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Abstract. Diabetic retinopathy is a major complication of 
diabetes. Increasing evidence has indicated that microRNAs 
(miRs) serves an important role in diabetic retinopathy. 
However, the expression and mechanism of miR‑217 in 
high glucose‑induced human retinal pigment epithelial cells 
ARPE‑19 is still unclear. Therefore, the aim of this study was to 
investigate the role of miR‑217 in high glucose‑induced retinal 
epithelial cell damage, and further to explore the molecular 
mechanisms. In our study, we found that compared with control 
group, miR‑217 was upregulated in high glucose‑induced 
ARPE‑19 cells. In addition, TargetScan and a dual‑luciferase 
reporter gene assay showed that Sirtuin 1 (SIRT1) was a 
direct target of miR‑217. Then, we performed reverse tran-
scription‑quantitative polymerase chain reaction assay and 
western blot assay to explore the expression of SIRT1 in high 
glucose‑induced ARPE‑19 cells. Our results demonstrated that 
SIRT1 was downregulated at the mRNA and protein levels in 
high glucose‑induced ARPE‑19 cells. Then, ARPE‑19 cells 
were transfected with inhibitor control, miR‑217 inhibitor or 
miR‑217 inhibitor + SIRT1‑small interfering RNA for 6 h, 
and then the cells were treated with 50 mM D‑glucose for 
24 h. We then investigated the effects of miR‑217 inhibitor on 
ARPE‑19 cell viability and apoptosis. An MTT assay revealed 
that miR‑217 inhibitor significantly increased the viability and 
decreased the apoptosis of high glucose‑induced ARPE‑19 
cells. ELISA indicated that miR‑217 inhibitor significantly 
reduced the expression of inflammatory factors, such as 
interleukin (IL)‑1β, tumor necrosis factor‑α, and IL‑6 in high 
glucose‑treated ARPE‑19 cells. Additionally, a western blot 
assay demonstrated that miR‑217 inhibitor suppressed the 

expression of p‑p65. The effects of miR‑217 inhibitor on high 
glucose‑treated ARPE‑19 cells were significantly reversed by 
the silencing the SIRT1 gene. Therefore, our findings suggested 
that miR‑217 inhibitor protected against retinal epithelial cell 
damage caused by high glucose via targeting SIRT1, thereby 
playing a protective role in diabetic retinopathy. Targeting 
miR‑217 may have therapeutic potential in the treatment of 
diabetic retinopathy. 

Introduction

Diabetic retinopathy (DR) is a major complication of diabetes 
in the working‑age population, and causes serious loss of 
vision or even blindness  (1‑3). At present, hyperglycemia 
is the main cause of the development of this disease, which 
can cause pathological metabolism and biochemical changes 
that damage retinal cells (4). During the development of DR, 
retinal endothelial cell (REC) dysfunction is a crucial initiator 
of multifactorial pathology, which depends on metabolic 
abnormalities and inflammation (5‑9). There is evidence that 
high glucose (HG)‑induced aseptic inflammation is associated 
with the development and progression of REC injury (10‑13). 
Retinal pigment epithelial (RPE) cells are important compo-
nent of the external blood‑retinal barrier that selectively 
regulates the flow of molecules into and out of the retina (14). 
In the development of DR, retinal micro‑vascular dysfunction 
involves the loss of endothelial cells and pericytes, capillary 
occlusion and vascular barrier destruction, and endothelial cell 
hypertrophy and degeneration, leading to capillary perfusion 
and hypoxia (15,16).

