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Abstract. Retinoblastoma (RB) is the most common 
malignancy in children. Due to refractory mechanisms of 
chemoresistance and the toxicity of chemotherapies, novel ther-
apies for RB treatment are urgently required. MicroRNA‑320 
(miR‑320) is believed to be associated with the tumorigenesis 
of RB, although the mechanism remains unclear. Considering 
the hypoxic intratumoral region, the roles of miR‑320 and 
hypoxia inducible factor‑1α (HIF‑1α) in the regulation of 
autophagy were investigated in 30 human RB samples and 
WERI‑RB1 cells. The results demonstrated that HIF‑1α was 
the downstream target of miR‑320, and decreased miRNA‑320 
or HIF‑1α lead to the inhibition of autophagy in WERI‑RB1 
cells. Compared with WERI‑RB1 cells that were not trans-
fected, silenced HIF‑1α caused a 1.41‑fold increase (P<0.01) in 
p62, a 2.71‑fold decrease of Beclin1, and inhibited miRNA‑320. 
Silenced HIF‑1α also resulted in 7.29‑ and 7.43‑fold increases 
in phosphorylated‑mechanistic target of rapamycin (mTOR) 
and mTOR, respectively. In conclusion, the present results 
suggest that miRNA‑320 may regulate the development of 
autophagy by targeting HIF‑1α and autophagy‑related proteins 
in RB under hypoxic conditions.

Introduction

Retinoblastoma (RB), which is usually caused by defective 
RB1, is the most common type of malignant intraocular cancer 
that typically occurs in childhood (1). The incidence of RB is 
relatively constant with one case for every 15,000‑20,000 live 
births or approximately 9,000 new cases worldwide annu-
ally  (2). Five‑year‑old children are the most predisposed 
population to RB (3). Clinical presentations of RB consist 
of leukocoria, strabismus, nystagmus, red eye, and loss of 
binocularity depending on the tumor location (4). Currently, 

globe‑salvaging strategies include laser photocoagulation, 
cryotherapy, thermotherapy, intravenous chemoreduction, 
intra‑arterial chemotherapy, and external beam radiotherapy 
as well as enucleation in the clinical management of RB (5). 
Given the disappointing refractory mechanisms of chemore-
sistance and the toxicity of chemotherapies, novel therapies 
are urgently required for RB treatment.

MicroRNA (miRNA or miR) are a group of specific small 
(~22 nucleotides), non‑coding, single‑stranded ribonucleic 
acids that participate in cellular proliferation, growth, death, 
differentiation, apoptosis and metabolism as inhibitors of 
target mRNA (6). Various miRNA have been implicated in 
the invasion, metastasis, and maturation of several types 
of cancer, including RB (7‑10). miR‑320 has been demon-
strated to be involved in various types of cancer, including 
colorectal cancer (11), non‑small cell lung cancer (12), cervical 
cancer (13), and oral cancer (14). In a previous miRNA micro-
array analysis, miR‑320 was identified to be associated with 
the tumorigenesis of RB for the first time, indicating that 
miR‑320 has a role in the regulation of RB development (15). 
However, the underlying mechanisms of miR‑320 remained 
unclear in RB.

Hypoxia, which refers to oxygen deficiency, is a char-
acteristic feature in interior tumors in which metabolism 
and proliferation are slow and readily lead to chemotherapy 
resistance (16). Hypoxia regulates various pathways, including 
the hypoxia inducible factor‑1α (HIF‑1α) pathway. HIF‑1α is 
an oxygen‑dependent subunit of HIF‑1, which has another 
constitutively expressed (HIF‑1β subunit); HIF‑1α and HIF‑1β 
are members of the basic helix‑loop‑helix‑Per‑ARNT‑Sim 
(bHLH‑PAS) protein family (17). In previous studies, deregu-
lated HIF‑1α was observed in RB hypoxic regions (18), and 
HIF‑1α levels were associated with the survival and prolifera-
tion of RB cells (19). Therefore, we hypothesized that miR‑320 
may affect RB development by influencing HIF‑1α levels.

