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Abstract. MicroRNA (miR)‑320a is specific to vertebrates 
and has been indicated to serve a role in a number of cancer 
types, such as gastric, colorectal, pancreatic and ovarian cancer. 
miR‑320a has been reported to be expressed at high levels in reti‑
noblastoma tissues; however its role and mechanism of function 
in retinoblastoma remain to be elucidated. The aim of the present 
study was to investigate the role of miR‑320a in retinoblas‑
toma cells and the underlying mechanisms. The expression of 
miR‑320a in retinoblastoma cell lines Y79 and WERI‑Rb‑1, and 
normal human retinal pigment epithelial cell line ARPE‑19 was 
examined via reverse transcription‑quantitative PCR (RT‑qPCR). 
TargetScan bioinformatics analysis and dual‑luciferase reporter 
assay were used to predict and reveal the target gene of 
miR‑320a. Target gene expression was detected via RT‑qPCR 
in retinoblastoma cell lines and ARPE‑19 cells. Subsequently, 
gain‑ or loss‑of‑function experiments for miR‑320a and tumor 
suppressor candidate 3 (TUSC3) were performed to study the 
role of miR‑320a/TUSC3 in retinoblastoma cells. Cell viability 
and apoptosis were assessed via MTT and flow cytometry 
analysis, respectively. Compared with ARPE‑19 cells, miR‑320a 
was prominently expressed in retinoblastoma cell lines. TUSC3 
was predicted to be a target gene of miR‑320a. Compared with 
ARPE‑19 cells, the expression of TUSC3 in retinoblastoma cell 
lines was reduced. The results of MTT and flow cytometry anal‑
ysis revealed that overexpression of TUSC3 reduced the viability 
of retinoblastoma cells and induced apoptosis. Additional 
analysis indicated that miR‑320a inhibitor enhanced the expres‑
sion of the target gene TUSC3, thereby inhibiting retinoblastoma 
cell viability and inducing apoptosis. The effects of miR‑320a 
inhibitor on retinoblastoma cells were inhibited by TUSC3‑short 
hairpin RNA. miR‑320a regulated the viability and apoptosis of 
retinoblastoma cells via targeting TUSC3. Therefore, the present 

study provided a reference for investigating a potential target for 
the clinical treatment of retinoblastoma.

Introduction

Retinoblastoma (RB), which is a common and harmful intra‑
ocular malignant tumor in children that threatens life (1). 
RB incidence is between 1/15,000 and 1/20,000, and is more 
common in infants and young children, with the majority of 
cases occurring before the age of six (1). Chemical volume 
reduction is one of the principal methods of conservative 
treatment. Local treatment mainly includes laser photocoagu‑
lation, transpupillary thermotherapy, photodynamic therapy, 
cryotherapy and scleral application radiotherapy (2). However, 
the aforementioned methods lack specificity, and exhibit 
destructive injuries, low safety, serious systemic and/or local 
adverse effects and other problems, such as tumor implanta‑
tion and induction of secondary malignant tumors (2). With 
the development of tumor molecular biology and genetic engi‑
neering technology, coupled with the anatomical advantages 
of eyeballs as target tissues in the field of RB therapy, gene 
therapy, as a new type of biological therapy, has demonstrated 
good application prospects (3,4).