MicroRNAs (miRNAs/miRs) are a group of endogenous, 
single stranded, small non‑coding RNAs (21‑25 nucleotides in 
length), which can post‑transcriptionally regulate target gene 
expression by complementarily binding to their 3'‑untranslated 
region (3'‑UTR) (17‑20). It has been demonstrated that miRNAs 
are involved in many cellular biological processes in normal 
physiology and pathogenesis, such as differentiation, cell 
growth, apoptosis and inflammation (21). Previously, studies 
have reported that miR‑217 participated in the regulation of a 
variety of biological processes, such as cell growth, apoptosis, 
differentiation and metastasis in various types of cells (22,23). 
In addition, miR‑217 was determined to be abnormally 
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expressed in a variety of tumor cells, including pancreatic 
adenocarcinoma, osteosarcoma, cervical carcinoma and lung 
cancer (24‑27). miR‑217 inhibition has been found to upregu-
late the hypoxia inducible factor (HIF)‑1α/vascular endothelial 
growth factor pathway to promote angiogenesis and amelio-
rate inflammation of diabetic foot ulcer rats (28). Sun et al (29) 
reported that miR‑217 inhibition can protectively antagonize 
HG‑induced podocyte damage and insulin resistance by 
restoring the defective autophagy pathway via targeting 
phosphatase and tensin homolog, indicating that miR‑217 
was a promising therapeutic target for diabetic nephropathy. 
Shao et al (30) suggested that miR‑217 promotes inflammation 
and fibrosis in HG‑cultured rat glomerular mesangial cells via 
the Sirtuin 1 (Sirt1)/HIF‑1α signaling pathway. Additionally, 
miR‑217 has been reported to be related to the development 
of proteinuria in type 2 diabetes patients; serum miR‑217 may 
be involved in the development of diabetic kidney disease 
through promoting chronic inflammation, renal fibrosis and 
angiogenesis (31). These results indicated that miR‑217 plays 
an important role in diabetes and its complications; however, 
the role of miR‑217 in HG‑induced retinal epithelial cell 
damage remains unclear.

Therefore, in the present study, we aimed to investigate the 
role of miR‑217 in HG‑induced retinal epithelial cell damage 
and its molecular mechanisms to determine the role of miR‑217 
in diabetic retinopathy.

Materials and methods

Cell culture and HG treatment. The RPE cell line ARPE‑19 
was acquired from American Type Culture Collection (ATCC; 
cat.  no. A TCC® CRL‑2302) and cultured in Dulbecco's 
Modified Eagle's medium (DMEM; Gibco; Thermo Fisher 
Scientific, Inc.) supplemented with 10% fetal bovine serum 
(Gibco; Thermo Fisher Scientific, Inc.) and 1% penicillin/
streptomycin (Beyotime Institute of Biotechnology) at 37˚C in 
a humidified incubator with 5% CO2. 

For HG treatment, ARPE‑19 cells were treated with 50 mM 
D‑glucose (Beyotime Institute of Biotechnology) at 37˚C for 
24 h. Cells cultured in DMEM without glucose served as the 
control. The cultures were conducted in triplicate.

Reverse transcription‑quantitative polymerase chain 
reaction (RT‑qPCR) assay. Total RNA was extracted from 
cells using TRIzol® reagent (Invitrogen; Thermo Fisher 
Scientific, Inc.) as per the manufacturer's protocol. RNA 
concentration was measured using a NanoDrop™ 2000 
spectrophotometer (NanoDrop Technologies; Thermo Fisher 
Scientific, Inc.). RT was conducted with 1 µg total RNA 
via a PrimeScript reverse transcription reagent kit (Takara 
Biotechnology Co., Ltd.) according to the manufacturer's 
protocols. RT conditions were as follows: 42˚C for 60 min 
and 75˚C for 5 min. Then, qPCR was performed using the 
Fast SYBR™ Green Master Mix (Thermo Fisher Scientific, 
Inc.) using the CFX Connect Real‑Time System (Bio‑Rad 
Laboratories, Inc.). The thermocycling conditions were as 
follows: Initial denaturation at 95˚C for 5 min and 40 cycles 
of denaturation at 95˚C for 10 sec, annealing at 60˚C for 
10 sec, and extension at 72˚C for 30 sec. U6 for miRNA 
and GAPDH for mRNA were used as internal controls. The 

primer sequences for qPCR were as follows: U6, forward 
5'‑GCT​TCG​GCA​GCA​CAT​ATA​CTA​AAA​T‑3'; reverse 
5'‑CGC​TTC​ACG​AAT​TTG​CGT​GTC​AT‑3'; GAPDH, 
forward 5'‑CTT​TGG​TAT​CGT​GGA​AGG​ACT​C‑3'; miR‑217, 
forward 5'‑TAC​TGC​ATC​AGG​AAC​TGA​CTG​GA‑3'; reverse 
5'‑GTG​CAG​GGT​CCG​AGG​T‑3'; SIRT1, forward 5'‑AAT​
CCA​GTC​ATT​AAA​GGT​CTA​CAA‑3'; reverse 5'‑TAG​GAC​
CAT​TAC​TGC​CAG​AGG‑3'; reverse 5'‑GTA​GAG​GCA​GGG​
ATG​ATG​TTC​T‑3'. The 2‑ΔΔCq method  (32) was used to 
quantify the relative expression of genes.

