR145 mimics 
markedly downregulated the expression of ANGPT2 and NFκB p65, boosted the percentage 
of the CD34+ phenotype, and promoted proliferation and suppressed apoptosis of RAECs 
under hyperglycemia.
Conclusion: miR145 might regulate the viability of RAECs via targeting ANGPT2 and 
involving NFκB signaling to exert a protective effect on diabetic vasculature.
Keywords: diabetic vasculopathy, miR145, angiopoietin 2, ANGPT2, rat aortic endothelial 
cells, RAECs, hyperglycemia

Introduction
Diabetes mellitus (DM) is a chronic metabolic disease characterized by the dis-
turbance of glucose metabolism.1 There are >300 million individuals suffering from 
DM worldwide, and approximately 60%–80% of DM patients present with vascular 
complications.2 Diabetic vascular complications are characterized by endothelial 
cell dysfunction and the formation of atherosclerotic plaques, due to micro- and 
macrovascular lesions.3 DM and its complications have become epidemic, and pose 
a serious challenge to worldwide health-care systems.4

According to the current consensus, DM is a kind of chronic low-level inflam-
matory disease. As an autocrine regulator of inflammatory reactions, ANGPT2 
expression in vascular endothelial cells may act as a potential target in DM and 
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its vascular complications.5 Studies have showed that 
ANGPT2 participates in inducing inflammatory reactions, 
promoting the apoptosis of diabetic vascular endothelial 
cells,6 and causing diabetic vasculopathy.7

miRNA has been found to be a posttranscriptional 
gene-expression regulator with specific sequences.8 

Studies have showed that miRNA might play a major 
role in the pathogenesis of DM and microvascular DM 
complications,9 as well as in diabetic vascular endothelial 
dysfunction.10 Located at chromosome 5q32, miR145 has 
been reported to be a potent regulatory miRNA that plays 
important roles in vascular smooth-muscle cells. The high 
expression of miR145 in the vascular wall is probably 
essential for vascular function.11 Studies have also shown 
that miR145 participates in regulating the progression of 
metabolic inflammation in DM and atherosclerosis. With 
potent anti-inflammatory effects, miR145 can relieve the 
inflammatory status of DM hyperglycemia and delay the 
progression of DM vasculopathies.12

As such, it seems that miR145 has anti-inflammatory 
and ANGPT2 proinflammatory effects in DM. Since 
miRNA always acts upon mRNA to downregulate protein 
levels posttranscriptionally, we can hypothesize that 
miR145 might exert a potential protective effect on DM 
vasculopathy. However, whether miR145 definitely inter-
acts with ANGPT2 and what the effect of their interaction 
is on vasculopathy remains unknown. Therefore, this study 
intended to verify interactions between ANGPT2 and 
miR145 so as to explore their effects on vascular cells 
under a certain DM condition — hyperglycemia.

Methods
Target Prediction and miRNA Acquisition
miRNA analysis for mature seed sequences and target 
prediction were searched on miRBase (http://www.mir 
base.org) and achieved via miRDB (http://mirdb.org/ 
miRDB/index.html) and TargetScan (http://www.targets 
can.org/vert_71). Then, miRNA mimics of miR145, 
including miR145 mimic, miR145-mimic control, 
miR145 inhibitor, and miR145-inhibitor control were 
synthesized.

Cell Culture and Transfection
The rat aortic endothelial cell (RAEC) line was purchased 
from the Cell Bank of the Shanghai Institute of Cellular 
Biology, Chinese Academy of Sciences. FBS, RPMI 1640 
culture medium and PBS were purchased from HyClone. 

RAECs were cultured in RPMI 1640 medium with 10% 
FBS at 37°C in 5% CO2. RAECs were then plated at a 
density of 106 cells per well into a six-well plate. When 
cellular confluence had reached approximately 50%–70%, 
250 pmol of mimics (miR145 mimic, miR145-mimic 
negative control [NC], miR145 inhibitor, and miR145- 
inhibitor NC) mixed with 100 μL Lipofectamine 2000 
(Invitrogen) transfection reagent were added to each well 
within 1 mL FBS-free medium. The final concentration of 
the mimics was adjusted to 10 pmol/mL. The complete 
medium was changed 5 hours after transfection.

