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Abstract. Mounting evidence has demonstrated that 
microRNAs (miRNAs or miRs) play significant roles in 
various types of human tumors, including retinoblastoma (RB). 
However, the biological role and regulatory mechanisms of 
miRNAs in RB remain to be fully elucidated. The present study 
was designed to identify the regulatory effects of miRNAs in 
RB and the underlying mechanisms. Differentially expressed 
miRNAs in RB tissue were screened out based on the Gene 
Expression Omnibus (GEO) dataset, GSE7072, which revealed 
that miR‑153 in particular, displayed the highest fold change 
in expression. It was identified that miR‑153 was significantly 
downregulated in RB tissues, and its downregulation was 
closely associated with a larger tumor base and differentia‑
tion. Functional analysis revealed that the overexpression of 
miR‑153 inhibited RB cell proliferation, migration and inva‑
sion, and promoted the apoptosis of WERI‑RB‑1 and Y79 cells. 
In addition, insulin‑like growth factor 1 receptor (IGF1R) was 
identified as a target of miR‑153 in RB cells. More importantly, 
it was demonstrated that miR‑153 upregulation inhibited the 
expression of its target gene, IGF1R, which inhibited the acti‑
vation of the Raf/MEK and PI3K/AKT signaling pathways. 
Collectively, the present study demonstrates for the first time, 
to the best of our knowledge, that miR‑153 functions as a 
tumor suppressor in RB by targeting the IGF1R/Raf/MEK and 
IGF1R/PI3K/AKT signaling pathways. Collectively, the find‑
ings presented herein demonstrate that miR‑153 targets IGF1R 
and blocks the activation of the Raf/MEK and PI3K/AKT 
signaling pathway, thus preventing the progression of RB. 

Thus, this miRNA may serve as a novel prognostic biomarker 
and therapeutic target for RB.

Introduction

Retinoblastoma (RB) is the most common type of primary 
intraocular malignant tumor that occurs either genetically in 
children or sporadically in adults (1). Apart from its occult 
onset, RB can easily metastasize, and can rapidly fill much 
of the eyeball and can subsequently spread to the other parts 
of body, such as the brain and lymph nodes  (2). Although 
marked improvements have been made in the treatment of RB, 
including enucleation, radiation, focal techniques and systemic 
chemotherapy, RB is associated with a high metastatic 
rate and poor prognosis (3,4). Therefore, there is an urgent 
need to explore the underlying mechanisms involved in RB 
tumorigenesis, development and prognosis.

MicroRNAs (miRNAs or miRs), normally containing 
~21‑25 nucleotides, are a class of small non‑coding RNA mole‑
cules involved in the regulation of gene expression by targeting 
mRNAs for translational repression or cleavage (5,6). There 
is increasing evidence to indicate that miRNAs play critical 
roles in regulating cell apoptosis, proliferation, invasion and 
migration (7). A number of studies have indicated the role of 
miRNAs in various types of tumors (8). MicroRNA‑153‑3p 
(miR‑153), an extensively studied miRNA, has been reported 
to serve as a tumor suppressor in a variety of cancer types, 
such as breast cancer (9), gastric cancer (10), osteosarcoma (11) 
and lung cancer (12). For example, miR‑153 has been shown 
to target the inhibitor of growth protein 2 to inhibit acute 
lymphoblastic leukemia cell proliferation, migration and inva‑
sion (13). It has also been reported that miR‑153 can inhibit 
the MCL1 gene, thus suppressing the progression of ovarian 
carcinoma in vitro and in vivo (14). In addition, miR‑153 has 
been reported to inhibit the migration and the tube formation 
of endothelial cells by blocking the paracrine of angiopoietin 
1 in breast cancer cells (15). However, the function of miR‑153 
in RB remains unknown.

In the present study, miR‑153 expression was analyzed in 
RB tissues and cell lines by reverse transcription‑quantitative 
PCR (RT‑qPCR) assays. In vitro experiments were performed 
to investigate the functional role of miR‑153 in RB cells and 
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the underlying mechanisms. The findings of these experiments 
suggested that miR‑15 may be a potential diagnostic and 
therapeutic target for RB treatment.

Materials and methods

Tissue samples. A total of 50 RB tissues samples were 
obtained from patients who received enucleation or enucle‑
ation + chemotherapy ± radiation therapy at the Department 
of Ophthalmology, the First People's Hospital of Shangqiu, 
Shangqiu, China between February, 2017 and November, 2018. 
A total of 10 normal retinas were obtained from patients 
who had passed away due to conditions other than ophthal‑
mologic diseases at the First People's Hospital of Shangqiu. 
Written consent for tissue donation for research purposes was 
obtained from the donor or family members prior to tissue 
collection. The present study was approved by the Research 
Ethics Committee of the First People's Hospital of Shangqiu. 
The samples were snap‑frozen in liquid nitrogen and stored 
at ‑80˚C.

