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Background: Long noncoding RNA (IncRNA) acts as key regulator in human cancers, including retinoblastoma. However,
the function of LINCO0152 remains largely unknown in retinoblastoma. Thus, this study aimed to explore the
role and molecular mechanisms of LINCO0152 in retinoblastoma.

Material/Methods: The real-time quantitative polymerase chain reaction (RT-qPCR) was used to quantify the expression levels of
LINC00152, miR-613 and yes-associated protein 1 (YAP1). The target genes of LINC0O0152 and miR-613 were
identified by dual-luciferase reporter analysis, RNA immunoprecipitation (RIP) and RNA pulldown assays. The via-
bility, apoptosis, and invasion of retinoblastoma cells were assessed by Cell Counting Kit-8, flow cytometry,
and Transwell assays, respectively. In addition, western blot was used to test the protein expression in retino-
blastoma cells or tissues. Cell sensitivity to carboplatin and adriamycin was analyzed by computing IC,; value.
The effects of LINCO0152 silencing in vivo were measured by a xenograft experiment.

Results: LINC00152 was obviously upregulated, while miR-613 was decreased in retinoblastoma tissues and cells.
MiR-613, a target of LINCO0152, was negatively regulated by LINCO0152. Functional experiment further illus-
trated that silencing of LINCO0152 evidently repressed proliferation, invasion, and autophagy while reinforced
apoptosis of retinoblastoma cells, besides, retinoblastoma cells were more sensitive to carboplatin and adriam-
ycin after knockdown of LINCO0152. Importantly, knockdown of LINCO0152-induced effects on retinoblastoma
cells could be overturned by introducing miR-613 inhibitor. Downregulation of miR-613 abolished silencing of
YAP1-effects on proliferation, apoptosis, invasion, autophagy, and chemoresistance of retinoblastoma cells.
The results of the xenograft experiment indicated that LINC00152 silencing impeded tumor growth in vivo.

Conclusions: Mechanistically, LINCO0152 enhanced the aggressiveness of retinoblastoma and boosted carboplatin and adri-
amycin resistance by regulating YAP1 by sponging miR-613 in human retinoblastoma.
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Material and Methods

Retinoblastoma is a common human malignant tumor in infants
and children with great life-threatening risks [1]. Consequently,
it is meaningful to find more effective therapy and possible
treatment targets for retinoblastoma. Recently, studies had
found potential molecular targets associated with initiation and
progression of retinoblastoma [2,3], but a clearer understanding
of occurrence and development of retinoblastoma is lacking.

Long noncoding RNA (IncRNA) is a noncoding RNA that acts as
a regulator and participates in proliferation, mobility, apopto-
sis, and differentiation by affecting target genes at the tran-
scription or post-transcription level [4,5]. Currently, dysregula-
tion expression of noncoding RNA has been observed in most
cancers and has been shown to be highly related to poor out-
comes of cancer patients [6]. It has been reported that IncRNA
acts as a platform and essential regulator between RNA and
cancer [7]. LncRNA LINC0O0152 is located at chromosome
2p11.2 and has been verified to act as an oncogenic RNA in
tumors [8,9]. Zhao et al. explored the effects of LINCO0152 si-
lencing on proliferation, colony formation, and apoptosis of
gastric cancer cells, implying that LINCO0152 can play a di-
agnostic and therapeutic role in gastric cancer [10]. Li et al.
confirmed that LINCO0152 could play an important role in the
pathogenesis and development of retinoblastoma, while the
mechanism of LINC00152 in retinoblastoma is still unclear [11].

In addition, accumulating evidence has indicated that microRNAs
(miRNAs) acts as regulators in malignant cancers by regulat-
ing oncogene expression [12]. A previous finding revealed that
miRNA-613 inhibited proliferation and metastasis of osteosar-
coma via regulating cellular-mesenchymal to epithelial tran-
sition factor [13]. Furthermore, Zhang et al. discovered the
downregulation of miR-613 in retinoblastoma cells, and fur-
ther gain-of-function research indicated that upregulation of
miR-613 impaired proliferation, invasion, and migration, and
resulted in cell cycle arrest of retinoblastoma in vitro by regulat-
ing E2F5 transcription factors [14]. Nevertheless, the regulatory
role of miR-613 in retinoblastoma has not been fully clarified.

Moreover, yes-associated protein 1 (YAP1) was overexpressed
and tightly connected with poor clinical prognosis in colorec-
tal carcinoma [15]. Liu et al. confirmed that YAP1 was a po-
tent oncogenic factor and reliable biomarker in hepatocellular
carcinoma [16]. Based on the aforementioned studies, in this
current study, we first measured the abundance of LINC00152
and miR-613 in retinoblastoma tissues and cell lines. We fur-
ther explored the influence of LINC00152 silencing on growth,
mobility, autophagy, and chemoresistance of retinoblastoma
cells. Besides, we validated the relationship among LINC00152,
miR-613, and YAP1 by dual-luciferase reporter assay and func-
tional experiments.

