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Regulatory role of miRNA‑23a in diabetic retinopathy
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Abstract. The present study aimed to investigate the expression
of microRNA (miRNA)‑23a in blood and tear samples from
diabetic retinopathy (DR) patients. Blood and tear samples were
obtained from 33 patients with proliferative DR. Additionally,
a rat model of DR was established. Reverse transcription‑quan‑
titative PCR was used to determine vascular endothelial
growth factor (VEGF) mRNA and miRNA‑23a expression
levels, while ELISA and western blot analysis were performed
to determine protein expression levels. Bioinformatics analysis
and dual luciferase reporter assay were used to predict and
validate the interaction between miRNA‑23a and VEGF and
cell proliferative ability was assessed with the MTT assay.
In comparison to control patients VEGF mRNA and protein
expression levels were significantly elevated in the blood and
tear samples from patients with DR, while the expression
level of miRNA‑23a was significantly reduced. In blood and
retinal tissues from a rat model of DR, the mRNA and protein
expression levels of VEGF were significantly increased, while
the miRNA‑23a expression level was significantly decreased
relative to controls. Dual luciferase reporter assay showed
that miRNA‑23a bound to the 3'‑untranslated region (UTR)
of VEGF. Moreover, over‑expression of miRNA‑23a
significantly reduced the expression level of VEGF and the
proliferative activity of human retinal microvascular endothe‑
lial cells. The elevated VEGF expression in the blood and tears
of patients with DR may be related to the reduced miRNA‑23a

Correspondence to: Dr Xuezheng Liu, Liaoning Key Laboratory
of Diabetic Cognitive and Perceptive Dysfunction, Department of
Anatomy, Histology and Embryology, Jinzhou Medical University,
3‑40 Songpo Road, Jinzhou, Liaoning 121000, P.R. China
E‑mail: liuxuezhenga168@163.com

Key words: diabetic retinopathy, miRNA‑23a, vascular endothelial
growth factor

expression. miRNA‑23a may regulate microvascular growth at
the retina via VEGF and contribute to DR progression.
Introduction
Diabetic retinopathy (DR) is a microvascular complica‑
tion associated with diabetes mellitus (DM) that is usually
caused by hyperglycemia‑induced leakage of the retinal
capillary wall (1). Diabetes can cause various physiological
and pathological changes to eye structure and function,
including cataracts, glaucoma and optic nerve atrophy (2).
Pathophysiological changes in the retina are important causes
of visual function loss in DM patients (3). According to the
results of previous studies, impaired physiological func‑
tion of the retina in patients with DM is most often caused
by blockage of the microcirculation (4‑7). It has been estab‑
lished that altered microvessel structure, as is the case where
increased basement membrane thickness reduces the inner
diameter of the blood vessel, represents one of the causes of
microcirculation blockage (8). Retinopathy is often detected
in patients with DM and the risk of these patients developing
proliferative diabetic retinopathy (PDR)‑induced vision loss
is increased (9), which should be distinguished from DR, the
generalized diseases.
Clinical studies have indicated that there is an elevated
concentration of various inflammatory cytokines in the
serum and vitreous humor of patients with PDR, including
monocyte chemotactic protein‑1, interleukin (IL)‑1α, IL‑6,
tumor necrosis factor‑ α and vascular endothelial growth
factor (VEGF) (10,11). There have also been reports investi‑
gating the roles of VEGF in DR (12‑14). Jain et al (15) have
suggested that high expression levels of VEGF and intercel‑
lular adhesion molecule‑1 in DM patients are associated with
destruction of the retinal outer membrane and the internal and
external photoreceptor segments, which is positively correlated
with the degree of retinopathy. As an important risk factor for
promoting PDR neovascularization (thus enhancing irregular
growth of blood vessels and increasing microcirculation
burden) (16,17), VEGF can not only directly bind to vascular
endothelial cells to promote pathological proliferation, but
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also induce the secretion of other inflammatory factors,
contributing to disease progression (18). To the best of our
knowledge, the mechanism underlying VEGF regulation has
not been fully elucidated.