RT‑qPCR. Total RNA was extracted from tissues and cells by 
TRIzol® reagent (Invitrogen; Thermo Fisher Scientific, Inc.). 
cDNA was synthesized using the PrimeScript RT reagent kit 
(Promega Corporation). For the detection of miR‑153, qPCR 
was conducted using the MicroRNAs Quantitation PCR kit 
[Sangon Biotech (Shanghai) Co., Ltd.]. U6 was used as an 
internal control for the detection of miR‑153 expression. The 
sequences of the primers used for miR‑153 and U6, as well as 
those for insulin‑like growth factor 1 receptor (IGF1R) and 
GAPDH are listed in Table I. The thermocycling conditions 
were as follows: 50˚C for 2 min and 95˚C for 10 min, followed 
by 40 cycles of 95˚C for 15 sec and 60˚C for 10 min. Fold 
changes in the expression of each gene were calculated using 
the 2‑∆∆Cq method (16).

Cell lines and cell culture. WERI‑RB‑1 (ATCC® HTB‑169) 
and Y79 (ATCC® HTB‑18), a normal retinal epithelial cell 
line (ARPE‑19) (ATCC® CRL‑2302) cells were obtained from 
American Type Culture Collection (ATCC), while the RB cell 
line SO‑RB50 was obtained from the Zhongshan Ophthalmic 
Center, Sun Yat‑sen University (Zhongshan, China). All the 
cells were cultured in Dulbecco's modified Eagle's medium 
(DMEM, HyClone; Cytiva) supplemented with 10% fetal 
bovine serum (HyClone; Cytiva), 100 U/ml penicillin and 
100 µg/ml streptomycin at 37˚C in a 5% CO2 atmosphere.

Cell transfection. miR‑153 mimics (5'‑UUG​CAU​AGU​CAC​
AAA​AGU​GAU​C‑3'), mimics negative control (NC) (5'‑UUC​
UCC​GAA​CGU​GUC​ACG​UTT‑3'), miR‑153 inhibitor (5'‑GAU​
CAC​UUU​UGU​GAC​UAU​GCA​A‑3') and inhibitor NC 
(5'‑CAG​UAC​UUU​UGU​GUA​GUA​CAA‑3') were obtained 
from Shanghai GenePharma Co., Ltd. pcDNA3.1‑IGF1R, 
pcDNA3.1 vector, as well as small interfering RNA (si‑RNA) 
specific for IGF1R (si‑IGF1R) (5'‑AGG​CGG​GCT​TCC​GGG​
AGG​TCT​CCT​T‑3') or si‑Scramble (5'‑GGA​AGA​GGT​GGA​
GGC​TCG​CTC​GCG​G‑3') were obtained from Invitrogen; 
Thermo Fisher Scientific, Inc.. The WERI‑RB‑1 and Y79 cells 
(5x105/well) were seeded in a six‑well plate overnight, and the 
cells were then transfected with miR‑153 mimics (20 nM), 

mimics NC (20 nM), miR‑153 inhibitor (20 nM), inhibitor 
NC (20 nM), pcDNA‑IGF1R (2 µg) or si‑IGF1R (100 nM) 
(Shanghai GenePharma Co., Ltd.) using Lipofectamine 2000® 
(Invitrogen; Thermo Fisher Scientific, Inc.). At 48 h following 
transfection, cells were harvested, and protein and RNA were 
then extracted for analyses.

Microarray datasets. The miRNA dataset (GSE7072) 
was searched and downloaded from the Gene Expression 
Omnibus (GEO) database (https://www.ncbi.nlm.nih.
gov/geo/). GSE7072 was analyzed through the GPL4879 
platform (Agilent‑019118 Human miRNA Microarray 2.0) and 
consisted of three samples. Differentially expressed miRNAs 
(DEmiRNAs) between normal and RB samples were screened 
based on GEO2R (www.ncbi.nlm.nih.gov/geo/geo2r/), an 
interactive web tool. DE‑miRNAs were then identified based 
on the fold change in expression. A heatmap of DE‑miRNAs 
was created using a method of hierarchical clustering by 
GeneSpring GX, version 7.3 (Agilent Technologies, Inc.).