Experimental Groups
For detection of miR145 expression under different glucose 
concentrations, when the cellular confluence of plated 
RAECs had reached approximately 80%, the culture med-
ium was changed to FBS-free medium to starve cells for 
synchronization for about 12 hours. Then, RAECs were 
cultured with different glucose-concentration media and 
grouped: normal glucose (NG) concentration (5.6 mmol/L 
D-glucose as control), high glucose (HG) concentration 
(divided gradually into 12.5 mmol/L, 25 mmol/L, 50 
mmol/L, and 75 mmol/L D-glucose as hyperglycemia 
groups), and 25 mmol/L, 100 mmol/L, and 300 mmol/L 
D-mannitol as hyperosmotic control groups. The incubation 
time for detection of each group was 30 minutes and 1, 2, 4, 
6, and 8 hours, respectively. D-glucose and D-mannitol 
were obtained from the Kunming Institute of Zoology of 
the Chinese Academy of Sciences.

After transfection with miRNA mimics, RAECs were 
divided into six groups: one NG control group (5.6 mmol/ 
L D-glucose in medium) and five HG groups with 25 
mmol/L of D-glucose in medium, of which four with 
miRNA transfection were defined: HG+miR145 mimics, 
HG+NC mimics, HG+miR145 inhibitor, and HG+NC 
inhibitor.

Quantitative RT-PCR
qRT-PCR primers were synthesized by Shanghai Huada 
Gene, and primer sequences were: ANGPT2 — forward 5ʹ- 
GACCACGAGACTTGAACTTCAG-3ʹ, reverse 5ʹ-GGA 
TGATGTGCTTGTCTTCCATAG-3ʹ; NFκB p65 — forward 
5ʹ-TGATGTGCATCGGCAAGTG-3ʹ, reverse 5ʹ-AGAA 
GTTGAGTTTCGGGTAG-3ʹ; hsa-miR145 — forward 5ʹ-T 
GCTGAGAACGAGCAGTAA-3ʹ, reverse 5ʹ-CGAGGTC 
CGAAGACTCATTT-3ʹ; and β-actin — forward 5ʹ-CCT 
CAAGACATCAGCAATGCCTCCT-3ʹ, reverse 5ʹ-GGT 
CATGAGTCCTTCCACGATACCAA-3ʹ. When cellular 
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confluence had reached approximately 80% after transfection 
for about 24–36 hours, total RNA of RAECs from each 
group was isolated (Bio-Rad) and potential genomic DNA 
contamination removed with an On-Column DNase I diges-
tion kit (R&D Systems). Then, total RNA (0.5–1.0 μg) was 
reverse-transcribed with and iScript cDNA-synthesis kit 
(Bio-Rad), and 2×SYBR Green 1 Mix (Applied Biological 
Materials) applied to perform qRT-PCR assays to quantify 
the mRNA expression of miR145, ANGPT2, and NFκB p65 
according to the manufacturer’s instructions. β-actin was 
used as an internal control.

Western Blot
Western blot was employed to detect protein levels of 
ANGPT2 and NFκB p65 from RAECs harvested at 48 
hours posttransfection. β-actin was used as an internal 
reference. SDS-PAGE was routinely performed, as 
described in Sun et al.13 ImageJ software was used to 
analyze the gray scales of the bands.

Proliferation-Activity Assays
RAECs were seeded at a density of 5,000 cells per well in 
a 96-well plate. Then 25 pmol mimics (miR145 mimic, 
miR145-mimic NC, miR145 inhibitor, and miR145-inhi-
bitor NC) and 10 μL Lipofectamine 2000 mixed within 
100 μL FBS-free medium were added to each well. After 4 
hours’ transfection, the culture medium was replaced and 
CCK8 proliferation assays (KeyGen Tech, Nanjing, China) 
employed to detect the proliferation activity of transfected 
RAEC cells. From this time point on, 100 μL culture 
medium with 10 μL CCK8 detection reagent was added 
to each well from day 1 to day 6 posttransfection. Two 
hours after the CCK8 reagents had been added, the optical 
density (OD) level of each well was detected with an 
enzyme reader to generate a cellular proliferation-activity 
curve for these days. Each group was assessed four times. 
For calculation purposes, relative proliferation activity = 
OD of the assay group/OD of the normal control group.