MicroRNAs (miRNAs) are a class of 18‑22‑nucleotide
non‑coding small RNA molecules in eukaryotes, which
regulate gene expression at the mRNA level (19,20). Altered
expression levels of multiple miRNAs and proteins have been
observed in the pathogenesis of DR, suggesting that miRNAs
may play important roles in regulating the levels of genes
and proteins in disease pathogenesis (21,22). miRNA‑23a has
been indicated to be involved in angiogenesis in lung cancers
and nasopharyngeal carcinomas (23,24). In cardiovascular
diseases, such as the coronary heart disease, miRNA‑23a
inhibits VEGF expression and regulates angiogenic
processes (25). The regulation of VEGFA by microRNA is
closely related to angiogenesis. For example, miRNA‑134
has been suggested to inhibit angiogenesis and osteosar‑
coma proliferation through targeting the VEGFA/VEGFR1
pathway, and miRNA‑29b inhibits the angiogenesis of endo‑
metrial cancer by targeting VEGFA (26,27). However, to the
best of our knowledge, there have been no reports concerning
the effects of miRNA‑23a on VEGF in the pathogenesis of
DR.
In the present study, the roles of miRNA‑23a and VEGF
in the pathogenesis of DR were investigated. The expres‑
sion levels of VEGF and miRNA‑23a in blood and tear
samples from patients with PDR and in a rat DR model were
determined and analyzed. The relationship and interaction
between miRNA‑23a and VEGF were also investigated and
discussed.
Materials and methods
Study subjects. In total 33 patients with prolifera‑
tive type 2 DR (PDR), 15 males and 18 females with a
median age of 54.6 years old (age range, 38 to 62 years),
who were admitted to The Third Affiliated Hospital of
Jinzhou Medical University (Liaoning, China) between
June and December 2013, were included in this study. A
further 28 healthy subjects, 13 males and 15 females, with
a median age of 55.2 years old (age range, 39‑63), were also
included as the control group during the same period and
from the same hospital. Blood and tear samples were collected
from these subjects. All patients were diagnosed by the same
fundus specialist, based on dilated fundus examination and
photography, as well as binocular B‑ultrasound. Inclusion
criteria for patients with PDR was as follows: i) Subject met
the WHO diagnostic criteria for type 2 diabetes 1999 (28);
and ii) patients whose findings from the fluorescein fundus
angiography under fully dilated condition met the diagnostic
criteria for PDR according to the DR diagnosis and treat‑
ment 2014 guidelines from the Chinese Fundus Group (29).
Among the PDR patients, 8 cases were at the early stage of
hyperplasia, 20 cases at the fibrous hyperplasia‑stage and
5 cases at the late hyperplasia stage. All patients were treated
in accordance with Chinese PDR treatment guidelines. In the
control group, diabetes and retinopathy were clearly excluded
according to the examination. The study was approved by
The Ethics Committee of The Third Affiliated Hospital of

Jinzhou Medical University, and written informed consent
was obtained from each subject.
Sample preparation. For the collection of peripheral blood
serum, density gradient centrifugation combined with the
adherent separation was conducted. Peripheral venous blood
samples (10‑15 ml; anti‑coagulated with EDTA, 1.5 mg/ml)
were obtained from each subject and placed at 4˚C for 1‑2 h.
The upper supernatant in the tube was collected and centri‑
fuged at 400 x g for 10 min and then stored at ‑70˚C. The tear
samples were harvested from the patients and healthy subjects
on the day of the physical examination and stored at ‑70˚C.
Before sampling, the skin of the lower eyelid was smeared
with alcohol. When the reflective tears appeared, a capillary
was used to suck the tears from the outer canthus.
Study animals and model establishment. A total of 30 male
specific pathogen free Sprague‑Dawley rats, 50‑days‑old,
weighing 180‑200 g, were provided by Chongqing
Tengxinbier Experimental Animal Co., Ltd. [animal approval
number: SCXK (Yu) 2016‑0012; Chongqing, China]. Before
experiments, all rats were acclimatized for one week, in a
12‑h light/dark cycle, at the constant temperature of 24±2˚C,
with a humidity of 55±5%, and free access to food and water.
The 3R animal welfare principle (30) was followed during the
animal experiments.
For the model establishment, after fasting for 12 h, the
SD rats were intraperitoneally injected with streptozotocin
(STZ; Sigma‑Aldrich; Merck KGaA; in 0.1 mol/l sodium citrate
buffer, pH 4.6), at 60 mg/kg body weight. Rats in the control
group were injected with an equivalent volume of sodium
citrate buffer. After 72 h, venous blood samples were collected
through the tail vein, for random blood glucose monitoring.