Dual‑luciferase reporter assay. Bioinformatics software 
(TargetScan 7.2, http://www.targetscan.org/vert_72/) was 
used to predict target gene of miR‑217. The results revealed 
the binding sites between the 3'‑UTR of SIRT1 and miR‑217. 
To verify whether miR‑217 could target SIRT1, we performed 
a dual‑luciferase reporter assay. The wild type (WT‑SIRT1) 
and mutant (MUT‑SIRT1) 3'‑UTR of SIRT1 were respectively 
cloned into a pmiR‑RB‑Report™ dual luciferase reporter gene 
plasmid vector (Guangzhou RiboBio Co., Ltd.) according to 
the manufacturer's instructions. To point‑mutate the miR‑217 
binding domain on the 3'UTR of SIRT1, a QuikChange 
Site‑Directed Mutagenesis kit (Stratagene; Agilent 
Technologies, Inc.) was performed following the manufacturer's 
instructions. Then, 50 nM miR‑217 mimic (agomir; 5'‑UAC​
UGC​AUC​AGG​AAC​UGA​UUG​GA‑3'; Shanghai GenePharma 
Co., Ltd.) or 50 nM mimic control (5'‑UUU​GUA​CUA​CAC​
AAA​AGU​ACU​G‑3'; Shanghai GenePharma Co., Ltd.), and 
the WT or MUT 3'‑UTR of SIRT1 were co‑transfected into 
ARPE‑19 cells using Lipofectamine® 2000 (Invitrogen; 
Thermo Fisher Scientific, Inc.) for 48 h. Subsequently, rela-
tive luciferase activity was detected using a Dual Luciferase 
Assay System (Promega Corporation) with a microplate reader 
(Molecular Devices, LLC). Renilla luciferase was used for the 
normalization of firefly luciferase activity. Each experiment 
was performed three times.

Western blotting assay. Total protein from ARPE‑19 cells 
was extracted using radioimmunoprecipitation assay buffer 
(Beyotime Institute of Biotechnology). We used Bicinchoninic 
Acid Protein Assay kit (Thermo Fisher Scientific, Inc.) to 
measure protein concentration. A total of 20 µg of protein 
from each sample was subjected to 12% SDS‑PAGE elec-
trophoresis and transferred to polyvinylidene difluoride 
membranes (Pierce; Thermo Fisher Scientific, Inc.). Then, 
the membrane was blocked with 5% skim milk at room 
temperature for 1.5 h. After washing with PBST three times, 
the membrane was probed with primary antibodies against 
SIRT1 (1:1,000; cat. no. 9475; Cell Signaling Technology, Inc.), 
phosphorylated (p)‑NF‑κB p65 (p‑p65; 1:1,000; cat. no. 3033; 
Cell Signaling Technology, Inc.), p65 (1:1,000; cat. no. 8242; 
Cell Signaling Technology, Inc.), or β‑actin (45 kDa; 1:1,000; 
cat. no. 4970; Cell Signaling Technology, Inc.), at 4˚C over-
night. The next day, the membrane was washed three times 
with PBST buffer and then incubated with HRP‑conjugated 
secondary antibody (1:2,000; cat. no. 7074; Cell Signaling 
Technology, Inc.) at room temperature for 2 h. The residue 
antibody solution was completely washed off with PBST, and 
protein band was visualized by enhanced chemiluminescence 
method (EMD Millipore). β‑actin was served as loading 



Molecular Medicine REPORTS  20:  5125-5133,  2019 5127

control for normalization using AlphaView 3.4.0 software 
(ProteinSimple). 

