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LINC00963 silencing inhibits the proliferation
and migration of high glucose-induced retinal
endothelial cells via targeting miR-27b
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Abstract. The association between long intergenic
non-protein-coding RNA 963 (LINCO00963) and diabetes
has not been fully elucidated. Therefore, the present study
aimed to investigate the effect of the long non-coding RNA
LINCO00963 on diabetic retinopathy (DR), in order to provide
a new therapeutic target for this condition. Human retinal
capillary endothelial cells (HRECs) were induced with high
concentrations of glucose to establish a DR model. The expres-
sion levels of LINC00963, cell viability, the protein expression
levels of proliferating cell nuclear antigen (PCNA) and Ki67,
and the migratory capacity of HRECs were determined
using reverse transcription-quantitative PCR (RT-qPCR),
Cell Counting Kit-8 assay, western blot analysis, and wound
healing and Transwell assays, respectively. Furthermore,
the Encyclopedia of RNA Interactomes database was used
to predict the binding targets of LINC00963, and lucif-
erase reporter assay was used to verify the direct binding
of microRNA (miR)-27b to LINC00963. RT-qPCR was
also utilized to measure the expression levels of miR-27b,
PCNA and Ki67. The results demonstrated that LINC00963
silencing inhibited glucose-induced HREC proliferation and
migration, and downregulated PCNA and Ki67 expression.
Following transfection with miR-27b inhibitor, cell prolif-
eration and migration were notably enhanced, and the protein
expression levels of PCNA and Ki67 were increased. Taken
together, the results of the present study suggested that the
LINCO00963/miR-27b axis may regulate the proliferation and
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migration of glucose-induced HRECs. Therefore, LINC00963
may be considered as a potential therapeutic target for DR.

Introduction

Diabetes is a metabolic syndrome characterized by elevated
blood glucose levels and is caused by insufficient insulin
production and/or peripheral tissue resistance to the action of
insulin (1).

The ninth edition of the Diabetes Overview, published by
the International Diabetes Federation (IDF), has estimated that
>500 million adults worldwide suffer from diabetes mellitus,
with ~1.2 billion adults with diabetes in China alone (2).
Diabetic retinopathy (DR) is the most common microvascular
complication and a major cause of blindness in patients with
diabetes (3). It has been reported that DR is closely associated
with damage to the retinal microvascular system mediated by
a high-glucose environment. DR can affect the structure of the
retina, leading to its impaired metabolism and dysfunction (4).

Long non-coding RNAs (IncRNAs) are a class of
non-coding RNA molecules that are >200 nucleotides in
length. IncRNAs can exert their biological functions through
several pathways (5). MicroRNAs (miRNAs/miRs) are small
non-coding single-stranded RNAs, 18-25 nucleotides in
length, which act mainly through complementary pairing
with downstream target mRNAs to promote their degrada-
tion or suppression (6,7). miRNAs are involved in several
physiological processes, including cell proliferation, apoptosis,
signal transduction, differentiation, metabolism and hormone
secretion, as well as in the maintenance of the stemness poten-
tial of embryonic stem cells. In addition, miRNAs regulate
human growth and development, and allow the body to adapt
to its environment (8). However, the role of miRNAs in DR
has not been extensively investigated. miR-27b is commonly
dysregulated in human cancers, such as glioma, cervical and
breast cancer, and is downregulated in lung adenocarcinoma,
gastric cancer, acute myeloid leukemia, colorectal, prostate
and bladder cancer (9).

The aim of the present study was to investigate the effect of
the long intergenic non-protein-coding RNA 963 (LINC00963)
on the proliferation and migration of high glucose-induced
human retinal capillary endothelial cells (HRECs).
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Materials and methods

Cell culture and establishment of the DR cell model. HRECs
were purchased from the China Infrastructure of Cell Line
Resources, Institute of Basic Medical Sciences, Chinese
Academy of Medical Sciences. Cells were maintained in
endothelial cell medium (ScienCell Research Laboratories,
Inc.) supplemented with 5% FBS (Beijing Solarbio
Science & Technology Co., Ltd.), 100 pg/ml penicillin and
100 pug/ml streptomycin (Gibco; Thermo Fisher Scientific,
Inc.), at 37°C in a humidified atmosphere of 5% CO,. The
cells were divided into the following groups: i) Normal
glucose (NG) group (5 mM normal glucose); ii) high glucose
(HG) group (30 mM glucose); and iii) mannitol (MA) group
(24.5 mmol/l mannitol + 5.5 mmol/I glucose).

