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ABSTRACT
Aims/Introduction: Mounting evidence shows that long non-coding RNAs (lncRNAs)
are important to modulate the biological process of diabetic retinopathy (DR). We aimed
to investigate the role of lncRNAs in DR and elucidate the exact mechanism.
Materials and Methods: Real-time quantitative polymerase chain reaction was carried
out to distinguish the lncRNA ATPase plasma membrane Ca2+ transporting 1 antisense
RNA 1 (ATP2B1-AS1) expression in DR patients and HG-treated human retinal endothelial
cells (HRECs). Dual-luciferase reporter system was used to verify that ATP2B1-AS1 could act
as a microRNA (miR)-4729 sponge, and miR-4729 could bind to 30UTR of IQ motif-
containing GTPase-activating protein 2 (IQGAP2). Cell proliferation assay, wound healing
migration assay, transwell assay, tube formation assay and immunofluorescence were used
to investigate cell proliferation, migration and angiogenesis in HRECs.
Results: The present results showed that ATP2B1-AS1 was downregulated in DR
patients and high-glucose-induced HRECs. In gain- and loss-of-function assays, ATP2B1-AS1
overexpression could significantly reduce cell proliferation, migration, angiogenesis and
permeability induced by high glucose in vitro. Additionally, we carried out dual-luciferase
reporter experiments to determine that ATP2B1-AS1 could act as a miR-4729 sponge.
ATP2B1-AS1 overexpression could rescue miR-4729 mimics and short hairpin RNA-IQGAP2
induced cell proliferation, migration and angiogenesis in HRECs.
Conclusions: The present study showed that ATP2B1-AS1 acted as a miR-4729 sponge
to regulate IQGAP2 reducing high-glucose-induced endothelial dysfunction in DR.

INTRODUCTION
Diabetic retinopathy (DR) is becoming one of the most severe
health problems globally, and can cause irreversible visual
impairment and blindness1,2. DR, a typical diabetes mellitus
complication, could be prompted by hyperglycemia. According
to the report from the World Health Organization, approxi-
mately 422 million people currently suffer from diabetes world-
wide, especially in low- or middle-income countries3. This
population is predicted to increase to account for one in five
Americans by 2050. Among diabetes patients, >95 million
patients have DR, of which one-third have vision-threatening

DR4. A total of 98% of type 1 diabetes patients and 80% of
type 2 diabetes patients would develop DR. In addition, the
chance of sight-threatening DR is also higher in type 1 diabetes
patients5.
It has been considered that DR is a kind of microvascular

disease, whose pathology includes loss of pericytes, microvascu-
lar endothelial cells damage and blood–retinal barrier break-
down in the early stage6,7. The mechanisms in the DR include
oxidative stress, mitochondrial dysfunction, glycation end-
products production and impaired bioenergetics8–10. According
to microvascular changes, DR has been divided into two stages.
One is non-proliferative DR and the other is proliferative DR
in the end-stage. Non-proliferative DR is caused by many facts;
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for instance, vascular tortuosity, microaneurysms, retinal hem-
orrhages and white cotton spots11. In contrast, proliferative DR
results in severe vision impairment, which is featured by aber-
rant neovascularization, epiretinal membrane, preretinal or vit-
reous hemorrhages and tractional detachment of the retina12.
As innovative sequencing technologies are developed and

emerge, an increasing number of non-coding loci have
been identified and confirmed the function in biological
processes13. Furthermore, transcription identification grows
at an unprecedented speed. Among the various kinds of
non-coding ribonucleic acids (RNAs), long non-coding
RNAs (lncRNAs) are an important branch of RNA tran-
scripts, whose base numbers are >200 pairs, without
protein-coding potential14. ATPase plasma membrane Ca2+

transporting 1 antisense RNA 1 (ATP2B1-AS1), which is
also called long intergenic non-protein-coding RNA 936
(LINC00936), has been confirmed to be important in
chronic renal failure-induced renal interstitial fibrosis and
myocardial infarction15,16. However, the role of ATP2B1-
AS1 in DR remains unknown. In the present research, we
investigated the function of ATP2B1-AS1 in DR through
the regulation of the miR-4729 and IQ motif-containing
GTPase-activating protein 2 (IQGAP2), which has been
identified as a tumor suppressor in many cancers17, to con-
trol endothelial cells dysfunction. According to the present
study, ATP2B1-AS1 could act as a therapeutic target for
DR treatment.