In the present study, the primary objective was to clarify 
the effect of miR‑320 on autophagy and how this process is 
performed via HIF‑1α by analyzing both mRNA and protein 
expression levels of Beclin‑1, p62, mechanistic target of 
rapamycin (mTOR) and phosphorylated (p)‑mTOR in RB cells.

Materials and methods

RB samples. Retinal tissues were collected from 30 patients 
with RB that had not undergone chemotherapy and radiotherapy 
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prior to enucleation in the Department of Ophthalmology at 
The Ninth People's Hospital of Chongqing (Chongqing, China). 
The patients included 18 men and 12 women with the age 
range of 0.5‑8.9 years (mean, 3.2). According to ICRB, the RB 
patients were divided into I phase (6 cases), II phase (13 cases) 
and III phase (11 cases). The adjacent healthy tissues were set 
as the control. Written informed consent was obtained from 
each patient. The experimental protocol was preapproved by 
the Medical Ethics Committee of The Ninth People's Hospital 
of Chongqing.

Cell culture and grouping. The human RB cell line 
(WERI‑RB1) was purchased from the Cell Bank of the Chinese 
Academy of Sciences (Shanghai, China), and cultured to 
70% confluence in RPMI‑1640 (Gibco; Thermo Fisher 
Scientific, Inc., Waltham, MA, USA) supplemented with 10% 
fetal bovine serum (FBS; Hyclone, Logan, UT, USA), 100 U/ml 
penicillin, and 100 mg/ml streptomycin at 37˚C under normoxic 
conditions of 100% humidity, 95% air and 5% CO2 or under 
hypoxic conditions of 2% O2, 93% N2 and 5% CO2. Cells were 
divided into four groups as determined by the following condi-
tions: Normoxia, hypoxia, hypoxia + miRNA‑320 inhibitor, 
and hypoxia + HIF‑1α siRNA.

Reverse transcription‑quantitative polymerase chain reaction 
(RT‑qPCR). Total RNA was isolated from WERI‑RB1 cells 
using TRIzol reagent (Invitrogen; Thermo Fisher Scientific, 
Inc.) according to the manufacturer's instructions. RNA purity 
was assessed at OD260/OD280 (values, 1.7‑2.0). RNA (1 µg) 
was reverse transcribed into cDNA and amplified via qPCR 
using a Rotor‑Gene 3000 Real‑Time PCR System (Corbett 
Robotics, Brisbane, Australia) and SYBR‑Green reporter 
dye (Invitrogen; Thermo Fisher Scientific, Inc.). GAPDH 
was used as a reference gene. Primers were synthesized by 
Sangon (Shanghai, China) and the sequences were as follows: 
miR‑320, 5'‑AAA​AGC​TGG​GTTG​AGA​GGG​CGA‑3'; HIF‑1α, 
forward 5'‑GAA​ACC​ACC​TAT​CAG​CTG​C‑3' and reverse 
5'‑AGT​GTA​CCC​TAA​CTA​GCC​GAG​GAA‑3'; and GAPDH, 
forward 5'‑AGC​CAC​ATC​GCT​CAG​ACA‑3' and reverse 
5'‑TGGACTCCACGACGTACT‑3'. Thermal cycling during 
the PCR amplification protocol was performed as follows: 
95˚C for 5 min, followed by 40 cycles of 95˚C for 30 sec, 
58˚C for 30 sec, and 72˚C for 30 sec. Relative expression was 
analyzed using the 2‑ΔΔCq method, as previously described (20).

miRNA‑320 inhibitor and HIF‑1α siRNA treatment. 
miRNA‑320 inhibitor and HIF‑1α siRNA were synthesized 
by GenePharma, Co., Ltd., (Shanghai, China). WERI‑RB1 
cells were transfected with miRNA‑320 inhibitor (30 nM) 
using Lipofectamine® 3000 transfection reagent for 48 h and 
HIF‑1α siRNA (100 nM) using Metafectene reagent (Biontex, 
München, Germany) for 5 h, according to the manufacturers' 
instructions.