Clinical samples

We collected specimens of retinoblastoma tissue (n=36) and
normal retina tissues (n=36) from patients undergoing surgi-
cal resection at Ningbo Eye Hospital. The tissues were snap-
frozen in liquid nitrogen and conserved at -80°C until RNA ex-
traction. This study was conducted with approval by the Ethics
Committee of Ningbo Eye Hospital and written informed con-
sent was offered by all recruited patients. In addition, the clin-
icopathological features of retinoblastoma patients are pre-
sented in Table 1.

Cells culture

The human retinoblastoma cell lines Y79 and Weri-RB-1 were
purchased from American Type Culture Collection (ATCC,
Rockville, MD, USA). The human retinoblastoma cell lines
RBL-13 and SO-RB50, and the human retinal pigment epithe-
lial cell line ARPE-19 were procured from Cell Bank of Type
Culture Collection of Chinese Academy of Sciences (Shanghai,
China). All cells were grown in RPMI-1640 medium (Biochrom,
Berlin, Germany) supplemented with 10% fetal bovine serum
(Hyclone, South Logan, UT, USA), 100 units/mL of penicillin and
100 pg/mL of streptomycin (ScienCell, San Diego, CA, USA) in
a humidified atmosphere with 5% CO, at 37°C following the
instructions recommended by the ATCC.

Real-time quantitative polymerase chain reaction
(RT-qPCR)

TRIzol reagent (Thermo Fisher Scientific, Carlsbad, CA, USA)
was applied to isolate total RNA from tissue samples or
cells as instructed by the manufacturer. Subsequently, 5 pg
of the RNA was reverse transcribed to complementary DNA
with SuperScript Reverse Transcriptase Kit (Vazyme, Nanjing,
China) and microRNA Reverse Transcription Kit (Qiagen, Hilden,
Germany). RT-qPCR was performed to assess the relative ex-
pression level of RNA using SYBR Green PCR Master Mix kit
(Vazyme) on Roche LC480 system (Roche Applied Science,
Mannheim, Germany). The relative expression was examined
using 2744 method, with glyceraldehyde-3-phosphate de-
hydrogenase (GAPDH) or endogenous small nuclear RNA U6
as the internal control.

The specific primers used were:

LINC00152 (F, 5’-TGAGAATGAAGGCTGAGGTGT-3’,

R, 5’-GCAGCGACCATCCAGTCATT-3");

miR-613 (F, 5-GCCGAGAGGAATGTTCCTT-3’,

R, 5’-CTCAACTGGTGTCGTGGA-3");

YAP1 (F, 5’-CCCTCGTTTTGCCATGAACC-3’,

R, 5’-GTTGCTGCTGGTTGGAGTTG-3);

GAPDH (F, 5’-TCCCATCACCATCTTCCAGG-3’,
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Table 1. Association of LINCO0152 expression with clinicopathologic characteristics of retinoblastoma patients.

Parameter

High (n=18)

LINC0O0152 expression

P value*
Low (n=18)

* Chi-square test. ICRB — International Classification of Retinoblastoma.

R, 5’-GATGACCCTTTTGGCTCCC-3");
U6 (F, 5’-AACGCTTCACGAATTTGCGT-3’,
R, 5’-CTCGCTTCGGCAGCACA-3').

Dual-luciferase reporter assay

The fragments of LINC00152 or 3’UTR of YAP1 containing bind-
ing sites with miR-613 were amplified and cloned into the pGL3
luciferase reporter vector (Promega, Madison, WI, USA) to pro-
duce wildtype (WT) reporters, LINCO0152 MUT (mutant) and
YAP1 3’UTR-MUT were generated using KOD-plus-mutagenesis
kit (Toyobo, Osaka, Japan). Retinoblastoma cells were trans-
fected with indicated reporter vectors along with miR-613 or
miR-NC using Lipofectamine 2000 (Invitrogen, Carlsbhad, CA,
USA). At 36 hours after transfection, the cells were harvested
and lysed then assayed for firefly and Renilla luciferase activities

with the Dual-Luciferase Reporter Assay System (Promega). For
adjusting the differences among wells, the activity of Renilla
luciferase was used as an internal control.

