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Background: Long noncoding RNA (LncRNA) LINC00673 has been proven to play
critical roles in cancer biology, while its role in other diseases is unknown. It has been
reported that LINC00673 could interact with p53, a critical player in diabetes and diabetic
complications, suggesting that LINC00673 may also participate in diabetic retinopathy (DR).
This study aimed to investigate the role of LINC00673 in DR.

Methods: The present study included 3 groups of participants, including DR group, diabetes
(DB) group, and healthy control (Control) group. Flow cytometry was utilized to determine
cell apoptosis. Proteins and messenger RNAs (mRNAs) were estimated by Western blot and
quantitative reverse transcription PCR (qRT-PCR), respectively.

Results: LINC00673 was downregulated in plasma samples of DR patients (n=60) in
comparison with the healthy controls (n=60) and negatively correlated with p53 only across
DR patients but not across the healthy controls. In retinal pigment epithelial cells (RPECs),
high glucose treatment downregulated LINC00673. Moreover, LINC00673 overexpression
downregulated p53 and decreased RPEC apoptosis, while LINC00673 silencing upregulated
p53 and increased RPEC apoptosis. In addition, p5S3 overexpression reduced the effects of
LINCO00673 overexpression.

Conclusion: LINC00673 is downregulated in DR patients and regulates RPEC apoptosis
via negatively regulating p53.
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Introduction

Diabetes mellitus is a common metabolic disorder worldwide. In 2017, more than
425 million people suffered from diabetes mellitus, and this number will rise to
more than 629 million by 2045 due to people’s lifestyle changing and the aging
population growing.'” Diabetes mellitus causes a series of complications that
affects almost all major organs in the human body, such as the lungs, eyes, feet,
and hands.®> As one of the most common types of diabetic complications, diabetic
retinopathy (DR) is the leading cause of blindness among adults of working age.*
Although the progression of DR can be suppressed by proper treatment, such as
blood glucose control, blindness will inevitably occur in a considerable portion of
DR patients even after active treatment.” Therefore, a better understanding of the
pathogenesis of DR is needed to develop novel therapeutic approaches.
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As a cell apoptosis mediator, p53 signaling plays
a pivotal role in the development of diabetic complica-
tions, including DR.® In DR, high-glucose treatment acti-
vates p53 to induce cell apoptosis, thereby aggregating
disease conditions.® In fact, inhibition of p53 is considered
a promising approach to treat diabetic complications by
inhibiting cell apoptosis.”® In some cases, p53 signaling is
transduced via interacting with long noncoding RNAs
(>200nt, IncRNAs),”'® which have important roles in
diabetic complications.'’ In DR, IncRNAs interact with
multiple signaling pathways to participate in nearly all
aspects of the development and progression of DR.'
Regulating the expression of certain key IncRNAs may
contribute to the recovery of DR.'" Meng et al showed that
IncRNA LINCO00673 suppresses the progression of papil-
lary thyroid carcinoma by downregulating p53."*
that
LINC00673 may also participate in DR by interacting

Therefore, it is reasonable to hypothesize
with p53. This study was therefore performed to test this

hypothesis.

Materials and Methods

Study Subjects and Plasma

The present study included 3 groups of participants,
namely DR group, diabetes (DB) group, and healthy con-
trol (Control) group. DR group included 60 patients with
DR (34 males and 26 females, 38 to 66 years, 50.1£6.7
years), DB group included 60 diabetic patients without
obvious complications (34 males and 26 females, 37 to
66 years, 49.7+6.8 years), and Control group included 60
healthy volunteers (34 males and 26 females, 36 to 67
years, 49.94+6.9 years) from the Physiological Health
Center. All admitted to the
Lianyungang Second People’s Hospital between
December 2016 and December 2018. The inclusion cri-

teria were 1) all patients were newly diagnosed and 2) no

participants ~ were

therapies were performed. The exclusion criteria were 1)
other clinical disorders were observed and 2) patients
received any therapies within 3 months before admission.
All patients were educated with experimental principle and

Table 2 Primer Sequences Used in PCR

Table | Basic Clinical Characters of Participants in the 3 Groups
at the First Diagnose

Cases DR DB Control
60 60 60
Gender
Male 34 34 34
Female 26 26 26
Mean BMI 25.9+1.7* 25.4+2.1* 22.2+1.9
Habits
Smoking 30 (50%) 30 (50%) 30 (50%)
Drinking 45 (75%) 42 (70%) 43 (71.7%)

Note: *p <0.05 compared with the control group.

signed informed consent. This study passed the review of
the Ethics Committee of the aforementioned hospital.
Table 1 lists the basic clinical information of the 3 groups
of patients.