Cellviability. Cell viability was assessed using a Cell Counting
Kit-8 (CCK-8) assay (Dojindo Molecular Technologies, Inc.),
according to the manufacturer's instructions. Briefly, HRECs
were resuspended in endothelial cell medium (ScienCell
Research Laboratories, Inc.) and seeded into 96-well plates
at a density of 5,000 cells/well. Subsequently, a total of 10 ul
CCK-8 solution was added to each well and cells were incu-
bated for 1 h at room temperature. Finally, the optical density
in each well was measured at a wavelength of 450 nm to
determine cell viability.

Prediction of target genes. The Encyclopedia of RNA
Interactomes (ENCORI; starBase v2.0 https://starbase.
sysu.edu.cn) is an open-source platform for evaluating the
miRNA-ncRNA, miRNA-mRNA, ncRNA-RNA, RNA-RNA,
RBP-ncRNA and RBP-mRNA interactions from CLIP-seq,
degradome-seq and RNA-RNA interactome data.

Dual-luciferase reporter assay. The sequences of wild-type
(WT) LINC00963 (accession no. NC_000009; 5'-GUG
GGGCUGUGUUGACUGUGAG-3") and mutant (MUT)
LINCO00963 (5'-GUGGGGCUGUGUUGUGACACUU-3")
were amplified by Shanghai GenePharma Co., Ltd., cloned
into a luciferase reporter vector pGL3 (cat. no. E1761;
Promega Corporation), named WT LINC00963-Luc and
MUT LINCO00963-Luc respectively. Cell were co-transfected
with miR-27b mimic (50 nM, 5-UUCACAGUGGCUAAG
UUCUGC-3'; Shanghai GenePharma Co., Ltd.) or miR-NC
(50 Nm, 5'-UAACACAACUCUAGAGUAGGA-3'"; Shanghai
GenePharma Co., Ltd.) and WT or MUT LINC00963-Luc into
HRECsS using the Lipofectamine® 3000 transfection reagent
(Invitrogen; Thermo Fisher Scientific, Inc.) with 37°C for 48 h.
The Dual-Luciferase® Reporter Assay System (cat. no. E1910,
Promega Corporation) was used to evaluate the relative lucif-
erase signals. The relative luciferase activity was measured at
a wavelength of 410 nm using a plate reader (BD Biosciences)
and normalized to Renilla luciferase activity.

Reverse transcription-quantitative PCR (RT-gPCR). Total
RNA was extracted from HRECs using TRIzol® reagent
(Invitrogen; Thermo Fisher Scientific, Inc.) and cDNA was
synthesized using the PrimeScript RT kit (Takara Bio, Inc.)
at 37°C for 15 min and at 85°C for 5 sec. The cDNA solu-
tion was then stored at -80°C. Subsequently, qPCR was

performed using the iTag™ Universal SYBR-Green Supermix
(Bio-Rad Laboratories, Inc.) on an ABI 7500 Real-Time qPCR
system (Applied Biosystems; Thermo Fisher Scientific, Inc.)
using the following conditions: Pre-denaturation at 95°C
for 3 min, followed by 40 cycles of denaturation 95°C for
30 sec, annealing at 58°C for 30 sec and extension at 72°C for
30 sec. The relative mRNA expression levels were calculated
using the 2244 method (10) and normalized to the levels of
the internal reference gene GAPDH, and the miRNA levels
were normalized to U6. The primer sequences used were
the following: LINC00963 forward, 5'-GGTAAATCGAGG
CCCAGAGAT-3" and reverse, 5'-ACGTGGATGACAGCG
TGTGA-3'; GAPDH forward, 5'-CACATCGCTCAGACA
CCATG-3' and reverse, 5"-TGACGGTGCCATTGGAAT
TT-3"; miR-27b forward, 5-CCGGCCTTCACAGTGGCTA-3'
and reverse, 5'-CGGGTCGGTGGCAGAACTT-3"; and U6
forward, 5'-CTCGCTTCGGCAGCACATATA-3' and reverse,
5-ACGCTTCACGAATTTGAGTGTC-3".