Western blotting. Proteins (HIF‑1α, Beclin1 and p62) were 
extracted from WERI‑RB1 cells using an EpiQuik Total 
Histone Extraction Kit (Epigentek, Farmingdale, NY, USA). 
Protein contentions were determined using a BCA Protein 
Quantification kit (Vazyma, Nanjing, China) according to the 
manufacturer's instructions. Equal amounts of protein (50 µg) 

were separated by 12% SDS‑PAGE and transferred to poly-
vinylidene difluoride membrane (EMD Millipore, Billerica, 
MA, USA). Subsequently, the membranes were blocked with 
5% skimmed‑milk powder in TBST buffer (pH 7.5; 10 mM 
Tris‑HCl, 150 mM NaCl and 0.05% Tween‑20) for 2 h at 
room temperature. Target proteins were incubated with mouse 
anti‑human monoclonal antibodies against HIF‑1α, Beclin1, 
p62, mTOR and p‑mTOR (all 1:100; cat. nos.  ab62557, 
ab56416, ab113642, ab2732 and ab109268, respectively; 
Abcam, Cambridge, UK) and human anti‑GAPDH mono-
clonal antibody (1:1,000; cat. no. AG019; Beyotime Institute 
of Biotechnology, Beijing, China) overnight at 4˚C. Followed 
washing with TBST three times, the membrane was incubated 
with secondary anti‑rabbit antibody conjugated with horse-
radish peroxidase (1:2,000; cat. no. AG019; Beyotime Institute 
of Biotechnology) for 30 min and detected by enhanced chemi-
luminescence (Beyotime Institute of Biotechnology). Gray 
values of the target proteins were quantified using Quantity 
One v4.62 software (Bio‑Rad Laboratories, Inc., Hercules, 
CA, USA).

Luciferase reporter assay. WERI‑RB1 cell groups 
that underwent transfection were as follows: miR‑320 
inhibitor + pMIR‑HIF‑1α‑Wt; miR‑320 NC + pMIR‑HIF‑1α‑Wt; 
miR‑320 inhibitor  +  pMIR‑HIF‑1α‑Mut; and miR‑320 
NC + pMIR‑HIF‑1α‑Mut, in which pMIR‑HIF‑1α‑Wt and 
pMIR‑HIF‑1α‑Mut were synthesized by Ribobio Co., Ltd., 
(Guangzhou, China). WERI‑RB1 cells were lysed in passive 
lysing buffer, and Firefly and Renilla luciferase activities were 
detected via a commercial Dual‑Luciferase assay kit (E1910; 
Promega Corp, Madison, WI, USA) according to the manufac-
turer's instructions. Relative fluorescence units (RFUs) were 
calculated as a ratio of Firefly luciferase to Renilla luciferase 
signal intensity.

Fluorescence microscopy. After 48  h of cultivation, 
WERI‑RB1 cells transfected with LC3 were seeded on glass 
coverslips, fixed with 4% pre‑cooled paraformaldehyde for 
10 min, rinsed with sterile PBS three times, and mixed with 
serum supplemented with 0.1% Triton X‑100. Subsequently, 
the cells were incubated with primary LC3 polyclonal anti-
body (1:100; cat. no. ab48394; Abcam) overnight at 4˚C, rinsed 
with PBS, and cultured with a secondary antibody (1:200; cat. 
no. AG019; Beyotime Institute of Biotechnology) for 1 h at 
room temperature. Incubated cells were mixed with DAPI for 
nuclear staining and quantified using ImageJ v1.84 software 
(National Institutes of Health, Bethesda, MA, USA).

Statistical analysis. Experiments were performed in triplicate 
on three independent occasions. Data were presented as the 
mean ± standard deviation and analyzed using a two‑tailed 
Student's t‑test between two groups. Statistical analyses were 
conducted by SPSS 17.0 (SPSS, Inc., Chicago, IL, USA). 
P<0.05 was considered to indicate a statistically significant 
difference.