Cell viability assay. At 48  h following transfection, cell 
viability in 96‑well plates was evaluated using the Cell 
Counting Kit‑8 (CCK8; Dojindo Laboratories, Inc.) assay. 
Briefly, 10 µl CCK‑8 solution (Dojindo Laboratories, Inc). were 
added to each well and incubated at 37˚C for a further 2 h. The 
absorbance at 560 nm was measured using a microplate reader 
(Bio‑Rad Laboratories, Inc.). The experiments were repeated 
three times.

Detection of apoptosis by flow cytometry. Cell apoptosis 
was evaluated using an Annexin V/propidium iodide (PI) 
apoptosis‑detection kit (KeyGen BioTech, Co., Ltd.) according 
to the manufacturer's protocols. Briefly, at 48 h following trans‑
fection, cells were centrifuged at 4˚C and washed with PBS, and 
stained with Annexin V and PI for 15 min at room temperature 
in the dark. The stained cells were then analyzed with EPICS 
XL‑MCL FACScan (Becton‑Dickinson and Company).

Bioinformatics analysis. miRNA target prediction tools, 
including PicTar version 2007 (https://pictar.mdc‑berlin.de/) 
and TargetScan Release 7.0 (http://targetscan.org/) were used 
to search for the putative targets of miR‑153.

Vector construction and luciferase assays. Luciferase reporters 
were generated based on the Firefly luciferase expressing 
vector pGL3‑control (Promega Corporation). The 3'‑UTR 
fragment of the IGF1R gene and its mutant of the theoretical 
miR‑153 binding site were cloned into the pGL3 control vector 
(Promega Corporation) to form the reporter vector, wild‑type 
(wt) and mutant‑type (mut) of IGF1R, respectively. To 
construct pGL3‑IGF1R‑3'UTR, a partial 3'UTR of the IGF1R 
segment of human IGF1R mRNA containing the putative 
miR‑153 binding sites was amplified and cloned into the vector 
pGL3‑control. Mutations within potential miR‑153 binding 
sites were introduced using the QuikChange Site‑Directed 
Mutagenesis kit (Life Technologies; Thermo Fisher Scientific, 
Inc.). When the Y79 cells grew to 60‑70% confluency, the 
cells were co‑transfected with 100 ng luciferase plasmid and 
50 ng Renilla luciferase plasmid along with 100 ng miR‑153 
mimics/inhibitor or miR‑NC using Lipofectamine  2000® 
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(Invitrogen; Thermo Fisher Scientific, Inc.). Following incu‑
bation for 48 h at 37˚C, the luciferase activity was assessed 
using the dual luciferase reporter kit (Beyotime Institute of 
Biotechnology). Renilla activity was used to normalize Firefly 
luciferase activity.

Western blot analysis. At 48 h following transfection, the 
total protein from cells was obtained using RIPA lysis buffer 
(Santa Cruz Biotechnology, Inc.) and quantified using a BCA 
protein assay kit (Pierce; Thermo Fisher Scientific, Inc.). The 
proteins in the lysates were separated by 10% SDS‑PAGE gels 
and transferred to PVDF membranes (GE Healthcare; Cytiva). 
After being blocked with a 5% skim milk solution for 1 h at 
room temperature, the membranes were incubated with specific 
primary antibodies at 4˚C overnight, including E‑cadherin (cat. 
no. ab40772, 1:1,000 dilution), N‑cadherin (cat. no. ab202030, 
1:1,000 dilution), Vimentin (cat. no. ab45939, 1:1,000 dilu‑
tion), fibronectin (cat. no. ab2413, 1:1,000 dilution), Snail (cat. 
no. ab216347, 1:1,000 dilution), Twist (cat. no. ab50581, 1:1,000 
dilution), zinc finger E‑box binding homeobox 1 (ZEB1; cat. 
no. ab203829, 1:1,000 dilution) (all from Abcam), IGF1R (cat. 
no. sc81464, 1:1,000 dilution), PI3K (cat. no. S365290, 1:1,000 
dilution), phosphorylated (p)‑AKT (cat. no. sc‑514032, 1:1,000 
dilution), p‑MEK1/2 (cat. no.  sc‑81503, 1:1,000 dilution) 
(both from Santa Cruz Biotechnology, Inc.), p‑Raf/1 (Ser338, 
1:1,000; cat. no. 9427; Cell Signaling Technology, Inc.) and 
β‑actin (cat no.  sc‑84322, Santa Cruz Biotechnology, Inc., 
1:1,000 dilution). Subsequently, the mouse anti‑rabbit IgG‑HRP 
secondary antibody (cat no. sc2537, Santa Cruz Biotechnology, 
Inc., 1:1,000 dilution) was added to the membranes followed 
by incubation for 2 h at room temperature. The protein bands 
were visualized using an ECL detection system (Thermo 
Fisher Scientific, Inc.). Semi‑quantification was performed 
using ImageJ version 1.46 (NIH).