Cell transfection. Two short hairpin RNAs (shRNAs)
against LINCO00963 (shRNA-LINC00963-1 and
shRNA-LINC00963-2; 500 ng/ul; Guangzhou RiboBio Co.,
Ltd.) were used for the specific knockdown of LINC00963.
The shRNA clone containing non-sense shRNA sequences
served as a negative control (ShRNA-NC; 500 ng/ul). In
addition, two miR-27b inhibitors (miR-27b inhibitor-1 and
miR-27b inhibitor-2; 100 pmol) and a corresponding negative
control (miR-NC; 100 pmol) were purchased from Shanghai
GenePharma Co., Ltd. All shRNAs and inhibitors were sepa-
rately transfected into HRECs cells (density, 1x10° cells/well)
using the Lipofectamine® 2000 reagent (Invitrogen; Thermo
Fisher Scientific, Inc.) at 37°C. Subsequent assays were carried
out at 24 h following transfection.

Western blotting. HRECs were harvested and total proteins
were extracted using RIPA lysis buffer (Beyotime Institute of
Biotechnology) supplemented with protease inhibitors (dilu-
tion, 1:100; Beyotime Institute of Biotechnology). The lysates
were centrifuged at 850 x g for 15 min at 4°C. The supernatant
was collected and mixed with a loading buffer (Beyotime
Institute of Biotechnology) containing 100 mM dithiothreitol.
Western blot analysis was subsequently performed. Briefly,
total proteins were quantified using a protein concentration
determination kit (Beyotime Institute of Biotechnology), and
proteins (30 ug/lane) were separated by 15% SDS-PAGE.
The separated proteins were subsequently transferred onto
PVDF membranes (EMD Millipore) and blocked with 5%
BSA (Beyotime Institute of Biotechnology) at room tempera-
ture for 2 h. The membranes were then incubated with the
following primary antibodies (all purchased from Abcam)
at 4°C overnight: Anti-cyclin-dependent kinase 2 (anti-CDK2;
cat. no. ab29; 1:1,000), anti-Ki67 (cat. no. ab15580; 1:1,000)
and anti-GAPDH (cat. no. ab8245; 1:2,000). Following
incubation with the primary antibody, the membranes were
washed with TBST (0.1% Tween-20) and incubated at room
temperature for 1.5 h with a horseradish peroxidase-conju-
gated goat anti-rabbit IgG secondary antibody (1:5,000;
cat. no. SAO0001-9) or a goat anti-mouse IgG secondary
antibody (1:5,000; cat. no. SAO0001-8; both from ProteinTech
Group, Inc.). Protein bands were visualized using a luminol
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Figure 1. HREC viability and LINC00963 expression. (A) Viability of HRECs treated with different concentrations of glucose. (B) Expression levels of
LINC00963 in HRECs treated with high and low concentrations of glucose and mannitol. (C) Expression levels of LINC00963 in different groups following
LINC00963 knockdown. (D) HREC viability was notably attenuated following LINC00963 knockdown. (E) Protein expression levels of PCNA and Ki67 with
different concentrations of glucose and following LINC00963 knockdown. All experiments were repeated three times. “P<0.01 and ““P<0.001 vs. NG group;
"P<0.05 and ""P<0.01 vs. HG group. LINC00963, long intergenic non-protein-coding RNA 963; HRECs, human retinal capillary endothelial cells; PCNA,
proliferating cell nuclear antigen; NG group, normal glucose group; HG group, high glucose group; MA, mannitol group; shRNA, short hairpin RNA; NC,

negative control.

reagent (Santa Cruz Biotechnology, Inc.) and analyzed using
Image] software (version 1.48; National Institutes of Health).