Flow Cytometry
RAECs were harvested from each group at 24 hours post-
transfection. Then, a PI–annexin V apoptosis detection– 
reagent kit (KeyGen Tech) was applied to detect cell 
apoptosis following the manufacturer’s instructions. 
Briefly, after cell collection and rinsing, 500 μL binding 
buffer was used to resuspend cells at a concentration of 
106cells/mL. Subsequently, 5 mL annexin V and 10 μL PI 
(20 g/L) were added to the suspension. After incubation in 

the dark for 5 minutes at room temperature, cells were 
loaded into a flow cytometer to detect the apoptosis rate in 
each cell group. Live-cell FITC–/PI–, apoptotic-cell FITC+/ 
PI–, and necrotic-cell FITC+/PI+ were applied to calculate 
the ratio of apoptotic cells. Similarly, RAECs were har-
vested at 72 hours posttransfection and labeled with anti- 
CD34FITC fluorescent antibody (BD Biosciences). All 
detections were performed with flow cytometry 
FACSCalibur (BD Biosciences), and Flowjo version 7.6 
was used for analysis.

Dual Luciferase–Reporter Gene Assay
Amplification of Full-Length 3ʹUTR of ANGPT2
Bioinformatics was applied to predict the target-conjuga-
tion point between miR145 and ANGPT2, and point muta-
tion was performed. Primer sequences of hsa-miR145-5p 
and ANGPT2 3ʹUTR were synthesized with equipment 
from Beijing Sunbiotech. The full-length 3ʹUTR of 
ANGPT2 gene was amplified with primers: forward 5ʹ-AC 
CCCACTGTTGCTAAAGATTCAAGAGATCTTTAGC-
AACAGTGGGGTTTTTTT-3ʹ, reverse 5ʹ-AATTAAAAA 
AACCCCACTGTTGCTAAGATCTCTTGAATCTTTAG-
CAACAGTGGGGTGGCC-3ʹ.

Cloning of 3ʹUTR Constructs
The pMIR-Report luciferase-reporter plasmid was con-
structed by inserting a firefly luciferase–reporter gene 
into the pMIR-Report empty vector (Origene) between 
EcoRI and Sgf I enzyme-cut sites. Then, ANGPT2 
3ʹUTR wild-type (WT) and mutant (Mut) segments (mur-
ine ANGPT2) were inserted into the pMIR-Report lucifer-
ase vector between HindIII and MluI sites to construct the 
pMIR-Report ANGPT2 3ʹUTR plasmid. Restriction endo-
nucleases HindIII, MluI HpaI, EcoRI, and SgfI and T4 
DNA ligase were purchased from Takara (Dalian, China). 
A plasmid miniprep reagent kit, endotoxin-free plasmid 
large-prep reagent kit, and DNA gel-recycling reagent kit 
were used for extraction and purification of constructed 
reporter plasmids (Tiangen). After construction, pMIR- 
Report ANGPT2 3ʹUTR plasmids, including WT and 
Mut, were sent for sequencing to confirm their validity.

Luciferase-Reporter Gene Assay
RAEC cells were plated in 12-well plates at 3×105cells/well. 
The miR145 mimic and its NC, together with miR145 
inhibitor and its NC and the ANGPT2 reporters (pMIR- 
Report ANGPT2 3ʹUTR WT and pMIR-Report ANGPT2 
3ʹUTR Mut) were cotransfected into the RAECs. At 48 
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hours posttransfection, whole-cell lysate was collected for 
luciferase-reporter assays. A pRL-TK vector expressing 
Renilla luciferase was utilized as an internal reference to 
calibrate differences in cell numbers and transfection effi-
ciency. Dual-luciferase activity was measured in triplicate 
using the Bright-Glo luciferase–assay system (Promega) 
according to the instructions provided.11

Statistical Analysis
SPSS version 13.0 was used, and data are expressed as 
means ± SD. Univariate ANOVA was employed to com-
pare means among multiple groups. P<0.05 was consid-
ered statistically significant. The data sheet was prepared 
using GraphPad Prism 5.0 software.