Cell transfection. ARPE‑19 cells were plated into 6‑well plates 
and incubated for 24 h before transfection. Cells were transfected 
with 100 nM inhibitor control (5'‑GCC​UCC​GGC​UUC​GCA​
CCU​CU‑3'; Shanghai GenePharma Co., Ltd., Shanghai, China), 
100 nM miR‑217 inhibitor (antagomir; 5'‑UAC​UGC​AUC​AGG​
AAC​UGA​UUG​GA‑3'; Shanghai GenePharma Co., Ltd.), 0.2 µM 
control‑small interfering (si)RNA (cat. no. sc‑36869; Santa Cruz 
Biotechnology, Inc.), 0.2 µM SIRT1‑siRNA (cat. no. sc‑40986; 
Santa Cruz Biotechnology, Inc.), or 100 nM miR‑217 inhibitor 
+ 0.2 µM SIRT1‑siRNA using Lipofectamine 2000 reagent for 
24 h. Then, we performed RT‑qPCR assay to detect the trans-
fection efficiency.

MTT assay. ARPE‑19 cells were first transfected with inhibitor 
control, miR‑217 inhibitor, or miR‑217 inhibitor + SIRT1‑siRNA 
for 6 h, and then the cells were treated with 50 mM D‑glucose 
at 37˚C for 24 h, and cell viability was determined by using 
MTT assay. In brief, 5 mg/ml MTT (Sigma‑Aldrich; Merck 
KGaA) was added to cell culture medium and incubated for 
4 h at 37˚C. Subsequently, dimethyl sulfoxide was added to 
each well to dissolve the formazan crystals. The absorbance 
was measured at 490 nm using a Synergy™ 2 Multi‑function 
Microplate Reader (Bio‑Tek Instruments). Experiments were 
repeated at least three times.

Flow cytometry assay. We used specific a Annexin 
V‑fluorescein isothiocyanate (FITC) Apoptosis Detection 
kit I (BD Bioscience) to detect cell apoptosis according to 
the manufacturer's introduction. In brief, cells were washed 
twice with 1X PBS. Then, cells (1x106) were collected, centri-
fuged (1,000 x g, 5 min, 4˚C), and re‑suspended in 100 µl of 
FITC‑binding buffer. Subsequently, the buffer was added with 
~5 µl ready‑to‑use annexin V‑FITC (BD Bioscience) and 5 µl 
propidium iodide (PI). In the dark, cells were incubated for 
30 min at room temperature. Annexin V‑FITC and PI fluores-
cence was assessed by BD FACSCalibur flow cytometer (BD 
Technologies) with FlowJo software (version 7.6.1; FlowJo 
LLC). The apoptotic rate (early apoptotic rate + late apoptotic 
rate) was calculated and presented.

ELISA. After treatment, cell supernatant was collected through 
centrifugation (500 x g, 5 min, 4˚C). The levels of (IL)‑1β 
(cat. no. PT305; Beyotime Institute of Biotechnology), tumor 
necrosis factor α (TNF‑α; cat. no. PT518; Beyotime Institute of 
Biotechnology), and IL‑6 (cat. no. PT330; Beyotime Institute 
of Biotechnology) in the supernatant (100 µl) of ARPE‑19 cells 
were detected using sandwich ELISA kits from according to 
the manufacturer's protocol of each kit. 

Statistical analysis. All experiments were carried out three 
times. Data were displayed from three independent experi-
ments in triplicate. We conducted analyses with a Student's 
t‑test or one‑way ANOVA followed by Tukey's test for biosta-
tistical analysis. Analyses were performed using SPSS 19.0 
statistical software (IMB Corp.). The data were presented 
as the mean ± SD, and P<0.05 was considered to indicate a 
statistically significant difference.

Results

Expression of miR‑217 in HG‑induced ARPE‑19 cells. To 
explore the role of miR‑271 in HG‑induced ARPE‑19 cells, 
we firstly performed RT‑qPCR assay to detect the expression 
of miR‑217 in HG‑induced ARPE‑19 cells. RT‑qPCR assay 
indicated that compared with the control group, the expression 
of miR‑217 was significantly increased in the HG treatment 
group (Fig. 1).

