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Abstract.  Numerous repor ts have indicated that 
microRNA‑93‑5p (miR‑93‑5p) is involved in the development 
and progression of human cancer, including non‑small 
cell lung, gastric and breast cancer; however, the role of 
miR‑93‑5p in retinoblastoma (RB) remains unknown. In 
the present study, it was reported that miR‑93‑5p expression 
levels were significantly upregulated in RB tissues compared 
with in normal tissues by reverse transcription‑quantitative 
polymerase chain reaction. Furthermore, it was demonstrated 
via cell counting kit‑8 and Transwell assays that knockdown 
of miR‑93‑5p significantly suppressed the proliferation, 
migration and invasion of RB cells, but promoted cellular 
apoptosis. Regarding the underlying mechanism, the present 
study reported that phosphatase and tensin homolog (PTEN) 
was a direct target of miR‑93‑5p in RB cells. Overexpression 
of miR‑93‑5p significantly inhibited the expression of PTEN; 
opposing results were observed when PTEN expression was 
downregulated. Furthermore, the present study revealed 
that PTEN expression levels were downregulated and were 
inversely correlated with that of miR‑93‑5p in RB tissues. 
Additionally, the present study demonstrated that knockdown 
of PTEN in miR‑93‑5p‑depleted RB cells significantly reversed 
the effects of miR‑93‑5p on cell proliferation, migration and 
invasion; miR‑93‑5p knockdown was suggested to promote 
PTEN expression, consequently inhibiting the activation of 
phosphoinositide 3‑kinase (PI3K)/protein kinase B (AKT) 
signaling pathway. Collectively, the results of the present study 
demonstrated that miR‑93‑5p may serve a role as an oncogene 
by modulating the PTEN/PI3K/AKT signaling pathway in 
RB, indicating that miR‑93‑5p may be a potential therapeutic 
target for the treatment of RB.

Introduction

Retinoblastoma (RB) is the most common type of malignancy 
in young children and originates from immature cells within the 
retina (1). RB has a very high mortality rate and leads to a large 
number of cancer‑associated deaths, particularly in developing 
countries (2). Increased efforts have been made in the treatment 
of RB in the past years; however, these developments are very 
limited and the 5‑year survival of patients with RB remains quite 
poor (3). The majority of patients with RB are diagnosed at an 
advanced stage, and this is accompanied by metastasis, which is 
a major cause of RB‑associated malignancy (4). Therefore, there 
is an urgent requirement to identify novel diagnostic markers 
and develop effective therapeutic targets for RB intervention.

MicroRNAs (miRNAs/miRs) are a class of small noncoding 
RNAs that regulate gene expression at the post‑transcriptional 
level by associating with the 3'‑untranslated region (UTR) of 
target mRNAs to accelerate their degradation (5,6). Numerous 
reports have demonstrated that miRNAs are involved in a variety 
of physiological processes, including cell proliferation, develop-
ment, survival and differentiation (7‑10). Accumulating studies 
have also indicated that miRNAs may serve as oncogenes or 
tumor suppressors to regulate tumor cell proliferation, migration 
and invasion (11‑14). For instance, miRNA‑320a inhibits tumor 
proliferation and invasion by targeting c‑Myc in human hepato-
cellular carcinoma (15). Numerous miRNAs have been reported 
to regulate the progression of RB, including miR‑29a  (12), 
miR106b (13), miRNA‑382 (16) and miRNA‑320 (17); however, 
the functions of miRNAs in RB are yet to be determined and 
the roles of most miRNAs in RB remain unknown.