Immunofluorescence analysis and immunohistochemistry 
(IHC). For immunofluorescence, the cells on the coverslips 
were fixed with 4% paraformaldehyde for 10 min at 48 h 
following transfection, and subsequently, the cells were 
incubated at 4˚C overnight in a solution containing primary 

antibodies specific for caspase‑3 (cat. no.  sc‑7272, Santa 
Cruz Biotechnology, Inc., 1:200). The cells were then stained 
with mouse anti‑goat IgG‑FITC (cat. no. sc2356, Santa Cruz 
Biotechnology, Inc., 1:200). The cells were counterstained 
with DAPI for 15 min at room temperature to identify the 
nuclei and imaged with a confocal laser‑scanning microscope 
(Axiovert 200 M, Zeiss GmbH).

For IHC, the expression of caspase‑3 was evaluated 
by IHC staining as previously described  (17) with the 
following primary antibodies: Caspase‑3 (cat. no. sc‑7272, 
Santa Cruz Biotechnology, Inc., 1:100). Samples were photo‑
graphed under a light Leica DMD 108 microscope (Leica 
Microsystems GmbH).

Transwell assay. Briefly, a total of 3x104 transfected cells in 
DMEM without serum were added to the top Matrigel‑coated 
chambers (pore size, 8 µm; Corning, Inc.), while DMEM 
with 20% FBS (600 µl) was then added to the lower chamber. 
Following 24 h of incubation at 37˚C, cells on the upper side 
of each membrane were cleaned with a cotton swab. The 
membranes were then fixed in 20% methanol for 15 min 
and stained with 0.2% crystal violet (Sigma‑Aldrich; Merck 
KGaA, Germany) at room temperature for 30 min. A total of 
five visual fields of each insert were randomly selected and 
photographed under a light microscope (Olympus Corporation) 
at x200 magnification.

Wound healing assay. At 48 h following transfection, the cell 
layer at 80‑90% confluency was gently and slowly scratched 
with a new 200 µl pipette tip across the center of the well. 
The cells were then washed twice with phosphate‑buffered 
saline (PBS) and incubated in free‑serum DMEM. The wound 
healing images (magnification, x200) were obtained at the 
time of wounding (time 0), and at 24 and 48 h after scratching. 
The wound closure process was observed and photographed 
under a microscope (Olympus Corporation).

Statistical analysis. The SPSS 23.0 software package (SPSS 
Inc.) was applied to analyze the data. All data are presented as 
the mean ± SD. An unpaired Student's t‑test was performed for 
two‑group comparisons. Comparisons between multiple groups 
were analyzed by one‑way ANOVA followed by Tukey's post 
hoc test. The correlation between IGF1R and miR‑153 expres‑
sion was analyzed using Pearson's correlation coefficient. The 
Chi‑squared test was used for association analysis between 
clinicopathological features of patients with retinoblastoma 
and miR‑153‑3p expression profiles. The Kaplan‑Meier 
method was applied to calculate the 5‑year overall survival 
(OS), and the log‑rank test was used to evaluate whether there 
were statistically significant differences in OS. P<0.05 was 
considered to indicate a statistically significant difference.

Results

miR‑153 expression is downregulated in RB tissues and 
cell lines. To identify RB‑associated miRNAs, the differen‑
tially expressed miRNAs (DEmiRNAs) in the GSE dataset 
(GSE7072) were analyzed using bioinformatics analysis. 
As shown in Fig. 1A, a number of miRNAs were found to 
be differentially expressed between these RB tissues and 

Table I. Sequences of the primers used in the present study.

Gene	 Primer sequence

miR‑153‑3p	 F:	 5'‑ACACTCCAGCTGGGTTGCATAGTCA
		  CAAA‑3'
	 R:	5'‑CAGTGCGTGTCGTGGAGT‑3'
U6	 F:	 5'‑TCGCACAGACTTGTGGGAGAA‑3'
	 R:	5'‑CGCACATTAAGCCTCTATAGTTACT
		  AGG‑3'
IGF1R	 F:	 5'‑GGGGCTCCTGTTTCTCTCC‑3'
	 R:	5'‑GCCTTGGAGATGAGCAGGAT‑3'
GAPDH	 F:	 5'‑AGCTTGTCATCAACGGGAAG‑3'
	 R:	5'‑TTTGATGTTAGTGGGGTCTCG‑3'

F, forward; R, reverse.
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normal retinal tissues. Out of these miRNAs, it was found that 
miR‑25‑3p was upregulated, while miR‑186 and miR‑140‑5p 
were downregulated in the RB tissues (Fig. 1B), which was 
consistent with the findings of previous studies (18‑20). Of 
particular interest, miR‑153 was one of the most significantly 
downregulated miRNA in the RB tissues (Fig. 1B). Previous 
studies have indicated that miR‑153 functions as a tumor 
suppressor in several malignancies, such as non‑small cell 
lung cancer (NSCLC) (21) and ovarian carcinoma (OC) (14). 
Therefore, miR‑153 was selected for further analyses.

