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Background: A growing body of evidence supports the involvement of long noncoding RNA 

00152 (LINC00152) in the progression and metastasis of multiple cancers. However, the exact 

roles of LINC00152 in the progression of human retinoblastoma (RB) remain unknown. We 

explored the expression and biological function of human RB.

Materials and methods: The expression level of LINC00152 in RB tissues and cells was 

analyzed using quantitative real-time PCR. The function of LINC00152 was determined using 

a series of in vitro assays. In vivo, a nude mouse model was established to analyze the function 

of LINC00152. Gene and protein expressions were detected using quantitative real-time PCR 

and Western blot assays, respectively.

Results: The expression of LINC00152 mRNA was upregulated in RB tissues and cell lines. 

Knockdown of LINC00152 significantly inhibited cell proliferation, colony formation, migra-

tion, and invasion and promoted cell apoptosis and caspase-3 and caspase-8 activities in vitro, 

as well as suppressing tumorigenesis in vivo. We identified several genes related to prolifera-

tion, apoptosis, and invasion including Ki-67, Bcl-2, and MMP-9 that were transcriptionally 

inactivated by LINC00152.

Conclusion: Taken together, these data implicate LINC00152 as a therapeutic target in RB.
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Introduction
Retinoblastoma (RB) is the most common primary intraocular malignant tumor in 

infants and children.1 Patients with RB suffer multiple life-threatening risks that 

include RB cell invasion, malignant transformation of intracranial neuroblastoma, 

and heterochronogenous tumor.2 Despite substantial improvements in therapeutic 

techniques, the survival rate is still poor for RB patients, mainly because of its limited 

sensitivity to chemotherapy and radiotherapy.3 Although a number of studies have 

addressed genome alterations and splicing defects in RB, the details of pathogenesis in 

RB remain largely unclear. Understanding the molecular events involved in the initia-

tion and progression of RB and developing molecular targeted therapeutic strategies 

are urgently required to treat this disease.

Long noncoding RNAs (lncRNAs) are a class of noncoding RNA transcripts that 

exceed 200 nucleotides in length. Most lncRNAs lack protein-coding capability.4 

lncRNAs are reportedly involved in a variety of biological processes such as cell apop-

tosis, proliferation, metastasis, chemotherapy drug resistance, and differentiation.5,6 

Accumulating evidence indicates that the dysregulation of lncRNAs plays a crucial 

role in cancer initiation and progression, including in RB,7–9 suggesting that lncRNAs 
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might be useful as a diagnostic marker and a therapeutic 

agent for RB.

Long intergenic noncoding RNA (lincRNA) 152 

(LINC00152) is an 828 base pair lncRNA located on chro-

mosome 2p11.2. It is highly conserved among mammals.10 

LINC00152 is reportedly upregulated and is closely 

associated with the progression and prognosis of multiple 

cancers.11–19 However, the role and underlying molecular 

mechanism of LINC00152 in RB remain unclear. In this 

study, we measured the expression of LINC00152 in RB 

tissues and cell lines, the effect of LINC00152 on cell 

proliferation, colony formation, migration, and invasion in 

RB, and examined the mechanisms of action underlying the 

effects of LINC00152 in RB.

Materials and methods
human tissue samples and cell lines
A total of 24 human RB specimens were obtained from patients 

(mean age 5.5 years) with RB at the Department of Ophthal-

mology, The First Hospital of Jilin University (Changchun, 

People’s Republic of China). Retina tissues from the ruptured 

globes of 6 patients (mean age 8.3 years) were used as the 

control. All tissue samples were stored in liquid nitrogen 

immediately after resection and were maintained there until use. 

All patients were diagnosed based on a postoperative patho-

logical analysis by three pathologists. The study protocol was 

approved by the Ethics Committee of The First Hospital of Jilin 

University (Changchun, People’s Republic of China), and was 

verified to be in accordance with the guidelines of the Helsinki 

Declaration. Written informed consent was obtained from all 

participants for the use of their tissues for this research.

The human retinal pigmented epithelial cell line ARPE-19 

and 2 RB cell lines (Y79 and SO-RB50) were obtained from 

the Institute of Biochemistry and Cell Biology of the Chinese 

Academy of Sciences (Shanghai, People’s Republic of China). 