miR‑93‑5p has been recently reported to promote the 
proliferation and metastasis of numerous human cancers, 
including hepatocellular carcinoma (18), non‑small cell lung 
cancer (11) and gastric cancer (19); however, the functions 
of miR‑93‑5p in RB remain elusive. In the present study, it 
was revealed that miR‑93‑5p expression was significantly 
upregulated in RB tissues compared with in normal tissues. 
Additionally, inhibition of miR‑93‑5p markedly suppressed 
the proliferation, migration and invasion while inducing 
cellular apoptosis of RB cells. Mechanistically, the present 
study demonstrated that phosphatase and tensin homolog 
(PTEN), an inhibitor of the phosphoinositide 3‑kinase 
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(PI3K)/protein kinase B (AKT) signaling pathway (20), was 
a target of miR‑93‑5p in RB cells. In addition, the expression 
of PTEN was downregulated and inversely correlated with 
that of miR‑93‑5p in RB cells. Furthermore, the present study 
revealed that knockdown of PTEN significantly rescued the 
proliferation, migration and invasion of RB cells transfected 
with miR‑93‑5p inhibitors. It was reported that miR‑93‑5p 
knockdown promoted PTEN expression and consequently 
inhibited the activation of the PI3K/AKT pathway in the 
present study. In conclusion, the results of the present study 
demonstrated that miR‑93‑5p may be associated with the 
progression of RB by modulating the PTEN/PI3K/AKT 
signaling pathway.

Patients and methods

Patient samples. A total of 23 human RB (16 males, 7 females; 
age, 15‑51  years) and 12 normal retina tissue samples 
(8 males, 4 females; age, 22‑61 years) were collected between 
February 2013 to May 2016, and were provided by the Weifang 
Medical University (Weifang, China). All tissue samples were 
harvested at surgery, immediately frozen in liquid nitrogen 
and stored at ‑80˚C until RNA extraction. The present study 
was approved by the Ethics Committee of Weifang Medical 
University. All of the experiments were conducted following 
the obtainment of written informed consent from each patient 
or their family.

Cell culture and transfection. The human RB cell lines, including 
HXO‑Rb44, Y79 and SO‑RB50, and the normal human 
retinal pigment epithelial cell line, ARPE‑19, were purchased 
from the American Type Culture Collection (Manassas, VA, 
USA). All cancer cells were cultured in RPMI‑1640 medium 
(Gibco; Thermo Fisher Scientific, Inc., Waltham, MA, USA) 
containing 100 IU/ml penicillin, 100 mg/ml streptomycin, 
20  mM glutamine and 10%  heat‑inactivated fetal bovine 
serum (FBS; Gibco; Thermo Fisher Scientific, Inc.). The 
normal human retinal pigment epithelial cell line ARPE‑19 
was cultured in Dulbecco's modified Eagles medium (DMEM; 
Gibco; Thermo Fisher Scientific, Inc.) with 10% FBS, 5 mg/ml 
transferrin, 5 mg/ml insulin, 100 ng/ml hydrocortisone and 
10  mM HEPES. All cells were cultured in a humidified 
atmosphere of 5% CO2 at 37˚C.

A total of 1x106  cells were transfected with 50  nM 
miR‑93‑5p mimics, mimic control, miR‑93‑5p inhibitors, 
negative control (NC) inhibitor, PTEN small interfering 
RNA (siRNA) or control siRNA using Lipofectamine® 2000 
(Invitrogen; Thermo Fisher Scientific, Inc.), according to the 
manufacturer's protocol. miR‑93‑5p mimics (5'‑CAA​AGU​
GCU​GUU​CGU​GCA​GGU​AG‑3'), mimic control (5'‑ACA​
UCU​GCG​UAA​GAU​UCG​AGU​CUA‑3'), miR‑93‑5p inhibitors 
(5'‑CTA​CCT​GCA​CGA​ACA​GCA​CTT​TG‑3'), NC inhibitor 
(5'‑UCA​CAA​CCU​CCU​AGA​AAG​AGU​AGA‑3'), PTEN siRNA 
(5'‑AGA​UGU​UAG​UGA​CAA​UGA​ACC‑3') and control siRNA 
(5'‑AAT​TCT​CCG​AAC​GTG​TCA​CGT‑3') were obtained from 
Shanghai GenePharma Co., Ltd. (Shanghai, China). Following 
transfection, cells were cultured for 48 h and transfection effi-
ciency was validated using reverse transcription‑quantitative 
polymerase chain reaction (RT‑qPCR) as described below, 
prior to subsequent experimentation.