Results
Sustained Hyperglycemia Decreased 
miR145 Expression and Increased 
Expression of ANGPT2 and NFκB p65 in 
RAECs
In order to explore the effect of hyperglycemia on miR145 
expression, different concentrations of glucose were added to 
the culture medium for 30 minutes. As shown in Figure 1A, 
compared with the NG group of 5.6 mmol/L D-glucose, 

miR145 significantly increased with the addition of D-glucose 
of 12.5–75 mmol/L, showing a maximal effect at 25 mmol/L 
(Figure 1A, left). Therefore, 25 mmol/L glucose was used for 
subsequent experiments. In order to exclude the osmotic effect 
of hyperglycemia on miR145 expression, triple concentrations 
of mannitol were added in parallel, which failed to affect the 
expression of miR145 (Figure 1A, right).

Based on results with different concentrations at one 
time point (Figure 1A), incubation was prolonged to 1, 
2, 4, and 6 hours to determine the most effective con-
centration at different time points, as shown in Figure 
1B. Taking the average expression of normal group with 
5.6 mmol/L glucose along time as control normalized as 
“1”, an interesting reversed effect emerged. Though 
25 mmol/L of glucose maximally increased the expres-
sion of miR145 above level 3 at 30 minutes (Figure 
1A), this effect gradually decreased below level 2 
when detected at 1, 2, 4, and 6 hours, and was signifi-
cantly less than the control level after 4–6 hours (Figure 
1B). These results indicated that miR145 might partici-
pate in some related biological process of diabetic vas-
culopathy under hyperglycemia, with somehow temporal 
and spatial attributes.

MiRDB and TargetScan were utilized to search and 
analyze the target genes of miRNAs, and ANGPT2 was 
pinpointed as a potential target of miR145. The effect of 
hyperglycemia on ANGPT2 expression in RAECs was 
then examined. Initially, hyperglycemia with 25 mmol/L 
glucose did not have an effect on ANGPT2 (Figure 2A). 
However, ANGPT2 expression began to increase after 
2 hours of hyperglycemic stimulation, and both mRNA- 
expression and protein levels of ANGPT2 became signifi-
cantly elevated when prolonged till 4–8 hours (Figure 2A– 
C). Similarly, in order to investigate ANGPT2 signal path-
ways involved, both mRNA-expression and protein levels 
of NFκB p65 were detected under sustained hyperglyce-
mia, which turned out to have the same expression trend as 
ANGPT2 (Figure 2). This made us believe that the delayed 
effect was closely related to the initial temporary upregu-
lation of miR145.

miR145 Promoted Proliferation of 
Vascular Endothelial Cells
Based on the transient robust expression of miR145 in 
RAECs under hyperglycemia with 25 mmol/L glucose, 
the mimics and inhibitor of miR145 and their NCs were 
transiently transfected into RAECs to explore the effect of 

Figure 1 Effect of glucose level on miR145 expression in cultured RAECs. (A) 
Treatment with different glucose levels for 30 minutes. Mannitol failed to affect 
miR145 expression. (B) Treatment with 25 mmol/L glucose for different periods. 
Average expression with 5.6 mmol/L glucose with time normalized as “1”. #P<0.05 
vs control (n=4 each).
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miR145 overexpression or miR145 inhibition on vascular 
endothelial cells. The six groups were NG (control, 5.6 
mmol/L D-glucose), HG (25 mmol/L D-glucose), further 
divided into HG only, HG+miR145 mimic, HG+NC 
mimic, HG+miR145 inhibitor, and HG+NC inhibitor.