SIRT1 is the direct target gene of miR‑217. To further inves-
tigate the molecular mechanism of miR‑217 in HG‑induced 
ARPE‑19 cells, we performed TargetScan to predict the target 
gene of miR‑217. The results showed the binding sites between 
3'‑UTR of SIRT1 and miR‑217 (Fig. 2A). Next, to verify the 
binding sites between miR‑217 and SIRT1, we performed 
a dual‑luciferase reporter assay. First, we confirmed that 
miR‑217 mimic significantly enhanced the level of miR‑217 
in ARPE‑19 cells (Fig. 2B). The dual‑luciferase reporter assay 
showed that miR‑217 mimic inhibited the luciferase activity 
of ARPE‑19 cells co‑transfected with the SIRT1‑WT and 
miR‑217 mimic. However, no significant change was observed 
in the luciferase activity of ARPE‑19 cells co‑transfected 
with the SIRT1‑MUT and miR‑217 mimic (Fig.  2C). 
Taken together, SIRT1 was suggested to be a direct target gene 
of miR‑217.

Expression of SIRT1 in HG‑induced ARPE‑19 cells. To detect 
the expression of SIRT1 in HG‑induced ARPE‑19 cells, we 
performed western blotting and RT‑qPCR. Western blotting 
indicated that the expression of SIRT1 was notably decreased 
at the protein level in the HG induced‑ARPE‑19 cells (Fig. 3A). 
RT‑qPCR revealed that compared with the control group, 
SIRT1 expression was significantly decreased at mRNA level 
in the HG‑induced ARPE‑19 cells (Fig. 3B). 

miR‑217 negatively regulates SIRT1 expression in ARPE‑19 
cells. ARPE‑19 cells were transfected with inhibitor control, 

Figure 1. miR‑217 is upregulated in induced ARPE‑19 cells. Reverse 
transcription‑quantitative polymerase chain reaction analysis of miR‑217 in 
control group and HG‑induced ARPE‑19 cells. Experiments were repeated 
three times. The data were shown as the mean ± SD. **P<0.01 vs. Control. 
HG, high glucose; miR, microRNA.

https://www.spandidos-publications.com/10.3892/mmr.2019.10778
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miR‑217 inhibitor, control‑siRNA, SIRT1‑siRNA, or miR‑217 
inhibitor + SIRT1‑siRNA using Lipofectamine 2000 for 24 h. 
We performed RT‑qPCR to detect the transfection efficiency. 
RT‑qPCR assay indicated that miR‑217 inhibitor signifi-
cantly reduced the expression of miR‑217 in ARPE‑19 cells 
compared with the control (Fig. 4A). SIRT1‑siRNA signifi-
cantly decreased SIRT1 mRNA expression in ARPE‑19 cells 
compared with the control (Fig. 4B). miR‑217 inhibitor signifi-
cantly increased the expression of SIRT1 in ARPE‑19 cells, but 
this increase was abolished by SIRT1‑siRNA (Fig. 4C and D). 
These results indicated that SIRT1 was negatively regulated by 
miR‑217 in ARPE‑19 cells. 

Effects of miR‑217 inhibitor on the viability and apoptosis 
of ARPE‑19 cells treated with HG. To explore the effects of 

miR‑217 on HG treated ARPE‑19 cells, we performed an 
MTT assay and flow cytometry. The MTT assay indicated 
that compared with the control group, the cell viability was 
significantly reduced in the HG group; compared with the 
HG group, miR‑217 inhibitor significantly increased the 
viability of ARPE‑19 cells, which was significantly reversed 
by the silencing of the SIRT1 gene (Fig. 5A). Flow cytom-
etry assay revealed that compared with the control group, 
cell apoptosis was significantly increased in the HG group; 
compared with the HG group, miR‑217 inhibitor signifi-
cantly decreased the apoptosis of ARPE‑19 cells, which 
was significantly reversed by the silencing of the SIRT1 
gene (Fig. 5B and C). Taken together, miR‑217 inhibitor 
could enhance cell viability and reduce cell apoptosis in 
HG‑treated ARPE‑19 cells.

Figure 2. SIRT1 is the direct target gene of miR‑217. (A) The predicted binging sites of miR‑217 in SIRT1 mRNA 3'UTR. (B) The level of miR‑217 in 
ARPE‑19 cells transfected with mimic control or miR‑217 mimic for 48 h was detected using reverse transcription‑quantitative polymerase chain reaction. 
(C) Dual‑luciferase reporter assay was performed to confirm the binding sites between miR‑217 and SIRT1. Experiments were repeated three times. The data 
were shown as the mean ± SD. ##P<0.01 vs. Control; **P<0.01 vs. mimic control. miR, microRNA; mut, mutant; SIRT1, Sirtuin 1; 3'UTR, 3'‑untranslated region; 
WT, wild type.