Model establishment was considered to be successful when the
random blood glucose level exceeded the level of 16.7 mmol/l,
which was maintained for one week. After successful model
establishment, animal body weights and the random blood
glucose levels were recorded every week (31). Before sacrifice,
animals were injected with 50 mg/kg body pentobarbital and
then subject to the decapitation. All animal experiment were
performed in accordance with the guidelines of the Ethics
Committee of Guangxi Medical University.
Reverse transcription‑quantitative‑PCR (RT‑qPCR). Total
RNA was extracted from the hRMECs with TRIzol ®
(Invitrogen; Thermo Fisher Scientific, Inc.). cDNA was
obtained from the total RNA with reverse‑transcription
with the TIANScript II cDNA First Strand Synthesis kit
(cat. no. KR107; Tiangen Biotech Co., Ltd.) at 42˚C. The
qPCR was performed with the miRcute miRNA Fluorescence
Quantification kit (cat. no. FP401; Tiangen Biotech. Co., Ltd.)
with the SuperReal PreMix (SYBR Green) (cat. no. FP204;
Tiangen Biotech. Co., Ltd.) on the iQ5 qRT‑PCR instrument
(Bio‑Rad, Laboratories, Inc.).
For the determination of human VEGF mRNA levels,
the following primer sequences were used: human VEGF,
forward 5'‑TTG CCT TGC TGC TCTACC TC‑3' and reverse
5'‑AAATGCT TTCTCCGCTCTGA‑3'; and human β ‑actin,
forward 5'‑TGACGTG GACATCCGCAAAG‑3' and reverse
5'‑CTG GAAG GTG GACAG CGAG G‑3'. The 25‑µl system
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consisted of 12.5 µl SYBR Premix EXTaqTM, 10 µM primer
each, 1 µl cDNA, and 0.5 µl ddH2O. The reaction conditions
were as follows: 94˚C for 2 min, followed by 34 cycles of 94˚C
for 30 sec, 55˚C for 30 sec and 71˚C for 1 min followed by a
final extension at 71˚C for 2 min.
For the determination of rat VEGF mRNA expression
levels, the following primer sequences were used: miRNA‑23a,
forward 5'‑CCATGA ACT T TCTGC TCT TC‑3' and reverse
5'‑GGT G AG AGG T CT AGT T CC C GA‑3'; and GAPDH,
forward 5'‑CCC TCAATGACCACTT TGTG‑3' and reverse
5'‑GGTT TGAGGGCTCTTACTCCT‑3'. The reaction condi‑
tions were set as follows: 95˚C for 10 min followed by 40 cycles
of 95˚C for 30 sec, 55˚C for 20 sec and 72˚C for 30 sec.
For the determination of miRNA‑23a expression levels
in the tissues, the following primer sequences were used:
miRNA‑23a, forward 5'‑ATCACAT TGCCAG GGA‑3' and
reverse 5'‑CAGTGCGTGTCGTGGAGT‑3'; and U6, forward
5'‑CTCG CTTCGG CAG CACA‑3' and reverse 5'‑AACG CT
TCACGAATTTGCGT‑3'. The reaction conditions were set as
follows: 95˚C for 5 min followed by 40 cycles of 95˚C for 10 sec,
60˚C for 35 sec and 72 for 30 sec. Relative expression levels of
the target genes were calculated with the 2‑ΔΔCq method (32).
β‑actin, GAPDH and U6 were used as internal references.
Western blot analysis. Tissue samples and cells were lysed with
the RIPA lysis solution (cat. no. P0013B; Beyotime Institute
of Biotechnology). Protein concentration was determined
with the BCA method (cat. no. RTP7102; ZhongKeRuitai
Biotechnology Co, Ltd.). A total of 20 µg of each protein was
separated by 10% SDS‑PAGE and then transferred onto the
PDVF membrane. After blocking with 5% non‑fat milk at
room temperature for 1 h, the membrane was incubated with
rabbit anti‑human anti‑VEGF polyclonal primary antibody
(1:1,000 dilution; cat. no. ab46154; Abcam) or anti‑ β ‑actin
primary antibody (1:5,000 dilution; cat. no. ab129348;
Abcam) at 4˚C overnight. The membrane was then incubated
with goat anti‑rabbit secondary antibody (1:3,000 dilu‑
tion; cat. no. ab6721; Abcam) at room temperature for 1 h.