RNA immunoprecipitation (RIP) and RNA pulldown assays

The RIP RNA-Binding Protein Immunoprecipitation Kit (Millipore,
Billerica, MA, USA) was applied for RIP assay. In short, cell ex-
tracts in RIP buffer were underwent incubation with mag-
netic beads pre-conjugated with antibodies objecting Ago2
(Abcam, Cambridge, MA, USA), with IgG (Abcam) as control.
After the magnetic beads were rinsed with wash buffer, and
then immunoprecipitated RNA complex was purified by treat-
ment with proteinase K and enrichment levels of LINC00152
and miR-613 were assessed by RT-gPCR.
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For RNA pulldown assay, the biotin label joined LINCO0152 to
form the Bio-LINC00152. Y79 and Weri-RB-1 cells were tiled
to 6-well plates and infected with Bio-LINCO0152, Bio-NC was
used as internal control. After 24 hours, cells were lysed and
incubated with streptavidin-coupled beads to form biotin-
miRNA-IncRNA. RNA was purified for RT-gPCR assay.

Cell transfection

MiR-613 mimic (miR-613) and its negative control (miR-NC),
and miR-613 inhibitor (anti-miR-613) and its negative control
(anti-miR-NC), 3 independent small interfering RNA (siRNA)
against LINCO0152 (si-LINCO0152#1, si-LINCO0152#2, and
si-LINC00152#3) and siRNA against YAP1 (si-YAP1) and their
control siRNA (si-NC), and specific short hairpin RNA (shRNA)
objecting LINC00152 (sh-LINC00152) and shRNA scrambled
control (sh-NC) were designed and synthesized from RiboBio
(Guangzhou, China). The overexpression vector of LINCO0152
(LINC00152) was acquired by cloning the LINC00152 coding
sequence into the vector (RiboBio), with empty vector as con-
trol. Y79 and Weri-RB-1 cells were seeded in 6-well plates and
cultured overnight before transfection, and then transfec-
tion assay was conducted with Lipofectamine 2000 reagent
(Invitrogen) in the light of the producer’s direction

Cell Counting Kit-8 (CCK-8) analysis

Cell proliferation was assessed with CCK-8 assay. In short, Y79
or Weri-RB-1 (4x10* cells) were placed into 96-well plates and
treated with indicated oligonucleotides or plasmids. Next, trans-
fected cells were cultured in an atmosphere with 5% CO, at 37°C
for 24 hours, 48 hours, and 72 hours. After that, 10 pL of CCK-8
solution was added to each well and incubated for another 3
hours. Subsequently, cell viability was examined by determining
optical density at 450 nm wavelength on a microplate reader
(Applied Biosystems, Foster City, CA, USA). The dose-response
curve was depicted by measuring the IC  and GraphPad Prism 7
software (GraphPad Inc., La Jolla, CA, USA).

Flow cytometry

In brief, 2x10° cells were harvested and washed twice with
phosphate-buffered saline buffer (PBS) to remove residual
medium. Then apoptosis assay was detected using apoptosis
Detection Kit (Thermo Fisher Scientific) based on the opera-
tion manual. The results were exhibited by the flow cytometry
(Applied Biosystems). Each sample was analyzed in triplicate.

Cell invasion assay
The 6-well Transwell chambers were used to investigate the

invasion capability of the retinoblastoma cells. Y79 and Weri-
RB-1 cells at the density 1x10° were resuspended in 200 pL of
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free serum medium and then implanted into the upper cham-
ber, while the lower chamber was added containing 10% se-
rum medium and then cultured at 37°C for 48 hours. After up-
per chambers were removed, the invaded cells were fastened
with 4% paraformaldehyde and dyed with 0.1% crystal vio-
let in lower chamber. Finally, the number of invaded cells was
calculated by using a microscope (Bio-Rad, Hercules, CA, USA)
in 4 randomly chosen fields.

Western blot assay

Retinoblastoma cells were lysed using radioimmunoprecipita-
tion buffer (Cell Signaling Technology, Danvers, MA, USA) with
1x protease inhibitors. After centrifugation, protein concentra-
tion was examined on SmartSpec Plus (Bio-Rad). Subsequently,
equal amount of proteins were separated by sodium dodecyl
sulfate polyacrylamide gel electrophoresis (SDS-PAGE) and
transferred to polyvinylidene fluoride (PVDF) membranes.
The membranes were blocked with 5% non-fat milk and in-
cubated with primary antibody against for p62 (1: 1000 di-
lution; ab109012; Abcam), LC3 (1: 1000 dilution; #4108; Cell
Signaling Technology), Beclin-1 (1: 1000 dilution; ab207612;
Abcam) and YAP1 (1: 1000 dilution; ab52771; Abcam), with
GAPDH (1: 2000 dilution; ab181602; Abcam) as the internal
control. After that, the membranes were incubated with horse-
radish peroxidase conjugated secondary antibodies (1: 2000
dilution; Abcam) for 1 hour at room temperature. Last, the sig-
nals were visualized and detected with enhanced chemilumi-
nescent method on Imaging System (Bio-Rad).