MATERIALS AND METHODS
Clinical data
Blood samples were obtained from the First People’s Hospital
of Lianyungang. All the blood samples were immediately sepa-
rated and stored at -80°C according to manufacturers. Candi-
dates included 30 type 2 diabetes patients with clinically
detected DR. The DR patients’ and normal healthy participants’
characteristics are listed in Table 1. The study received approval
from the First People’s Hospital of Lianyungang.

Animals
The plasmid cloning deoxyribonucleic acid (pcDNA) empty
vector and pcDNA lncRNA ATP2B1-AS1 was inserted into the
adeno-associated viruses vector plasmid pSNAV1 for viral
preparations used for animal transduction. The mice were ran-
domly divided into two groups: adeno-associated viruses-
pcDNA and adeno-associated viruses-lncRNA ATP2B1-AS1
groups, and then the diabetes mouse model was induced.

Evans blue staining
Briefly, the mice were anesthetized with isoflurane (CP Pharma,
Burgdorf, Germany) and the blood was washed out. Sub-
sequently, Evans blue (Sigma-Aldrich, St. Louis, MO, USA)
solution was gently injected into the left ventricle using a syr-
inge. After 30 min of incubation, the dye remaining in the vas-
cular lumen, which did not pass into the aortic wall, and was
washed out by injecting 20 mL of phosphate-buffered saline
into the left ventricle.

Cell culture
Human retinal endothelial cells (HRECs) and 293T cells were
purchased from ScienCell Research Laboratories (San Diego,
CA, USA). HRECs were cultured in endothelial cells medium
(ScienCell). HRECs were treated with different concentrations
of 5 mmol/L glucose and 25 mmol/L glucose (HG). 293T
cells were cultured in Dulbecco’s modified Eagle’s medium
(Invitrogen, Carlsbad, CA, USA) supplemented with 10% (v/
v) fetal bovine serum (Gibco, Waltham, MA, USA). Cultured
cells were maintained at 37°C in a humidified incubator con-
taining 5% CO2.

Dual luciferase reporter assay
The wild-type (WT) and mutant (MUT) sequences of
ATP2B1-AS1 and IQGAP2 were constructed into pmirGLO
vectors (Genewiz, Suzhou, China). Cells were each seeded with
a proper density in 12-well plates. Then, ATP2B1-AS1-WT/
IQGAP2-WT or ATP2B1-AS1-MUT/IQGAP2-MUT were co-
transfected with miR-4729 mimic or mimic negative control
were transfected into the prepared cells for 24 h. After post-
transfection, cells were harvested and the firefly luciferase activ-
ity was measured using a dual-luciferase reporter assay system
(Promega, Madison, WI, USA).

Cell proliferation assay
The cell proliferative activity was measured by using the Cell
Counting Kit-8 (CCK-8) assay (Beyotime, Shanghai, China). All
treated cells were seeded into 96-well plates and were starved
in a serum-free medium for another 24 h. Cells were incubated
with CCK-8 reagent. The absorbance value was detected at
450 nm.

Wound healing migration assay
HRECs were cultured in six-well plates to carry out migration
assays. After treatment, a 200-lL pipette tip was used to scratch

Table 1 | Clinicopathological features of diabetic retinopathy patients
(n = 30)

Patients

Age (years) 59.43 – 7.21
Sex
Male 22
Female 9

BP (mmHg)
Systolic 134.38 – 7.41
Diastolic 79.33 – 5.96

HbA1c (%) 7.69 – 0.85
FPG (mg/dL) 7.86 – 0.65
BMI (kg/m2) 33.74 – 3.05

BMI, body mass index; BP, blood pressure; FPG, fasting plasma glucose;
HbA1c, glycated hemoglobin.
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to create a linear region void of cell. After 24 h, we used a
microscope (Olympus, Tokyo, Japan) to take pictures and mea-
sure the width (W) of the scratch wound. The rate of close
distance of the wounds was calculated.