Using RT‑qPCR assay, miR‑153 was detected in 50 RB 
tissues and 10 normal retinal tissues. As shown in Fig. 1C, 
the results revealed that the expression levels of miR‑153 were 
significantly lower in the tumor tissues than those in the normal 
tissues (P<0.01). Moreover, the patients with RB were divided 
into a high miR‑153 expression group and a low expression 
group based on the median value of miR‑153 expression as a 

cut‑off point. As shown in Fig. 1D, patients with a low expres‑
sion of miR‑153 had an evidently shorter overall survival 
time than those patients with a high expression of miR‑153 
(P<0.01). In addition, the expression levels of miR‑153 in RB 
cancer cell lines were measured by RT‑qPCR. Compared with 
that in ARPE‑19 cells, miR‑153 expression was significantly 
downregulated in the three RB cancer cell lines (Fig. 1E). 
Based on these findings, miR‑153 may be involved in the 
development of RB.

Subsequently, the association between miR‑153 expression 
and the clinicopathological characteristics of patients with 
RB was analyzed. As shown in Table II, a low expression of 
miR‑153 was significantly associated with the largest tumor 
base and differentiation; however, no significant association 
was observed between the miR‑153 expression levels and the 
patient age, sex, tumor enucleation location, T classification and 
clinical stage. On the whole, these data indicated that miR‑153 

Figure 1. miR‑153‑3p is downregulated in human RB tissues and cell lines. (A) Heatmap of miRNA expression was created using a method of hierarchical 
clustering by GeneSpring GX, version 7.3. Rows represent groups and columns represent miRNAs. The color key indicates the miRNA expression value; green 
indicates low expression levels, while red indicates high expression levels. (B) Relative expression of miR‑25‑3p, miR‑186 miR‑140‑5p and miR‑153‑3p in the 
RB tissues. The results (mean ± SD) are from three independent experiments (**P<0.01 vs. control group). (C) Relative expression of miR‑153‑3p in 50 human 
RB tissues and 10 normal retinal tissues. (D) Overall survival was compared between patients with RB with low expression level of miR‑153‑3p and those with 
a high level of miR‑153‑3p. (E) Relative expression of miR‑153‑3p in RB cells and ARPE‑19 cells. **P<0.01 vs. control or ARPE‑19 cells. RB, retinoblastoma.
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expression in RB tumor tissues may serve as a diagnostic and 
prognostic marker for RB.

miR‑153 overexpression inhibits RB cell proliferation and 
promotes apoptosis. To examine the effects of miR‑153 on 
RB cell proliferation and apoptosis, miR‑153 mimics and 
mimics NC were transfected into the WERI‑RB‑1 and Y79 
cell lines, which exhibited the lowest levels of miR‑153 expres‑
sion among the four cell lines examined. As shown in Fig. 2A, 
miR‑153 expression was significantly increased compared with 
that in the mimics NC‑transfected cells (P<0.01). According 
to the results of the CCK‑8 assay, miR‑153 overexpression 
significantly inhibited the proliferation of the WERI‑RB‑1 
and Y79 cells compared with that in the mimics NC group 
(Fig. 2B and C). Flow cytometric analyses were subsequently 
performed to examine the effects of miR‑153 on cell apoptosis. It 
was found that miR‑153 overexpression significantly increased 
the percentage apoptosis in comparison with the mimics NC 
group (WERI‑RB‑1 cells: 30.8±1.49 vs. 4.76±0.191%, P=0.01; 
Y79 cells: 26.8±1.13 vs. 3.36±0.179%, P=0.01; Fig. 2D). In 
addition, whether miR‑153 modulates the expression of apop‑
tosis‑associated proteins, such as caspase‑3 was determined 
by immunofluorescence. The expression level of caspase‑3 
in the cells transfected with miR‑153 mimics was evidently 
increased compared with that in the mimics NC‑transfected 

cells  (Fig.  2E). Taken together, these results suggest that 
miR‑153 inhibits the proliferation and induces the apoptosis 
of RB cell lines.