In vivo tumorigenicity study

All animal experiments were permitted by the Institutional
Animal Care and Use Committee of Ningbo Eye Hospital. For
analysis of LINC00152 function in vivo, 4-week-old male BALB/c
nude mice (Shanghai Experimental Animal Center, Shanghai,
China) were separated into 2 groups (n=6). Y79 cell (5x10° cells)
stably transfected with sh-LINC00152 or sh-NC were subcuta-
neously inoculated into the left armpit of nude mice. 4 days
later, volume of tumor was monitored every 4 days for a to-
tal of 7 times, and tumor size was calculated using V=%xab2
method (length (a) and width (b) length of the tumor). The mice
were euthanized, and the tumor was removed for the weight
detection after 28 days.

Statistical analysis

All data were exhibited as the mean+standard deviation us-
ing GraphPad Prism 7. Student’s t-test and %2 test were ap-
plied to determine the differences between 2 groups, while
one-way analysis of variance was used to determine the dif-
ferences among multiple groups. P<0.05 was deemed statis-
tical significance, and each sample was analyzed in triplicate.
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Figure 1. The expression levels of LINC0O0152 and miR-613 in retinoblastoma tissues and cells. (A) RT-qPCR was used to analyze the
expression level of LINCO0152 in retinoblastoma tissues and normal retina tissues. (B) The survival curves of retinoblastoma
patients were plotted using the Kaplan-Meier method with the log-rank test. (C) The expression level of miR-613 was
assessed by RT-gPCR assay in retinoblastoma tissues and normal retina tissues. (D) The correlation relationship between
miR-613 and LINC00152 was analyzed. (E) The expression levels of LINCO0152 and miR-613 in 4 human retinoblastoma
cell lines RBL-13, Y79, Weri-RB-1, and SO-RB50 and human retinal pigment epithelial cell line ARPE-19 were elevated using
RT-gPCR assay. ** P<0.01. RT-qPCR - real-time quantitative polymerase chain reaction.

Results

LINCO0152 was elevated and negatively correlated with
miR-613 in retinoblastoma

To begin with, RT-qPCR was used to reveal the expression
level of LINCO0152 in retinoblastoma tissues. As shown in
Figure 1A, the data suggested that LINCO0152 was promi-
nently overexpressed in retinoblastoma tissues compared
with normal retina tissues. Furthermore, the expression level
of LINC00152 was closely associated with overall survival time
of retinoblastoma patients, and patients with high expression
of LINCO0152 had a poor overall survival relative to low ex-
pression group (Figure 1B). Consistently, LINCO0152 level was
closely correlated to tumor size, clinical stage of staging sys-
tem according with international classification of retinoblas-
toma, and choroidal and optic invasion (Table 1). Conversely,
miR-613 was reduced in retinoblastoma tissues than con-
trol group (Figure 1C). Meanwhile, a negative correlation be-
tween LINC00152 and miR-613 in retinoblastoma tissues was
confirmed using Pearson’s correlation analysis (Figure 1D).
Consistently, LINCO0152 expression level was lower in ARPE-19
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cells than that in 4 human retinoblastoma cell lines (RBL-13,
Y79, Weri-RB-1, and SO-RB50), while miR-613 was overex-
pressed in ARPE-19 cells than that in human retinoblastoma
cell lines (Figure 1E). From these data, we concluded that
LINCO0152 was associated with poor prognosis of retinoblas-
toma and negatively correlated with miR-613 expression in
retinoblastoma tissues and cells.

LINCO0152 targetedly regulated miR-613 expression
in vitro

To understand the relationship between LINC0O0152 and
miR-613, we first screened the target genes of LINC00152 by
prediction of bioinformatics software starBase (http://star-
base.sysu.edu.cn/). The results indicated that miR-613 was a
target of LINCOO152 (Figure 2A). Next, dual-luciferase report
experiment was performed and showed that miR-613 mimic
significantly repressed the luciferase activity of LINCO0152-WT
reporter, but the luciferase activity in LINCO0152-MUT report-
er had no significant change (Figure 2B). Similar results were
observed in Weri-RB-1 cells (Figure 2C). RIP assay suggested
that LINC00152 and miR-613 were coimmunoprecipitated by
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Figure 2. MiR-613 was a target of LINCO0152. (A) The supposed binding sites between miR-613 and LINC00152, and the matched
mutant sites of LINC00152 MUT are shown. (B, €) Luciferase activity was measured in Y79 and Weri-RB-1 cells co-transfected
with LINCO0152 WT or LINCO0152 MUT luciferase reporter and miR-613 or miR-NC, respectively. (D-G) RIP and RNA-pull
down assays were used to verify the interacted relationship between miR-613 and LINCO0152. (H-K) RT-qPCR was conducted
to detect the expression levels of LINCO0152 and miR-613 in Y79 and Weri-RB-1 cells transfected si-LINCO0152#1,
si-LINC00152#2, si-LINCO0152#3, si-NC, LINCO0152, or Vector. ** P<0.01. RT-gPCR - real-time quantitative polymerase chain

reaction.