After transfection in the 96-well plate, CCK8 assays 
were applied to detect the effect of miR145 on the 
proliferation of RAECs under hyperglycemia. The 
growth curve by CCK8 OD value from day 1 to day 
6 displayed that cellular proliferation following trans-
fection with miR145 mimic became faster than the HG 

and HG+NC mimic groups (P<0.05, Figure 3), but 
quite similar to normal cells in the NG group 
(P>0.05), while proliferation slowed remarkably after 
transfection with the miR145 inhibitor (P<0.01, Figure 
3), indicating that miR145 was necessary for cell pro-
liferation under hyperglycemia. The curve also showed 
that changes in cell-proliferation activity became 
strongly pronounced at 3–4 days posttransfection 
(Figure 3), which indicated that miR145 promote the 
proliferation of RAECs under hyperglycemia, making 
it similar to normal cell status.

Figure 2 Effect of hyperglycemia at 25 mmol/L on ANGPT2 and NFκB p65 mRNA and protein expression in cultured RAECs. (A) mRNA levels on RT-PCR. (B) Protein 
levels on Western blot. (C)Quantitative analysis of protein levels. All values obtained from RAECs after hyperglycemic treatment were normalized to match β-actin 
measurement and expressed as a ratio of normalized values in the control group as “1”. #P<0.05 vs control (n=4 each).
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miR145 Suppressed Cellular Apoptosis of 
Vascular Endothelial Cells
Annexin V–FITC/PI assays were employed to determine 
whether miR145 played a regulatory role in apoptosis of 
RAECs among these six groups. When compared with HG 
(5.2%+11.5%) and HG+miR145 mimics (11.0%+16.6%), 
the apoptotic rate of RAECs decreased markedly in the latter 
(6.8%+7.9%, P<0.05), similar to the NG group (5.0% 
+7.6%), whereas it increased markedly in both the HG 
+miR145 inhibitor (18.70%+10.8%) and HG+miR145 inhi-
bitor–control groups (11.3%+18.8%, P<0.05; Figure 4A). 
This indicated that miR145 overexpression markedly sup-
pressed apoptosis of RAECs, while miR145 silencing pro-
moted apoptosis under hyperglycemia (P<0.01, Figure 4B). 
Regardless of early or late apoptosis, RAECs with overex-
pression of miR145 with HG displayed similar normal status 
as NG.

miR145 Boosted the Ratio of CD34+ 

Vascular Endothelial Cells
CD34 is considered a marker of early undifferentiated 
vascular endothelial cells. Labeled with anti-CD34 fluor-
escent antibody and detected by flow cytometry, CD34+ 

vascular endothelial cell population to total RAEC counts 
was higher in HG+miR145 mimics than in the HG 
+miR145 mimic–control group (13.50%±2.10% vs 
6.82%±1.31%, P<0.05). As for the inhibitor groups, the 
CD34+ cell population reduced in both the HG+miR145- 

inhibitor and HG+miR145 inhibitor–control groups 
(6.28%±1.37% vs 4.64%±0.92%, P>0.05). When compar-
ing the miR145-mimic group with the miR145-inhibitor 
group, a remarkable increase was also found (P<0.01, 
Figure 5). These results indicated that miR145 signifi-
cantly boosted the ratio of CD34+ cells in rat vascular 
endothelial cells, playing a possible protective role in 
maintaining the characteristics of progenitor vascular 
endothelial cells under hyperglycemia.

miR145 Regulated Expression of 
ANGPT2 and NFκB p65 in Rat Vascular 
Endothelial Cells
Based on these results, hyperglycemia with 25 mmol/L 
glucose in culture medium maximally elevated miR145 
expression at 30 minutes, but declined over time (Figure 
1). Conversely, 25 mmol/L HG began to markedly elevate 
the expression of ANGPT2 and NFκB p65 from hour 4 
onward (Figure 2). In order to explore whether there were 
a direct association between transient high expression of 
miR145 and delayed high expression of ANGPT2, as well 
as NFκB p65 in RAECs under hyperglycemia, Western 
blot analysis was performed to detect protein levels of 
ANGPT2 and NFκB p65 with 25 mmol/L HG mediated 
by overexpression or silencing miR145, as well as RT- 
PCR assays for mRNA expression. Both protein level and 
mRNA expression of ANGPT2 and NFκB p65 were mark-
edly downregulated in the HG+miR145 mimics group 
(P<0.05) and markedly upregulated in the HG+miR145- 
inhibitor group (P<0.01, Figure 6). These results indicated 
that transient high expression of miR145 downregulated 
ANGPT2 and pathway-related inflammatory factor NFκB 
p65, via which the role of miR145 in participating in 
inflammatory signaling was confirmed in vitro.

