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Abstract. – OBJECTIVE: To investigate the 
role of microRNA-15b in diabetic retinopathy 
and its underlying mechanism.

MATERIALS AND METHODS: Diabetes rat 
model was established by streptozotocin injec-
tion. The mRNA expression of microRNA-15b 
in retinal capillary endothelial cells and peri-
cytes of diabetic rats was detected by quan-
titative Real Time-Polymerase Chain Reaction 
(qRT-PCR). The mRNA and protein expressions 
of vascular endothelial growth factor A (VEG-
FA) were detected by qRT-PCR and Western 
blot, respectively. MicroRNA-15b mimics or in-
hibitor were transfected into retinal capillary en-
dothelial cells and pericytes of diabetic rats, re-
spectively. The mRNA expressions of microR-
NA-15b and VEGFA were detected by qRT-PCR. 
Cell counting kit-8 (CCK-8) assay was used to 
detect the proliferation of capillary endotheli-
al cells and pericytes. Dual-Luciferase reporter 
gene assay was conducted to verify the binding 
condition of microRNA-15b and VEGFA. RNA im-
munoprecipitation (RIP) assay was performed to 
determine whether microRNA-15b could bind to 
AGO2. Rescue experiments were finally carried 
out by detecting the proliferation of retinal cap-
illary endothelial cells and pericytes after down-
regulation or overexpression of microRNA-15b 
and VEGFA.

RESULTS: The expression of microRNA-15b 
decreased, whereas VEGFA expression in-
creased in retinal capillary endothelial cells and 
pericytes of diabetic rats. High expression of mi-
croRNA-15b in retinal capillary endothelial cells 
and pericytes resulted in VEGFA down-regula-
tion and decreased proliferation. RIP assay re-
sults indicated that microRNA-15b could interact 
with AGO2. Additionally, Dual-Luciferase report-
er gene assay showed that VEGFA is a direct tar-
get gene of microRNA-15b. VEGFA overexpres-
sion could reverse the inhibited proliferation of 

retinal capillary endothelial cells and pericytes 
induced by microRNA-15b overexpression. Sim-
ilarly, VEGFA knockdown could reverse the ef-
fect of the low expression of microRNA-15b on 
the proliferation of retinal capillary endothelial 
cells and pericytes.

CONCLUSIONS: Low expression of microR-
NA-15b in retinal capillary endothelial cells and 
pericytes of diabetic rats promotes the devel-
opment of diabetic retinopathy by up-regulat-
ing VEGFA.
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Introduction

Diabetes mellitus (DM) is a metabolic disease 
characterized by hyperglycemia. Long-term hy-
perglycemia could cause dysfunction of many 
organizations and tissues. Diabetic retinopathy 
(DR) is one of the most common complications 
of DM1. The incidence of DR increases with age 
and disease duration of DM. The prevalence rate 
of DR is over 50% in DM patients with a histo-
ry of more than 10 years2. The pathogenesis of 
DR is very complicated, including inflammation, 
cell proliferation, cell differentiation, neuronal 
apoptosis, etc. However, effective prevention and 
treatment for DR are still lacking3,4.

VEGFA is a member of the vascular endo-
thelial growth factor (VEGF) family. Biological 
functions of VEGFA are mediated by its specif-
ic receptor. VEGFA plays an important role in 
embryogenesis and pathological angiogenesis5. 
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The expression of cytokine is up-regulated in the 
retina of diabetic patients. In the non-proliferative 
phase of DR, VEGFA expression is upregulated 
in the local capillary non-perfusion region, ulti-
mately leading to leakage of retinal capillaries6. 
In the terminal stage of DR, VEGFA can promote 
endothelial proliferation and participate in the 
pathological growth of neovascularization. Sin-
gle nucleotide polymorphism (SNPs) in VEGFA 
is associated with the development of DR, and 
anti-VEGFA therapy is effective7. Yang et al8 have 
shown that miRNA can regulate VEGFA expres-
sion in retinal endothelial cells. High expression 
of miR-126 can inhibit the migration of chorioret-
inal endothelial cells in glucose-induced rhesus 
monkeys by blocking VEGFA and PIK3R2.