Blots were visualized using ECL reagent (cat. no. ab65623;
Abcam). Protein bands was acquired and analyzed using
Image lab 3.0 software (Bio‑Rad Labratories, Inc.). β ‑actin
was used as internal reference.
Enzyme‑linked immunosorbent assay (ELISA). Blood
samples were centrifuged at 1,000 x g, at 4˚C, for 10 min
to obtain the serum, and the tear samples were directly
harvested. The VEGF levels were determined with ELISA
kits (Human VEGF ELISA kit; cat. no. ab222510; and
Rat VEGF ELISA kit; cat. no. ab100786; Abcam). According
to the manufacturer's instructions, 50 µl standard samples at
indicated concentrations were added into the standard wells,
while 10 µl serum or tear samples were added into the sample
wells, followed by 40 µl of diluting solution. HRP‑labeled
detection antibody (100 µl) was added into the standard and
sample wells. The plate was sealed and incubated for 1 h.
After washing for 5 times, substrates A and B (50 µl each)
were added into the wells and the plate was incubated at 37˚C
for 15 min. A total of 50 µl of stopping solution was added
into each well and the OD values at 450 nm were read within
15 min.
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Bioinformatics analysis. Based on retrieved references (33‑36),
bioinformatics analysis was performed to predict the up‑stream
miRNA that would interact with VEGF, to further investigate
the regulatory mechanism underlying the DR pathogenesis.
miRanda software (2010 version; http://www.microma.
org/rnicroma/home.do) was used for the gene prediction,
according to the online software operating instructions.
Cell transfection. For cell transfection, the hRMECs
or 293 cells were seeded onto 24‑well plates at the
density of 3x10 5 cells/well with F12/DMEM medium
containing 10% FBS without antibiotics, which were incu‑
bated at 37˚C. The cell culture duration varied from cell to
cell, to achieve the cell growth confluence of 70%, which was
generally 24‑48 h. Cell transfection was performed when
70% confluence was achieved. The plasmid/siRNA/agomiR
(designed and synthesized by Sangon Biotech. Co., Ltd.)
sequences were: AgomiR‑23a, forward 5'‑GGGGUUCCUGGG
GAUGGGAUUU‑3', and reverse, 5'‑AAAUCCCAUCCCCAG
GAACCCC‑3'; agomiR‑NC forward, 5'‑UUUGUACUACAC
AAAAGUACUG‑3', and reverse, 5'‑CAGUACUUUUGUGUA
GUACAAA‑3'). Plasmid (0.8 µg)/siRNA (100 nM)/agomiR
(100 nM) and lipofectamine® 2000 (1 µl) were added to the
EP tubes containing 50 µl Opti Memi medium (Thermo Fisher
Scientific, Inc.), respectively. After 5 min, the solution in these
two tubes were mixed together. After a further 20 min at room
temperature, the mixture was used to incubate the cells for 6 h
and then the medium was replaced with F12/DMEM medium
(Thermo Fisher Scientific, Inc.). After 48 h, the cells were
collected for analysis.
Dual luciferase reporter assay. The wild‑type and mutant
sequence regions in the VEGF 3'‑untranslated region (UTR)
for miRNA‑23a were chemically synthesized by the Sangon,
Biotech Co., Ltd. with the Spe‑1 and HindIII restriction sites
at each end, respectively. These two DNA fragments were
cloned into the pMIR‑REPORT luciferase reporter plasmid
from the Dual‑Luciferase® Reporter Assay System (Promega
Corporation), and the mutant 3'‑UTR region was used as a
control. The sequences were as follows: hsa‑miR‑23a, 3'‑CCU
UUAGGGACCGUUACACUA‑5'; VEGFA, 5'‑AUGUUUAUG
UAUAUAUGUGAU‑3'; rno‑miR‑23a, 3'‑CCUUUAGGGACC
G‑UUACACUA‑5'; and Vegfa, 5'‑CCUG CAG CAUAGCAG
AUGUGAA‑3'.