Tumor suppressor candidate 3 (TUSC3) is located 
on chromosome 8p22, and is widely expressed in human 
tissues, such as the brain, heart, lung and liver (5‑8). Due to 
its decreased expression in tumor cells such as colon, breast, 
liver, pancreatic and rectal cancer, TUSC3 is considered 
to be a tumor suppressor gene (9‑14). TUSC3 is an intrinsic 
membrane protein that catalyzes the process of endoplasmic 
reticulum N‑glycosylation, which is a major post‑translational 
modification mechanism in cells, and serves a critical role 
in the folding, regulation and stabilization of proteins (15). 
Insufficient glycosylation has been indicated to cause endo‑
plasmic reticulum stress, result in genomic damage mutations 
and cause cancer (16‑18). Silencing TUSC3 in prostate and 
ovarian cancer has been revealed to promote tumor cell 
growth, metastasis and invasiveness (7,8). Concurrently, the 
low expression of TUSC3 in cancer cells may indicate a poor 
prognosis and a higher possibility of metastasis (6,19‑22). 
TUSC3 has been indicated to serve a role in a number of 
malignant tumors including prostate cancer, ovarian cancer, 
lung cancer and glioma. Therefore, the expression and role of 
TUSC3 in retinoblastoma cells requires additional elucidation.
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MicroRNAs (miRs/miRNAs), which are a class of small 
endogenous non‑coding RNAs that are ~22 nucleotides in 
length, regulate gene expression at the post‑transcriptional 
level via binding to the 3'‑untranslated region (3'‑UTR) of 
target mRNAs (23‑25). miRNAs have been identified to serve 
critical roles in regulating cell proliferation, differentiation 
and apoptosis (26‑28). A number of studies have indicated 
the role of miRNAs in tumors (29,30). miR‑320a, which is an 
extensively studied miRNA, has been reported to serve a crit‑
ical role in diabetic retinopathy (31) and atherosclerosis (32). 
Moreover, miR‑320a has been investigated in several types of 
cancer, such as lung cancer (33), papillary thyroid cancer (34), 
osteosarcoma (35) and hepatocellular carcinoma (36). 
Moreover, miR‑320a has been reported to be upregulated in 
retinoblastoma tissues (37); however its role and mechanism in 
retinoblastoma remain to be elucidated.

Bioinformatics analysis revealed direct interaction sites 
between miR‑320a and TUSC3. Therefore, it was hypoth‑
esized that miR‑320a may serve a role in retinoblastoma cells 
via regulating TUSC3. The aim of the present study was to 
explore the role of miR‑320 in retinoblastoma cells and analyze 
its molecular mechanism of function to provide novel insights 
for the treatment of retinoblastoma.

Materials and methods

Cell culture. The human normal retinal vascular endothelial 
cell line ARPE‑19 and the retinoblastoma cell lines Y79 and 
WERI‑Rb‑1 were obtained from American Type Culture 
Collection. The cells were cultured in DMEM (Gibco; Thermo 
Fisher Scientific, Inc.) supplemented with 10% FBS (Gibco; 
Thermo Fisher Scientific, Inc.) and 1% penicillin/streptomycin 
in a humidified incubator at 37˚C with 5% CO2.

Reverse transcription‑quantitative PCR (RT‑qPCR). RNA 
extraction from ARPE‑19, Y79 and WERI‑Rb‑1 cells was 
performed using TRIzol® reagent (Invitrogen; Thermo Fisher 
Scientific, Inc.) according to the manufacturer's instructions. 
cDNA was reverse transcribed from RNA using the HiScript 
II Q RT SuperMix (Vazyme Biotech Co., Ltd.). The following 
temperature conditions for RT were as follows: 70˚C for 5 min, 
37˚C for 5 min and 42˚C for 60 min. Subsequently, qPCR was 
performed using ChamQ Universal SYBR® qPCR Master Mix 
(Vazyme Biotech Co., Ltd.) according to the manufacturer's 
instructions. The following thermocycling conditions were used 
for the qPCR: Initial denaturation at 95˚C for 10 min; 40 cycles 
of denaturation at 95˚C for 10 sec, annealing at 60˚C for 20 sec 
and extension at 72˚C for 34 sec. GAPDH for mRNA and U6 
for miRNA were used as the internal controls. The primer 
sequences used for the PCR were listed as follows: GAPDH 
forward, 5'‑CTT TGG TAT CGT GGA AGG ACT C‑3' and reverse, 
5'‑GTA GAG GCA GGG ATG ATG TTC T‑3'; U6 forward, 5'‑GCT 
TCG GCA GCA CAT ATA CTA AAA T‑3' and reverse, 5'‑CGC 
TTC ACG AAT TTG CGT GTC AT‑3'; miR‑320a forward, 5'‑GTT 
GGA TCC GGC GTT TCC TTC CGA CAT G‑3' and reverse, 
5'‑GCT GAA TTC GTC CAC TGC GGC TGT TCC ‑3'; TUSC3 
forward, 5'‑GGC TCA GTT TGT GGC AGA ATC ‑3' and reverse, 
5'‑CAT CGC CTT TCG AAG TTG CT‑3'. The relative gene 
expression levels were analyzed using the 2‑ΔΔCq method (38). 
All experiments were performed in triplicate.