MicroRNAs (miRNAs) are a class of endoge-
nous and highly conserved, small molecular, non-
coding RNAs that directly inhibit or degrade the 
translation of target mRNA, thus regulating cell 
proliferation and apoptosis9. It has been found10 
that many miRNAs are specifically expressed 
in the retina and play an important role in regu-
lating angiogenesis in DR. MiR-200b, miR-146a 
and miR-126 regulate angiogenesis, inflammato-
ry pathway and oxidation pathway in DR. MiR-
146a inhibits inflammation and apoptosis in DR 
progression by inhibiting IL-6-induced STAT3/
VEGF11. In addition, it has been found that miR-
NA-1273g-3p participates in the development of 
DR by regulating autophagy and lysosome12. MiR-
200b/c plays a protective role in DR by inhibiting 
dysfunction of high glucose-induced HRMEC13. 
MiR-195 is up-regulated in DR, which can accel-
erate oxidative stress-induced retinal endothelial 
injury via targeting mitochondrial protein 214. 
These results suggested that miRNA may have 
multiple targeted regulatory mechanisms in DR. 
Gottmann et al15 have shown that microRNA-15b 
expression is associated with baseline blood glu-
cose level and may be an indicator of DM. How-
ever, the significance of microRNA-15b in DR 
has not been reported. The aim of this study is to 
investigate the role of microRNA-15b in diabetic 
retinopathy and its underlying mechanism.

Materials and Methods

Animal Model Construction and 
Primary Cells Extraction

This study was approved by the Animal Eth-
ics Committee of Binzhou City Center Hospital 
Animal Center. The diabetic rat model was estab-

lished by feeding rats with high-sugar and high-
fat diet for 8 weeks. Then, rats were in a fasting 
state for 10 hours before injection, followed by in-
traperitoneal administration of 50 mg/kg with 2% 
streptozotocin (STZ) solution (STZ was dissolved 
in 0.1 mmol/L, pH 4.6 sterilized citrate-sodium 
citrate buffer solution). One week later, blood 
samples of tail vein were taken to measure the 
fasting blood glucose level. Rats with fasting 
blood glucose level higher than 16.7 mmol/L for 
more than 5 days were selected for the following 
experiments. Diabetic rats were then fed with 
high-sugar and high-fat diet for 12 weeks. The 
extraction of primary EC (retinal endothelial 
cells) and RP (retinal pericytes) were based on 
the previous description16,17. Cells were cultured 
in low-glucose Dulbecco’s Modified Eagle’s Me-
dium (DMEM; Gibco, Grand Island, NY, USA) 
containing 20% fetal bovine serum (FBS; Gibco, 
Grand Island, NY, USA), 100 U/mL penicillin 
and 100 µg/mL streptomycin at 37° C in a 5% 
CO2 incubator. The culture medium was changed 
4 times a week. Cell passage was performed at a 
ratio of 1:2 until the confluence degree of 90%.

Cell Transfection
The primary cells were inoculated at a density 

of 1×107/mL and cell transfection was performed 
when the confluence was over 60%. 250 µL 
of low-glucose DMEM without antibiotics was 
added to the 1.5 mL centrifuge tube. An appro-
priate amount of microRNA-15b mimics, mi-
croRNA-15b inhibitor or corresponding controls 
was transferred into a centrifuge tube. 5 µL of 
Lipofectamine 2000 (Invitrogen, Carlsbad, CA, 
USA) was mixed evenly with 250 µL of the me-
dium, and stored at room temperature for 5 min. 
MiRNA and Lipofectamine 2000 were mixed, 
maintained for 15 minutes and then added to cul-
ture cells. After transfection for 4 to 6 hours, 20% 
FBS and low-glucose DMEM without antibiotics 
were replaced.

RNA Extraction and Quantitative 
Real Time-Polymerase Chain Reaction 
(qRT-PCR)