RT‑qPCR. Total RNA was extracted from tumor tissue or 
cultured cell lines using TRIzol® reagent (Invitrogen; Thermo 
Fisher Scientific, Inc.), according to the manufacturer's proto-
cols. Total RNA was reverse transcribed into cDNA using 
the PrimeScript™ RT reagent kit (Takara Biotechnology Co., 
Ltd., Dalian, China) with gDNA Eraser (Takara Biotechnology 
Co., Ltd.), according to the manufacturer's protocols; 1 mg 
total RNA was reverse transcribed for each sample. qPCR 
was conducted using the TaqMan™ MicroRNA Assay kit 
(Applied Biosystems; Thermo Fisher Scientific, Inc.) for 
miRNAs and the Fast SYBR™ Green Master Mix (Applied 
Biosystems; Thermo Fisher Scientific Inc.) for mRNAs, on an 
Applied Biosystems Real‑Time PCR machine (Thermo Fisher 
Scientific, Inc.). miR‑93‑5p and PTEN expression levels were 
normalized to U6 and GAPDH, respectively using the 2‑ΔΔCq 
method (21). The thermocycling conditions were as follows: 
Denaturation at 95˚C for 10 min; followed by 40 cycles of 
denaturation at 95˚C for 15 sec and elongation at 60˚C for 
1 min. The primer sequences were as follows: miR‑93‑5p 
forward, 5'‑ACA​CTC​CAG​CTG​GGC​AAA​GTG​CTG​TTC​GTG​
C‑3' and reverse, 5'‑CTC​AAC​TGG​TGT​CGT​GGA​GTC​GGC​
AAT​TCA​GTT​GAG​CTA​CCT​GC‑3'; PTEN forward, 5'‑TCC​
CAG​ACA​TGA​CAG​CCA​TC‑3' and reverse, 5'‑TGC​TTT​GAA​
TCC​AAA​AAC​CTT​ACT‑3'; U6 forward, 5'‑CTC​GCT​TCG​
GCA​GCA​CA‑3' and reverse, 5'‑AAC​GCT​TCA​CGA​ATT​TGC​
GT‑3'; and GAPDH forward, 5'‑ATG​TTG​CAA​CCG​GGA​AGG​
AA‑3' and reverse, 5'‑AGG​AAA​AGC​ATC​ACC​CGG​AG‑3'.

Cell Counting Kit‑8 (CCK‑8) proliferation assays. Transfected 
cells were collected at 24 h post‑transfection and seeded into 
96‑well plates at a density of 3x103 cells per well. Following 
culturing for 24, 48 and 72  h, a CCK‑8 assay (Beyotime 
Institute of Biotechnology, Shanghai, China) was performed 
according to the manufacturer's protocols. In brief, 10 µl 
CCK‑8 reagent was added to each well; the cells were incubated 
at 37˚C with 5% CO2 for 2 h. Absorbance was determined at 
a wavelength of 450 nm using an ELx808 absorbance reader 
(BioTek Instruments, Inc., Winooski, VT, USA). Each assay 
was performed in triplicate and repeated three times.

Transwell assays. Transwell chamber assays were performed 
to analyze cell invasion and migration. Matrigel was employed 
to pre‑coat the membrane of Transwell chambers to simulate 
a matrix barrier for the invasion assay. The transfected cells in 
the log phase were seeded on the upper champers at a density of 
2x105 cells/well in 200 µl serum‑free RPMI‑1640 medium. A 
total of 600 µl RPMI‑1640 medium with 10% FBS was added 
to the lower chamber to stimulate cell migration and invasion. 
Following 24 h of incubation at 37˚C, cells that had migrated 
or invaded to the lower chamber were fixed with paraformal-
dehyde for 5 min at 25˚C and stained with 0.1% crystal violet 
for 5 min at 25˚C. The images of cells were obtained under a 
TS100 inverted light microscope (Nikon Corporation, Tokyo, 
Japan) at magnification, x200; the cell number was counted in 
five selected randomly fields per membrane.