miR145 Directly Regulated Its Target 
ANGPT2
TargetScan predicted ANGPT2 as a potential target gene of 
miR145 (Figure 7, upper). The acting foci of miR145 and 
ANGPT2 were found, and turned out to be conserved among 
many species when comparing a human motif with other 
species like monkey, dog, mouse, and rat (Figure 7, lower). 
In order to confirm the targeting effect of miR145 upon 
ANGPT2 mRNA, the dual luciferase–reporter system was 
used. Firstly, synthesized miR145 mimics and constructed 
luciferase-recombinant plasmids, defined as pMIR-Report 
ANGPT2 3ʹUTR, were co-transfected into RAECs. Based 

Figure 3 Cell proliferation of RAECs detected by CCK8 assays under hyperglyce-
mia at 25 mmol/L (n=4 each). Detection time was 2 hours after addition of 10 μL 
CCK8 into RAEC wells transfected with different miRNA mimics in varied glucose 
concentrations. *P<0.05 for HG+miR145 mimics vs HG or HG + miR145 NC 
mimics; #P<0.01 for HG+miR145 mimics vs HG+miR145 inhibitor. 
Abbreviations: NG, normal glucose (5.6 mmol/L D-glucose); HG, high glucose (25 
mmol/L D-glucose); NC, negative control.
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on the plasmids, WT 3ʹUTR and Mut 3ʹUTR of ANGPT2 
mRNA were constructed, pMIR-Report ANGPT2 3ʹUTR WT 
and pMIR-Report ANGPT2 3ʹUTR Mut, marked as ANGPT2 
WT and ANGPT2 Mut in the figure. To verify plasmid con-
struction, sequencing was performed to display the original 

motif of WT 3ʹUTR and Mut 3ʹUTR motifs of ANGPT2 
mRNA, AACTGGAA in WT in Figure 7, and 
CCAGTTCA in Mut (Figure 8A). The luciferase-reporter 
assay showed that luciferase activity declined approximately 
50% in the ANGPT2 3ʹUTR WT group (P<0.001), while 

Figure 4 Cellular apoptosis of RAECs detected by annexin V–PI assays under hyperglycemia at 25 mmol/L (n=4 each). (A) Annexin V–PI staining for apoptotic cells. (B) 
Quantitative analysis of apoptosis rate. *P<0.05 for HG+miR145 mimics vs HG or HG+miR145 NC mimics; #P<0.01 for HG+miR145 mimics vs HG+miR145 inhibitor.

Diabetes, Metabolic Syndrome and Obesity: Targets and Therapy 2020:13                                         submit your manuscript | www.dovepress.com                                                                                                                                                                                                                       

DovePress                                                                                                                       
4441

Dovepress                                                                                                                                                           Zhang et al

http://www.dovepress.com
http://www.dovepress.com


there was no obvious change in the ANGPT2 3ʹUTR Mut 
group. Due to a direct binding effect, no statistically signifi-
cant change in luciferase activity was observed in the 
miR145 mimic-control group or the miR145-inhibitor groups 
(Figure 8B). These results indicated that miR145 directly 
targeted the 3ʹUTR region of ANGPT2 mRNA and thus 
downregulated expression of ANGPT2.

Discussion
DM and its complications are a serious challenge to world-
wide health care. One of the major features of diabetic 
vascular complications lies in endothelial cellular dysfunc-
tion. On one hand, many previous studies have indicated 
that a hyperglycemic environment accelerates the apopto-
sis of endothelial cells and disrupts the endothelial barrier. 