The total RNAs were extracted by TRIzol 
method (Invitrogen, Carlsbad, CA, USA), and 
reverse transcription was used to obtain cDNAs. 
Reverse transcriptional cDNA products were 
used as a template, and the relative expression 
of VEGFA was detected by quantitative Real 
Time-Polymerase Chain Reaction (qRT-PCR). 
Each sample was set up for two replicates. Ac-
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cording to the Ct value at the end of the reaction 
(Ct value was the number of amplification cy-
cles corresponding to the threshold value of the 
Real-Time fluorescence signal in each reaction 
tube), the relative expression of each sample 
gene was calculated by the method of 2-ΔΔCt. 
Primers used in the study were as follows: VEG-
FA (F: 5’-CTGTACCTCCACCATGCCAA-3’, 
5’-GCTGCGCTGATAGACATCCA-3’); GAP-
DH (F: 5’-CACCCACTCCTCCACCTTTG-3’, R: 
5’-CCACCACCCTGTTGCTGTAG-3’); MicroR-
NA-15b (F: 5′-CTTCTGTCTATCACATAAGT-
GG-3′, R: 5′-GGTCCAAGTCAATTCCATG-3′); 
U6 (F: 5′-AACGCTTCACGAATTTGCGT-3′, R: 
5′- CCAAGCTTATGACAGCCATCATC-3′).

Western Blot
Cells were washed twice with Phosphate-Buff-

ered Saline (PBS) and lysed in cell lysis solu-
tion on ice. Cell supernatant was collected after 
centrifugation. The protein concentration was 
detected by bicinchoninic acid (BCA) protein 
quantitative kit (Pierce, Waltham, MA, USA). 
The protein sample was prepared by 5 × sodium 
dodecyl sulphate-polyacrylamide gel electropho-
resis (SDS-PAGE) and boiled at 100°C. 50 µg 
of protein was electrophoresed and transferred 
to the membrane. Membranes were blocked in 
5% skimmed milk at room temperature. The 
primary antibody with a dilution of 1: 1000 was 
used to incubate overnight at 4°C, followed by 
the incubation of the second antibody coupled 
with goat anti-rabbit horseradish peroxidase (di-
lution 1:2000). The chemiluminescence system 
(Bio-Rad Laboratories, Hercules, CA, USA) was 
adopted for membrane exposure.

Cell Counting Kit-8 (CCK-8) Assay
Cells were prepared into single cell suspen-

sions with DMEM containing 20% FBS. 200 
µL of cell suspension was added in each well of 
the 96-well plate. The cells were cultured for 96 
hours under normal culture conditions. 10 µL of 
CCK-8 solution (Dojindo Laboratories, Kumamo-
to, Japan) was added to each well and incubated 
for 2 hours at 37°C in the dark. Cell proliferation 
was detected at 6 h, 24 h, 48 h, 72 h, and 96 h, 
respectively. The absorbance at the wavelength of 
450 nm was measured using a microplate reader.

Dual-Luciferase Reporter Gene Assay
Target genes were predicted by TargetScan Re-

lease 3.4 (http://www.targetscan.org/). The plas-
mids of Luciferase reporter gene were transfected 

until 70% of cell confluence, and three duplicated 
wells were set in each sample. The wild-type se-
quences VEGFA WT 3’UTR and the mutant-type 
sequences VEGFA MUT 3’UTR were construct-
ed. After co-transfection for 24 hours, 50 μL of 
1×PLB was added in each well. 100 μL of mixed 
Luciferase assay reagent II was added in 10 μL 
of suspension per well. The Luciferase reaction 
intensity was detected 2 s later.

RNA Immunoprecipitation (RIP) 
Experiment

Cells were collected and centrifuged with 900 
μL of RIP buffer at 4°C for 10 minutes. 10 μL of 
RIP cell lysate was absorbed and heated at 95°C 
for 10 minutes with 10 μL 2×SDS buffer solution 
addition at 95°C for 10 minutes. The superna-
tant was used as protein input for SDS-PAGE 
electrophoresis. Eppendorf (EP) tube containing 
supernatant was incubated overnight at 4°C and 
placed on the magnetic frame the next day. The 
supernatant was discarded and 0.5 ml of RIP 
wash buffer was added and mixed evenly. EP 
tube was placed on the magnetic frame, and the 
supernatant was discarded. Cells were washed 
five times. Before the last washing, 500 μL of 
magnetic bead suspension solution was absorbed, 
and 1 × SDS buffer solution was added for 10 min 
heating at 95°C. The supernatant was removed 
for SDS-PAGE electrophoresis after centrifuging 
magnetic bead.

Statistical Analysis
Statistical Product and Service Solutions 

(SPSS) 19.0 software (IBM, Armonk, NY, USA) 
was adopted for statistical analysis. The experi-
mental results were expressed as mean ± standard 
deviation. The t-test was used to compare the 
differences between the two groups. p<0.05 was 
considered to be statistically significant.

