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Materials and Methods: Gene expression analyses in fibrovascular membranes
excised from patients with DR using public microarray datasets (GSE60436). Reverse tran-
scription polymerase chain reaction was carried out to detect UCAT, micro-ribonucleic acid
(miR)-624-3p and vascular endothelial growth factor C (VEGF-C) expressions in the blood
J Diabetes Investig 2021; 12: 1948— of patients and human retinal endothelial cells (HRECs). Furthermore, Cell Counting kit-8,
1957 Transwell assay, and tube formation assay were used to identify biological effects of UCAT
on HRECs proliferation, migration ability and angiogenesis in vitro.
doi: 10.1111/jdi.13617 Results: UCAT and VEGF-C were elevated in DR patients and high glucose-induced
HRECs cell lines, whereas miR-624-3p was decreased. UCAT inhibition inhibited prolifera-
tion, angiogenesis and migration of HRECs cells under high-glucose condition. Luciferase
reporter assay showed that UCAT could sponge with miR-624-3p, which could directly tar-
get VEGF-C. Finally, we proved a pathway that UCA1 promoted cell proliferation, migration
and angiogenesis through sponging with miR-624-3p, thereby upregulating VEGF-C in
high-glucose-induced HRECs.
Conclusions: We identified UCAT as an important factor associated with DR, which
could regulate the expression of VEGF-C by sponging miR-624-3p in human retinal
endothelial cells. Our results pave the way for further studies on diagnostic and therapeu-
tic studies related to UCAT in DR patients.

INTRODUCTION DR is characterized by changes in retinal microvessel function
Diabetic retinopathy (DR) is a leading cause of visual impair- and integrity induced by hyperglycemia, which leads to pro-
ment and blindness worldwide'. Emerging evidence shows that  gressive retinal ischemia and angiogenesis>>. Vascular endothe-

lial growth factor (VEGF) is considered to be the main factor
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and the effectiveness of the treatment can be improved when
combined with anti-VEGF therapy®’. VEGF-C is a soluble
member of the VEGF family, and the role of VEGF-C in neo-
vascularization is supported by the fact that exogenous VEGEF-
C could recover lymphatic vascularization through stimulating
neolymphangiogenesis®. Furthermore, VEGF-C also participates
in the laser-induced choroidal neovascularization formation in
Brown Norway rats’. High expression of VEGF-C has been
shown in proliferative DR'®. However, the specific role of
VEGEF-C in the pathogenesis of DR is unclear.

It is known that long non-coding ribonucleic acids
(IncRNAs) are important regulators of gene expression in
diverse types of tissues, as well as different diseases'"'. Several
studies have shown that VEGF-C binds to IncRNAs, and can
function as an important downstream regulator in cancer
development and progress'>'*. Long non-coding RNA urothe-
lial carcinoma-associated 1 (UCA1) was first found to be
upregulated in bladder cancer'®. Later studies also found that
high expression of UCA1 was associated with various cancers,
and UCAl can stimulate the proliferation, migration and
epithelial-mesenchymal transformation of tumor cells'®'®, It is
reported that UCAL is highly expressed in diabetic lymphoen-
dothelial cells®, and influences glucose metabolism in rats with
diabetic nephropathy®. It is currently undetermined whether
UCAL1 affects the expression of VEGF-C in DR development.

We recently profiled the gene expression patterns associated
with DR in fibrovascular membranes, and found that UCA1 is
one of the most highly upregulated genes in DR patients when
compared with controls. Furthermore, UCA1 was upregulated
in both the blood of DR patients and high-glucose-treated
HRECs. Increasing evidence has revealed the functions of
IncRNAs as microRNA (miRNA) sponges in various diseases,
including diabetes, cancer, atherosclerosis, metabolic syndrome
and aging’"*’. As previously reported, IncRNA UCAI might
interact with several types of miRNAs (Table S1). Through
open-source miRNA target prediction software (TargetScan

Table 1 | Baseline characteristics of the participants
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Software), we found that 3'-UTR of microRNA (miR)-624-3p
contained a putative binding site for IncRNA UCAL, indicating
it might be a direct target for the IncRNA. Furthermore, we
also observed a putative binding site for miR-624-3p in the 3'-
UTR region of VEGF-C messenger RNA. In addition, VEGF-C
controls angiogenesis in chondrosarcoma through regulating
the expression of miR-624-3p>>. We therefore hypothesize that
UCA1 might serve as a miRNA sponge to regulate VEGE-C
expression through binding to miR-624-3p. Our in vitro study
implies that the UCA1-miR-624-3p—VEGEF-C axis plays a cru-
cial role in the mechanism of DR. UCAI might be a promising
therapeutic target for DR treatment.