Serum Collection

Blood (5 mL) was extracted from each participant before
the initiation of any therapies, collected in ethylenediami-
netetraacetic acid disodium salt (EDTA) tubes, and centri-
fuged at 1200 g for 16 min to collect the supernatant
(plasma).

Cells and Transfections

Human retinal RPEC cell line hIRPE7 and ARPE-19 were
purchased from Sigma-Aldrich (USA) and cultured in
DMEM: F12 media containing 10% FBS at 37 °C in
a humidified incubator with 5% CO,.

LINCO00673 and p53 expression pcDNA3 vectors were
from GenePharma (Shanghai, China). Negative control
(NC) siRNA and LINC00673 siRNA were from Sangon
(Shanghai, China). h1RPE7 cells at 70-80% confluency
(about 10° cells) were transfected with 10 nM LINC00673
and p53 expression pcDNA3 vector (empty pcDNA3 vec-
tor as NC group) or 45 nM LINCO00673 siRNA (NC
siRNA as NC group) using Lipofectamine 2000 reagent
(Invitrogen, USA). Control cells were untransfected cells.

Gene Forward Primer (5'-3") Reversed Primer (5'-3")
Linc00673 CCGTGTAAAGAGGCCAGTGT ACACGAGCCTTCACCATCAG
TP53 GCCCACTTCACCGTACTAACCA GAAACTACCAACCCACCGACCA
I8s rRNA CGGCTACCACATCCAAGGAA GCTGGAATTACCGCGGCT
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Figure |1 LINC00673 and p53 showed opposite expression pattern in DR. LINC00673 and p53 levels in the plasma of 3 groups of participants were detected by RT-qPCR
and ELISA. (A) The expressions of LINC00673 levels in DR group, DB group, and control groups were detected by RT-qPCR. (B) Plasma p53 levels in DR group, DB group,
and Control groups were detected by the ELISA. The data were compared by ANOVA (one-way) and Tukey’s test. *p<0.05.

Subsequent experiments were performed at 24h of post-
transfection.

Quantitative Reverse Transcription
Polymerase Chain Reaction (RT-gPCR)

Total RNAs were extracted from 0.3 mL plasma or 10°
h1RPE7/ARPE-19 cells wusing Trizol reagent kit
(Invitrogen, USA). For high glucose treatment, hIRPE7/
ARPE-19 cells were treated with 5, 10, 30, and 60 mM
D-glucose for 24h before total RNA extraction. A total of
0.5 pg RNA from each sample were treated with DNase
I and subjected to reverse transcriptions using Quantitect
Reverse Transcription Kit (Qiagen, Shanghai, China).
A total of 1 puL cDNA template were added into a PCR
reaction system with 10 nM primers, 6 ul SYBR® Green
Master Mix (Bio-Rad, USA), and 5 pl water. The pPCRs
were performed for 35 cycles of annealing at 55 °C and
the extension at 72°C in a CFX96 Touch Deep Well RT-
PCR System (Bio-Rad, Hercules, CA). LINC00673 and
p53 mRNA expression was normalized to 18S rRNA, and
the fold changes in mRNA expression levels were calcu-
lated using the 27A4C method. Aliquots of the PCR pro-
ducts were separated on 1.5% agarose gels, and PCR
fragments were visualized by ethidium bromide staining.
All the primer sequences are available in Table 2.

Enzyme-Linked Immunosorbent Assay
(ELISA)

Serum p53 levels were detected using human p53 pre-
coated ELISA kits (ab46067, Abcam) in accordance with
the manufacturer’s instruction. The absorbance at 450 nm

of each well was collected using a microplate reader
(Thermo, Massachusetts). The standard diluents were
used for generating the standard curve. All samples were
measured in triplicate. The inter and the intra-assay coeffi-
cients derived from 6 to 8 samples were 22.5+1.67 ng/uL
(mean+SD, CV=6.2%) and 51.6+0.45 ng/uL (mean+SD,
CV=3.7%), respectively. Plasma p53 levels were normal-
ized to pg/mL with the minimum detectable level of <1.5
pg/mL.