Results

Expression of miR‑320 in RB tissues. In comparison with 
a previous report (15), we expanded RB samples (n=30) to 
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determine the expression of miR‑320. As shown, the expres-
sion levels of miR‑320 increased significantly in RB tissues 
(P<0.01; Fig. 1) when compared with adjacent normal tissue 
under normoxic conditions. Furthermore, the expression of 
miR‑320 was significantly increased in hypoxic RB tissues 
when compared with normoxic RB tissues (P<0.01; Fig. 1).

Association between miR‑320 with HIF‑1α. Luciferase 
reporter assay was employed to analyze the association 
between miR‑320 and HIF‑1α. The results demonstrated that 
the RFUs decreased significantly in RB cells transfected with 
miR‑320 inhibitor + pMIR‑HIF‑1α‑Wt compared with the cells 
transfected with miR‑320 NC + pMIR‑HIF‑1α‑Wt (P<0.01; 
Fig. 2). However, there was no difference in RFUs between 
the cells transfected with miR‑320 NC + pMIR‑HIF‑1α‑Mut 
and miR‑320 inhibitor + pMIR‑HIF‑1α‑Mut. Notably, mRNA 

and protein expression levels of HIF‑1α increased significantly 
under hypoxic conditions when compared with normoxic 
conditions, whereas expression levels significantly decreased 
under hypoxia when miR‑320 was inhibited (P<0.01, Fig. 3A 
and B, respectively).

LC3 puncta assay. Autophagy was investigated to illustrate the 
underlying mechanism of how miR‑320 regulates RB develop-
ment under hypoxia via targeting HIF‑1α. It was demonstrated 
that the puncta quantity increased significantly under hypoxic 
conditions when compared with cells cultured under normoxic 
conditions, indicating that LC3 puncta accumulated in RB 
cells (P<0.01; Figs. 4 and 5). By contrast, inhibited miR‑320 
and silenced HIF‑1α resulted in remarkable decrease of the 
puncta quantity, inferring LC3 puncta was removed from RB 
cells (P<0.01, Figs. 4 and 5).

Expression of autophagy‑related proteins. Protein expression 
levels of p62, Beclin1, p‑mTOR and mTOR were evaluated 

Figure 1. Relative expression levels of miR‑320 were analyzed by reverse 
transcription‑quantitative polymerase chain reaction in normal and RB 
tissues under normoxic and hypoxic conditions. GAPDH was used as a 
reference gene. **P<0.01 vs. the normal tissue under normoxic conditions; 
##P<0.01 vs. RB tissue under normoxic conditions. RB, retinoblastoma.

Figure 2. RFUs were calculated to analyze the association between miR‑320 
and HIF‑1α via a luciferase reporter assay in WERI‑RB1 cells. RB cells 
were respectively transfected with miR‑320 inhibitor + pMIR‑HIF‑1α‑Wt, 
miR‑320 NC + pMIR‑HIF‑1α‑Wt, miR‑320 inhibitor + pMIR‑HIF‑1α‑Mut, 
and miR‑320 NC + pMIR‑HIF‑1α‑Mut. pMIR‑HIF‑1α‑Wt was a vector 
containing wild HIF‑1α sequence. pMIR‑HIF‑1α‑Mut was a vector including 
mutated HIF‑1α sequence. **P<0.01 vs. RB cells transfected with miR‑320 
NC + pMIR‑HIF‑1α‑Wt. RFUs, relative fluorescence units; RB, retinoblas-
toma; Mut, mutant; Wt, wild‑type.