MATERIALS AND METHODS

Clinical data

Blood samples were collected from the Ophthalmology Depart-
ment, Chongqing Yubei District People’s Hospital (Chongging,
China), between December 2018 and November 2019. All the
samples were immediately centrifuged and kept at —80 for the
following experiments. Candidates included 50 persons with clin-
ically detected DR, 50 patients with type 2 diabetes, and 50 indi-
viduals who were free from DR and type 2 diabetes. The
characteristics of the patients and normal volunteers are shown
in Table 1. The present study received approval from the Institu-
tional Ethics Review Board of Chongging Yubei District People’s
hospital. The ethical record number was 20186183 and the
approval date was 18 June 2018.

Cell culture

Human retinal endothelial cells (HRECs) were purchased from
ScienCell company (San Diego, CA, USA). HRECs were cul-
tured in a human endothelial medium (Sciencell, Carlsbad, CA,
USA) according to the instructions. The medium was supple-
mented with 5% fetal bovine serum (Sangon Biotech Co., Ltd,,
Shanghai, China) and 100 pg/mL streptomycin (Sangon Bio-
tech Co., Ltd.). All the cells were divided into a 5 mmol/L

DR T2DM Controls
n=>50 n=>50 n =50
Age (years) 5812 + 644 60.13 = 589 5964 + 696
Sex ratio (male/female) 23/25 25/25 24/26
HbATc (%) 829 + 044° 801 + 1.02° 530 £ 055
BP (mmHg)
Systolic 12360 *+ 448 12534 + 378 12242 + 401
Diastolic 8206 + 446 8101 £ 398 8274 £ 483
FPG (mg/dL) 7.76 + 045° 740 £ 055¢ 501 £ 071
BMI (kg/mz) 3204 + 206° 3310 + 119 2492 £ 150
Duration of diabetes (years) 2060 + 0609 1840 £ 120 -

3p < 001 vs controls, °P < 001 versus controls, P < 0.01 versus controls, “P < 001 versus controls, P < 001 versus controls, P < 0.01 versus con-
trols, 9P < 0.05 versus type 2 diabetes (T2DM). BMI, body mass index; BP, blood pressure; DR, diabetes retinopathy; FPG, fasting plasma glucose;

HbA1c, glycated hemoglobin.
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glucose group and a 25 mmol/L glucose group, and maintained
at 37°C in a humidified 5% CO, incubator.

Lactate dehydrogenase assay

Lactate dehydrogenase (LDH) activities in the supernatant of
cell homogenate and the medium were measured using the
Cytotoxicity Detection Kit (Roche Applied Science, Basel,
Switzerland) according to the manufacturer’s instructions.
Absorbance at 490 nm was measured by a microplate reader
(Bio-Tek, Winooski, VT, USA). The percentage leakage of
LDH was calculated as (LDH activity in medium / [LDH activ-
ity in medium + LDH activity in cells]) x 100%. Assays were
repeated in triplicate.

Plasmid constructs

The UCAL1 overexpression vector (pcDNA-UCALI) and negative
control empty vector were commercially constructed by Gene-
Pharma (Shanghai, China). A Fast Site-Directed Mutagenesis
Kit (Tiangen Biotech, Beijing, China) was used to mutate the
miRNA binding sites in the UCA1 sequence. All of the con-
structs were confirmed by sequencing.