Overexpression of miR‑153 inhibits invasion, migration and 
the epithelial‑mesenchymal transformation (EMT) process in 
RB cells. It is well known that cell invasion, migration and 
the EMT process are crucial for tumor development. Thus, in 
the present study, Transwell and wound healing assays were 
performed to examine the effects of miR‑153 on cell inva‑
sion and migration. It was found that the overexpression of 
miR‑153 in WERI‑RB‑1 and Y79 cells markedly suppressed 
cell invasion, compared with the cells transfected with mimics 
NC (P<0.01, Fig. 3A). As was expected, the WERI‑RB‑1 and 
Y79 cells transfected with miR‑153 mimics also exhibited 
a decreased migration rate, compared with the mimics NC 
group (P<0.01, Fig. 3B). E‑cadherin and vimentin are the 
major markers of EMT, and EMT plays an important role in 
tumor metastases (22). Thus, the present study first detected 
whether miR‑153 modulates the expression of EMT markers. 
It was observed that the level of E‑cadherin (epithelial marker) 
was significantly increased, while the levels of N‑cadherin, 
Vimentin, fibronectin (mesenchymal markers) were mark‑
edly decreased in the miR‑153 mimics group compared 
with the mimics NC group (Fig. 3C). It is well known that 

Table II. Association between miR‑153‑3p and clinicopathological features of patients with retinoblastoma.

	 miR‑153‑3p expression
	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Feature	 Total n=50	 High	 Low	 P‑value

Sex				    0.4741
  Male	 21	 8	 13	
  Female	 29	 14	 15	
Age at presentation (years)				    0.1212
  ≤5	 31	 11	 20	
  >5	 19	 11	 8	
Tumor enucleation location				    0.1443
  Right	 24	 8	 16	
  Left	 26	 14	 12	
Largest tumor base (mm)				    0.0199a

  ≤15	 32	 18	 14	
  >15	 18	 4	 14	
T classification				    0.1830
  T1‑2	 28	 10	 18	
  T3‑4	 22	 12	 10	
Clinical stage				    0.2008
  I‑II	 20	 11	 9	
  III‑IV	 30	 11	 19	
Differentiation				    0.0025b

  Well and moderate	 16	 12	 4	
  Poor	 34	 10	 24	

aP<0.05; bP<0.01. The Chi‑squared test was used for association analysis between clinicopathological features of patients with retinoblastoma 
and miR‑153‑3p expression profiles.
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EMT‑promoting transcription factors, such as Snail, Twist and 
ZEB1 play a key role in the regulation of the EMT process (23). 
Thus, the present study also examined the effects of miR‑153 
on these EMT‑promoting transcription factors. As shown 
in Fig. 3D, the expression levels of Snail, Twist and ZEB1 
were significantly decreased in the miR‑153 mimics group 
compared with the mimics NC group. Taken together, these 
findings demonstrated that miR‑153 suppresses the invasion 
and migration of RB cells in vitro probably by inhibiting the 
EMT process.

IGF1R is a direct target of miR‑153 in RB cells. To explore 
the potential mechanisms through which miR‑153 functions 
as a tumor suppressor in RB, potential target genes of miR‑153 
were screened using TargetScan 7.0 and PicTar. Bioinformatics 
analysis indicated that one potential binding site for miR‑153 
was found in the 3'‑UTR region of IGF1R mRNA (Fig. 4A). 

To verify whether miR‑153 directly binds to IGF1R, a dual 
luciferase reporter assay was performed using the Y79 and 
WERI‑RB‑1 cells. First, the WERI‑RB‑1 and Y79 cells were 
transfected with miR‑153 inhibitor and inhibitor‑NC as a 
control, and RT‑qPCR was then performed to determine the 
transfection efficiency. The results revealed that miR‑153 
expression was significantly decreased in the WERI‑RB‑1 
and Y79 cells following transfection with miR‑153 inhibitor 
(Fig. 4B). The results of luciferase reporter assay then revealed 
that transfection with miR‑153 mimics significantly inhibited 
the luciferase activity combined with the IGF1R‑3'‑UTR 
wt reporter, while transfection with miR‑153 inhibitor led 
to an increase in luciferase activity; however, no significant 
changes were observed using the IGF1R 3'‑UTR mut reporter 
with miR‑153 mimics or inhibitor (Fig. 4C and D). In addi‑
tion, to confirm whether miR‑153 regulate IGF1R expression, 
qRT‑PCR was performed. It was observed that IGF1R was 