Transwell assay
After treatment, cell suspension was added into 24-well tran-
swell chambers with 8-lm pore size filter membrane (Corning
Inc., Corning, NY, USA). After 12 h, the medium was removed
and cells were fixed with paraformaldehyde. The cells were
washed and stained with hematoxylin–eosin. The number of
cells was observed and counted under a microscope.

Tube formation assay
The Matrigel (Corning Inc.) was added to a pre-cooled plate.
Matrigel was solidified in a humidified 5% CO2 incubator at
37°C. Then, cells with different treatments were added on
Matrigel immediately at a proper density. After 8 h, images
were visualized and photographed using a phase contrast
inverted microscope.

Western blot analysis
Cells with different treatments were lysed with radioimmuno-
precipitation assay buffer (Beyotime). After centrifuge, the BCA
Protein Assay Reagent (Beyotime) was used to quantify the
protein concentration of lysates. Western blot was carried out
in accordance with the standard protocol anywhere. IQGAP2
and actin antibodies were obtained from Cell Signal Technol-
ogy (Danvers, MA, USA). The bands images were obtained
from Image Lab Software (Bio-Rad, Hercules, CA, USA) after
adding chemiluminescent substrate (Millipore, Burlington, MA,
USA). Image Lab Software was used to analyze results.

Immunofluorescence
Treated cells were cultured on coverslips in confocal plates and
fixed using 4% paraformaldehyde (Sigma) treatment for
15 min. The cells were washed with phosphate-buffered saline
and permeabilized with 0.3%Triton X. After blocking, cells were
incubated with primary antibody VE-cadherin (Abcam, Cam-
bridge, MA, USA) overnight at 4°C. Cells were incubated with
secondary antibody and 40,6-diamidino-2-phenylindole. Images
were taken under a microscope.

Real-time reverse transcription quantitative polymerase chain
reaction
PrimeScriptTM RT reagent Kit (TaKaRa, Shiga, Japan) was
used to reverse transcribe complementary deoxyribonucleic
acid from total RNA, following the manufacturer’s instruc-
tions. Quantitative gene expression was carried out using the
Roche Light Cycler 480 (Roche, Mannheim, Germany). Rela-
tive RNA expression was calculated by the 2-MMCT method.
Primer sequences were listed below (Genewiz): ATP2B1-AS1,
forward: 50-GGTAAATCGAGGCCCAGAGAT-3, reverse: 50-
ACGTGGATGACAGCGTGTGA-30; IQGAP2, forward: 50-

AGACCCCGCTATGGCTCTATT-30, reverse: 50-GCTTCC
TCTAAGTGGCACAGAT-30; hsa-miR-4729, forward: 50-
TCATTTATCTGTTGGGAAGCTA-30. 18SrRNA, forward:
50-CAGCCACCCGAGATTGAGCA-30, reverse: 50-TAGTAG
CGACGGGCGGTGTG-30.

Statistical analysis
All statistical analyses were carried out by using SPSS v20.0
(IBM Corp., Armonk, NY, USA). Data are represented as the
mean – standard deviation. Statistical significance between
groups was determined using Student’s t-test or the one-way
ANOVA method. A P-value of <0.05 was considered statistically
significant.