Dual‑luciferase reporter assay. TargetScan bioinformatics 
software version 7.2 (www.targetscan.org/vert_72) was used 
to predict the potential targets of miR‑320a. Binding sites 
between miR‑320a and the 3'‑untranslated region (3'‑UTR) 
of TUSC3 were observed. Dual luciferase reporter assay was 
performed to determine whether miR‑320a directly bound 
to TUSC3. Wild‑type (WT) and mutant (MUT) 3'‑UTR of 
TUSC3 were cloned into pmiR‑RB‑Report™ dual luciferase 
reporter vector (Guangzhou RiboBio Co., Ltd.) according to 
the manufacturer's instructions. 293 T cells (American Type 
Culture Collection) were co‑transfected with WT‑TUSC3 or 
MUT‑TUSC3 and 100 nM miR‑320a mimic (5'‑AAA AGC 
UGG GUU GAG AGG GCG A‑3'; 3'‑UUU UCG ACC CAA CUC 
UCC CGC U‑5'; Guangzhou RiboBio Co., Ltd.) or 100 nM mimic 
control (5'‑UUC UCC GAA CGU GUC ACG UTT ‑3'; 3'‑TTA 
AGA GGC UUG CAC AGU GCA ‑5'; Guangzhou RiboBio Co., 
Ltd.) using Lipofectamine® 2000 (Invitrogen; Thermo Fisher 
Scientific, Inc.) at 37˚C for 48 h. At 48 h after transfection, 
luciferase activity was determined using the Dual‑luciferase® 
Reporter Assay system (Promega Corporation) and normal‑
ized to Renilla luciferase activity.

Cell transfection. 1 µg TUSC3‑plasmid (cat no. sc‑405571‑ACT; 
Santa Cruz Biotechnology, Inc.), 1 µg control‑plasmid (cat 
no. sc‑437275; Santa Cruz Biotechnology, Inc.), 100 nM 
inhibitor control (5'‑UUG UCC UAC ACC UCA CUC CUG ‑3'; 
Guangzhou RiboBio Co., Ltd.), 100 nM miR‑320a inhibitor 
(5'‑UCG CCC UCU CAA CCC AGC UUU U‑3'; Guangzhou 
RiboBio Co., Ltd.), 1 µg TUSC3‑short hairpin RNA (shRNA; 
cat no. sc‑77535‑SH; Santa Cruz Biotechnology, Inc.), 1 µg 
control‑shRNA (cat no. sc‑108060; Santa Cruz Biotechnology, 
Inc.), 100 nM miR‑320a inhibitor + 1 µg control‑shRNA and 
100 nM miR‑320a inhibitor + 1 µg TUSC3‑shRNA were 
transfected into Y79 and WERI‑Rb‑1 cells (5x104 cells per 
well; 24 well plates) using Lipofectamine® 2000 reagent 
(Invitrogen; Thermo Fisher Scientific, Inc.) according to the 
manufacturer's protocol. Cells without any treatment were 
used as the control. The transfection efficiency was examined 
via RT‑qPCR following 48 h of transfection.

Figure 1. Expression of miR‑320a in retinoblastoma cell lines Y79 and 
WERI‑Rb‑1. Reverse transcription‑quantitative PCR was performed to 
examine the expression of miR‑320a in retinoblastoma cell lines Y79 
and WERI‑Rb‑1 and the normal human retinal pigment human normal 
retinal vascular endothelial cell line ARPE‑19. The data are presented as 
the mean ± standard deviation. **P<0.01 vs. ARPE‑19 cells. miR‑320a, 
microRNA‑320‑a. 
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MTT assay. Y79 and WERI‑Rb‑1 cells were seeded in 
96‑well plates (5x104 cells per well) and transfected with 
TUSC3‑plasmid, control‑plasmid, miR‑320a inhibitor, control 
inhibitor, miR‑320a inhibitor + control‑shRNA or miR‑320a 
inhibitor + TUSC3‑shRNA for 48 h. Subsequently, 20 µl MTT 
solution (5 g/l; Sigma‑Aldrich; Merck KGaA) was added to 
each well. The plates were incubated at 37˚C with 5% CO2 
for 4 h. The culture medium was then discarded and 150 µl 
DMSO (Beyotime Institute of Biotechnology) was added to 
each well. The plates were gently agitated at 37˚C for 10 min. 
The optical density was measured at a wavelength of 490 nm 
using a multifunctional plate reader (BD Biosciences).