Western blot analysis. Y79 and SO‑RB50 cells were lysed in cold 
radioimmunoprecipitation assay buffer, and protein concentra-
tion was determined using a Pierce™ BCA Protein Assay 
kit (both Thermo Fisher Scientific, Inc.). Protein (40 µg/lane) 
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was separated via 10% SDS‑PAGE and then transferred to a 
polyvinylidene difluoride (PVDF) membrane (Thermo Fisher 
Scientific, Inc.). The membrane was blocked using 5% non‑fat 
milk in PBS (Thermo Fisher Scientific, Inc.) containing 0.1% 
Tween‑20 (Sigma‑Aldrich; Merck KGaA, Darmstadt, Germany) 
at room temperature for 2 h. Subsequently, the PVDF membrane 
was incubated with rabbit anti‑PTEN (1:1,000; cat. no. ab32199; 
Abcam, Cambridge, MA, USA), rabbit anti‑phosphorylated 
(p)‑AKT (1:1,000; cat. no. 4060; Cell Signaling Technology, 
USA), rabbit anti‑AKT (1:1,000; cat. no. ab18785) and rabbit 
anti‑GAPDH (1:1,000; cat. no. ab9485; both Abcam) primary 
antibodies at room temperature for 2 h. Following washing 
with PBS for 10 min, the PVDF membrane was incubated with 
horseradish peroxidase‑conjugated goat anti‑rabbit secondary 
antibodies (1:5,000; cat. no. ab7090; Abcam) at room tempera-
ture for 1 h. Membranes were then washed with PBS for 10 min 
and the protein bands were visualized using the Pierce™ ECL 
Western Blotting Substrate kit (Thermo Fisher Scientific, Inc.), 
according to the manufacturer's protocol. Protein densitometry 
was performed using ImageJ Software version 1.41 (National 
Institutes of Health, Bethesda, MD, USA).

Cell apoptosis assays. Cell apoptosis was determined using 
an Annexin V‑fluorescein isothiocyanate (FITC) Apoptosis 
Detection kit (Nanjing KeyGen Biotech Co., Ltd., Nanjing, 
China), according to the manufacturer's protocols. Briefly, 
RB cells were harvested 48 h following transfection and then 
washed with PBS. Then, 5x104 cells were resuspended in 500 µl 
of binding buffer containing 5 µl of Annexin V‑FITC and 5 µl 
of propidium iodide (PI) for 10 min at 4˚C. Subsequently, apop-
tosis was determined using a flow cytometer. The data were 
analyzed with FlowJo software version 5.7.2 (FlowJo LLC, 
Ashland, OR, USA). The total percentage Annexin V‑positive 
cells indicated apoptotic cells.

Luciferase assay. TargetScan version  7.1 (http://www.
targetscan.org/index.html) was used to predict potential 
miR‑93‑5p targets. The wild‑type (WT) 3'‑UTR sequence of 
PTEN or the mutant (Mut) 3'‑UTR sequence of PTEN was 
amplified by PCR and incorporated into the pGL3 control 
vector (Promega Corporation, Madison, WI, USA) between 
MluI and XhoI restriction sites, to obtain the WT‑PTEN‑3'‑UTR 
or Mut‑PTEN‑3'‑UTR, respectively. A total of 2x104 cells/well 

were seeded into 24‑well plates the day prior to transfection 
and then cells were cotransfected with 1  mg WT or Mut 
PTEN‑3'‑UTR along with 50 nM miR‑93‑5p mimics or mimic 
control using Lipofectamine® 2000 (Invitrogen; Thermo Fisher 
Scientific, Inc.). At 48 h following cotransfection, the lucif-
erase activity for the WT or Mut PTEN 3'‑UTR was measured 
using the Dual‑Luciferase® Reporter Assay system (Promega 
Corporation) and normalized to Renilla luciferase activity.