Figure 5 CD34+ endothelial cell–population ratio was analyzed by flow cytometry. (A) Anti-CD34FITC staining for endothelial cell population. (B) Quantitative analysis of 
CD34+ cell ratio (%).*P<0.05 for HG+miR145 mimics vs HG or HG+miR145 NC mimics; #P<0.01 for HG+miR145 mimics vs HG+miR145 inhibitor (n=4 each).
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These two factors are vital in the occurrence and progres-
sion of atherosclerosis in DM.14 On the other hand, the 
pathological essence of type 2 DM is a kind of subacute or 
chronic inflammatory lesion, and its occurrence and pro-
gression are accompanied by inflammatory reactions.15 To 
a certain extent, this is correlated with the release of 
various inflammatory mediators and free radicals as a 
result of the lesion-induced activation of endothelial cells 
and macrophages.16

In light of the close relationship between inflammation 
and vascular diseases, such as atherosclerosis (diabetic 
macrovasculopathy is an atherosclerotic process), 
miRNA, as a recently discovered regulatory factor for 
posttranscriptional gene expression, is taken into 

consideration. It has been indicated that miRNA exhibits 
sequence specificity and plays vital roles in the pathogen-
esis of diabetic vascular endothelial dysfunction.17 

Located at chromosome 5q32, miR145 has the highest 
expression level in the vascular wall, which implies that 
it probably plays an important role in vascular function. It 
has also been suggested that miR145 possibly has equal 
importance in the regulation of metabolic inflammations in 
DM and atherosclerosis. As demonstrated by both in vivo 
and in vitro studies, overexpression of miR145 can pro-
mote the apoptosis of macrophages, thereby alleviating the 
infiltration of macrophages and suppressing the production 
of inflammatory factors by macrophages.18 That is to say, 
miR145 has potential anti-inflammatory effects.

According to the predictions by MiRDB and TargetScan 
and Lu et al,19 the ANGPT2 gene is a potential target for 
miR145. This makes sense, because ANGPT2 specifically 
expresses in endothelial cells and acts as an independent 
inflammation-triggering factor. Endothelial cells not only 
convey harmful stimuli to cause inflammation but also 
initiate the overall inflammatory cascade under appropriate 
conditions. Therefore, ANGPT2 has been widely recog-
nized as a therapeutic goal for eliminating the initial proin-
flammatory focus.20 Moreover, the researchers of this study 
have previously demonstrated that ANGPT2 inhibited the 
proliferation and enhanced the apoptosis in vitro of human 
vascular endothelial cells.21 It could be surmised that the 
possible mechanism on cell proliferation/apoptosis of vas-
cular endothelial cells lies in the negative regulation of 
miR145 via its target gene ANGPT2.

High-concentration glucose has toxic effects on vascu-
lar endothelial cells, and it may be one major mechanism 
for DM, leading to injury to endothelial cells. However, 
the exact molecular pathway remains poorly defined. In 
light of the miRNA investigations, our study intended to 
address the core questions on the miR145-mediated reg-
ulation of target ANGPT2 and determine whether altered 
expression of ANGPT2 participates in injury to vascular 
endothelial cells in glucose-disordered DM. In the mean-
time, related inflammatory factors/pathways were taken 
into detection. Expression of miR145 was initially 
enhanced, but subsequently suppressed in RAECs under 
hyperglycemia for several hours. The miRNA mimics and 
inhibitor of miR145 were transfected into RAECs under 
hyperglycemia to create a temporary miR145-overexpres-
sion effect under the most effective glucose concentration 
— 25 mmol/L. Compared with the silencing effect of the 
miR145 inhibitor, miR145 mimics promoted cell 

Figure 6 ANGPT2 and NFκB p65 protein and mRNA levels of RAECs determined 
by Western blot and RT-PCR under hyperglycemia at 25 mmol/L. (A) Protein levels 
on Western blot. (B) Quantitative analysis of protein levels. β-actin was used as an 
internal control in both assays. *P<0.05 for HG+miR145 mimics vs HG or HG 
+miR145 NC mimics; #P<0.01 for HG+miR145 mimics vs HG+miR145 inhibitor 
(n=4 each).