RNA immunoprecipitation and RNA pull-down assays

Magna RIP RNA-Binding Protein Immunoprecipitation Kit
(Millipore, Billerica, MA, USA) was used to carry out RNA
immunoprecipitation (RIP) experiments according to the man-
ufacturer’s instructions. RNA pull-down assay was carried out
using the RNA Pull-Down Kit (Thermo Scientific Pierce, Wal-
tham, MA, USA). AGO, antibody (Cell Signaling Technology,
Shanghai, China) was utilized to verified the co-precipitated
RNA, and normal mouse immunoglobulin G (Cell Signaling
Technology) was used as the control. The RNAs in the
immunoprecipitates were isolated with Trizol reagent and sub-
jected to quantitative reverse transcription polymerase chain
reaction (QRT-PCR) analysis, and the precipitated proteins
were applied for western blot analysis.

Dual-luciferase reporter assay

The wild-type and mutant sequences of UCAl1 and VEGF-C
sequence were constructed into plasmids (Sangon Biotech Co.,
Ltd.). Cells were each seeded in 96-well plates with a density of
4 x 10° cells per well. Then, luciferase vector and firefly luci-
ferase plasmids were transfected into cells for 12 h; then, indi-
cated wild-type and mutant sequences were each transfected
into the prepared cells for 24 h. The luciferase activities were
measured using a luciferase assay system (Beyotime, Shanghai,
China) according to the manufacturer’s protocols.

Cell proliferation assay

The cell proliferative activity was measured using the Cell
Counting Kit-8 (CCK-8) assay (Sangon Biotech Co., Ltd.)
according to the manufacturer’s protocol. Approximately
3 x 10° cells from each group were seeded into 96-well plates.
When the cells attached down to the bottom of the plate, they

http://wileyonlinelibrary.com/journal/jdi

were starved for another 24 h in a serum-free medium. For
each well, 10 pL of CCK-8 reagent was added, and incubated
for 2 h. Then, the absorbance value was detected at a 450 nm
with a microplate reader (Thermo Scientific Inc., Shanghai,
China).

Cell migration assay

Cell migration was assayed in 24-well Transwell chambers with
8-pm pore size filter membrane (Corning, Shanghai, China).
On reaching 90% confluence in plates, cells were treated with
serum-free medium for 12 h. After removing the medium and
floating cells, the cells were washed three times with sterile 1x
phosphate-buffered saline and then stained with hematoxylin—
eosin. The number of cells that migrated to the bottom side of
the insert was counted under a microscope.

Tube formation assay

Capillary-like tube formation assay was carried out to investi-
gate the tube formation capacity of HRECs. The frozen Matri-
gel (BD Biosciences, Shanghai, China) was thawed in a
refrigerator at 4°C overnight and was then added to a pre-
cooled 96-well plate. When the Matrigel solidified in a humidi-
fied 5% CO, incubator at 37°C, cells were seeded on Matrigel
immediately at a density of 7 x 10> cells per well. The plates
were incubated in humidified 5% CO, at 37°C for 8 h. The fol-
lowing parameters were used for quantification. Tubes were
considered to be a tubular structure that goes from one branch-
ing point to another branching point or to a loose end. Loops
were enclosed (or almost enclosed) areas inside the tubes that
fulfill roundness conditions. The images of the tubular network
were captured by microscopy, and the quantification of capillar-
ies was assessed using Image] software (NIH, Bethesda, MD,
USA).

Western blot analysis

RIP assay buffer (Sangon Biotech Co., Ltd.) was used to extract
proteins from cultured cells, and the concentration was deter-
mined using a bicinchoninic acid kit (Sangon Biotech Co.,
Ltd.). Proteins were resolved by 12% sodium dodecyl sulphate
polyacrylamide gel electrophoresis. The proteins were trans-
ferred onto polyvinylidene difluoride membranes. Then, 10%
milk was used to block the membranes at room temperature
for 1 h. The membranes were then incubated with the appro-
priate primary antibody (Abcam, Cambridge, MA, USA) at 4
overnight and secondary antibodies at room temperature for
2 h. The immunoreactive bands were visualized by enhanced
chemiluminescence and normalized to glyceraldehyde-3-
phosphate dehydrogenase.

Real-time RT-PCR

PrimeScript™ RT reagent Kit (TaKaRa, Shanghai, China) was
used to reverse transcribe complementary deoxyribonucleic acid
from total RNA, following the manufacturer’s instructions.
Quantitative gene expression was carried out using the Roche
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LightCycler 480 (Roche, Penzberg, Germany). Relative RNA
expression was calculated by the 2-“““T method and normal-
ized to glyceraldehyde-3-phosphate dehydrogenase. All quanti-
tative PCRs were carried out in triplicate.