Cell Apoptosis Analysis

h1RPE7 and ARPE-19 cells were harvested at 24h after
transfections. Under the conditions of 37 °C and 5% CO,,
h1RPE?7 cells were cultured in media containing 30 and 60
mM D-glucose for 24h with 3 biological replicates per
treatment. Each replicate included 2 mL of cell suspensions
containing 6x10? cells. After D-glucose treatment, h1RPE7
and ARPE-19 cells were digested with 0.25% trypsin and
suspended to a density at 5x10° cells/mL, followed by
staining with Annexin V-FITC (Dojindo, Japan) for 15 min
and propidium iodide (Dojindo, Japan) for 5 min and in the
dark. After removal of the staining solution, apoptotic cells
were detected and analyzed using flow cytometry
(FACSCanto II, BD Bioscience, USA) and Flowjo software.

Western Blot

h1RPE7/ARPE-19 cells were counted, and cell pellets con-
taining 2x10° cells were resuspended in 1 mL RIPA solution
(Cat# C500007-0010, Sangon) to perform total protein
extractions. Protein samples were boiled in water for 5 min,
followed by separation with 10% SDS-PAGE gel electro-
phoresis. The separated proteins were transferred onto poly
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Figure 2 LINC00673 negatively regulated p53. Linear regression showed that LINC00673 and p53 were inversely and significantly correlated in plasma of DR patients (A).
At 24h after the transfections of LINC00673 expression vector and siRNA, LINC00673 expression was significantly altered compared to NC and C groups, indicating the

successful transfections (B). In addition, compared to NC and C groups, LINC00673 overexpression downregulated while LINC00673 siRNA silencing upregulated p53 at
both mRNA and protein levels (C). *p<0.05.
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Figure 3 High glucose environment downregulated LINC00673 in hIRPE7 and
ARPE-19 cells. hIRPE7 cells (A) and ARPE-19 cells (B) were treated with
D-glucose at doses of 5, 10, 30, and 60 mM for 24h, and LINC00673 expression
was detected by RT-qPCR and analyzed by ANOVA (one-way) and Tukey’s test. It
was observed that D-glucose downregulated LINC00673 in a concentration-
dependent manner. *p<0.05.

(vinylidene fluoride) (PVDF) membranes, followed by incu-
bation with rabbit polyclonal primary antibodies against
GAPDH (ab9485, 1:800, Abcam) and p53 (abl131442,
1:800; Abcam) for at least 12 h at 4°C. The membranes
were further incubated with horseradish peroxidase-labeled
IgG (1:800, MBS435036,
MyBioSource) for 2h at 22 °C. Electrochemiluminescence
(ECL) substrate (Sigma-Aldrich, USA) was dropped onto the

PVDF membranes to produce signals. Data were analyzed

secondary  antibody

using Image J v1.46 software.

Statistical Analysis

Each experiment was repeated 3 times to calculate the
mean values. Differences among different participant
groups and among different cell groups were explored
using analysis of variance (ANOVA, one-way) and
Tukey’s test. Correlations were analyzed using linear
regression. Comparisons of clinical data among the 3
groups were performed by Chi-squared #-test. A p < 0.05
was statistically significant.

Results
LINCO00673 and p53 Showed Opposite

Expression Pattern in DR

Serum LINC00673 and p53 levels of the 3 groups of
participants were detected by RT-qPCR and ELISA,
respectively. Plasma LINC00673 levels (Figure 1A) were
significantly lower, and p53 levels were significantly
higher (Figure 1B) in DR group than in DB and Control
groups (p < 0.05). In addition, plasma LINC00673 levels
(Figure 1A) were significantly lower, and p53 levels were
significantly higher (Figure 1B) in DB group than in
Control group (p < 0.05). Moreover, analysis of the corre-
lations between LINC00673 and p53 showed that plasma
LINCO00673 and p53 levels were inversely and signifi-
cantly correlated in DR patients (Figure 2A).

High Glucose Environment
Downregulated LINC00673 in hIRPE7

and ARPE-19 Cells

h1RPE7 and ARPE-19 cells were treated with D-glucose
at doses of 5 (physiological level), 10, 30 and 60 mM for
24h, and LINCO00673 expression was detected by RT-
gPCR. It was observed that D-glucose downregulated
LINCO00673 in a concentration-dependent manner in vitro
(Figure 3, p < 0.05).