Figure 3. (A) Relative mRNA expression levels of HIF‑1α were analyzed 
by reverse transcription‑quantitative polymerase chain reaction, and 
(B)  representative images and relative protein levels of HIF‑1α were 
recorded by western blot and quantified by Quantity One v4.62 software 
in WERI‑RB1 cells under normoxic conditions, hypoxic conditions and 
hypoxic conditions + miR‑320 inhibitor. GAPDH was used as a reference 
gene and protein. **P<0.01 vs. RB cells under normoxic conditions; ##P<0.01 
vs. RB cells under hypoxic conditions. HIF‑1α, hypoxia inducible factor‑1α; 
RB, retinoblastoma.
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and their relative levels were quantified. As shown, the 
expression of p62 decreased by 3‑fold (P<0.01) under hypoxia 
compared with the cells cultured under normoxic conditions, 
and HIF‑1α silencing caused a 1.41‑fold increase in p62 
(P<0.01) compared with the cells cultured under hypoxic 
conditions (Fig.  6A). Expression of Beclin1 increased by 
2.21‑fold (P<0.01) under hypoxic conditions when compared 
with the cells normoxic conditions, and HIF‑1α silencing 
caused a 2.71‑fold decrease in Beclin1 (P<0.01), as compared 
with the cells cultured under hypoxic conditions (Fig. 6B). 
Furthermore, the expression levels of p‑mTOR and mTOR 
were investigated and the ratio of p‑mTOR/mTOR calculated. 
It was observed that p‑mTOR/mTOR decreased by 8.29‑fold 
under hypoxic conditions when compared with cells cultured 
under normoxic conditions (P<0.01); miR‑320 inhibition and 
HIF‑1α silencing lead to 7.29‑fold (P<0.01) and 7.43‑fold 
increases (P<0.01) compared with the cells cultured under 
hypoxic conditions (Fig. 6C).

Figure 5. LC3 puncta was quantified by ImageJ to survey autophagy in 
WERI‑RB1 cells under normoxic conditions, hypoxic conditions and hypoxic 
conditions + HIF‑1α siRNA. RB cells were incubated with LC3 polyclonal 
antibody and DAPI consecutively. **P<0.01, compared with RB cells under 
normoxic conditions; ##P<0.01 vs. RB cells under hypoxic conditions. LC3, 
light chain 3; RB, retinoblastoma; DAPI, 4'6'‑diamino‑2‑phenylindole 
dihydrochloride.

Figure 6. Representative images and relative protein expression levels 
of (A) p62 and (B) Beclin1 were assessed by western blotting and quanti-
fied by Quantity One v4.62 software in WERI‑RB1 cells under normoxic 
conditions, hypoxic conditions and hypoxic conditions + HIF‑1α siRNA. 
(C) Representative images of p‑mTOR and mTOR following western blot-
ting, and the relative ratios of p‑mTOR/mTOR calculated after quantification 
of p‑mTOR and mTOR by Quantity One v4.62 software in WERI‑RB1 
cells under normoxic conditions, hypoxic conditions, hypoxic condi-
tions + miR‑320 inhibitor and hypoxic conditions + HIF‑1α siRNA. GAPDH 
was used as a reference protein. **P<0.01 vs. RB cells under normoxic condi-
tions; ##P<0.01 vs. RB cells under hypoxic conditions. LC3, light chain 3; 
RB, retinoblastoma; HIF‑1α, hypoxia inducible factor‑1α; p, phosphorylated; 
mTOR; mechanistic target of rapamycin.

Figure 4. LC3 puncta was quantified by ImageJ to investigate autophagy 
in WERI‑RB1 cells under normoxic conditions, hypoxic conditions and 
hypoxic conditions + miR‑320 inhibitor. RB cells were incubated with 
LC3 polyclonal antibody and DAPI consecutively. **P<0.01 vs. RB cells 
under normoxic conditions; ##P<0.01 vs. RB cells under hypoxic conditions. 
LC3, light chain 3; RB, retinoblastoma; DAPI, 4'6'‑diamino‑2‑phenylindole 
dihydrochloride.
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Discussion

It is well established that miRNAs are able to act as tumor 
suppressors. Evidence has shown that miRNAs could be 
suitable biomarkers for tumor prognosis and potential 
therapeutic targets based on the increasing understanding 
of their mechanisms of action  (6‑10). Consistent with 
a previous study  (15), we observed significantly higher 
expression of miR‑320 in RB tissues compared with normal 
tissues, indicating that miR‑320 has a role in RB. As is well 
known, proliferation and metabolism exhaust intratumoral 
oxygen, and the hypoxic microenvironment, which is partly 
controlled by HIF‑1α, promotes RB development  (18). In 
a simulated hypoxic cultivation, it was demonstrated that 
the expression of miR‑320 in RB tissues increased remark-
ably under hypoxic conditions, when compared with those 
cultured under normoxic conditions. The results suggested 
an association between miR‑320 and HIF‑1α in adjusting 
RB progression. Increasing evidence has shown that miRNA 
interfere with the metastasis and invasion of various types 
of cancer via the regulation of HIF‑1α (21‑24). In this study, 
a luciferase reporter assay was employed to investigate the 
effect of miR‑320 on HIF‑1α. The results demonstrated 
that HIF‑1α was one of the downstream targets of miR‑320. 
Inhibiting miR‑320 decreased the mRNA and protein expres-
sion levels of HIF‑1α, corroborating the positive regulation 
of miR‑320 on HIF‑1α in patients with RB.