RESULTS
ATP2B1-AS1 is downregulated in DR patients and HG-treated
HRECs
To identify lncRNAs genes expression in HG-induced HRECs,
we carried out gene expression analyses using public microarray
GEO datasets (GSE117238). To visualize the expression of
lncRNAs profile dataset, we generated a heatmap and volcano
plot (Figure 1a,b), and could discriminate the differential
lncRNAs expression significantly between low-glucose and
high-glucose groups. According to the results, ATP2B1-AS1
was one of the most downregulated genes.
Then, we validated that the expression of ATP2B1-AS1 in

HG-treated HRECs was significantly decreased measured by
reverse transcription quantitative polymerase chain reaction
(RT–qPCR) assay (Figure 1c). The level of ATP2B1-AS1
expression in the plasma, which was obtained from 30 DR
patients and 30 normal volunteers, was detected with RT–
qPCR. The results showed that ATP2B1-AS1 was decreased in
DR patients (Figure 1d). The baseline characteristics of the par-
ticipants are shown in Table 1.

ATP2B1-AS1 inhibits high-glucose-induced cell proliferation,
migration, angiogenesis and permeability
To investigate the function of ATP2B1-AS1, first, we con-
structed the plasmids of ATP2B1-AS1 and its shRNAs to
knockdown its expression in HRECs. RT–qPCR results
showed that overexpression and knockdown of ATP2B1-AS1
were feasible (Figure 2a). Then, CCK-8 assay was carried out
to show that overexpression of ATP2B1-AS1 could inhibit
the proliferation of HRECs significantly, whereas knockdown
of ATP2B1-AS1 could promote the cell viability markedly
(Figure 2b). Compared with the pcDNA group, ATP2B1-AS1
overexpression significantly decreased the proliferation of
HRECs. When treated with HG, the proliferation of HRECs
was higher than that in the low-glucose group. (Figure 2c).
Overexpression of ATP2B1-AS1 inhibited cell proliferation,
which was increased by HG.
The migration ability of HRECs was observed by wound

healing migration assay and transwell assay. The migration of
HRECs was significantly reduced in the ATP2B1-AS1
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Figure 1 | Identification of ATPase plasma membrane Ca2+ transporting 1 antisense ribonucleic acid 1 (ATP2B1-AS1) in diabetic retinopathy (DR)
and high-glucose-treated high-glucose-treated human retinal endothelial cells (HRECs). (a) The heatmap of the differentially expressed genes in low
glucose (LG) and high glucose (HG). Upregulated genes and downregulated genes are shown in red and blue. (b) Volcano plots showing long
non-coding ribonucleic acids expression in the LG and HG groups. The red dots show the significant expressed genes. (c) Reverse transcription
quantitative polymerase chain reaction was carried out to detect ATP2B1-AS1 levels in 5 mmol/L or 25 mmol/L glucose treated HRECs. (d) Reverse
transcription quantitative polymerase was carried out to distinguish the level of ATP2B1-AS1 in blood samples obtained from DR patients (n = 30)
and healthy individuals. All values were represented by the mean – standard deviation. *P < 0.05, **P < 0.01, ***P < 0.001.
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overexpression group compared with the pcDNA group under
25 mmol/L glucose (Figure 2d,e). To explore whether ATP2B1-
AS1 had an impact on angiogenesis, we carried out the tube
formation assay and it showed that the number of tubes was
increased under the high-glucose condition. As expected, the
ATP2B1-AS1 overexpression group showed fewer tube num-
bers compared with the pcDNA group (Figure 2f). To further
investigate whether ATP2B1-AS1 has an effect on cell perme-
ability, immunofluorescence showed that a hyperglycemic
HRECs model of DR increased permeability in response to glu-
cose, whereas ATP2B1-AS1 overexpression could reduce cell
permeability (Figure 2g). We used adeno-associated viruses to
achieve endothelial-specific exogenous expression of lncRNA
ATP2B1-AS1 in mice endothelium for 2 weeks, and then

induced the diabetes mice model. We examined vascular per-
meability by using Evans blue injection. We observed that
LncRNA ATP2B1-AS1 overexpression could reduce vascular
permeability (Figure 2h). These results showed that ATP2B1-
AS1 overexpression negatively regulated cell proliferation,
migration and angiogenesis in HG-treated HRECs.