LINCO00673 Negatively Regulated p53 in
hIRPE7 and ARPE-19 Cells

LINC00673 expression vector and siRNA were transfected
into h1RPE7 cells and ARPE-19 cells. At 24h following
transfections, LINCO00673 expression was significantly
altered at 24h after transfections comparing to C and NC
groups (Figure 2B, p < 0.05). In addition, compared to
C and NC groups, LINC00673 overexpression downregu-
late, while LINC00673 siRNA silencing upregulated p53
(Figure 2C, p < 0.05). LINC00673 may negatively
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Figure 4 LINC00673 inhibited apoptosis of hIRPE7 and ARPE-19 cells under a high glucose environment via p53. hIRPE7 cells (A) and ARPE-19 cells (B) were treated with
30 and 60 mM D-glucose for 24h, followed by the analysis of cell apoptosis. Compared to C and NC groups, LINC00673 overexpression decreased while LINC00673 siRNA
silencing increased the apoptotic rate of RPECs. In addition, p53 overexpression reduced the effect of LINC00673 overexpression. ¥p<0.05.
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regulate p53 expression as a competing endogenous RNA
(ceRNA). We searched the LncBase database and
miRWalk database for ceRNA analysis on LINC00673
and p53. We selected the top 10 target miRNAs of
LINCO00673 with the most associations
Cytoscape

and wused
to draw the ceRNA network map of
LINC00673, as shown in Supplementary Materials.

LINCO00673 Inhibited the Apoptosis of
hIRPE7 and ARPE-19 Cells Under High

Glucose Environment via p53

h1RPE7 and ARPE-19 cells were treated with 30 and 60
mM D-glucose for 24h, followed by the analysis of cell
apoptosis. Compared to C and NC groups, LINC00673
overexpression decreased while LINC00673 siRNA silen-
cing increased the apoptotic rate of RPECs (Figure 4, p <
0.05). In addition, p53 overexpression reduced the effect
of LINC00673 overexpression (Figure 4, p < 0.05).

Discussion

In the present study, we investigated the role of
LINC00673 in DR and found that LINC00673 was down-
regulated in DR, and LINC00673 overexpression might
prevent the apoptosis of retinal pigment epithelial cells by
downregulating p53.

The expression pattern and functionality of LINC00673
have been widely studied in cancer biology.'*'* However,
the involvement of this IncRNA in other human diseases is
still unknown. In this study, we observed downregulated
LINC00673 in DR and DB patients compared to healthy
controls. In addition, LINC00673 expression levels were
also significantly lower in DR patients than in DB patients.
Moreover, high glucose treatment also downregulated
LINCO00673 in retinal pigment epithelial cells. Therefore, it
is reasonable to hypothesize that LINC00673 is downregu-
lated with the development of diabetes, and the further
downregulation of LINC00673 is accompanied by the
occurrence of DR, or LINC00673 downregulation contribute
to the development of DR.

Retinal pigment epithelium is the blood-retinal
barrier.'* During the development of DR, retinal pigment
epithelial cell apoptosis is induced, and barrier functions
of the
affected.'*'> Therefore, inhibition of retinal pigment

retinal pigment epithelium are seriously
epithelial cell apoptosis is critical to maintaining normal
eye functions.'*'> The apoptosis of retinal pigment

epithelial cells induced by high glucose metabolism can

be regulated by IncRNAs. LncRNA BDNF-AS down-
regulates BDNF to regulate the apoptosis of retinal pig-
ment epithelial cells induced by high glucose.'® In
another study, Zhou et al reported that downregulation
of IncRNA NKILA played a protective role in retinal
pigment epithelial cells under hypoxic conditions.'”
Inactivation of p53 signaling prevents the apoptosis of
retinal pigment epithelial cells induced by oxidative
damage.'® It has been reported that LINC00673 interacts
with EZH2 and DNMT1 to downregulate p53 in papil-
lary thyroid carcinoma.'? In this study, we proved that
LINCO00673 also negatively regulated p53 in retinal pig-
ment epithelial cells, and p53 downregulation by
LINCO00673 suppressed the apoptosis of retinal pigment
epithelial cells under high glucose treatment. Therefore,
LINCO00673 overexpression might improve the condi-

tions of DR.

Conclusion

LINCO00673 was downregulated in DR, and LINC00673
overexpression may inhibit the apoptosis of retinal pig-
ment epithelial cells in a high glucose environment by
downregulating p53.
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