Flow cytometry analysis. At 48 h after transfection, Y79 and 
WERI‑Rb‑1 cells (106 cells) in the log phase were digested 
with trypsin (0.25%) without EDTA at room temperature for 
1 min, centrifuged at 1,000 x g for 5 min at 4˚C, and the super‑
natant was discarded. The cell pellet was washed twice with 
pre‑chilled PBS and then resuspended in 195 µl pre‑chilled 
1X Annexin V binding buffer (Annexin V‑FITC Cell apop‑
tosis detection kit; Beyotime Institute of Biotechnology). 
Subsequently, cells were incubated with 5 µl Annexin V‑FITC 
and 10 µl propidium iodide for 15 min at room temperature 
in the dark. To detect apoptosis, flow cytometry (Beckman 
Coulter, Inc.) was performed. The data were analyzed using 
CellQuest™ v5.1 software (BD Biosciences).

Western blot analysis. The expression of TUSC3 was 
detected via western blotting. Proteins from ARPE‑19, Y79 
and WERI‑Rb‑1 cells were extracted using RIPA lysis buffer 
(Beyotime Institute of Biotechnology) and protein concentra‑
tion was measured using a BCA assay kit (Sigma‑Aldrich; 
Merck KGaA) according to the manufacturer's protocol. A total 
of 40 µg proteins/lane were separated using 10% SDS‑PAGE 
and subsequently transferred to PVDF membranes (EMD 
Millipore). Following blocking with 5% skimmed milk for 1 h at 
room temperature, the membranes were incubated with primary 
antibodies for TUSC3 (1:1,000; cat no. ab230520; Abcam) 
and GAPDH (1:1,000; cat no. ab181602; Abcam) overnight 

at 4˚C. Subsequently, the membranes were incubated with a 
corresponding horseradish peroxidase‑conjugated secondary 
antibody (1:2,000; cat. no. 7074; Cell Signaling Technology, 
Inc.) for 1 h at room temperature. Protein bands were visual‑
ized using ECL Western blotting Detection Reagents (Cytiva).

Statistical analysis. Experiments were repeated in triplicate. 
Data are presented as the mean ± standard deviation of three 
independent experiments. Statistical analysis was performed 
using GraphPad Prism v5 software (GraphPad Software, Inc.). 
Statistical differences between multiple groups were analyzed 
using one‑way ANOVA with a Bonferroni post hoc test, and 
Student's t‑test was used for comparison between two groups, 
as applicable. P<0.05 was considered to indicate a statistically 
significant difference.

Results

miR‑320a expression in retinoblastoma cell lines. RT‑qPCR 
was performed to examine the expression of miR‑320a in 
retinoblastoma cell lines Y79 and WERI‑Rb‑1, and human 
normal retinal vascular endothelial cell line ARPE‑19. As 
demonstrated in Fig. 1, compared with ARPE‑19 cells, the 
expression of miR‑320a in retinoblastoma cell lines Y79 
and WERI‑Rb‑1 was upregulated, which is consistent with a 
previous study on miR‑320a (37). These results indicated that 
miR‑320a was expressed at a higher level in retinoblastoma 
cell lines Y79 and WERI‑Rb‑1, compared with normal retinal 
cells.

Target gene of miR‑320a. Binding sites between miR‑320a and 
the 3'‑UTR of TUSC3 mRNA were predicted via TargetScan 
(Fig. 2A), which indicated that TUSC3 is a potential target 
gene of miR‑320a. A luciferase reporter assay revealed that 
miR‑320a mimic suppressed the luciferase activity when 293 
T cells were co‑transfected with a reporter plasmid containing 
the WT 3'‑UTR and miR‑320a mimic (Fig. 2B). However, the 
luciferase activity of the MUT 3'‑UTR was not altered. These 
data indicated that TUSC3 was a direct target of miR‑320a.