ARPE-19 cells were cultured in Dulbecco’s Modified Eagle’s 

Medium/F12 Medium (Invitrogen, Carlsbad, CA, USA) sup-

plemented with 10% fetal bovine serum (FBS; Gibco, Grand 

Island, NY, USA). Y79 and SO-RB50 cells were maintained 

in Roswell Park Memorial Institute-1640 medium (Gibco) 

supplemented with 10% FBS. All cells were cultured in a 

humidified atmosphere of 95% air and 5% CO
2
 at 37°C.

cell transfection and generation of stably 
transfected cells
A positive short hairpin RNA (shRNA) was designed to target 

different regions of the LINC00152 gene. Corresponding 

scramble negative control (NC) shRNA was designed and 

synthesized by Ribobio (Guangzhou, People’s Republic 

of China). The shRNAs were inserted into the pGenesil-1 

vector (Ribobio) and were used to transform competent 

Escherichia coli DH5α (Tiangen, Beijing, People’s Republic 

of China). The recombinant plasmids were determined by 

enzyme identification and sequencing by Sangon Biotech 

Co. (Shanghai, People’s Republic of China). The plasmids 

were designated sh-LINC00152 and sh-NC. The constructed 

shRNAs plasmids were transfected into Y79 cells in 6-well 

plates using Lipofectamine™ 2000 (Invitrogen) according 

to the manufacturer’s protocol. Forty-eight hours after trans-

fection, complete medium containing 800 μg/mL Geneticin 

(G418; Invitrogen) was added and the cells were cultured 

for 2 weeks to allow the growth of positive colonies. Stable 

cell lines were established by expanded culture and were 

designated Y79/sh-LINC00152 and Y79/sh-NC.

rna extraction and quantitative real-time 
polymerase chain reaction (qrT-Pcr)
Total RNA was extracted from tissues or cultured cells using 

TRIzol Reagent (Invitrogen) according to the manufacturer’s 

protocol. The extracted RNA was reverse-transcribed into 

complementary DNA (cDNA) using the Prime-Script RT 

reagent Kit (Takara, Dalian, People’s Republic of China). 

qRT-PCR was performed using SYBR® Premix Ex Taq™ 

II (Takara) using an Applied Biosystems 7500HT system 

(Applied Biosystems, Foster City, CA, USA). β-actin was used 

as endogenous control for the quantification of LINC00152. 

The relative expression levels of LINC00152 were cal-

culated using the 2-ΔΔCt method. Primer sequences were: 

β-actin, 5′-AGCGAGCATCCCCCAAAGTT-3′ (forward) 

and 5′-GGGCACGAAGGCTCATCATT-3 (reverse); and 

LINC00152, 5′-TGAGAATGAAGGCTGAGGTGT-3′ 
(forward) and 5′-GCAGCGACCATCCAGTCATT-3′ 
(reverse).

cell proliferation and colony formation 
assay
Transfected cells were seeded into 96-well plates at a density 

of 5×103 cells per well and cultured for 24–96 h. Cell pro-

liferation was determined at 24, 48, 72, and 96 h using a 

CCK-8 assay (Dojindo Laboratories, Rockville, MD, USA) 

following the manufacturer’s instructions. The absorbance 

value of each sample was recorded at 450 nm using a Bench-

mark Plus™ microplate spectrometer (Bio-Rad, Hercules, 

CA, USA).
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For the colony formation assay, the 6-well plate was 

pretreated with 1,000 μL of 0.1 mg/mL Poly-l-Lysine 

hydrobromide (Sigma-Aldrich, St Louis, MO, USA) accord-

ing to manufacturer’s instructions. Then Y79 cells stably 

expressing sh-LINC00152 (Y79/sh-LINC00152) or sh-NC 

(Y79/sh-NC) were seeded into 6-well plates at a density 

of 500 cells per well and cultured for 10 days. The culture 

medium was replaced with fresh medium every 24 h. After 

incubation for 10 days, the cells were fixed with methanol 

and Giemsa stained. The fixed colonies were photographed 

and counted.

apoptosis assay
Cell apoptosis was determined using Annexin V-APC/ 

7-AAD (BD Biosciences, Santa Clara, CA, USA) follow-

ing the instructions of the manufacturer. Cell samples were 

analyzed using a FACScan (Becton-Dickinson) and apoptotic 

fractions were recorded.