Figure 3. SIRT1 expression is downregulated in HG‑induced ARPE‑19 cells. (A) Western blot analysis of SIRT1 in the control group or HG‑induced ARPE‑19 
cells. (B) Reverse transcription‑quantitative polymerase chain reaction analysis of SIRT1 in control group or HG‑induced ARPE‑19 cells. Experiment was 
repeated for three times. The data were shown as the mean ± SD. **P<0.01 vs. Control. HG, high glucose; SIRT1, Sirtuin 1.
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Effects of miR‑217 inhibitor on the expression of inflammatory 
cytokines in HG‑induced ARPE‑19 cells. In order to deter-
mine the expression of inflammatory cytokines, we performed 
ELISA to detect the expression of IL‑1β, TNF‑α and IL‑6. 
ELISA showed that compared with the control group, the 
expression of IL‑1β, TNF‑α and IL‑6 was significantly 
increased in the HG group. Compared with the HG group, 
miR‑217 inhibitor decreased the expression of inflammatory 
factors in ARPE‑19 cells. This reduction was significantly 
reversed by the silencing of the SIRT1 gene (Fig. 6).

Effects of miR‑217 on the expression of SIRT1 and p‑p65 in 
HG‑induced ARPE‑19 cells. In order to explore the specific 
mechanism of miR‑217 in HG‑induced ARPE‑19 cells, we 
performed western blotting to detect the expression of SIRT1 
and p‑p65. The results showed that compared with the control 
group, the protein expression of SIRT1 was decreased and 
p‑p65 expression was significantly increased in the HG group. 
Compared with the HG group, miR‑217 inhibitor increased 
the protein expression of SIRT1 (Fig. 7A) and significantly 
decreased p‑p65 expression (Fig. 7A and C) in ARPE‑19 cells; 

this change was significantly reversed by the silencing of the 
SIRT1 gene. Moreover, the data indicated that HG‑induced 
downregulation of SIRT1 mRNA in ARPE‑19 cells was 
significantly reversed by miR‑217 inhibitor, and this upregula-
tion was significantly abolished by SIRT1‑siRNA (Fig. 7B).

Discussion

Diabetic retinopathy is a major complication of diabetes, 
and retinal pigment epithelial cell damage is involved in the 
development and progression of diabetic retinopathy (1,10‑13). 
It has been reported that chronic hyperglycemia can induce 
retinal vascular endothelial cell death  (4). Leal  et  al  (33) 
researched that high glucose was found to reduce the rat 
retinal endothelial cells viability that were exposed to 30 mM 
glucose (HG) for 7 days (long‑term exposure). Fan et al (34) 
reported that rat retinal capillary endothelial cells stimulated 
with 30 mM glucose for 48 and 72 h exhibited significantly 
reduced cell viability. In this study, we found that the expres-
sion of miR‑217 was significantly increased in the HG‑induced 
ARPE‑19 cells. 

Figure 4. Transfection efficiency of miR‑217 inhibitor or SIRT1‑siRNA in ARPE‑19 cells. (A) RT‑qPCR analysis of the expression of miR‑217 in ARPE‑19 
cells transfected with inhibitor control or miR‑217 inhibitor for 24 h. (B) RT‑qPCR analysis of the mRNA expression of SIRT1 in ARPE‑19 cells transfected 
with control‑siRNA or SIRT1‑siRNA for 24 h. (C) Western blot assay was performed to detect the protein expression of SIRT1 in ARPE‑19 cells transfected 
with inhibitor control, miR‑217 inhibitor, or miR‑217 inhibitor+SIRT1‑siRNA for 24 h. (D) RT‑qPCR assay was performed to detect the mRNA expression 
of SIRT1 in ARPE‑19 cells transfected with inhibitor control, miR‑217 inhibitor, or miR‑217 inhibitor + SIRT1‑siRNA for 24 h. Experiments were repeated 
three times. The data were shown as the mean ± SD. **P<0.01 vs. Control; ##P<0.01 vs. inhibitor. miR, microRNA; RT‑qPCR, reverse transcription‑quantitative 
polymerase chain reaction; siRNA, small interfering RNA; SIRT1, Sirtuin 1.