Ago2 antibody instead of 1gG antibody (Figure 2D, 2E). RNA
pulldown assay revealed that miR-613 was gathered in Bio-
LINC00152 group rather than in Bio-NC group (Figure 2F, 2G).
Subsequently, the loss-of-function experiment was performed
to assess expression level of LINC0O0152 in Y79 and Weri-RB-1
cells transfected with si-NC, si-LINCO0152#1, si-LINCO0152#2,
or si-LINCO0152#3, respectively. The data showed that 3
types of si-LINC00152 effectively inhibited LINCO0152 ex-
pression, while increased miR-613 expression, especially si-
LINCO0152#1; conversely, the gain-of-function experiment
manifested that retinoblastoma cells transfected with over-
expression plasmid of LINCO0152 resulted in dramatical up-
regulation of LINC0O0152 and downregulation of miR-613 by
RT-gPCR assay (Figures 2H-2K). Thus, it was concluded that
miR-613 was a target of LINCO0152.

Silencing of LINC0O0152 inhibited proliferation, invasion
and autophagy while induced apoptosis of retinoblastoma
cells by targeting miR-613

Biological effects of LINC0O0152 knockdown on proliferation,
invasion, apoptosis, and autophagy in retinoblastoma cells were
further explored. The results showed that retinoblastoma cells
transfection with si-LINC00152#1 effectively enhanced miR-613
expression in retinoblastoma cells, moreover, the miR-613 ex-
pression was significantly downregulated in cells transfect-
ed with anti-miR-613, interestingly, and co-transfection with
miR-613 inhibitor and si-LINC00152#1 into Y79 and Weri-RB-1
cells could weaken miR-613 expression when compared with
si-LINCO0152#1 group (Figure 3A, 3B). The data of CCK-8 assay
showed that knockdown of miR-613 reverted the reduction of
cell viability in Y79 and Weri-RB-1 cells caused by LINC00152

silencing (Figure 3C, 3D). Flow cytometry assay results re-
vealed that apoptosis rate of retinoblastoma cells was signifi-
cantly upregulated in retinoblastoma cells transfected with si-
LINCO0152#1 compared to si-NC group, while retinoblastoma
cells transfected with anti-miR-613 led to lower apoptosis rate
than anti-miR-NC group, and it is worth noted that LINC0O0152
silencing effects could be counteracted by introducing anti-
miR-613 into Y79 and Weri-RB-1 cells (Figure 3E). Consistent
with cell viability results, LINCO0152 silencing remarkably in-
hibited invasion of retinoblastoma cells, while miR-613 knock-
down induced opposite effects, interestingly, miR-613 silencing
abolished the inhibition effect of LINC00152 silencing on cells
invasion (Figure 3F). As presented in Figure 3G and 3H, LC3-II
level was lower in si-LINCO0152#1 group than control group,
accompanied by decreased LC3-11/LC3-l, in addition, p62 was
increased and Beclin-1 was declined in Y79 and Weri-RB-1 cells
transfected with si-LINCO0152#1, while but opposite results
were observed in Y79 and Weri-RB-1 cells alone transfected
with miR-613 inhibitor than cells transfected with anti-miR-NC,
what’s more, si-LINCO0152#1-induced effects was abolished
by co-transfection with si-LINCO0152#1 and miR-613 inhibi-
tor. All data indicated that LINCO0152 regulated cell prolifer-
ation, apoptosis, invasion and autophagy of retinoblastoma
cells by directly targeting miR-613.

Knockdown of LINC00152 inhibited chemoresistance of
retinoblastoma cells to carboplatin and adriamycin by
regulating miR-613

As shown in Figure 4A-4D, the results of the CCK-8 assay indi-
cated that Y79 and Weri-RB-1 cells infected with si-LINCO0152#1
exhibited a maximal sensitivity to carboplatin (IC, , 17.26 pyg/mL,

50’
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21.78 pg/mL) and adriamycin (IC,,, 6.167 pg/mL, 21.3 pg/mL).
Furthermore, the IC_ was ranked as follows: si-NC group > si-
LINCO0152#1 group, anti-miR-613 group > anti-miR-NC group,
interestingly, anti-miR-613 group > si-LINCO0152#1+anti-
miR-613 group > si-LINCO0152#1 group. Thus, LINC00152 reg-
ulated chemoresistance to carboplatin and adriamycin in Y79
and Weri-RB-1 cells by regulating miR-613 expression.
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MiR-613 targetedly regulated YAP1 expression in
retinoblastoma cells