Caspase-3 and -8 activities were determined by an 

enzyme-linked immunosorbent assay (ELISA). Briefly, cells 

were collected by centrifugation at 3,000 ×g for 10 min at 

4°C at 48 h posttransfection. Caspase-3 and -8 activities in 

the supernatant were determined using the caspase-3 and -8 

ELISA kit (Thermo Fisher Scientific, Waltham, MA, USA), 

respectively, following per manufacturer’s protocol.

cell migration and invasion assays
To explore the effect of LINC00152 on migration in Y79 

cells, we performed a wound-healing assay in 24-well dishes. 

The 24-well plate was pretreated with 500 μL of 0.1 mg/mL 

Poly-l-Lysine hydrobromide (Sigma-Aldrich) according to 

manufacturer’s instructions. At 24 h post-transfection, an 

artificial homogeneous wound was created on the monolayer 

using a sterile pipette tip, followed by growth in serum-free 

medium for 24 h. The mobilized cells were observed under 

a light microscope (Olympus, Tokyo, Japan). The migration 

distance was measured using NIS-Element Basic Research 

v3.2 software (Nikon, Tokyo, Japan).

The cell matrigel invasion assays were performed using 

24-well chemotaxis matrigel chambers (BD BIOCOAT 

Matrigel chambers, BD Biosciences, 8 μm pore size). The 

24-well plate was pretreated with 500 μL of 0.1 mg/mL 

Poly-l-Lysine hydrobromide. 1×105 transfected cells were 

resuspended in 200 μL serum-free medium and seeded 

into the upper chambers of a Transwell apparatus with 

Matrigel™ Basement Membrane Matrix (BD Biosciences). 

Medium (600 μL) containing 10% FBS was added to the 

lower chambers of each Transwell apparatus to stimulate 

cell invasion. After incubation for 24 h, cells in the upper 

chambers were removed, while cells that migrated to the 

lower surface were fixed with 70% ethanol and stained 

with 0.1% crystal violet. Stained cells were observed in 

5 randomly selected fields using a light microscope (200× 

magnification, Olympus).

Western blotting
The total cell lysates were collected with RIPA buffer 

(Beyotime, Jiangsu, People’s Republic of China) and quanti-

fied using the Bradford method. Proteins were separated by 

10% sodium dodecyl sulfate-polyacrylamide gel electropho-

resis and subsequently transferred to polyvinylidene difluo-

ride membranes (Merck Millipore, Darmstadt, Germany). 

The membranes were blocked with 5% milk in Tris-buffered 

saline containing Tween 20 and probed with the follow-

ing primary antibodies: anti-Ki-67, anti-Bcl-2, anti-matrix 

metalloproteinase-2 (MMP-2), and anti-β-actin (all from 

Santa Cruz Biotechnology, Inc., Santa Cruz, CA, USA). 

After incubation with corresponding horseradish peroxidase-

conjugated secondary antibodies, protein bands were 

visualized using an enhanced chemiluminescence system 

(Thermo Fisher Scientific). The relative protein intensities 

were quantified using Gel-pro Analyzer® software (Media 

Cybernetics, Rockville, MD, USA).

Xenograft tumor model
BALB/c-nu mice (5–6 weeks of age, 20–25 g) were obtained 

from the Experimental Animal Center of Jilin University. All 

animals were maintained and used in accordance with the 

guidelines of the Institutional Animal Care and Use Com-

mittee of the Jilin University (Changchun, People’s Republic 

of China). All experimental protocols were approved by the 

Institutional Animal Care and Use Committee of the Jilin 

University.

Approximately 3×106 Y79/sh-LINC0015 or Y79/sh-NC 

cells in 200 μL of serum-free medium were injected directly 

into the left dorsal flank of a mouse. Tumor volume was 

measured with calipers every 5 days from the first injection 

until sacrifice, and the tumor volumes were calculated as 1/2 

(length × width2). Mice were euthanized and the wet weight 

of each tumor was examined 30 days after the injections. 