ATP2B1-AS1 serves a sponge to miR-4729
To elucidate whether ATP2B1-AS1 could act as a competing
endogenous RNA to regulate gene expression, the MicroRNA
Target Prediction Database was carried out to predict the
potential microRNA binding sites in ATP2B1-AS1. As shown
in Figure 3a, miR-4729 gained the highest score among the
entire list of microRNAs. We chose miR-4729 for further

8

(a)

(d) LG HG

0h

0h

2.5
**

*

*
LG
HG2.0

1.5

1.0

0.5

0.0

Re
la

tiv
e 

m
ig

ra
tio

n
di

st
an

ce

pcDNA

pc
D

N
A

pc
D

N
A

-In
c

pc
D

N
A

-In
c

pc
D

N
A

pcDNA-Inc - -
- -

++
++

24h

24h

HGLG

3
**

*

*
LG
HG

2

1

0
pcDNA

pcDNA-Inc - -
- -

++
++

Re
la

tiv
e 

m
ig

ra
te

d 
ce

lls

(e)

(b) (c)

4

*

*

*

LG
HG**

**

3

2

1

0
pcDNA

pcDNA-Inc

3

2

1

0
+ +

+ +
--

--

6

4

2

***

*

0

pcD
NA

pcD
NA-In

c

sh
R-N

C

sh
R-In

c

pcD
NA

pcD
NA-In

c

sh
R-N

C

sh
R-In

c

Re
la

tiv
e 

ex
pr

es
si

on
 o

f
In

cR
N

A
 A

TP
2B

1-
A

S1

Re
la

tiv
e 

ce
ll 

vi
ab

ili
ty

Re
la

tiv
e 

ce
ll 

vi
ab

ili
ty

LG

pc
D

N
A

pc
D

N
A

-In
c

pc
D

N
A

pc
D

N
A

-In
c

AAV pcD
NA

AAV pcD
NA-In

c

(f)

(g)

(h)

HG

3

2.0

1.5

1.0

0.5

0.0

1.5 ***

1.0

0.5

0.0

*

*

* *
LG
HG

LG
HG

pcDNA
pcDNA-Inc

pcDNA
pcDNA-Inc

AAV pcD
NA-In

c

AAV pcD
NA

- -

- -
++

++

- -

- -
++

++

** ***

2

1

0Re
la

tiv
e 

tu
be

 le
ng

th

Re
la

tiv
e 

%
 c

on
tin

ou
s

ju
nc

tio
ns

Re
la

tiv
e 

dy
e 

de
po

si
tio

n 
%

LG HG

Figure 2 | ATPase plasma membrane Ca2+ transporting 1 antisense ribonucleic acid 1 (ATP2B1-AS1) prevents cell proliferation, migration,
angiogenesis and permeability. (a) Reverse transcription quantitative polymerase chain reaction was made to measure the expression of ATP2B1-
AS1 after transfecting plasmid cloning deoxyribonucleic acid (pcDNA)-long non-coding ribonucleic acids (lncRNA) ATP2B1-AS1 (pcDNA-lnc) and
(short hairpin RNA-lncRNA ATP2B1-AS1; shR-lnc) into high-glucose-treated human retinal endothelial cells (HRECs). (b) The level of ATP2B1-AS1 was
detected by reverse transcription polymerase chain reaction after transfecting pcDNA-lnc and shR-lnc into HRECs by Cell Counting Kit-8 assay. (c)
Proliferation of HRECs was detected by Cell Counting Kit-8 assay. (d, e) Migration ability was measured by wound healing migration assay and
transwell assay. (f) Tube formation assay was used to distinguish angiogenesis ability in HRECs. (g) Cell junctional assembly formation of CDH5
staining. (h) Vascular permeability was detected by using evans blue injection. All values were represented by the mean – standard deviation.
*P < 0.05, **P < 0.01, ***P < 0.001.
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research. The dual-luciferase assay showed that miR-4729 mim-
ics could significantly reduce luciferase activity in the wild-type
ATP2B1-AS1 transfected group. However, there was no change
in activity of luciferase when transfecting mutant ATP2B1-AS1
(Figure 3b). It suggested that miR-4729 could bind to ATP2B1-
AS1. In addition, to verify whether ATP2B1-AS1 takes part in
regulating expression of miR-4729, we overexpressed or
knocked down ATP2B1-AS1 in HRECs. The RT–qPCR showed
that the level of miR-4729 was increased significantly after
ATP2B1-AS1 knockdown, and decreased when overexpressing
ATP2B1-AS1 in HRECs (Figure 3c). Meanwhile, we detected
the level of miR-4729 in between DR patients and healthy peo-
ple. RT–qPCR indicated that miR-4729 was upregulated in DR
patients (Figure 3d). Furthermore, Pearson’s correlation analysis
was carried out to evaluate the relationship between the expres-
sion of miR-4729 and ATP2B1-AS1. The analysis showed that
the level of miR-4729 was negatively correlated with ATP2B1-
AS1 (Figure 3e).