Bioinformatics software starBase (http://starbase.sysu.edu.cn/)
analysis implied that miR-613 had binding sites with 3’UTR of
YAP1 (Figure 5A). The luciferase reporter vector assay was used
to confirm the prediction. Following the results suggested that
elevated expression of miR-613 effectively decreased the lucifer-
ase activity of YAP1-WT reporter, however, luciferase activity of
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Figure 3. LINCO0152 regulated proliferation, invasion, apoptosis and autophagy of retinoblastoma cells by targeting miR-613.
(A-H) Y79 and Weri-RB-1 cells were transfected with si-NC, si-LINC0O0152#1, anti-miR-NC, anti-miR-613, or si-
LINCOO0152#1+anti-miR-613, untransfected cells as internal control. (A, B) The expression level of miR-613 in transfected
Y79 and Weri-RB-1 cells was assessed by RT-gPCR assay. (C, D) CCK-8 assay was performed to evaluate retinoblastoma cell
viability at the indicated time points after transfection. (E, F) Cell apoptosis rate and invasion ability were detected in Y79
and Weri-RB-1 cells by flow cytometry and Transwell assays, respectively. (G, H) The protein expression levels of p62, LC3-I,
LC3-Il and Beclin-1 were examined in Y79 and Weri-RB-1 cells with western blot assay. * P<0.05; ** P<0.01. RT-qPCR — real-
time quantitative polymerase chain reaction; CCK-8 — Cell Counting Kit-8.
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Figure 4. Sensitivities of retinoblastoma cells to carboplatin and adriamycin. (A-D) Cell viability was assessed by CCK-8 assay in Y79
and Weri-RB-1 cells transfected with si-NC, si-LINCO0152#1, anti-miR-NC, anti-miR-613, or si-LINCO0152#1+anti-miR-613,
untransfected cells as internal control, following treated with carboplatin and adriamycin in different concentrations.

CCK-8 - Cell Counting Kit-8.

YAP1-MUT almost unchanged by miR-613 mimic (Figure 5B, 5C).
To clarify the regulatory impact between miR-613 and YAP1, we
first examined the relative expression level of YAP1 in retino-
blastoma cells transfected with miR-613, miR-NC, anti-miR-613
or anti-miR-NC by RT-qPCR assay. The results indicated that the
mRNA expression level of YAP1 was significantly downregulat-
ed in miR-613 group when compared with matched miR-NC
group, conversely, miR-613 knockdown effectively enhanced
YAP1 expression (Figure 5D, 5E). The same results were found
in Figure 5F and 5G, as certificated by western blot assay. As
shown in Figure 5H, YAP1 was enhanced in retinoblastoma tis-
sues than control group. Finally, we also proved that the neg-
ative correlation relationship between miR-613 and YAP1 was
existed in retinoblastoma tissues (Figure 5l). These results sug-
gested that miR-613 negatively regulated YAP1 expression in
retinoblastoma cells.

Knockdown of YAP1 abolished miR-613-mediated effects
on proliferation, invasion, apoptosis, autophagy, and
chemoresistance of retinoblastoma cells

As shown in Figure 6A-6C, the protein and mRNA expression
levels of YAP1 were lower in si-YAP1 group than si-NC group,
however, downregulation of miR-613 remedied the inhibition
effects on YAP1 expression in Y79 and Weri-RB-1 cells. CCK-8
assay was conducted and indicated that cell viability was ob-
viously downregulated in cells transfected with si-YAP1, while
introduction of miR-613 inhibitor effectively abolished inhibition
effects of YAP1 silencing on cell proliferation (Figure 6D, 6E).
Flow cytometry assay revealed that retinoblastoma cells trans-
fected with si-YAP1 led to higher apoptosis rate than si-NC
group, meanwhile, apoptosis rate of Y79 and Weri-RB-1 cells
could be downregulated by introducing with miR-613 inhibitor
(Figure 6F). Moreover, knockdown of YAP1 remarkably inhibit-
ed invasion of retinoblastoma cells, while silencing of miR-613
abolished the inhibition effect on cell invasion caused by YAP1
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Figure 5. MiR-613 regulated YAP1 expression in retinoblastoma cells. (A) The binding sequences between 3’UTR of YAP1 and miR-613
were predicted by bioinformatics software starBase. (B, C) Dual-luciferase reporter assay was used to assess luciferase
activity in Y79 and Weri-RB-1 cells. (D-G) The mRNA and protein expression levels of YAP1 in Y79 and Weri-RB-1 cells
introduced with miR-613, miR-NC, anti-miR-613, or anti-miR-NC were measured by RT-qPCR and western blot, respectively.
(H) RT-gPCR analysis was used to measure the mRNA expression level of YAP1 in retinoblastoma tissues and normal retina
tissues. (I) Correlation analysis between miR-613 and YAP1 was conducted. ** P<0.01. RT-gPCR - real-time quantitative

polymerase chain reaction.