Tumor tissues were stored at -80°C until use.

statistical analyses
SPSS statistical software for Windows Version 19 (IBM 

Corporation, Armonk, NY, USA) was used for statistical 
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analysis. All quantitative data are presented as the mean ± 

standard deviation from at least three independent replicates. 

Statistical significance was tested using the Student’s t-test or 

one-way analysis of variance. Differences were considered 

to be statistically significant at P,0.05.

Results
linc00152 is overexpressed in rB 
specimens and cell lines
To investigate the potential role of LINC00152 in RB, we 

first analyzed LINC00152 mRNA expression in RB tissues. 

LINC00152 expression was significantly upregulated in RB 

tissues compared with retina tissues (Figure 1A). Consistent 

with this result, LINC00152 expression was aberrantly 

upregulated in 2 RB cell lines, as compared to the ARPE-19 

human retinal pigmented epithelial cell line (Figure 1B). 

These results implied that LINC00152 overexpression may 

be influential in the progression of RB.

Knockdown of linc00152 inhibits rB 
cell proliferation and colony formation
To investigate the biological role of LINC00152 in RB, 

LINC00152 expression was knocked down in Y79 cells by 

transfection with sh-LINC00152. qRT-PCR demonstrated 

that the LINC00152 expression level was significantly 

decreased in Y79 cells transfected with sh-LINC00152 

compared to cells transfected with sh-NC (Figure 2A). 

The CCK8 assay showed that knockdown of LINC00152 

expression in Y79 cells significantly inhibited cell prolif-

eration compared with control cells (Figure 2B). Moreover, 

the colony formation ability of Y79 cells was drastically 

suppressed after LINC00152 was silenced compared with 

controls cells (Figure 2C). These data indicate that the 

knockdown of endogenous LINC00152 can suppress cell 

proliferation in vitro.

Knockdown of linc00152 promotes rB 
cell apoptosis
To investigate the effect of LINC00152 on cell apoptosis, 

flow cytometry was performed. The downregulation of 

LINC00152 expression in Y79 cells significantly promoted 

cell apoptosis compared with control cells (Figure 3A). 

Moreover, the caspase-3 and -8 activities of Y79 cells were 

drastically increased after the knockdown of LINC00152 

compared with control cells (Figure 3B and C). These results 

implied that the knockdown of endogenous LINC00152 

promotes cell apoptosis in vitro.

Knockdown of linc00152 inhibits cell 
migration and invasion in rB cells
Next, the roles of LINC00152 on RB cell migration and 

invasion were investigated by the wound-healing and 

Transwell invasion assays, respectively. The downregulation 

of LINC00152 significantly decreased migration and inva-

sion of Y79 cells (Figure 4A and B). These results suggested 

that knockdown of endogenous LINC00152 suppresses the 

migration and invasion of RB cells.

Knockdown of linc00152 inhibits cell 
proliferation, apoptosis, and invasion-
related protein expression
To investigate the underlying mechanism of LINC00152 on 

proliferation, apoptosis, migration, and invasion, the expres-

sions of the proteins related to proliferation (Ki-67), apoptosis 

resistance (Bcl-2), and invasion (MMP-2) were assessed in 

RB cells. The knockdown of endogenous LINC00152 signifi-

cantly inhibited Ki-67, Bcl-2, and MMP-9 protein expression 
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Figure 1 linc00152 overexpression in rB specimens and cell lines.
Notes: (A) relative expression of linc00152 in rB tissues and normal retinal tissues. (B) relative expression of linc00152 in 2 rB cell lines (Y79 and sO-rB50) and human 
retinal pigmented epithelial cell line arPe-19. **P,0.01.
Abbreviation: rB, retinoblastoma.
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in Y79 cells (Figure 5). These data implied that knockdown 

of endogenous LINC00152 can inhibit the expression of 

proteins related to cell proliferation, apoptosis resistance, 

and cell invasion.

Knockdown of linc00152 suppresses 
tumorigenesis of rB in vivo
To further test the effect of LINC00152 on tumorigenesis of 

RB in vivo, a xenograft mouse model was established by the 

subcutaneous injection of Y79/sh-LINC00152 or Y79/sh-NC, 

and tumor growth was measured. Growth curves revealed 

that knockdown of LINC00152 significantly reduced tumor 

growth compared with the Y79/sh-NC group (Figure 6A). 