ATP2B1-AS1 regulates high-glucose-induced cell proliferation,
migration, angiogenesis and permeability through miR-4729–
IQGAP2 axis
Using the bioinformatics database, IQGAP2 was identified as a
probable downstream target of miR-4729. The dual-luciferase

assay showed the binding affinity between IQGAP2 and miR-
4729. As shown in Figure 4a, miR-4729 reduced luciferase activ-
ity and the effect rescued by transfecting mutation. It showed
that miR-4729 could bind to IQGAP2. To verify this hypothesis,
the ATP2B1-AS1 plasmids and/or miR-4729 mimics were trans-
fected into HRECs. Western blot showed that the ATP2B1-AS1
overexpression significantly increased the expression of IQGAP2,
and miR-4729 mimics decreased the level of IQGAP2. miR-
4729 mimics could also decrease expression of IQGAP2, despite
ATP2B1-AS1 overexpression (Figure 4b). Furthermore, CCK-8
assay showed that the capacity of cell proliferation reduction in
the ATP2B1-AS1 overexpression group was upregulated after
transfecting miR-4729 mimics or shR-IQGAP2 in HRECs under
high-glucose condition (Figure 4c). Additionally, wound healing
migration assay and transwell assay showed that the decreased
migration ability in ATP2B1-AS1 overexpression was reversed
after miR-4729 overexpression and IQGAP2 knockdown (Fig-
ure 4d,e). Finally, tube formation assay and immunofluorescence
showed that the decreased angiogenesis and permeability after
ATP2B1-AS1 overexpression was encouraged by miR-4729
overexpression and IQGAP2 knockdown (Figure 4f,g). Taken
together, these data showed that ATP2B1-AS1 might regulate
cell proliferation, migration, angiogenesis and permeability
through the miR-4729–IQGAP2 axis.
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DISCUSSION
As the most common microvascular complication of diabetes,
DR is becoming one of the leading causes of irreversible vision
impairment worldwide. There are many vascular manifestations
involved in DR progress; for instance, capillary loss, venous
beading, microaneurysms, retinal vascular leakage, diabetic mac-
ular edema and so on. Ophthalmic examinations can detect

vitreous hemorrhage through the transparent cornea18. Nowa-
days, the main DR treatment methods include antivascular
endothelial growth factor medications, laser photocoagulation,
corticosteroids injections and surgery19. These interventions are
proven to be effective in vascular proliferation inhibition and
diabetic macular edema reduction, resulting in saving eyesight.
Unfortunately, the aforementioned measures are limited
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Figure 4 | ATPase plasma membrane Ca2+ transporting 1 antisense ribonucleic acid 1 (ATP2B1-AS1) reduced high glucose-treated high-glucose-
treated human retinal endothelial cells (HRECs) cell proliferation, migration, angiogenesis and permeability through regulating microRNA (miR)-
4729–IQ motif-containing GTPase-activating protein 2 (IQGAP2) axis. (a) Schematic indicating the miR-4729 sites in IQGAP2 and dual luciferase assay
in IQGAP2-wild type (WT) or IQGAP2-mutation (MUT) treated HRECs co-transfected with miR-NC or miR-4729 mimics. (b) The protein IQGAP2 level
was detected by WB after transfection. (c) HRECs proliferation was detected by Cell Counting Kit-8 assay after transfection. (d, e) Migration ability
was measured by wound healing migration assay and transwell assay after transfection. (f) Tube formation assay was used to detect the ability of
angiogenesis in HRECs after transfection. (g) Cell junctional assembly formation of VE-cadherin staining after transfection. All values were
represented by the mean – standard deviation. *P < 0.05, **P < 0.01, ***P < 0.001.
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because of a short therapeutic half-life, and attendant adverse
effects, injection site bleeding and intraocular pressure
increase20,21.
Recently, the potential relevance of lncRNAs dysregulation