Statistical analysis. SPSS statistical software for Windows 
version 19.0 (IBM Corp., Armonk, NY, USA) and GraphPad 
Prism version  5.01 (GraphPad Software, Inc., La Jolla, 
CA, USA) software were used for statistical analysis. All 
experiments were repeated at least three times and data 
are represented as the mean ± standard deviation from at 
least three independent experiments. A Student's t‑test 
and one‑way analysis of variance followed by a Tukey's 
post hoc test was used to compare two or multiple groups, 
respectively, for statistical significance. Spearman's rank 
correlation analysis was performed to analyze correlation 
between miR‑93‑5p and PTEN expression levels. P<0.05 was 
considered to indicate a statistically significant difference.

Results

miR‑93‑5p is highly expressed in RB tissues and cell lines. 
The present study analyzed the expression levels of miR‑93‑5p 
in RB tissues by RT‑qPCR. It was observed that the expres-
sion levels of miR‑93‑5p were significantly upregulated in 
RB tissues (n=23) compared with in normal tissues (n=12) 
(P<0.05; Fig. 1A). Furthermore, RT‑qPCR analysis also indi-
cated that miR‑93‑5p expression levels were also significantly 
upregulated in the RB cell lines, including Y79, SO‑RB50 
and HXO‑Rb44, compared with in ARPE‑19 cells (P<0.05; 
Fig. 1B). miR‑93‑5p expression levels were highest in Y79 and 
SO‑RB50 cells; therefore, these two cell lines were selected 
for following experiments. These results demonstrated that 
miR‑93‑5p expression was upregulated in RB cells, indicating 
that miR‑93‑5p may be involved in the progression of RB.

Knockdown of miR‑93‑5p inhibits RB cell proliferation and 
promotes apoptosis. To investigate the function of miR‑93‑5p, 
the expression of miR‑93‑5p was downregulated in Y79 and 

Figure 1. miR‑93‑5p is highly expressed in RB tissues. (A) Relative expression levels of miR‑93‑5p in RB tissues and normal tissues were determined 
by RT‑qPCR. (B) RT‑qPCR analysis revealed that miR‑93‑5p expression levels were upregulated in RB cell lines compared with in ARPE‑19 cells. 
*P<0.05 vs. normal tissues or ARPE‑19 cells. RB, retinoblastoma; miR, microRNA; RT‑qPCR, reverse transcription‑quantitative polymerase chain reaction.
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SO‑RB50 cells via transfection with a miR‑93‑5p inhibitor. 
RT‑qPCR analysis indicated that miR‑93‑5p expression levels 
were significantly downregulated in Y79 and SO‑RB50 cells 
compared with in cells transfected with the NC inhibitor 
(P<0.05; Fig. 2A). In addition, CCK‑8 assays were performed 
to analyze cell proliferation. As presented in Fig.  2B 
and C, miR‑93‑5p knockdown significantly suppressed the 
proliferation of Y79 and SO‑RB50 cells at 48 and 72 h following 
transfection compared with in the NC inhibitor group (P<0.05). 
Furthermore, cell apoptosis was determined by Annexin V/PI 
staining. The results demonstrated that miR‑93‑5p knockdown 
significantly increased the percentage of Y79 and SO‑RB50 
apoptotic cells (P<0.05; Fig. 2D). The results suggested that 
miR‑93‑5p promoted the malignant behavior of RB cells.

miR‑93‑5p knockdown suppresses RB cell migration and 
invasion. To analyze the effects of miR‑93‑5p on tumor 
metastasis, the cell migration and invasive abilities of RB 
cells transfected with miR‑93‑5p or control inhibitors were 
investigated via Transwell assays. The results indicated that 
miR‑93‑5p knockdown significantly suppressed the migration 
and invasive abilities of Y79 and SO‑RB50 cells compared 
with in the NC inhibitor group (P<0.05; Fig. 3A and B).