https://www.spandidos-publications.com/10.3892/mmr.2019.10778
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At present, several studies have demonstrated that miRNAs, 
as bio‑markers and pharmacological targets, play an important 
role in ocular diseases, including diabetic retinopathy (35‑38). 
For example, it has been revealed that miR‑9, miR‑23a, 
miR‑27a, miR‑34a, miR‑146a, and miR‑155 represent potential 
bio‑markers, and novel pharmacological targets for age related 
macular degeneration (36). miR‑383 was highly expressed in 
HG‑induced ARPE‑19 cells, and overexpression of miR‑383 
inhibited cell viability and promoted apoptosis and reactive 
oxygen species formation in ARPE‑19 cells; thus, targeting 
miR‑383 may have therapeutic potential in the treatment of 
diabetic retinopathy  (39). miR‑145 decreased HG‑induced 
oxidative stress and inflammation in retinal endothelial cells 

by modulating the Toll‑like receptor 4/nuclear factor‑κB 
signaling (40). miR‑217, an important miRNA, serves as a tumor 
suppressor or an oncogene that depended on the cancer type. 
For example, Zhao et al (41) showed that miR‑217 regulated 
either V‑Ki‑Ras2 KRAS or SIRT1 in pancreatic cancer. It has 
been reported that miRNA‑217 acts as a anti‑oncogene and is 
related to the drug‑resistance of lung cancer (27). Yin et al (26) 
revealed that miR‑217 was downregulated in clinical cervical 
cancer tissues. A recent study indicated that miR‑217 was 
upregulated in the hearts of CHF patients (42). However, the 
expression and mechanism of miR‑217 in HG‑induced retinal 
epithelial cells remains unclear. In this study, we investigated 
the role of miR‑217 in HG‑induced ARPE‑19 cells. 

Figure 5. miR‑217 inhibitor increases ARPE‑19 cell viability and inhibits the apoptosis of HG‑induced ARPE‑19 cells. ARPE‑19 cells were transfected with 
inhibitor control, miR‑217 inhibitor, or miR‑217 inhibitor + Sirtuin 1‑siRNA for 6 h, then the cells were treated with 50 mM D‑glucose for 24 h. Then, (A) an 
MTT assay was conducted to detect cell viability and (B) flow cytometry was performed to detect cell apoptosis. (C) The apoptotic rate was calculated and 
presented. Experiment was repeated for three times. The data were shown as the mean ± SD. **P<0.01 vs. Control; ##P<0.01 vs. HG; &&P<0.01 vs. inhibitor. 
FITC, fluorescein isothiocyanate; HG, high glucose; PI, propidium iodide; siRNA, small interfering RNA.
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To explore the specific mechanism underlying the role 
of miR‑217 in HG‑induced ARPE‑19 cells, we researched 
the target gene of miR‑217. TargetScan and a dual‑luciferase 
reporter gene assay suggested that SIRT1 was the direct target 
gene of miR‑217. SIRT1 is a cellular histone deacetylase that is 
highly expressed in many cancers (43). Lu et al (44) reported 
that SIRT1 was the target gene of miR‑138. Sun et al (45) indi-
cated that SIRT1 was the target gene of miR‑29b and miR‑29b 
reversibly modulated the expression of SIRT1. Borji et al (46) 
showed that SIRT1 was target gene of miR‑23b and miR‑23b 
mimic suppressed the expression of SIRT1. A recent study 
indicated that SIRT1 regulates apoptosis, inflammation 
and oxidative stress, alleviating diabetic retinopathy  (47). 
Improving SIRT1 inhibition is a potentially effective strategy 
for treating diabetic retinopathy (48). In our study, we found 
that the expression of SIRT1 was downregulated at the mRNA 
and protein levels in HG‑induced ARPE‑19 cells. Furthermore, 
we reported that miR‑217 negatively regulated SIRT1 expres-
sion in ARPE‑19 cells. The data suggested that miR‑217 might 
serve a role in HG‑induced ARPE‑19 cells by regulating the 
expression of SIRT1. 