At day 30 postinjection, the mice were killed and the tumor 

tissues were stripped and weighed. The Y79/sh-LINC00152 

group displayed smaller tumor size (Figure 6B) and weight 

(Figure 6C) than the size and weight of tumors from mice 

in the Y79/sh-LINC00152 group. In addition, Western blot 

analysis demonstrated that Ki-67 expression was decreased 

in the tumor tissues of Y79/sh-Linc00152 compared to 

Y79/sh-NC group (Figure 6D). These results implied that 

knockdown of endogenous LINC00152 suppresses tumor 

growth of RB in vivo.
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Discussion
Many lncRNAs have been reported to be closely related 

to cell proliferation, apoptosis, invasion, and metastasis in 

various types of tumors, including RB.7–9,20 H19 inhibits RB 

cell proliferation, induces RB cell cycle arrest, and induces 

apoptosis by competitively binding and counteracting the 

roles of the miR-17-92 cluster on the p21 and STAT3 sig-

naling pathways.21 MALAT1 promotes retinoblastoma cell 

autophagy through miR-124-mediated STX17 regulation.22 

LncRNA CCAT1 promotes proliferation, migration, and 

invasion, and decreased cell apoptosis of RB cells through 

the negative modulation of miR-218-5p.23 MEG3 suppresses 

proliferation, promotes apoptosis, and influences the activity 

of the Wnt/β-catenin pathway in RB cell lines.24 In the present 

study, we first evaluated lncRNA LINC00152 in RB tissues 

and cell lines. LINC00152 expression was significantly 

upregulated in RB tissues and cell lines. LINC00152 knock-

down significantly suppressed cell proliferation, invasion, 

and migration, and promoted cell apoptosis and the activi-

ties of caspase-3 and caspase-8. In vivo, the knockdown of 

LINC00152 inhibited tumor growth in a nude mouse model. 

These results collectively indicate that LINC00152 down-

regulation might inhibit the origin and development of RB.

LINC00152 reportedly serves as an oncogenic lncRNA 

in the malignancy phenotypes of various cancers. It has been 

identified as an indicator of poor prognoses and is a potential 

therapy target in gastric cancer,10 colorectal cancer,11 breast 

cancer,12 lung cancer,13 glioma,14 tongue squamous cell 

carcinoma,16 hepatocellular carcinoma,17 gallbladder cancer,18 

and clear cell renal cell carcinoma.19 However, the roles of 

LINC00152 with RB remain unclear. In the present study, we 

systemically examined the expression and biological function 

of LINC00152 in RB. LINC00152 was upregulated in RB 

tissues and cell lines relative to normal retinal tissues and 

normal retinal cell line, respectively. LINC00152 knockdown 

in Y79 cells significantly inhibited RB cell proliferation, 

migration, and invasion, induced cell apoptosis in vitro, and 

impaired tumor growth in vivo. In addition, the knockdown 

of LINC00152 inhibited the protein expressions of Ki-67 

(a proliferation marker),25 Bcl-2 (an antiapoptosis protein),26 
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and MMP-2 (an invasion-related protein)27,28 in RB cells. The 

results suggest that LINC00152 functions as an oncogene in 

RB progression.

There are 3 limitations in this study. The first concerns 

the small number of RB samples. Future studies will require 

additional samples to conclusively investigate the clinical 

significance of LINC00152. Second, the use of 2 or more 

cell lines is required to validate the role of LINC00152 in 

the development and progression of RB. Third, lncRNA 

exerts its regulatory function via the regulation of multiple 

miRNAs or target genes. Thus, further studies on the modula-

tion of LINC00152 expression in RB and a more thorough 

understanding of the underlying molecular mechanisms 

are needed.

Conclusion
LINC00152 is upregulated in RB tissues and cell lines. 

Knockdown of LINC00152 inhibits retinoblastoma cell 

proliferation, migration, and invasion, and enhances apop-

tosis and the activities of caspase-3 and caspase-8 in vitro, 

and suppresses tumor growth in vivo. These data imply that 

knockdown of LINC00152 may be a potential therapeutic 

strategy for RB.
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