Microarray analysis

Microarray expression profiles (GSE60436) were used for gene
expression profiles, which can be obtained from the NCBI-
GEO database. The Benjamini and Hochberg procedure was
used to identify differences in gene profiles. RNAs with a fold-
change >2.0 and a P-value <0.05 in the microarray data were
considered significantly differentially expressed. Hierarchical
clustering was carried out, and volcano plots were obtained to
test whether the two types of samples were distinguishable. All
analyses were carried out using the R 3.2.3 software package
(The R Foundation for Statistical Computing, Vienna, Austria).

Statistical analysis

All statistical analyses were carried out by using SPSS v20.0 (SPSS
Inc, Chicago, IL, USA). Data are represented as the mean * stan-
dard deviation. Statistical significance between groups was deter-
mined using Student’s #-test or the one-way anova method.
P < 0.05 was considered to be statistically significant.

RESULTS

UCAT1 is upregulated in DR patients and high-glucose-induced
HRECs

To identify genes associated with the pathogenesis of DR, we car-
ried out gene expression analyses in fibrovascular membranes
excised from patients with DR and controls using public microar-
ray datasets (GSE60436). To visualize the gene profile dataset, we
generated a heatmap and volcano plot (Figure 1a,b), which could
significantly discriminate the differentially expressed genes
between DR samples and normal samples. In DR samples, we
identified 766 significantly differentially expressed genes
(P < 0.05 and [logFC[=1). Of these genes, 448 genes were upregu-
lated and 218 genes were downregulated. UCA1 was one of the
most upregulated genes, which had 3.87 log2 fold change.

Then, we detected the expression of UCAL in the plasma
from 50 DR patients, 50 type 2 diabetes patients and 50
healthy people by RT-PCR. The baseline characteristics of the
participants included in the study are shown in Table 1. It is
worth mentioning that the mean duration of diabetes was
shorter in type 2 diabetes patients compared with DR patients
(18.40 + 1.20 vs 20.6 £ 0.60 years; P = 0.039). RT-PCR results
showed that UCA1 was elevated in DR patients compared with
type 2 diabetes patients, and type 2 diabetes patients had a
higher level of UCA1 than healthy people (Figure 1c). We also
found that VEGF-C was much higher and miR-624-3p was
much lower (Figure 1d,e). Furthermore, we found that the
expressions of UCAl and VEGF-C in high-glucose-induced
HRECs were significantly increased and miR-624-3p is down-
regulated (Figure 1f). It is worth noting that the expression of
other VEGF subtypes (VEGF-A, VEGF-B, VEGF-D, VEGF-E,
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VEGEF-F and placental growth factor) was not significantly dif-
ferent between high-glucose-induced HRECs treated with small
interfering group ((si)-UCA1) and without small interfering
group (si-NC) (Figure S1), respectively.

UCA1 promotes high-glucose-induced cell proliferation,
migration and angiogenesis

LDH is a cytoplasmic enzyme that is rapidly released into the
surrounding medium on cell damage. As shown in Figure 2a,
no significant differences in the LDH activities were observed
in cells of the si-UCA1 group and the si-NC group. The inter-
ference efficiency of UCA1l siRNA was determined through
qRT-PCR. As shown in Figure 2b, the expression of UCAl
was significantly reduced in the si-UCA1 group compared with
the si-NC group. To examine the proliferative ability of HRECs,
the CCK-8 assay was carried out. The results showed that the
si-NC group significantly increased the proliferation of HRECs
compared with the si- UCAI group, and the proliferation of
HRECs induced by 25 mmol/L glucose was increased com-
pared with HRECs treated with 5 mmol/L glucose. (Figure 2c).
The migration ability of HRECs cells was determined by Tran-
swell assays. As shown in Figure 2d, cell migration was signifi-
cantly improved in the si-NC group compared with the si-
UCA1 group. Similarly, the migration capacity of HRECs
induced by 25 mmol/L glucose was significantly increased com-
pared with HRECs treated with 5 mmol/L glucose. To explore
whether UCAL1 had an effect on angiogenesis, the tube forma-
tion of HRECs was evaluated by Matrigel assay. It was found
that the number of capillary-like structures in the 25 mmol/L
glucose group was significantly increased compared with that
in the 5 mmol/L glucose group. In addition, the si-UCAI
group had fewer capillary-like structures compared with the si-
NC group (Figure 2e).