PTEN is a target of miR‑93‑5p. To further investigate the mech-
anism of miR‑93‑5p in RB cells, bioinformatics analysis was 
conducted. The present study reported that PTEN was a potential 
target of miR‑93‑5p. A potential binding site of miR‑93‑5p was 
determined in the 3'‑UTR of PTEN mRNA (Fig. 4A). To verify 
this prediction, luciferase reporter assays were conducted with 
RB cells cotransfected with miR‑93‑5p mimics or control and 
WT‑PTEN‑3'‑UTR or Mut‑PTEN‑3'‑UTR. Firstly, RT‑qPCR 
was performed to confirm successful miR‑93‑5p overexpression 

(Fig. 4B and C). Next, the luciferase reporter assay revealed 
that miR‑93‑5p overexpression significantly inhibited the 
luciferase activity of the WT‑PTEN‑3'‑UTR compared with in 
cells cotransfected with control (P<0.05); however, that of the 
Mut‑PTEN‑3'‑UTR in Y79 and SO‑RB50 cells were unaffected 
(Fig. 4B and C). To directly analyze the effects of miR‑93‑5p 
on PTEN expression, miR‑93‑5p mimic or control was trans-
fected into RB cells, which demonstrated that overexpression of 
miR‑93‑5p significantly reduced the mRNA expression levels 
of PTEN in Y79 and SO‑RB50 cells (Fig. 4D). Consistently, 
knockdown of miR‑93‑5p markedly upregulated the protein 
expression levels of PTEN in Y79 and SO‑RB50 cells (Fig. 4E). 
The data demonstrated that PTEN may be a direct target of 
miR‑93‑5p in RB cells.

PTEN expression is inversely correlated with miR‑93‑5p 
expression in RB tissues. The present study investigated the 
expression levels of PTEN in RB tissues by RT‑qPCR. The 
results revealed that PTEN expression levels were significantly 
downregulated in RB tissues compared with in normal tissues 
(Fig. 5A). In addition, a statistically significant inverse correla-
tion was observed via Spearman's correlation analysis between 
miR‑93‑5p and PTEN levels in RB tissues (Fig. 5B).

PTEN knockdown reverses the inhibitory effects of miR‑93‑5p 
depletion on the proliferation, migration and invasion of 
RB cells. As miR‑93‑5p was determined to be significantly 
overexpressed in tumor cells (Fig. 1B), a rescue assay using 
miR‑93‑5p inhibitors was conducted; the expression levels 
of PTEN were downregulated in miR‑93‑5p‑depleted RB 
cells via transfection with a specific siRNA against PTEN. 
RT‑qPCR confirmed the efficiency of PTEN siRNA transfec-
tion (Fig. 6A). Western blotting indicated that the expression 

Figure 2. Knockdown of miR‑93‑5p inhibits retinoblastoma cell proliferation and promotes apoptosis. (A) Relative expression of miR‑93‑5p in Y79 and 
SO‑RB50 cells transfected with miR‑93‑5p or NC inhibitors. Cell Counting kit‑8 assays were used to measure the proliferation of (B) Y79 and (C) SO‑RB50 
cells. (D) Flow cytometric analysis indicated that knockdown of miR‑93‑5p promoted the apoptosis of Y79 and SO‑RB50 cells. The percentage of apoptotic 
cells indicates the total percentage of Annexin V‑positive cells. *P<0.05 vs. NC inhibitor. OD, optical density; miR, microRNA; NC, negative control; PI, 
propidium iodide.



MOLECULAR MEDICINE REPORTS  18:  5807-5814,  2018 5811

levels of PTEN were markedly downregulated compared with 
in miR‑93‑5p‑downregulated RB cells (Fig. 6A). Notably, 
knockdown of PTEN significantly rescued the suppressive 
effects of miR‑93‑5p inhibition on RB cell proliferation, 
migration and invasion (P<0.05; Fig. 6B‑D). These results 
indicated that miR‑93‑5p may exerts its oncogenic roles within 
RB cells by regulating PTEN expression, at least partly.

miR‑93‑5p knockdown suppresses the PI3K/AKT signaling 
pathway in RB cells. PTEN has been demonstrated to be 

a negative regulator of the PI3K/AKT signaling pathway, 
which is abnormally activated in numerous types of tumors, 
including RB (22). The present study investigated whether 
miR‑93‑5p may exert an effect on the PI3K/AKT signaling 
pathway. Western blotting results indicated that knockdown 
of miR‑93‑5p notably upregulated the protein levels of PTEN 
and inhibited that of p‑AKT compared with in the control 
group (Fig. 7A and B), which suggested that miR‑93‑5p posi-
tively activates the PI3K/AKT signaling pathway in RB cells. 
In conclusion, the present study demonstrated that miR‑93‑5p 