silencing (Figure 6G). In addition, we performed western blot as-
say to detect autophagy markers. Inhibition of YAP1 decreased
the expression of LC3-1I/LC3-1 and Beclin-1, while increased
p62 level; co-transfection with si-YAP1 and anti-miR-613 over-
turned this effects induced by YAP1 knockdown (Figure 6H, 6l).
Furthermore, knockdown of YAP1 inhibited chemoresistance
of Y79 and Weri-RB-1 cells to carboplatin (IC,,, 19.28 pg/mL,

507

18.41 pg/ml) and adriamycin (IC,,, 9.209 pg/mL, 19.97 pg/mL),
while Y79 and Weri-RB-1 cells co-transfected with si-YAP1 and
anti-miR-613 partly raised IC_, (carboplatin, 23.75 pug/mL and
24.36 pg/mL) and (adriamycin, 11.87 pg/mL and 30.68 pg/mL)
(Figure 6)-6M). Collectively, miR-613 regulated YAP1 expres-
sion to mediate proliferation, invasion, apoptosis, autophagy
and chemoresistance of retinoblastoma cells.
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LINCO0152 regulated YAP1 in retinoblastoma cells by
sponging miR-613

The RT-gPCR and western blot assay were utilized to evaluate
the mRNA and protein expression levels of YAP1 in Y79 and
Weri-RB-1 cells. The data exhibited that the expression level
of YAP1 was obviously downregulated in cells transfected with
si-LINC00152#1 than si-NC control group, while miR-613 silenc-
ing effectively eliminated downregulation of YAP1 caused by
LINC00152 knockdown (Figure 7A-7C). In the end, a positive
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correlation between YAP1 and LINC00152 in retinoblastoma
tissues was confirmed using RT-gPCR assay (Figure 7D). In
short, LINC00152 knockdown inhibited YAP1 expression by
targeting miR-613 in vitro.

Knockdown of LINCO0152 impeded tumor growth in vivo
As shown in Figure 8A and 8B compared with the sh-NC

group, the volume and weight of tumor in sh-LINC00152
group were significantly decreased. Moreover, RT-gPCR assay
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Figure 6. MiR-613 regulated proliferation, invasion, autophagy, apoptosis and chemoresistance of retinoblastoma cells by affecting
YAP1 expression. (A-M) Y79 and Weri-RB-1 cells were transfected with si-NC, si-YAP1, si-YAP1+anti-miR-NC, or si-YAP1+anti-
miR-613. (A-C) The expression levels of YAP1 in transfected Y79 and Weri-RB-1 cells were measured by RT-qPCR and
western blot assays. (D, E) Cell viability was evaluated by CCK-8 assay in Y79 and Weri-RB-1 cells after transfection. (F) Cell
apoptosis rate was analyzed in Y79 and Weri-RB-1 cells with flow cytometry assay. (G) Transwell assay was performed to
assess invasion ability of Y79 and Weri-RB-1 cells post-transfection. (H, I) The protein expression levels of p62, LC3-I, LC3-II
and Beclin-1 were determined with western blot assay. (J-M) IC,, value of carboplatin and adriamycin in Y79 and Weri-RB-1
cells was calculated with CCK-8 assay. ** P<0.01. RT-qPCR - real-time quantitative polymerase chain reaction; CCK-8 — Cell

Counting Kit-8.

indicated that compared with sh-NC group, LINCO0152 and
YAP1 were declined, while miR-613 was highly expressed in
sh-LINC00152 group (Figure 8C-8E). Western blot assay indi-
cated that downregulation of LINC00152 inhibited protein lev-
el of YAP1 (Figure 8F). Thus, these results indicated that down-
regulation of LINC00152 inhibited tumor development in vivo.

Discussion

Retinoblastoma is a kind of intraocular malignant tumor in chil-
dren, originating from the primitive stem cells of the retina,
with a high death rate in developing countries [17,18]. Although
well medical treatment of developed countries, including early
diagnosis and accurate prognosis, protected children against
retinoblastoma, which became no longer dead disease [19,20],
it was important to identify more effective and novel molec-
ular prognostic indicator for retinoblastoma.