Additionally, we investigated the effects of miR‑217 on 
HG‑treated ARPE‑19 cell viability, apoptosis, and inflammatory 

factors release. ARPE‑19 cells were first transfected with 
inhibitor control, miR‑217 inhibitor, or miR‑217 inhibitor + 
SIRT1‑siRNA for 6 h, and then the cells were treated with 
50 mM D‑glucose for 24 h. Our data demonstrated that miR‑217 
inhibitor promoted cell viability and suppressed cell apoptosis. 
However, only ARPE‑19 cell viability at 24 h was investigated 
after HG treatment, which poses as a limitation of our study. 
Thus, the cell viability at different time points (such as 24, 48 
and 72 h) after HG treatment should be determined to verify 
our findings. In addition, miR‑217 inhibitor could significantly 
reduce the expression of inflammatory factors, such as IL‑1β, 
TNF‑α and IL‑6 in ARPE‑19 cells. Studies have confirmed 
that the NF‑κB signaling pathway was activated during diabetic 
retinopathy (49‑51). Thus, in this study, we explored the whether 
miR‑217 could affect the activation of NF‑κB signaling pathway 
through measuring the protein levels of p‑p65 (52). The results 
indicated that miR‑217 inhibitor inhibited the expression of 
p‑p65, suggesting suppression of the NF‑κB signaling pathway. 
Of note, the effects of miR‑217 inhibitor on HG‑treated 
ARPE‑19 cells were significantly reversed by SIRT1 silencing. 
These results indicated that miR‑217 regulated the expression 
of inflammatory cytokines and NF‑κB activity in HG‑treated 
ARPE‑19 cells by regulating the expression of SIRT1.

Figure 6. miR‑217 inhibitor decreases the expression of IL‑1β, TNF‑α and IL‑6 in HG induced ARPE‑19 cells. ARPE‑19 cells were transfected with inhibitor 
control, miR‑217 inhibitor, or miR‑217 inhibitor + SIRT1‑siRNA for 6 h, then the cells were treated with 50 mM D‑glucose for 24 h. Then, ELISA assay 
was used to measure the expression of (A) IL‑1β, (B) TNF‑α and (C) IL‑6. Experiments were repeated three times. The data were shown as the mean ± SD. 
**P<0.01 vs. Control; ##P<0.01 vs. HG; &&P<0.01 vs. inhibitor. HG, high glucose; IL, interleukin; siRNA, small interfering RNA; SIRT1, Sirtuin 1; TNF‑α, 
tumor necrosis factor‑α.

Figure 7. miR‑217 inhibitor increases the expression of SIRT1 and decreased the expression of p‑p65 in HG induced ARPE‑19 cells. ARPE‑19 cells were 
transfected with inhibitor control, miR‑217 inhibitor, or miR‑217 inhibitor+SIRT1‑siRNA for 6 h, then the cells were treated with 50 mM D‑glucose for 24 h. 
Then, western blotting and reverse transcription‑quantitative polymerase chain reaction were performed to detect the (A) protein and (B) mRNA expression 
of SIRT1 in ARPE‑19 cells. Western blotting was also performed to detect the protein level of (A) p‑p65 in ARPE‑19 cells (A); (C) densitometry analysis of 
relative p‑p65 expression. Experiments were repeated three times. The data were shown as the mean ± SD. **P<0.01 vs. Control; ##P<0.01 vs. HG; &&P<0.01 vs. 
inhibitor. HG, high glucose; miR, microRNA; p, phosphorylated; siRNA, small interfering RNA; SIRT1, Sirtuin 1.
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In conclusion, miR‑217 inhibitor protected against retinal 
epithelial cell damage caused by HG by targeting SIRT1, 
thereby playing a protective role in diabetic retinopathy. 
However, this study was only a preliminary study of the 
role of miR‑217 in diabetic retinopathy in vitro. There were 
some limitations of the present study, for example, an in vivo 
study into the role of miR‑217 in diabetic retinopathy was 
not performed. In addition, the expression of miR‑217 in 
patients with diabetic retinopathy was not determined. 
Moreover, the relationship between miR‑217 expression and 
the clinical features of patients with diabetic retinopathy was 
not explored. We will further investigate these issues in the 
future.
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