Figure 2. Target gene of miR‑320a and its expression in retinoblastoma cell lines. (A) Predicted binding sites between the WT UTR of TUSC3 and miR‑320a 
via TargetScan. (B) Dual‑luciferase assay was performed to verify the target gene of miR‑320a. (C) The mRNA and (D) the protein expression of TUSC3 in 
retinoblastoma cells Y79 and WERI‑Rb‑1 and the normal human retinal pigment human normal retinal vascular endothelial cell line ARPE‑19 was assessed 
via reverse transcription‑quantitative PCR and western blot analysis. The data are presented as the mean ± standard deviation. **P<0.01 vs. mimic control 
group; ##P<0.01 vs. ARPE‑19 cells. miR‑320a, microRNA‑320‑a; TUSC3, tumor suppressor candidate 3; WT, wild‑type; MUT, mutant. 
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Figure 4. Expression of miR‑320a and TUSC3 in transfected cells. Y79 and WERI‑Rb‑1 cells were transfected with inhibitor control, miR‑320a inhibitor, 
TUSC3‑shRNA, control‑shRNA, miR‑320a inhibitor + control‑shRNA or miR‑320a inhibitor + TUSC3‑shRNA. Expression of miR‑320a in (A) Y79 and 
(B) WERI‑Rb‑1 cells transfected with inhibitor control or miR‑320a inhibitor. TUSC3 mRNA expression in (C) Y79 and (D) WERI‑Rb‑1 cells transfected 
with control‑shRNA or TUSC3‑shRNA. (E) mRNA and (F) protein expression of TUSC3 in Y79 cells transfected with inhibitor control, miR‑320a inhibitor, 
miR‑320a inhibitor + control‑shRNA or miR‑320a inhibitor + TUSC3‑shRNA. (G) mRNA and (H) protein expression of TUSC3 in WERI‑Rb‑1 cells trans‑
fected with inhibitor control, miR‑320a inhibitor, miR‑320a inhibitor + control‑shRNA or miR‑320a inhibitor + TUSC3‑shRNA. The data are presented as 
the mean ± standard deviation. **P<0.01 vs. inhibitor control; ##P<0.01 vs. control‑shRNA; &&P<0.01 vs. miR‑320a inhibitor + control‑shRNA. miR‑320a, 
microRNA‑320a; TUSC3, tumor suppressor candidate 3; shRNA, short hairpin RNA. 

Figure 3. Effect of TUSC3 overexpression on retinoblastoma cell viability and apoptosis. Y79 and WERI‑Rb‑1 cells were transfected with TUSC3‑plasmid 
and control‑plasmid for 48 h. The expression of TUSC3 in (A) Y79 and (B) WERI‑Rb‑1 cells was examined via reverse transcription‑quantitative PCR. The 
viability of (C) Y79 and (D) WERI‑Rb‑1 cells was assessed via MTT assay. The apoptosis of (E and F) Y79 and (G and H) WERI‑Rb‑1 cells was assessed via 
flow cytometry. The data are presented as the mean ± standard deviation. **P<0.01 vs. control‑plasmid. TUSC3, tumor suppressor candidate 3. 
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The expression of TUSC3 in retinoblastoma cell lines 
Y79 and WERI‑Rb‑1 and the human normal retinal vascular 
endothelial cell line ARPE‑19 was examined via RT‑qPCR 
and western blotting. The results indicated that compared with 
ARPE‑19 cells, the mRNA and protein expression of TUSC3 
was reduced in both retinoblastoma cell lines (Fig. 2C and D).

Effect of TUSC3 overexpression on retinoblastoma cell 
viability and apoptosis. Y79 and WERI‑Rb‑1 cells were trans‑
fected with TUSC3‑plasmid and control‑plasmid. Following 
48 h of transfection, RT‑qPCR was performed to assess trans‑
fection efficiency. MTT assay and flow cytometry were also 
performed to assess cell viability and apoptosis, respectively. 

Figure 5. Effect of miR‑320a inhibition on cell viability and apoptosis in Y79 and WERI‑Rb‑1 cells. Y79 and WERI‑Rb‑1 cells were transfected with inhibitor 
control, miR‑320a inhibitor, miR‑320a inhibitor + control‑shRNA or miR‑320a inhibitor + TUSC3‑shRNA for 48 h. Cell viability of (A) Y79 and (B) WERI‑Rb‑1 
cells. Cell apoptosis of (C and D) Y79 and (E and F) WERI‑Rb‑1 cells. The data are presented as the mean ± standard deviation. **P<0.01 vs. inhibitor control; 
&&P<0.01 vs. miR‑320a inhibitor + control‑shRNA. miR‑320a, microRNA‑320a; TUSC3, tumor suppressor candidate 3; shRNA, short hairpin RNA.
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Compared with the control‑plasmid group, the mRNA expres‑
sion of TUSC3 in Y79 and WERI‑Rb‑1 cells was increased 
following transfection with TUSC3‑plasmid (Fig. 3A and B). 
Moreover, the viability of Y79 (Fig. 3C) and WERI‑Rb‑1 
(Fig. 3D) cells was reduced, while the apoptotic rates of Y79 
(Fig. 3E and F) and WERI‑Rb‑1 (Fig. 3G and H) cells were 
increased, compared with the control‑plasmid group.