Results

Expressions of MicroRNA-15b and 
VEGFA in Retinal Capillary Endothelial 
Cells and Pericytes of Diabetic Rats

To study the role of microRNA-15b in DR, the 
expression of microRNA-15b in retinal capillary 
endothelial cells and pericytes of diabetic rats 
was detected by qRT-PCR. The qRT-PCR results 
showed that the expression of microRNA-15b was 
lower in EC and RP cells than that in the normal 
control group (Figure 1A). Meanwhile, we detect-
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ed the expression of VEGFA in retinal capillary 
endothelial cells and pericytes of diabetic rats. 
Compared with the control group, the expression 
of VEGFA in retinal capillary endothelial cells 
and pericytes of diabetic rats was significantly in-
creased (Figure 1B, 1C). These results suggested 
that microRNA-15b and VEGFA may be involved 
in the pathogenesis of DR.

MicroRNA-15b Inhibited the 
Proliferation of EC and RP Cells

The expression of microRNA-15b in EC and 
RP cells was down-regulated after transfection of 
microRNA-15b inhibitor, whereas it was up-regu-
lated after transfection of microRNA-15b mimics 
(Figure 2A). Meanwhile, we found that VEGFA 
expression was negatively related to the expres-
sion of microRNA-15b (Figure 2B). To further 
study the effects of microRNA-15b on EC and RP 
cells, we examined the effects of overexpression 
or knockdown of microRNA-15b on the prolifer-
ation of EC and RP cells. After overexpression 
of microRNA-15b in RP, cell viability decreased 
significantly, whereas the knockdown of microR-
NA-15b remarkably increased the viability of RP 
cells (Figure 2C). MicroRNA-15b also inhibited 
the proliferation of EC cells (Figure 2D). These 
results suggested that microRNA-15b might play 
a role in DR by regulating the proliferation of EC 
and RP cells.

MicroRNA-15b Targeted Binding VEGFA
Shibuya et al7 have shown that VEGFA can 

promote endothelial cell proliferation and par-
ticipate in the pathological growth of neovas-

cularization. TargetScan predicted the potential 
binding site in 3’-UTR between microRNA-15b 
and VEGFA, suggesting that microRNA-15b 
may regulate the expression of VEGFA (Figure 
3A). The binding condition of microRNA-15b to 
AGO2 protein was detected by RIP assay. In RP 
and EC cells, microRNA-15b was remarkably en-
riched in the anti-AGO2 antibody compared with 
that in the negative control IgG antibody. These 
results indicated that microRNA-15b can be com-
bined with AGO2 (Figure 3B). To further verify 
the regulatory effect of microRNA-15b on VEG-
FA in RP and EC cells, Dual-Luciferase reporter 
gene assay was performed. Luciferase activity in 
VEGFA-WT 3’UTR group decreases; however, 
there was no significant difference in Luciferase 
activity of cells transfected with VEGFA-MUT 
3’UTR (Figure 3C, 3D). These results suggested 
that VEGFA is the target gene of microRNA-15b 
and microRNA-15b could inhibit the expression 
of VEGFA.

VEGFA Can Reverse the Effects of 
MicroRNA-15b on Cell Proliferation in 
EC and RP Cells

To further verify the role of VEGFA in the 
proliferation of RP and EC cells regulated by 
microRNA-15b, we overexpressed microRNA-15b 
and VEGFA in RP and EC at the same time. 
The proliferative activity of EC and RP cells de-
creased after overexpression of microRNA-15b, 
while the knockdown of VEGFA attenuated this 
inhibitory effect (Figure 4A, 4B). In addition, after 
knockdown of microRNA-15b and VEGFA, the 
promoted proliferation induced by microRNA-15b 

Figure 1. Expressions of microRNA-15b and VEGFA in EC and pericytes RP cells of diabetic rats. A, Compared with the 
normal control group, the expression level of microRNA-15b in EC and RP cells was markedly decreased. B, Compared with 
the normal control group, mRNA expression of VEGFA in EC cells and RP cells was remarkably increased. C, Compared 
with the normal control group, the expression level of VEGFA protein in EC cells and RP cells was significantly increased.
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knockdown was weakened (Figure 4C, 4D). These 
results suggested that microRNA-15b can inhibit 
the expression of VEGFA and regulate the prolif-
eration of RP and EC cells by targeting VEGFA. 
VEGFA can reverse the regulation of microR-
NA-15b on proliferation in EC and RP cells.