Wound healing assay. HRECs were seeded into a 6-well plate
(density, 6x10* cells/well) and 24 h following treatment with
different concentrations of glucose, cultured until 80-90% and
subjected to serum-free starvation for 4 h (Gibco; Thermo
Fisher Scientific, Inc.). Subsequently, a wound across the
confluent cell monolayer was created in the cell monolayer
using a 200-p1 pipette tip, and the cells were then washed with
culture medium to remove the non-adherent cells. Images were
then captured under a light microscope (Olympus Corporation)
at 0 h and after incubation with serum-free medium for 24 h
at 37°C in a humified atmosphere of 5% CO, (magnification,
x100). Finally, an image measurement software (Digimizer,
v4.2.6; MedCalc Software bvba) was utilized to calculate the
relative migration distance of cells in each group according

to the following formula: Migration distance=scratch width
at 0 h-scratch width at 24 h.

Transwell invasion assay. A Transwell invasion assay was
performed to measure the cell invasion ability. Briefly, 2x10°
HRECs were resuspended in 100 ul serum-free medium
(Thermo Fisher Scientific, Inc.) and plated into the upper
chambers of a 24-well Transwell plate (8-um pore size;
Corning, Inc.) precoated with Matrigel™ (BD Biosciences)
for 24 h at 37°C following transfection. RPMI-1640 medium
supplemented with 20% FBS was added to the lower chamber
to act as a chemoattractant. Following 24 h of incubation
at 37°C, the invading HRECs on the bottom surface of the
filter were fixed with 100% methanol at 4°C for 30 min and
stained with hematoxylin at room temperature for 20 min. Cell
invasion was evaluated in three randomly selected fields under
a fluorescence microscope (magnification, x20).
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Figure 2. LINC00963 knockdown attenuates HREC migration and invasion. (A) Effects of LINC00963 knockdown on the migration ability of HESCs.
(B) Effects of LINC00963 knockdown on the invasion ability of HESCs. Relative cell (C) migration and (D) invasion rates. All the experiments were repeated
three times. ““P<0.001 vs. NG group; ""P<0.001 vs. HG group. LINC00963, long intergenic non-protein-coding RNA 963; HRECs, human retinal capillary
endothelial cells; NG group, normal glucose group; HG group, high glucose group; MA, mannitol group; shRNA, short hairpin RNA; NC, negative control.

Statistical analysis. All experiments were independently
repeated three times. Statistical analyses were performed
using the GraphPad Prism 5 software (GraphPad Software,
Inc.). All data are expressed as the mean + SEM, unless
otherwise specified. The statistical significance of the differ-
ences between two groups were evaluated using an unpaired
two-tailed Student's t-test, while one-way ANOVA followed
by Tukey's post hoc test was performed to analyze differences
among multiple groups. P<0.05 was considered to indicate a
statistically significant difference.

Results

HREC viability and LINC00963 expression in cells treated
with different concentrations of glucose. As shown in
Fig. 1A, cell viability was significantly higher in the HG
group compared with that in the NG group. The expression
levels of LINC00963 were evaluated in HRECs treated
with high and low concentrations of glucose and mannitol
(Fig. 1B). Compared with the NG group, the expression levels
of LINC00963 were found to be significantly higher in the
HG group.

Effect of LINC00963 knockdown on HRECs. As shown in
Fig. 1C, transfection of HRECs with shRNA-LINC00963-1
silenced LINC00963 expression more efficiently compared with
shRNA-LINC00963-2 (0.33 vs. 0.62, respectively). Therefore,
shRNA-LINC00963-1 was utilized for subsequent experiments.
The cell viability in the HG + shRNA-LINC00963-1 group
was notably attenuated compared with the HG group (Fig. 1D).
Furthermore, the protein expression levels of proliferating
cell nuclear antigen (PCNA) and Ki67 were no significantly
different between the NG and MA groups (Fig. 1E). In addi-
tion, the expression of PCNA and Ki67 was upregulated in
the HG group compared with the NG and MA groups, and it
was downregulated in the HG + shRNA-LINC00963-1 group
compared with the HG group (Fig. 1E).