Effect of miR‑320a inhibition on retinoblastoma cell viability 
and apoptosis. Y79 and WERI‑Rb‑1 cells were transfected 
with inhibitor control, miR‑320a inhibitor, TUSC3‑shRNA, 
control‑shRNA, miR‑320a inhibitor + control‑shRNA or 
miR‑320a inhibitor + TUSC3‑shRNA for 48 h. RT‑qPCR was 
performed to assess transfection efficiency.

As presented in Fig. 4A and B, compared with the inhibitor 
control group, miR‑320a inhibitor reduced the expression 
of miR‑320a in Y79 and WERI‑Rb‑1 cells. Compared with 
the control‑shRNA group, TUSC3‑shRNA reduced the 
mRNA expression of TUSC3 in Y79 and WERI‑Rb‑1 cells 
(Fig. 4C and D). Moreover, miR‑320a inhibitor increased 
the mRNA and protein expression of TUSC3 in Y79 cells 
(Fig. 4E and F) and WERI‑Rb‑1 cells (Fig. 4G and H), 
compared with the inhibitor control group, while this increase 
was reversed by TUSC3‑shRNA.

Subsequent analysis indicated that compared with the 
inhibitor control group, miR‑320a inhibitor reduced the cell 
viability (Fig. 5A and B) and induced apoptosis (Fig. 5C‑F) 
in Y79 and WERI‑Rb‑1 cells, while these alterations were 
reversed by TUSC3‑shRNA.

Discussion

The potential biomarkers and therapeutic targets of tumors 
have provided insight into the clinical treatment of retinoblas‑
toma (39,40). In recent years, the relationship between miRNAs 
and retinoblastoma has been extensively studied (41,42). 
Different miRNAs have been indicated to exhibit distinct 
expression levels in diverse tumor tissues, and may exert 
both oncogenic and antitumor effects (40,43). Gao et al (44) 
revealed that compared with the placental samples from 
healthy control subjects, miR‑320a expression was enhanced 
in the placental specimens of patients with pre‑eclampsia and 
excessive miR‑320a expression was indicated to suppress the 
trophoblast invasion; however it did not affect the trophoblast 
migration or proliferation. Yong et al (45) presented evidence 
that ectopic expression of DiGeorge syndrome critical region 
gene 5 inhibited proliferation and migration, and promoted 
fluorouracil resistance in pancreatic ductal adenocarcinoma 
cells, while its mechanism of action was associated with 
miR‑320a. The present study focused on the investigation of 
the role of miR‑320a in retinoblastoma cells.

The expression of miR‑320a and TUSC3 in retinoblastoma 
and their mechanism of action require additional elucidation. 
The present study was performed based on the results of 
previous research (37). Consistently with a previous study (37), 
the results of the present study indicated that miR‑320a expres‑
sion was upregulated in retinoblastoma cells compared with 
normal retinal cells. TUSC3, which is a well‑known tumor 
suppressor gene, was revealed to be a direct target of miR‑320a, 
and was indicated to be negatively regulated by miR‑320a. 

Furthermore, the expression of TUSC3 was downregulated 
in retinoblastoma cells compared with normal retinal cells. 
Subsequent analyses indicated that TUSC3 overexpres‑
sion reduced retinoblastoma cell viability and induced cell 
apoptosis. Moreover, miR‑320a downregulation inhibited the 
viability of retinoblastoma cells and induced cell apoptosis. 
The effects of miR‑320a inhibitor on retinoblastoma cells 
were reversed by TUSC3‑shRNA. However, apoptosis‑related 
proteins were not examined in the current study, and the 
efficiency of TUSC3 knock‑down and upregulation were only 
detected via RT‑qPCR. These were the limitations of the 
current study, and require additional investigation.

In conclusion, the present study demonstrated that in 
human retinoblastoma cells, inhibition of miR‑320a prevented 
cell growth via targeting TUSC3. miR‑320a may be a novel 
potential target for retinoblastoma treatment.
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