Discussion

DR is one of the most common and severe 
complications of DM. DR is also the main cause 
of blindness in adults18. DR is characterized by 

decreasing of pericytes and thickening of base-
ment membrane, resulting in abnormal prolifer-
ation of endothelial cells and angiogenesis19. The 
key process of angiogenesis is the proliferation 
and migration of endothelial cells and pericytes20. 
Therefore, it is urgent to study the regulatory 
factors in the proliferation of retinal endothelial 
cells and pericytes.

Recently Zou et al21 have shown that miRNA 
expression is closely associated with the devel-
opment of DR; relative studies has pointed out 
that the plasma level of miR-93 is associated 
with higher risk to develop type 2 diabetic 

Figure 2. MicroRNA-15b inhibited the proliferation of EC and RP cells. A, After knockdown/overexpression of microRNA-15b, the 
expression level of microRNA-15b significantly decreased/increased, respectively. B, After knockdown/overexpression of microRNA-
15b, mRNA expression of in VEGFA markedly increased/decreased, respectively. C, D, The overexpression of microRNA-15b 
remarkably decreased the cell viability, while the knockdown of microRNA-15b significantly increased the cell viability. 
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retinopathy. Yang et al22 have shown that miR-
181a can inhibit ocular angiogenesis by interfer-
ing with the expression of vascular endothelial 
growth factor. The overexpression of miR-29a 
can down-regulate angiotensin expression and 
delay the development of DR23. In this work, 
we found that the expression of microRNA-15b 
decreased in retinal capillary endothelial cells 
and pericytes in diabetic rats. Those results 
suggested that microRNA-15b may be involved 
in the pathogenesis of DR. After overexpression 
of microRNA-15b, cell viability significantly de-
creased and knockdown of microRNA-15b ob-
tained the opposite result. MicroRNA-15b could 
play a role in DR by regulating the proliferation 
of EC cells and RP cells.

VEGF can promote the proliferation of ret-
inal capillary endothelial cells, induce the 
formation of neovascularization and increase 

vascular permeability24. In addition, VEGF is 
the key factor in the development of DR and 
the initiator of diabetic fundus change. Fur-
thermore, VEGF can also up-regulate the ex-
pressions of intercellular adhesion molecules 
(including ICAM-l, VCAM-1, sVAP-1, etc.), 
resulting in adhesion between leukocytes and 
vascular endothelial cells, blood stasis, fur-
ther aggravating damage of blood-retina bar-
rier function25. VEGFA is found to be most 
relevant to the DR in the VEGF family. Recent 
studies8 have shown that miRNA can regulate 
VEGFA expression in retinal endothelial cells. 
In this work, we verified that VEGFA is the tar-
get gene of microRNA-15b by Dual-Luciferase 
reporter gene assay. Further research showed 
that VEGFA can reverse the regulation of mi-
croRNA-15b on the proliferation of EC and RP 
cells. The above results suggested that microR-

Figure 3. MicroRNA-15b target binding with VEGFA. A, Construction of VEGFA-WT and VEGFA-MUT. B, In RIP 
experiments, microRNA-15b could bind to AGO2 in EC and RP cells. C, D, The overexpression of microRNA-15b markedly 
decreased the cell viability, while microRNA-15b knockdown increased the cell viability.
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NA-15b can directly inhibit the expression of 
VEGF and cell proliferation, which may play a 
crucial role in the regulation of DR.

Conclusions 

We found that microRNA-15b is lowly ex-
pressed in retinal capillary endothelial cells and 
pericytes in diabetic rats. The low expression 

of microRNA-15b promotes the proliferation of 
retinal capillary endothelial cells and pericytes 
by up-regulating VEGFA, thereby participating 
in the development of DR.
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Figure 4. VEGFA can reverse the role of microRNA-15b in EC and RP cells. A, B, The overexpression of microRNA-15b 
reduced the viability of EC and RP cells, while the overexpression of VEGFA weakened the down-regulation of microRNA-
15b mimic on the cell viability. C, D, The proliferative activity of EC and RP cells was reversed by VEGFA overexpression.
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