Figure 2. miR‑153‑3p inhibits the proliferation and promotes the apoptosis of RB cells. (A) RT‑qPCR was performed to determine the expression levels of 
miR‑153 following miR‑153 mimic and miR‑153 inhibitor transfection into WERI‑RB‑1 and Y79 cells. (B and C) Cell viability was measured using a CCK‑8 
assay following miR‑153 mimic and miR‑153 inhibitor transfection into WERI‑RB‑1 and Y79 cells. The results (mean ± SD) are from three independent 
experiments (*P<0.05, **P<0.01 vs. mimics NC). (D) Apoptosis of WERI‑RB‑1 and Y79 cells following transfection with miR‑153 mimic or mimics NC was 
determined by flow cytometric analysis (**P<0.01 vs. mimics NC). (E) The expression of caspase‑3 in WERB‑RI‑1 and Y79 cells following transfection with 
miR‑153 mimic or mimics NC was detected by immunofluorescence (**P<0.01 vs. mimics NC). RB, retinoblastoma.



INTERNATIONAL JOURNAL OF ONCOLOGY  59:  47,  2021 7

significantly reduced following miR‑153 mimics transfection, 
whereas increased by miR‑153 inhibitor in Y79 cells and 
WERI‑RB‑1 cells (Fig. 4E and F). In addition, the expres‑
sion levels of IGF1R were detected in RB tissues from two 
patients with RB by IHC assay. Compared with the control 

group, IGF1R expression was markedly increased in RB 
tissues  (Fig.  4G). Moreover, the IGF1R levels were also 
measured in RB cell lines, as well as in 50 pairs of RB tissues 
and normal tissue by RT‑qPCR. The results revealed that the 
IGF1R expression level was higher in both RB cells lines and 

Figure 3. miR‑153‑3p inhibits the invasion, migration and EMT process in RB cells in vitro. (A) Transwell assay was used to determine the invasion of RB cells 
following transfection of miR‑153 mimics into WERI‑RB‑1 and Y79 cells. The results (mean ± SD) are from three independent experiments (**P<0.01 vs. mimics 
NC). (B) Wound healing assay was used to determine the migration of RB cells following transfection of miR‑153 mimics into WERI‑RB‑1 and Y79 cells. The 
results (mean ± SD) are from three independent experiments (**P<0.01 vs. mimics NC). (C) Western blot analysis was used to determine the expression level of 
EMT‑associated proteins following transfection of miR‑153 mimics into WERI‑RB‑1 and Y79 cells. (D) The expression levels of Snail, Twist and ZEB1 were 
measured by western blot analysis following transfection of miR‑153 mimics into WERI‑RB‑1 and Y79 cells. The results (mean ± SD) are from three inde‑
pendent experiments (**P<0.01 vs. mimics NC). RB, retinoblastoma; EMT, epithelial‑mesenchymal transition; ZEB1, zinc finger E‑box binding homeobox 1.
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tumor tissues compared with the APRE‑19 cells and normal 
tissues (Fig. 4H and I). Additionally, an obvious inverse corre‑
lation was observed between the expression of IGF1R and 
miR‑153 in the tissue samples (r=‑0.8957, P<0.01, Fig. 4J). On 
the whole, these data suggest that IGF1R may be a functional 
target of miR‑153.

Knockdown of IGF1R reverses the phenotypes induced by 
miR‑153. As is known, the IGF1R oncogene is involved in 
the carcinogenesis of several human cancers (24‑26). In the 
present study, given that IGF1R was upregulated in RB tissues, 
the possible effects of IGF1R on RB cell biological behaviors 
were then investigated. The results of RT‑qPCR revealed that 
the expression of IGF1R was knocked down by transfection of 
the WERI‑RB‑1 and Y79 cells with siRNA (Fig. 5A). CCK‑8 
assay revealed that the knockdown of IGF1R led to a marked 
reduction in the viability of WERI‑RB‑1 (Fig. 5B) and Y79 cells 
(Fig. 5C). Additionally, as shown by flow cytometric analysis, the 
cell apoptotic rate was significantly increased following trans‑
fection with si‑IGF1R (from 4.24±0.332% to 32.7±1.27% for 

WERI‑RB‑1 cells, and from 3.83±0.311% to 25.1±1.31% for Y79 
cells, P<0.01; Fig. 5D). As was expected, the invasive abilities 
of the WERI‑RB‑1 and Y79 cells were also inhibited following 
transfection with si‑IGF1R (Fig. 5E). Collectively, these findings 
suggested that miR‑153 probably inhibited RB cell proliferation 
and invasion, and promoted apoptosis by downregulating IGF1R.