MiR-624-3p served as a target of UCA1

To confirm whether UCAI regulates the expression of miR-
624-3p through the predicted UCAl binding sites, a dual-
luciferase assay was carried out. The results show that UCAl
bonds to miR-624-3p with high binding affinity. Compared
with the miR-NC, miR-624-3p could significantly decrease
wild-type UCA1 luciferase reporter activity, but no significant
change in luciferase activity was observed after the binding sites
were mutant (Figure 3a). As an important component of RNA-
induced silencing complex, Argonaute 2 plays a key role in
miRNAs inducing post-transcriptional regulation for the target
genes”. To further explore associations between UCAl and
miR-624-3p, we carried out RIP and pull-down experiments.
The pull-down experiments showed that the anti-Argonaute 2
antibody significantly enriched UCA1 (Figure 3b). The RIP
results show that the production precipitated by anti-
Argonaute 2 significantly enrich UCA1l in wild-type UCA1
HRECs when miR-624-3p was overexpressed (Figure 3c). To
verify whether UCA1 was involved in the expression regulation
of miR-624-3p, we overexpressed or knocked down UCALI in

© 2021 The Authors. Journal of Diabetes Investigation published by AASD and John Wiley & Sons Australia, Ltd
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Figure 1 | Identification of urothelial carcinoma-associated 1 (UCAT1), miR-624-3p and vascular endothelial growth factor C (VEGF-C) in diabetic
retinopathy (DR) and human retinal endothelial cells. (@) Clustered heatmap of the differentially expressed genes in DR. Upregulated genes are
shown in red and downregulated genes are shown in green. (b) Volcano plots comparing gene expression between DR patients and controls. The
red dots represent the significantly differentially expressed genes (logFC|>1 and P < 0.05). (c—e) Reverse transcription polymerase chain reaction
was used to detect UCATVEGF-C and miR-624-3p levels in blood from DR patients (n = 50), type 2 diabetes (T2D) patients (n = 50) and non-DR
individuals (n = 50). (f) Reverse transcription polymerase chain reaction was carried out to measure the expression level of UCATVEGF-C and micro-
ribonucleic acid (miR)-624-3p in human retinal endothelial cells treated with 5 mmol/L or 25 mmol/L glucose for 48 h. All values represent the

mean = standard deviation. *P < 005, **P < 001, ***P < 0,001.

HRECs. It was found that miR-624-3p expression was signifi-
cantly upregulated after UCAI knockdown, whereas downregu-
lated after overexpression of UCA1 (Figure 3d).

UCA1 regulates high-glucose-induced cell proliferation,
migration and angiogenesis through miR-624-3p/VEGF-C
pathway

Combining the bioinformatics method TargetScan, we identi-
fied VEGF-C as a possible downstream gene of miR-624-3p.
The dual-luciferase assay shows that high binding affinity exists

between UCAl and miR-624-3p. Furthermore, miR-624-3p
could inhibit luciferase reporter activity and the inhibition effect
disappeared after binding site mutation (Figure 4a). Thus, we
hypothesized that UCAI regulates high-glucose-induced cell
proliferation, migration and angiogenesis through the miR-624-
3p-VEGEF-C pathway. To test this hypothesis, we transfected
the miR-624-3p inhibitor into HRECs with si-UCA1 or si-NC
after the cells had been treated with high glucose (25 mmol/L)
or low glucose (5mmol/L) for 48 h. The results show that the
si-NC group significantly increased the expression of VEGF-C
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compared with the si-UCA1 group, and the repressed VEGF-C
in the si-UCA1 group was increased following miR-624-3p
inhibitor or overexpression (0e)VEGF-C transfection (Fig-
ure 4b,c). Furthermore, CCK-8 assay showed that the repressed
cell proliferation capacity in the si-UCA group was increased
following miR-624-3p inhibitor or 0eVEGF-C transfection (Fig-
ure 4d). In addition, Transwell assay showed that the repressed
migration in si-UCA1 was reversed following miR-624-3p inhi-
bitor or 0eVEGF-C transfection (Figure 4e). In addition, tube
formation assay showed that the repressed angiogenesis in the
si-UCAL group was promoted following miR-624-3p inhibitor
or 0eVEGF-C transfection (Figure 4f).