Figure 7 Relationship of base-pair complementarity between miR145 and ANGPT2.
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proliferation and suppressed cell apoptosis of RAECs and 
downregulated protein level and mRNA expression of 
ANGPT2 under hyperglycemia. Dual luciferase–reporter 
gene assays verified that miR145 directly and specifically 
targeted the 3ʹUTR region of ANGPT2 mRNA to inhibit 
ANGPT2 expression posttranscriptionally.

During this study, two other factors were detected further 
verification. CD34 is a surface-specific antigen of progenitor 
endothelial cells in peripheral blood, which are precursor 
immature forms of vascular endothelial cells. It was demon-
strated that after induced differentiation, the expression of 
CD34 gradually declined, while other markers remained 
positive. Due to its atypical expression in most endothelial 

cells, CD34 has been extensively applied as one of the most 
specific vascular endothelial markers. With the highest 
expression specificity in vascular endothelial cells, CD34 
has been termed a pan–endothelial cell marker and is super-
ior to other markers of endothelial cells.22 Therefore, CD34+ 

endothelial cells were used for detection in miR145 mimic/ 
inhibitor–transfected RAECs to verify the proliferation of 
specific endothelial cell populations. Detection turned out 
to verified successfully, because miR145 mimics boosted 
the expression of CD34+ endothelial cells in RAECs.

Since miR145 silenced its target gene, ANGPT2, which 
acts as an inflammation-triggering factor, the inflammation- 
associated signal was also taken into account in this study. As 

Figure 8 Sequencing results of pMIR-Report ANGPT2 3ʹUTR plasmid and luciferase-reporter gene assay. (A) Sequencing results of pMIR-Report ANGPT2 3ʹUTR plasmid. (B) 
Luciferase-reporter gene assay. Construction of carrier miR145-reporter ANGPT2 3ʹUTR wild-type and mutant recombinant plasmid (pMIR-Report Ang2 3ʹUTR WT, pMIR- 
Report ANGPT2 3ʹUTR mut) and miRNA mimics for cotransfecting RAECs. Posttransfection activity was detected by dual luciferase–reporter gene assay. **P<0.001 (n=4 
each).
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an important type of proinflammatory factor that participates 
in the pathophysiological processes of inflammation and 
apoptosis,7 the NFκB signal–related factor NFκB p65 was 
detected as well. The results confirmed that miR145 mimics 
suppressed the expression of inflammatory factor NFκB p65, 
thus possibly inhibiting inflammation. What is more, the 
NFκB family and signaling-transduction pathways also 
exerted a biregulatory effect in cell apoptosis. Chen et al23 

noted that when subunit p65 (RelA) was overexpressed, cell 
apoptosis was suppressed. However, in the present study 
miR145 mimics suppressed the expression of NFκB p65, 
but continued to suppress the apoptosis of RAECs. In this 
context, it was hypothesized that ANGPT2 gene might be in 
the upstream region of NFκB p65. The exact relationship 
between ANGPT2 and NFκB p65 and the mechanism 
whereby modulation of the NFκB p65–signaling pathway 
suppresses ANGPT2-induced activation of diabetic vascular 
endothelial cells need to be further elucidated.

Conclusion
In our study of RAECs, we found that the miR145 
expression gradually increased with increased glucose 
concentrations within a certain range. Under the negative 
regulation of miR145, ANGPT2 and the involved signal-
ing factor NFκB p65 were downregulated. Through this 
pathway, miR145 promoted the proliferation and sup-
pressed the apoptosis of RAECs, which might alleviate 
the dysfunction of vascular endothelial cells under an 
HG environment. What is more, throughout all the 
assays, even in hyperglycemia with 25 mmol/L glucose, 
as long as miR145 was stimulated to be overexpressed, it 
had a protective effect on vascular endothelial cells, the 
status of which was similar to cells within NG condi-
tions. As such, we can speculate that miR145 might 
prevent hyperglycemia-induced vascular endothelial cell 
injury by targeting ANGPT2 and involving the NFκB 
pathway and thereby exerting a protective effect on 
diabetic vasculature. Once confirmed by functional ver-
ification in vivo, both miR145 and ANGPT2 could serve 
as inflammatory markers, carrying important clinical 
implications for DM-related vascular complications.
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