The plasmids (0.8 µg) containing the wild‑type and mutant
3'‑UTR DNA sequences were transfected into 293T cells
(Cell Bank of Type Culture Collection of The Chinese
Academy of Sciences) using Lipofectamine® for 24 h in a
37˚C, 5% CO2 incubator, in 12/DMEM medium. Then 100 nM
agomiRNA‑23a was transfected into the cells for 24 h. The
cells were then lysed, and the luciferase was detected using
a GloMax 20/20 sluminometer. Renilla was used as internal
reference.
MTT assay. hRMECs (human retinal microvascular endo‑
thelial cells) were purchased from the Cell Bank of Type
Culture Collection of The Chinese Academy of Sciences and
were seeded onto 96‑well plates at a density of 2x103/well.
At 24, 48, and 72 h, respectively, 20 µl MTT (5 g/l) was added
into each well. At each indicated time point, MTT was added
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into the wells and incubated at 37˚C for 4 h, and then 150 µl
of DMSO was added. The absorbance at 490 nm was detected,
and the cell proliferation curve was plotted accordingly.
Statistical analysis. Data are presented as the mean ± SD.
SPSS 18.0 (SPSS, Inc.) was used for statistical analysis.
After the normality test, the one‑way ANOVA was used for
multiple group comparison, with the LSD and SNK tests
for data with homogeneous variance, or the Tamhane's T2
or Dunnett's T3 test for data with non‑homogeneous variance.
P<0.05 was considered statistically significant.
Results
VEGF mRNA and protein expression levels in human samples
and rat model samples. To determine the mRNA and protein
expression levels of VEGF in the human serum and tear
samples, RT‑qPCR and ELISA were performed. The results
indicated that in comparison with the control group, both the
mRNA and protein expression levels of VEGF in the human
serum and tear samples were significantly increased in patients
with DR (both P<0.05; Fig. 1).
mRNA and protein expression levels of VEGF in the
serum and retina samples of diabetic rat models were deter‑
mined by RT‑qPCR, ELISA and western blot analysis. The
results showed that in comparison with the control group, the
mRNA and protein expression levels of VEGF in the serum
and retina of diabetic rats was significantly increased (both
P<0.05; Fig. 1). Taken together, these results suggest that
VEGF may play a regulatory role in the disease pathogenesis
of DR.
Expression of miRNA‑23a in human samples and rat model
samples. To determine the miRNA‑23a expression levels in
the human serum and tear samples RT‑qPCR was performed.
The results showed that in comparison with the control group,
miRNA‑23a expression levels were significantly reduced in
the human serum and tear samples in the patients with DR
(P<0.05; Fig. 2).
miRNA‑23a expression levels in the serum and retina
samples of diabetic rats were determined by RT‑qPCR.
The results indicated that in comparison with the control
group, the miRNA‑23a expression levels in the serum and
retina samples of diabetic rats were significantly reduced
(P<0.05; Fig. 2). Taken together, these results suggest that
miRNA‑23a may be involved in the pathogenesis and devel‑
opment of DR.
Prediction and confirmation of interaction between
miRNA‑23a and VEGF. miRanda software (http://www.
microma.org/rnicroma/home.do) was used to predict the
possible VEGF regulatory genes. The results showed that
miRNA‑23a could be a probable regulatory gene (Fig. 3).
Dual luciferase reporter assay was performed to confirm the
interaction between the miRNA‑23a and VEGF. The results
indicated that after co‑transfection with the agomiRNA‑23a
and pMIR‑REPORT luciferase reporter plasmids, the lucif‑
erase values were significantly reduced (P<0.05), while
there were no significant changes in the mutant group
(P>0.05; Fig. 3). These results suggested that miRNA‑23a

binds to the 3'‑UTR of VEGF to regulate the gene expres‑
sion.
Effects of agomiRNA‑23a transfection on hRMECs. hRMECs
were transfected with agomiRNA‑23a and cell proliferative
ability was assessed with the MTT assay. The results showed
that after transfection the VEGF expression levels in the
hRMECs were significantly down‑regulated. Moreover, after
transfection with agomiRNA‑23a, the cell proliferation ability
was significantly declined (P<0.05) (Fig. 4). These results
suggest that agomiRNA‑23a would influence the VEGF to
inhibit the proliferation ability of hRMECs.