Upregulation of LINC00152 was found in gastric cancer [21],
tongue squamous cell carcinoma [22], and gallbladder can-
cer [23]. Agreement with this result, our data revealed that
LINC00152 was elevated in retinoblastoma tissues and cells than
matched control. Importantly, silencing of LINCO0152 repressed
cell growth, invasion, and chemoresistance of retinoblastoma
cell in vitro, consistently, in vivo study implied that insufficient
of LINCO0152 inhibited tumor growth in a nude mouse model|,
revealing that LINCO0152 played tumorigenic roles in retino-
blastoma. Besides, the knockdown of LINCO0152 repressed cell
autophagy by declining the protein expression of LC3-II/LC3-I

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)

and enhancing p62 expression. Analogously, Bian et al. found
that LINC00152 enhanced chemoresistance and proliferation
in colorectal cancer by targeting miR-139-5p [24].

Accumulative evidence documented that IncRNA regulated the
expression of target mRNAs by acting as competitive endoge-
nous RNAs (ceRNAs) to sponge miRNAs. Based on the aforemen-
tioned studies, the sponging relationship between LINCO0152
and miR-613 was verified through dual-luciferase reporter, RIP,
and RNA pulldown assays. The analysis results indicated that
miR-613 was a functional target of LINCO0152 in retinoblas-
toma. Moreover, LINC0O0152 knockdown mediated-effects on
proliferation, invasion, apoptosis, autophagy and chemoresis-
tance were reversed by introducing with miR-613 inhibitor. Next,
we also investigated plenty of findings to clarify function of
miR-613 in development of human cancers. Some studies were
conducted and indicated that miR-138 may serve as a tumor
inhibitor in some cancers [25,26]. We observed miR-613 was
decreased and LINC00152 enhanced progression of retinoblas-
toma by sponging miR-613. Furthermore, research results indi-
cated that YAP1 was directly targeted by miR-613 and a signif-
icant inverse correlation between them was also confirmed in
retinoblastoma tissues. What is more, functional experiment
suggested that downregulation of miR-613 counteracted the
impact of YAP1 silencing on proliferation, invasion, apopto-
sis, autophagy and chemoresistance of retinoblastoma cells.

As for YAP1, activator of transcription, played a critical role
in chemoresistance. For instance, Song et al. described that
enforced expression of YAP1 intensified cell resistance to
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Figure 7. LINC0O0152 promoted YAP1 expression in retinoblastoma cells by targeting miR-613. (A-C) The protein and mRNA
expression levels of YAP1 in Y79 and Weri-RB-1 cells transfected with si-NC, si-LINCO0152#1, si-LINCO0152#1+anti-miR-NC,
or si-LINCOO152#1+anti-miR-613 were detected by western blot and RT-qPCR assays, correspondingly. (D) Correlation
analysis between LINC0O0152 and YAP1 was executed in retinoblastoma tissues. ** P<0.01. RT-qPCR — real-time quantitative

polymerase chain reaction.

5-fluorouracil and docetaxcel in esophageal cancer [27].
Conversely, in combination of YAP1 inhibitors and cetuximab
could sensitize colorectal cells to cetuximab [28]. The results
in this paper revealed that YAP1 was overexpressed in retino-
blastoma tissues and cells than controls, and the functional
experiment revealed that YAP1 was declined in retinoblastoma
cells transfected with miR-613 inhibitor, and its expression
was increased when miR-613 silencing, suggesting YAP1 was
negatively regulated by miR-613 in retinoblastoma. Moreover,
knockdown of YAP1 inhibited proliferation, invasion, autoph-
agy, and chemoresistance while induced apoptosis of retino-
blastoma cells. Analogously, shortage of YAP1 could overturn
the adriamycin-resistant phenotype of hepatocellular carci-
noma cells, no matter in vitro or in vivo [29].

Collectively, we discovered that LINCO0152 was increased in
retinoblastoma tissues and cells compared with matched nega-
tive control. Mechanism analysis revealed that LINC00152 reg-
ulated YAP1 expression in retinoblastoma cells by sponging
miR-613, suggesting that LINC00152 modulated miR-613/YAP1
axis to stimulate retinoblastoma process.

Conclusions

This study showed that LINCO0152 served as an oncogene and
was increased in human retinoblastoma tissues. Knockdown of
miR-613 abrogated the effects of LINC0O0152 knockdown on pro-
liferation, invasion, apoptosis, autophagy, and chemoresistance
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Figure 8. Shortage of LINCO0152 impeded tumor growth in vivo. (A, B) The volume and weight of tumor were displayed.
(C-E) The mRNA expression levels of LINCO0152, miR-613, and YAP1 in dissected tumor tissues were estimated with
RT-gPCR assay. (F) Western blot assay was used to assess protein level of YAP1 in removed tumor tissues. * P<0.05; ** P<0.01.
RT-gPCR - real-time quantitative polymerase chain reaction.

in retinoblastoma cells. Additionally, miR-613 negatively regu- Conflicts of interest
lated YAP1 expression in retinoblastoma cells. Thus, LINC00152/

miR-613/YAP1 axis may be a potential target for retinoblas- None.

toma diagnosis.
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