Figure 3. miR‑93‑5p downregulation suppresses RB cell migration and invasion. (A) Cell migration was determined via a Transwell migration assay of RB 
cells transfected with miR‑93‑5p or an NC inhibitor. (B) Cell invasion was detected via a Transwell invasion assay of RB cells transfected with an miR‑93‑5p 
inhibitor or control. *P<0.05 vs. NC inhibitor. NC, negative control; miR, microRNA; RB, retinoblastoma.

Figure 4. PTEN is a target of miR‑93‑5p. (A) Predicted binding site of miR‑93‑5p in the 3'‑UTR region of PTEN mRNA. Luciferase reporter assay was 
performed in (B) Y79 and (C) SO‑RB50 cells transfected with the WT or Mut‑PTEN‑3'UTR reporter plasmid and miR‑93‑5p mimics or miR‑NC. (D) Reverse 
transcription‑quantitative polymerase chain reaction analysis indicated that miR‑93‑5p overexpression inhibited the mRNA level of PTEN in Y79 and SO‑RB50 
cells. (E) Western blotting demonstrated that miR‑93‑5p knockdown increased the protein levels of PTEN in Y79 and SO‑RB50 cells. *P<0.05 vs. NC group. 
Mut, mutant; miR, microRNA; NC, negative control; PTEN, phosphatase and tensin homolog; UTR, untranslated region; WT, wild type.
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may exert an oncogenic role in RB via regulation of the 
PTEN/PI3K/AKT signaling pathway.

Discussion

In the past decade, miRNAs have been widely demonstrated 
to serve essential functions in the initiation and progression 

of RB via regulating the expression of specific genes (23). For 
instance, Liu et al (24) reported that the proliferation, migration 
and invasion of human RB cells were significantly suppressed 
by miR‑124 in a signal transducer and activator of transcription 
3‑dependent manner. Lei et al (25) reported that miR‑101 was 
downregulated in RB tissues and suppressed tumor cell growth 
and proliferation by inhibiting the expression of enhancer of 

Figure 6. PTEN knockdown reverses the inhibitory effect of miR‑93‑5p depletion on proliferation, migration and invasion in RB cells. (A) PTEN mRNA 
and protein expression levels were measured by reverse transcription‑quantitative polymerase chain reaction and western blotting in RB cells transfected 
with miR‑93‑5p inhibitors in the presence or absence of PTEN siRNA. Analysis was conducted 72 h following transfection. GAPDH was used as an internal 
control. (B) Cell proliferation of RB cells 72 h following transfection with an miR‑93‑5p inhibitor in the presence of a PTEN siRNA as determined by a Cell 
Counting Kit‑8. (C) Cell migration and (D) invasion was determined via Transwell assays of RB cells 48 h following transfection with miR‑93‑5p inhibitors 
in the presence or absence of a PTEN siRNA. *P<0.05 vs. NC group. PTEN, phosphatase and tensin homolog; miR, microRNA; RB, retinoblastoma; siRNA, 
small interfering RNA.