Discussion
In the present study the mRNA and protein expression levels
of VEGF in the serum and tear samples of patients with DR
were determined as were the expression levels of its upstream
regulatory gene miRNA‑23a. Moreover, a rat model of
diabetes was established and the expression levels of VEGF
and miRNA‑23a in the blood and retina tissues of diabetic
rats were detected. Direct binding between miRNA‑23a
and VEGF, as well as related biological functions, were
preliminarily explored and the molecular mechanism under‑
lying the regulatory effects of miRNA‑23a on VEGF in the
pathogenesis of DR were studied.
DR is a multifactorial chronic progressive disease, which
is characterized by altered retinal microvascular blood flow,
impaired function and apoptosis of pericytes and endothelial
cells and increased vascular permeability, further aggra‑
vating the occlusion of capillary vessels (37). The formation
of non‑perfused areas results in neovascularization, leading
to repeated retinal hemorrhage and fibroproliferation, recog‑
nized as the proliferative diabetic retinopathy (PDR) (38). With
the progression of DR, the degrees of ischemia and hypoxia are
further aggravated, which may increase the secretion of various
growth‑promoting factors (such as fibroblast growth factor 21 and
VEGF) in the vitreous cavity, further leading to the imbalance
between the intraocular angiogenesis and inhibitory factors, and
promoting the disease into the proliferative phase, ending with
the development of refractory neovascular glaucoma (39). The
typical pathological features of PDR include neovascularization
and fibroproliferation, which are also the most important patho‑
logical factors leading to visual loss in patients with DR (40).
Persistent inflammatory responses and up‑regulated expression
levels of angiogenic factors are closely related to the pathogen‑
esis of PDR. Cytokines such as VEGF, interleukin and growth
factors play important roles in pathological process (41). As a
potent angiogenic agent, VEGF is a core factor in PDR develop‑
ment. The biological activity of VEGF is closely related to its
expression level. In normal retinal tissues, VEGF is expressed
at low levels, regulating physiological angiogenesis (18) and
exerting neuroprotective effects (41). Jain et al (15) found that in
comparison with normal healthy people, the serum VEGF levels
in diabetic patients were significantly increased along with the
disease progression, in the following order: PDR>NPDR>DM
with no retinopathy>healthy people. Moreover, the VEGF
expression levels in the aqueous humor and vitreous humor
are associated with retinopathy in patients with DM (42). In
the present study the VEGF expression levels in the serum
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Figure 1. Analyses of VEGF mRNA and protein expression levels. VEGF mRNA expression levels in the (A) serum and (B) tear samples from the PDR
were assessed using RT‑qPCR. The VEGF concentration in the (C) serum and (D) tear samples from the PDR were determined by ELISA. The VEGF
mRNA expression levels in the (E) serum and (F) retina tissues from the rat DM were determined with RT‑qPCR. The VEGF concentration in the (G) serum
and (H) retina tissues from the rat DM were determined with ELISA and western blot analysis, respectively. *P<0.05, **P<0.01 vs. control. VEGF, vascular
endothelial growth factor; RT‑qPCR, reverse transcription quantitative PCR; Ctrl, control; PDR, patients with diabetic retinopathy; DM, diabetic model.

and tear samples from the patients with DR were significantly
increased in comparison with healthy individuals. In line with
this, results from the rat diabetic models showed that, the VEGF
expression levels in the serum and retina tissues were increased
in comparison with normal rats. VEGF and angiogenesis are
closely related, and angiogenesis has been proven to be an
important feature for the progression of PDR (43). Therefore,
VEGF was a focus of the present investigation. Taken together,

the results of the present study suggest an important role for
VEGF in the pathogenesis and development of DR.
The mechanism underlying the regulatory effects of VEGF
has not been fully elucidated. A correlation between VEGF
and miR‑23 has been previously reported (44). In the present
study, results from bioinformatics prediction indicated that
miRNA‑23a was an upstream miRNA regulating VEGF,
with similar and highly conservative sequences within the
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Figure 2. Analyses of miRNA‑23a expression levels. The miRNA‑23a expression levels in the (A) serum and (B) tear samples from the PDR were deter‑
mined with RT‑qPCR. The miRNA‑23a expression levels in the (C) serum and (D) retina tissues from the rat DM were determined with RT‑qPCR. *P<0.05,
**
P<0.01 vs. control. miR, microRNA; PDR, patients with diabetic retinopathy; RT‑qPCR, reverse transcription quantitative PCR; DM, diabetic model.