and DR has attracted much attention22. The researchers showed
that the mitogen-activated protein kinase signaling pathway
might be involved in metastasis-associated lung adenocarci-
noma transcript 1 function to amplify the proliferation of RF/
6A cells under hyperglycemic circumstances23. Zhang et al.24

reported that there is the same intricate mechanistic relation-
ship between nuclear factor-jB and myocardial infarction-
associated transcript under hyperglycemic stress. Nuclear
factor-jB has indeed been shown to selectively recruit to the
myocardial infarction-associated transcript promoter, which can
be subsequently heightened under the stimulation of high glu-
cose in primary rat retinal M€uller cells24. The overexpression of
H19 in HG-treated HRECs significantly inhibited the effect
caused by high glucose, showing a protective role of H19 in
DR25. Here, we identified a new lncRNA, ATP2B1-AS1, and
examined whether ATP2B1-AS1 can regulate proliferation of
HRECs treated with normal glucose. Unsurprisingly, ATP2B1-
AS1 regulated cell proliferation in HRECs. Furthermore,
ATP2B1-AS1 dramatically reversed the trends under hyper-
glycemia, in which increased cell proliferation, migration and
tube formation were shown. According to this evidence, we
reported it was involved in retinal angiogenesis under high-
glucose conditions. Furthermore, the exact mechanism that
lncRNAs sponge microRNAs to regulate gene expression has
still been uncovered. It is the same that ATP2B1-AS1 can inter-
act with microRNAs directly. According to the MicroRNA Tar-
get Prediction Database, miR-4729 gained the highest score
among the entire list of microRNAs. Thus, we hypothesized

that ATP2B1-AS1 acted as a miR-4729 sponge, efficiently
reversing the inhibitory effect by ATP2B1-AS1 knockdown.
Furthermore, upregulation of miR-4729 was also significantly
decreased by ATP2B1-AS1 overexpression.
With respect to IQ motif-containing GTPase-activating pro-

tein 2 (IQGAP2), it functions as a scaffolding protein that regu-
lates the cytoskeleton by juxtaposing Rho GTPase and
Ca2+/calmodulin signals26. Low expression of IQGAP2 has been
identified in ovarian cancer, prostate cancer, hepatocellular car-
cinoma and gastric cancer27–30, suggesting that IQGAP2 func-
tions as a tumor suppressor. However, the IQGAP2 biological
functions in DR are yet to be uncovered. Herein, we predicted
and confirmed that miR-4729 can bind to the 30UTR of
IQGAP2, reducing expression of IQGAP2 in retinal endothelial
cells. It is important to note that the expression of IQGAP2
was post-transcriptionally regulated by ATP2B1-AS1 through
miR-4729 in HG-treated HRECs.
In a summary, the present study uncovered for the first time

that ATP2B1-AS1 was decreased in DR progression. Over-
expressing ATP2B1-AS1 significantly reduced cell proliferation,
migration, angiogenesis and permeability in response to hyper-
glycemia. Markedly, all effects regulated by ATP2B1-AS1 were
through the miR-4729–IQGAP2 axis (Figure 5). In a conclu-
sion, the present study showed the function of ATP2B1-AS1 in
DR, and the promising value of the ATP2B1-AS1–miR-4729–
IQGAP2 axis to treat DR.
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