Figure 5. PTEN expression is inversely correlated with miR‑93‑5p expression in RB tissues. (A) PTEN mRNA expression levels were determined in normal 
retinal and RB tumor samples by reverse transcription‑quantitative polymerase chain reaction. (B) Relative inverse correlation between PTEN and miR‑93‑5p 
expression as determined by Spearman's correlation analysis of RB tissues. *P<0.05 vs. normal group. PTEN, phosphatase and tensin homolog; miR, 
microRNA; RB, retinoblastoma.
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zeste homolog 2. Liu et al (26) demonstrated that miR‑34a was 
downregulated in RB tissues and enhanced tumor cell chemo-
sensitivity and promoted cell death by targeting high mobility 
group box 1 to suppress autophagy. Wang et al (27) reported that 
miRNA‑183 inhibited the proliferation, migration and invasion 
of RB cells downregulating the expression of low‑density lipo-
protein receptor‑related protein 6. Martin et al (28) revealed 
that miR‑449 significantly inhibited the proliferation and 
induced the apoptosis of RB cells. Additionally, Wang et al (29) 
reported that miR‑365b‑3p was downregulated in RB tissues 
and was associated with cell cycle arrest, and enhanced tumor 
cell apoptosis by targeting paired box protein Pax‑6. In the 
present study, it was observed that miR‑93‑5p was significantly 
upregulated in RB tissues and cell lines. Functional experi-
ments demonstrated that miR‑93‑5p knockdown inhibited the 
proliferation, migration and invasion, but induced the apoptosis 
of RB cells. The results of the present study indicated that 
miR‑93‑5p serves a crucial role in the progression of RB.

miR‑93‑5p has been demonstrated to serve as an oncogene 
and promote tumor growth and metastasis in numerous types 
of cancer, including ovarian carcinoma  (30), endometrial 
carcinoma  (31), triple‑negative breast cancer  (32), gastric 
cancer (19), non‑small cell lung cancer (11) and hepatocellular 
carcinoma (18). However, to the best of our knowledge, the 
physiological functions and underlying molecular mecha-
nism of miR‑93‑5p in RB have not been investigated. In the 
present study, it was reported that miR‑93‑5p expression was 
significantly upregulated in RB specimens compared with in 
normal retinal tissues. Consistently, the expression levels of 
miR‑93‑5p were higher in RB cell lines than that of ARPE‑19 
cells. Additionally, the present study revealed that knockdown 
of miR‑93‑5p suppressed the proliferation, migration and inva-
sion of RB cells, but enhanced cellular apoptosis. These results 
suggested that miR‑93‑5p serves as an oncogene in RB.

Increasing evidence has indicated that miRNAs exert 
biological functions in cancer cells by suppressing the expres-
sion of target genes  (31,33). Bioinformatics analysis using 
TargetScan indicated that PTEN may be a potential target of 
miR‑93‑5p as determined in the present study. In addition, the 

interaction between PTEN and miR‑93‑5p in RB cells was 
demonstrated by luciferase reporter assays, RT‑qPCR and 
western blot analysis in the present study. PTEN has been 
reported to suppress tumor growth and metastasis in various 
cancers by regulating proliferation, migration and invasion, 
and the cell cycle (20). Importantly, accumulating evidence has 
indicated that PTEN is a negative regulator of the PI3K/AKT 
signaling pathway, in which aberrant activation leads to the 
progression of several types of cancer, such as RB (16,34); 
however, the mechanism underlying the regulation of PTEN 
in RB requires further investigation. In the present study, the 
inhibition of miR‑93‑5p was associated with significantly 
enhanced PTEN expression in RB cells; opposing results 
were observed when PTEN expression was downregulated. In 
addition, the present study reported that miR‑93‑5p expression 
levels were inversely correlated with PTEN mRNA expression 
in RB tissues. Knockdown of PTEN partially reversed the 
effects of miR‑93‑5p depletion on RB cell proliferation, migra-
tion and invasion. Additionally, the results of the present study 
also demonstrated that knockdown of miR‑93‑5p inhibited the 
activation of the PI3K/AKT pathway in RB cells. These obser-
vations suggest that miR‑93‑5p exhibited an oncogenic role in 
RB via the targeting of PTEN. Compared to the previous study 
by Wei et al (34), the present study revealed the relationship 
between PTEN and miR‑93‑5p in RB progression.

In conclusion, the present study reported that miR‑93‑5p 
may promoted the progression of RB by regulating cell prolifer-
ation, apoptosis, migration and invasion in a PTEN/PI3K/AKT 
signaling pathway‑dependent manner. These results suggest 
that miR‑93‑5p may be a potential therapeutic target for the 
treatment of RB; however, further investigation is required.
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