Autophagy is an evolutionarily conserved metabolic process 
in all eukaryotic cells, initiated from sequestered proteins 
and intracellular organelles by double‑membrane‑bounded 
autophagosomes (25). This tissue‑specific process is respon-
sible for generating essential macromolecules by degrading the 
sequestered biological substances and is believed to sustain 
homeostasis and survival in hosts  (26). A recent study has 
demonstrated that autophagy was indispensable to the survival 
of hypoxic cells in three human tumor cell lines (27). However, 
the roles of autophagy in cancer development are two‑fold. On 
one hand, autophagy suppresses carcinogenic progression by 
clearing aberrant protein agglomerates and damaged organ-
elles and inhibiting prolonged inflammation in the early stage 
of cancer development. On the other hand, autophagy drives 
the growth of tumor cells by conferring resistance to metabolic 
stress when tumor cells encounter nutrient shortage and are 
rapid multiplying in the advanced stages of carcinogenesis (28). 
In the present study, it was demonstrated that downregulated 
miR‑320 and silenced HIF‑1α led to reduced LC3 in a dot‑like 
pattern implying that autophagy in RB tissues was inhibited 
under hypoxic conditions. These findings suggest that miR‑320 
may affect the level of autophagy by regulating HIF‑1α in RB.

As autophagy results in increased expression levels of 
autophagy‑related proteins, four autophagy‑related proteins 
(LC3, Beclin 1, p62 and mTOR) were analyzed in the present 
study to reliably evaluate the effects of miR‑320 and HIF‑1α 
on autophagy in RB tissues (29). LC3 is a specific marker of 
autophagosomes as it is an integral protein of the autophago-
some membrane (30). p62, also known as sequestosome‑1, is 
a membrane‑bound protein with multiple functions, including 
bone remodeling, cell death and survival (31). p62 binds to LC3 
and reduced p62 is implicated in the activation of autophagy 
as it undergoes constant degradation during the autophagy 

process (28). A high LC3/low p62 dot‑like pattern may be 
associated with active autophagy, while a low LC3/p62 dot‑like 
pattern may infer low basal autophagy (32). Beclin 1 is suppos-
edly involved in the translocation of autophagic proteins to a 
pre‑autophagosomal structure in autophagy and is regarded as 
an important protein in tumor development (33). mTOR is a 
serine/threonine protein kinase and a modifier of the balance 
between autophagy and proliferation (34). mTOR is activated by 
the phosphorylation of Ser2448 through the phosphatidylino-
sitol 3‑kinase/Akt pathway. Aberrantly high p‑mTOR, which 
is the activated form, has been associated with poor prognosis 
in various types of cancer, including esophageal squamous 
cell carcinoma (35) and small cell lung cancer (36). Whereas, 
inhibition of the mTOR pathway (dephosphorylation) may lead 
to the induction of autophagy in cancer (37). Herein, silenced 
HIF‑1α reduced LC3 puncta and Beclin 1, promoted the 
expression of p62 mRNA and protein. Furthermore, inhibition 
of miR‑320 and HIF‑1α resulted in elevated p‑mTOR levels. 
These observations revealed that the levels of miR‑320 and 
HIF‑1α may affect autophagy in RB tissues. In conclusion, we 
propose that miR‑320 may regulate autophagy by targeting 
HIF‑1α and the related mechanism may be associated with the 
mTOR pathway in RB development.
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