LINC00963 knockdown attenuates the migration and invasion
ability of HRECs. Following incubation for 24 h, the scratches
in the cell monolayer were wider in the NG and MA groups
compared with those in the HG group (Fig. 2A), indicating
that the cell migration ability was enhanced in a high-glucose
environment. Furthermore, compared with the HG group, the
scratches were wider in the HG + shRNA-LINC00963-1 group,
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Figure 3. LINC00963 directly targets miR-27b. (A) Complementary binding site between the 3'-untranslated region of LINC00963 and miR-27b was predicted
using the StarBase database. (B) Dual-luciferase reporter assay was performed to evaluate the association between LINC00963 and miR-27b. “P<0.01 vs.
miR-NC. (C) RT-qPCR was used to determine the relative expression levels of miR-27b in HRECs following LINC00963 knockdown. (D) RT-qPCR was
used to determine the relative expression levels of miR-27b in HRECS treated with different concentrations of glucose. (E) RT-qPCR analysis revealed
that the miR-27b expression levels were downregulated in HRECs following transfection with miR-27b inhibitor. (F) RT-qPCR was used to determine the
relative expression levels of miR-27b following HG, HG + shRNA-NC, HG + shRNA-LINC00963-1, HG + shRNA-LINC00963-1 + inhibitor-NC and HG +
shRNA-LINC00963-1 + miR-27b inhibitor. (G) HREC viability following transfection with miR-27b inhibitor. (H) Protein expression levels of PCNA and Ki67.
All experiments were repeated three times. “"P<0.001 vs. NG group; #P<0.01, #*P<0.001 vs. HG group; **P<0.01,***P<0.001 vs. HG + shRNA-LINC00963-1
group. LINC00963, long intergenic non-protein-coding RNA 963; HRECs, human retinal capillary endothelial cells; PCNA, proliferating cell nuclear antigen;
NG group, normal glucose group; HG group, high glucose group; MA, mannitol group; RT-qPCR, reverse transcription-quantitative PCR; miR, microRNA;
shRNA, short hairpin RNA; NC, negative control.

suggesting that LINC00963 knockdown could attenuate the ~ LINC00963 directly targets miR-27b. To reveal the molecular
migration and invasion ability of HRECs. It was also shown  mechanisms underlying the role of LINC00963 in HRECs,
that transfection with shRNA-LINC00963-1 decreased the the ENCORI database (starBase v2.0, http://starbase.sysu.
migration ability of HRECs (Fig. 2B). edu.cn) was utilized. The analysis predicted that LINC00963
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Figure 4. miR-27b silencing can restore the anti-migratory and anti-invasive effects of LINC00963 knockdown. (A) Cell migration rate was measured in
HRECs co-transfected with sShIRNA-LINC00963-1 with or without miR-27b inhibitor using a wound healing assay (magnification, x100). (B) Cell invasion
rate was determined in HERCs co-transfected with shRNA-LINC00963-1 with or without miR-27b inhibitor using a Transwell assay (magnification, x100).
Relative cell (C) migration and (D) invasion rates. All experiments were repeated three times. “"P<0.001 vs. NG group; ""P<0.001 vs. HG group; 244P<0.001 vs.
HG + shRNA-LINC00963-1 group. LINC00963, long intergenic non-protein-coding RNA 963; HRECs, human retinal capillary endothelial cells; NG group,
normal glucose group; HG group, high glucose group; miR, microRNA; shRNA, short hairpin RNA; NC, negative control.

could directly target miR-27b (Fig. 3A). miR-27b has been
reported to be a tumor suppressor gene. miR-27b can inhibit
epithelial-mesenchymal transition andinhibit the proliferation
and migration of oral squamous cell carcinoma by targeting
integrin subunit a5 (11). In addition, miR-27b inhibited the
growth and metastatic behavior of ovarian cancer cells by
targeting C-X-C motif chemokine ligand 1 (12). In the present
study, the association between LINC00963 and miR-27b was
confirmed by dual-luciferase reporter assays, demonstrating
that co-transfection of HRECs with WT LINC00963-Luc
and miR-27b mimics significantly reduced the relative
luciferase activity of LINC00963-Luc. In addition, cell
viability was enhanced in the HG + shRNA-LINC00963-1
+ miR-27b inhibitor group compared with the HG +
shRNA-LINC00963-1 group. Additionally, the expression
levels of PCNA and Ki67 were upregulated in the HG +
shRNA-LINCO00963-1 + miR-27b inhibitor group compared
with those in the HG + shRNA-LINC00963-1 group. The

aforementioned findings indicated that miR-27b inhibited
the proliferation of HRECs (Fig. 3B-H). As shown in Fig. 4,
miR-27b attenuated the wound healing and migration rate of
HRECs.