DISCUSSION

The reason for the development of DR is mainly attributed to
the increase of glucose levels, which unavoidably causes cellular
stress and promotes the damage of vascular endothelial cells,
leading to the abnormal development of capillaries™. Vascular
endothelial involvement in vasomotor regulation and its dys-
function is suggested to play a pivotal role in the development
of DR*. HRECs under high-glucose condition can mimic the
pathogenesis of DR. High-glucose treatment has also been
reported to enhance the proliferation, migration and tube for-
mation of HRECs in vitro*”*®. In the present study, we again
showed the effects of high-glucose treatment on HRECs, and
the results were consistent with previous studies.

LncRNAs are emerging as critical regulators that impact a
variety biological functions and the pathogenesis of diseases™.
Many studies have confirmed that IncRNAs are associated with
the proliferation, migration and angiogenesis of HRECs®"*2,
and the abnormal expression of IncRNAs has been observed to
be correlated with pathogenesis and progression of DR****, For
example, IncRNA HOXA transcript at the distal tip improves
diabetic retinal microangiopathy through the p38 mitogen-
activated protein kinase pathway™. Overexpression of IncRNA
maternally expressed 3 can inhibit the development of diabetic
retinopathy by regulating transforming growth factor-B1°.
Here, we identified a novel effect molecule on diabetic retinopa-
thy, UCA1, which is upregulated in fibrovascular membranes
excised from patients with DR. We also found that the expres-
sion level of UCA1 in plasma from DR patients was much
higher than that of type 2 diabetes patients, and the latter was
higher when compared with healthy individuals. Based on these
studies, we hypothesize that UCA1 has important value for the
study of DR.

Previous studies showed that DR was closely associated with
the retinal microvascular system damage, and persistent high-
glucose environment-caused retinal microvascular damage con-
tributes to the development of DR®. Therefore, as an initial
step toward characterizing the retinal damage effects of UCALl
during DR, we examined whether UCAl can cause HRECs
angiogenesis under normal glucose treatment conditions. As
expected, UCA1 significantly induced cell proliferation, migra-
tion and tube formation, suggesting its involvement in retinal

© 2021 The Authors. Journal of Diabetes Investigation published by AASD and John Wiley & Sons Australia, Ltd
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Figure 3 | Urothelial carcinoma-associated 1 (UCA1) acted as a sponge of miR-624-3p. (a) Predicted miR-624-3p binding sites in UCAT and
luciferase assays in wild-type (WT)-UCAT or mutant (MUT)-UCAT human retinal endothelial cells co-transfected with micro-ribonucleic acid (miR)-NC
or miR-624-3p. (b) The pull-down experiments show that the anti-Argonaute 2 (AGO?2) antibody significantly enriched UCAT1. (c) The enrichment of
UCAT1 in ribonucleic acid (RNA) immunoprecipitation. (d) miR-624-3p expression in human retinal endothelial cells transfected with small interfering
(si)-UCAT1 or overexpression (oeUCAT). GAPDH, glyceraldehyde-3-phosphate dehydrogenase. si-UCAT: small RNA interfering group; si-NC: without

small interfering group.

angiogenesis. As HRECs cultured under high-glucose conditions
were shown to mimic the pathogenesis of DR, the cells were
also cultured under high-glucose (25 mmol/L) conditions. Like-
wise, the effect of UCAl-induced retinal endothelial cells angio-
genesis under 5 mmol/L glucose was enhanced after 25 mmol/
L glucose treatment. All of these results show that UCA1 can
promote high-glucose-induced human retinal endothelial cells
angiogenesis.