Figure 3. Bioinformatics prediction of VEGF regulation. (A) Bioinformatics
prediction of up‑stream regulating gene of VEGF. (B) Dual luciferase
reporter assay, the 293T cells were co‑transfected with the agomiRNA‑23a
and pmiR‑REPORT luciferase reporter plasmids containing the wild‑type
and mutant sequences, respectively. The luciferase values were detected
and analyzed. **P<0.01 vs. NC. VEGF, vascular endothelial growth factor;
miR, microRNA; NC, normal control.

targeted regions in human and rat models. miRNA‑23a is
widely involved in the regulation of various physiological and
pathological processes in the body, which plays an important
role in the cellular differentiation (45‑47). miRNA‑23a has

been shown to be involved in the formation of skeletal muscle,
hematopoietic cell differentiation and bone metabolism (48).
miRNA‑23a expression levels in the skeletal muscle are rela‑
tively high, which has a negative correlation with the process of
cell differentiation (49). miRNA‑23a can form a positive feed‑
back loop with Kruppel like factor 3 to promote the expression
of β‑like globulin genes involved in erythrocyte formation (50).
Moreover, miRNA‑23a could reduce the expression of alkaline
phosphatase and osteocalcin genes, thus participating in the
regulation of bone metabolism (51). Furthermore, miRNA‑23a
could promote the hypertrophy of cardiomyocytes, which is
involved in the pathogenesis and development of atheroscle‑
rotic coronary heart diseases (52). These findings suggest that
miRNA‑23a may be involved in angiogenesis. The present study
results indicated that miRNA‑23a was significantly reduced in
the serum and tear samples of patients with DR in comparison
with controls. Similarly, the miRNA‑24a expression levels in the
serum and retina tissues of rat diabetic models were also signifi‑
cantly reduced. These results suggest that miRNA‑23a may play
an important role in the pathogenesis of DR. In the retina and
serum samples from diabetic mice, abnormal expression levels
of miRNA‑20a‑5p, miRNA‑20a‑3p, miRNA‑20b, miRNA‑10
6a‑5p, miRNA‑27a‑5p, miRNA‑27b‑3p, miRNA‑206‑3p and
miR‑381‑3p were observed. Moreover, the expression levels
of VEGF, BDNF, PPAR‑α and CREB1 have also been shown
to be altered, indicating that there is a molecular interaction
network (53).
To further investigate the molecular mechanism of
miRNA‑23a regulation of VEGF, in the present study hRMECs
cells were cultured and transfected with agomiRNA‑23a and
the cell proliferation was analyzed. The results suggested
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Figure 4. Effects of agomiRNA‑23a transfection on hRMECs. hRMECs were transfected with agomiRNA‑23a, and the expression levels of (A) miRNA‑23a
and (B) VEGF were determined with reverse transcription‑quantitative‑PCR. The VEGF protein expression levels were determined in the transfected hRMECs
with (C) western blot analysis. (D) After transfection, cell proliferative ability was assessed with the MTT assay. *P<0.05, **P<0.01 vs. NC. miR, microRNA;
hRMEC, human retinal microvascular endothelial cells; NC, normal control.

that miRNA‑23a could slow down the cell proliferation of
hRMECs. Moreover, the VEGF mRNA expression levels were
reduced after miRNA‑23a transfection. In order to confirm
the direct binding of miRNA‑23a and VEGF mRNA a dual
luciferase reporter assay was performed. The results indicated
that miRNA‑23a could bind to the VEGF mRNA 3'‑UTR seed
region and regulate its expression levels.
There were several limitations to the present study. First,
no longitudinal analysis of VEGF and miR‑23 concentration
with time was performed due to limited specimen availability,
nor the association analysis had been performed. Additionally,
it was not possible to assess all downstream targets of miR‑23a,
though these will be the subject of further research.
In conclusion, the results of the present study indicated
that during DR pathogenesis miRNA‑23a expression levels

are reduced which increased the expression levels of VEGF
and enhanced the proliferation of human retinal microvas‑
cular cells, promoting angiogenesis. These results suggest
that miRNA‑23a and VEGF play important roles in the
pathogenesis and development of DR.
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