Discussion

Diabetes, which is caused by the abnormal secretion and/or
inability of the body to use insulin, is one of the most common
non-communicable diseases in clinical practice (13,14).
In 2017, ~425 million individuals, aged 20-79 years, were
diagnosed with diabetes worldwide. This number is estimated
to increase to 629 million by 2045 (15). Clinically, diabetes
progresses slowly over several years and is accompanied by
several complications. Targeted nursing, including proper
control of patients' blood glucose and real-time monitoring of
physical data, may be effective in improving the cure rate of
patients with diabetes (16,17). DR is one of the most common
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complications of diabetes. Hyperglycemia can damage the
retinal vascular system and endothelial cells and thicken the
basement membrane (18,19). In the present study, the viability
of HRECs in a high-glucose environment was determined
by a CCK-8 assay. It was demonstrated that cell viability
was higher in the HG group compared with the NG group,
suggesting that the high-glucose environment may enhance
the viability of HRECs.

LINCO00963 is non-coding RNA (20) that is consid-
ered to act as a regulatory factor of cell apoptosis (21).
LINCO00963 has recently been reported to promote breast
and hepatocellular carcinogenesis (22,23). Its expression is
upregulated in several types of cancer, such as melanoma
and bladder cancer (24,25). However, the association between
LINCO00963 and diabetes has not been reported to date. Thus,
the expression of LINC00963 was measured by RT-qPCR
in the present study, and the results demonstrated that its
expression was upregulated under high-glucose conditions. It
has been reported that PCNA, an essential protein for nuclear
DNA synthesis, is widely involved in cell proliferation and
invasion (26,27). In addition, Ki67, a nuclear antigen protein
involved in cell proliferation (28), is closely associated with
cell mitosis, and its expression reflects the normal prolifera-
tive activity of cells (29). Western blot analysis revealed that,
compared with the NG group, the expression levels of PCNA
and Ki67 were elevated in the HG group, suggesting that
cells in the HG group exhibited strong proliferation ability.
However, downregulation of PCNA and Ki67, mediated by
LINCO00963 silencing, indicated that LINC00963 down-
regulation may inhibit cell proliferation. Next, migration and
invasion experiments were performed, and the results demon-
strated that treatment of HRECs with shRNA-LINC00963-1
attenuated cell migration, indicating that LINC00963 may
promote cell migration.

Subsequently, bioinformatics analysis using the ENCORI
database predicted that miR-27b could directly interact
with the LINC00963 3'-UTR. miR-27 has been proven to
play contradictory roles in different diseases. miR-27b was
reported to act as a tumor suppressor in gastric cancer, exhib-
iting reduced expression in human gastric cancer tissues and
cells (30). It has been demonstrated that miR-27b promotes
fibroblast-like synovial cell apoptosis (18), as well as endothe-
lial and glioma cell proliferation (31). In the present study, the
cell proliferation and migration rates, and the protein expres-
sion levels of PCNA and Ki67 were increased in the miR-27b
inhibitor group, suggesting that miR-27b may attenuate cell
proliferation. Furthermore, miR-27b inhibitor reversed the
inhibitory effect of LINC00963 on cell migration in response
to high-glucose stimulation.

In summary, LINC00963 may regulate the proliferation
and apoptosis of HERCs via targeting miR-27b. The findings
of the present study may contribute to the clinical diagnosis of
DR and provide a theoretical basis for research into effective
drugs for the treatment of this condition. However, there were
certain limitations to the present study. First, no in vivo experi-
ments were performed. Second, the molecular mechanism
underlying the effects of LINC00963 silencing on miR-27b
expression and HREC function was not fully investigated.
Therefore, these issues require further in-depth research and
will be addressed in future studies.
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