A new post-transcriptional regulatory mechanism has been
identified; that is, that IncRNAs function as microRNA sponges
to regulate gene expression”’. LncRNA UCAL1 can closely inter-
act with miRNAs. For instance, UCA1 sponged miR-206 to
exacerbate atherosclerosis events induced by oxidized low-
density lipoprotein in THP-1 cells®. In addition, UCAI1 can
promote gefitinib resistance by sponging miR-143 in non-small
cell lung cancer”. In addition, UCA1 functioned as a miRNA
sponge to promote malignant phenotypes of renal cancer cells
through sponging miR-182-5p*’. In the present study, the
expression levels of miR-624-3p in the plasma of DR patients
and HRECs were found to be reduced, but UCAI was
increased. Thus, we speculated that UCA1 acted as a sponge of
miR-624-3p. The miRNA sponge function of UCA1 is consis-
tent with the evidence from the present study. First, the interac-
tion between UCA1l and miR-624-3p was predicted using a
bioinformatics database, which predicted that UCA1 contains a
miR-624-3p binding site. Second, miR-624-3p downregulation
efficiently reversed the inhibition effect by UCAl siRNA.

Furthermore, miR-624-3p upregulation significantly reduced in
the presence of UCAL. In addition, we found that UCA1 could
pull down miR-624-3p. Finally, the present study also clearly
identified a role for miR-624-3p in angiogenesis. The suppres-
sion of miR-624-3p expression essentially led to significant inhi-
bition the principal features of HRECs in DR progression,
including proliferation, migration and angiogenesis.

It has been shown that expression and release of VEGF triggers
deleterious vascular changes and leads to DR*'. Clinical trial data
showed that the improvement rates in the subgroup of patients
with moderately severe or severe non-proliferative DR were
greatly improved by inhibiting VEGF*. As an important mem-
ber of the VEGF family, VEGF-C used to be a predominant
tumor metastasis-driving factor in cancers. We found that
VEGEF-C was elevated in DR patients, which was consistent with
previous findings'®. Herein, we predicted miR-624-3p to target
the 3UTR of VEGF-C using bioinformatics prediction tools,
which was found to have a high binding affinity between miR-
624-3p and VEGF-C by a dual-luciferase assay. In vitro experi-
ments, we showed that UCA1 can target miR-624-3p and subse-
quently promote VEGF-C expression in retinal endothelial cells,
especially under the high-glucose culture. This is an important
study that provides evidence for the post-transcriptional regula-
tion of VEGF-C controlled by UCA1 depending on miR-624-3p
in high glucose-induced retinal endothelial cells.

In summary, we identified UCAl as an important factor
associated with DR, which plays a key role in retinal endothelial
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Figure 4 | Urothelial carcinoma-associated 1 (UCAT) promoted high-glucose-induced human retinal endothelial cells proliferation, migration and
angiogenesis through regulating micro-ribonucleic acid (miR)-624-3p/vascular endothelial growth factor V (VEGF-C). (a) Schematic showing the
predicted miR-624-3p sites in VEGF-C and luciferase assays in wild-type (WT)-VEGF-C or mutant (MUT)-VEGF-C human retinal endothelial cells co-
transfected with miR-NC or miR-624-3p. (b) The messenger ribonucleic acid expressions of VEGF-C were detected by reverse transcription
polymerase chain reaction. (c) Protein levels of VEGF-C were detected by western blot. (d) Cell Counting Kit-8 assay was used to measure cell
proliferation abilities. (e) Migration abilities were measured by Transwell assay. (f) Tube formation assay was carried out to detect cell angiogenesis
ability. si-UCA1: small RNA interfering group; si-NC: without small interfering group. *P < 005, **P < 001, ***P < 0001.
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cells angiogenesis. Furthermore, we report the interaction
between UCA1 and miR-624-3p, and show that UCAI regu-
lates the expression of VEGF-C by sponging miR-624-3p in
high-glucose-exposed human retinal endothelial cells (Figure S2).
The present results pave the way for further studies on diagnos-
tic and therapeutic studies related to UCA1 in DR patients.
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Figure S1 | The expression of other vascular endothelial growth factor subtypes in long non-coding ribonucleic acid urothelial car-
cinoma-associated 1-regulated human retinal endothelial cells.

Figure S2 | The diagram schematically illustrating our findings
Table S1 | Micro-ribonucleic acid correlations with long non-coding ribonucleic acid urothelial carcinoma-associated 1.
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