miR‑153 inhibits retinoblastoma proliferation, invasion and 
migration by targeting IGF1R. To explore whether IGF1R 
mediates the antitumor effects of miR‑153, the WERI‑RB‑1 
and Y79 cells were co‑transfected with miR‑153 mimics and 
pcDNA‑IGF1R. Firstly, the protein expression of IGF1R was 
examined by western blot analysis in the WERI‑RB‑1 and 
Y79 cells following pcDNA‑IGF1R transfection. As shown 
in Fig. 6A, in both the cell lines tested, the expression levels 
of IGF1R were significantly increased compared with the 
pcDNA‑vector‑transfected cells. Moreover, IGF1R expres‑
sion was significantly suppressed in the cells transfected with 
miR‑153 mimics compared with the mimics NC‑transfected 
cells (P<0.01), while the suppression of IGF1R was fully 

Figure 4. IGF1R is a target of miR‑153 and is upregulated in RB tissues and cells. (A) Prediction of IGF1R as a target of miR‑153‑3p. (B) The transfection efficiency 
of miR‑153 inhibitor was assessed by RT‑qPCR. **P<0.01 vs. control. (C and D) Firefly luciferase reporter activity in Y79 cells and WERI‑RB‑1 cells transfected with 
mimics NC or miR‑153 mimics or inhibitor NC or miR‑153 inhibitor following transfection with wt‑IGF1R‑3'‑UTR reporter or mut‑IGF1R‑3'‑UTR reporter plasmid, 
respectively (**P<0.01 vs. mimics NC, ##P<0.01 vs. inhibitor NC). (E and F) mRNA level of IGF1R in Y79 cells and WERI‑RB‑1 cells transfected with miR‑153 
inhibitor and miR‑153 mimics measured by RT‑qPCR (**P<0.01 vs. mimics NC, ##P<0.01 vs. inhibitor NC). (G) The relative expression levels of IGF1R in two paired 
RB tissues and normal retinal tissues were measured by immunohistochemistry (**P<0.01 vs. ARPE-19). (H) Relative expression of IGF1R in RB cells compared to 
ARPE‑19 cells. (I) Relative expression of IGF1R in RB tissues compared to normal retinal tissues. (J) Correlation between IGF1R and miR‑153 expression analyzed 
using Pearson's correlation coefficient in RB tissues. RB, retinoblastoma; IGF1R, insulin‑like growth factor 1 receptor.
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reversed in the cells transfected with pcDNA‑IGF1R, with a 
significantly upregulated expression level of IGF1R (Fig. 6B). 
Consistently, the suppressive effects of miR‑153 on cell 
proliferation were evidently impaired by transfection with 
pcDNA‑IGF1R (Fig. 6C and D), while the apoptotic rate of the 
RB cells was markedly decreased (Fig. 6E). Additionally, the 
results of Transwell and wound healing assay demonstrated that 
the suppression of RB cell invasion and migration by miR‑153 
was also significantly attenuated by the overexpression of IGF1R 
(Fig. 6F and G). These findings thus demonstrate that IGF1R is 
involved in the tumor‑suppressive roles of miR‑153 in RB cells.

miR‑153‑3p deactivates the PI3K/Akt and MEK pathways 
in RB via IGF1R. IGF1R has recently been implicated in 
the activation of the PI3K/Akt pathway and Raf1/MEK 
pathway, which affects the carcinogenesis and develop‑
ment of numerous types of cancer (27,28). Therefore, the 
present study attempted to identify whether miR‑153‑3p is 
able to deactivate the PI3K/AKT and Raf1/MEK pathways 

in RB cells. The results of western blot analysis revealed 
that the expression levels of IGF1R, PI3K, p‑AKT, p‑Raf/1 
and p‑MEK1/2 in the WERI‑RB‑1 and Y79 cells were 
significantly decreased following miR‑153 mimics trans‑
fection (Fig.  7A  and  B), suggesting that miR‑153 may 
have inactivated the PI3K/Akt and MEK pathway in RB 
cells by targeting IGF1‑R. It was also found that a lower 
miR‑153 expression in RB tissues was associated with 
an increased p‑AKT and p‑MEK1/2 expression (P<0.01, 
Fig. 7C and D). Collectively, these data suggest that miR‑153 
probably suppresses RB cell growth and metastasis via the 
suppression of the IGF1R/Raf/MEK and IGF1R/PI3K/AKT 
signaling pathways.

Discussion

In the present study, it was found that miR‑153 was significantly 
downregulated in RB tissues and cell lines, and a low miR‑153 
expression was closely associated with a larger tumor base and 

Figure 5. Silencing of IGF1R reverses the phenotypes caused by miR‑153. (A) siRNA efficiency of si‑Scramble, si‑IGF1R, respectively, in WERI‑RB‑1 and Y79 
cells. (B) Viability of WERI‑RB‑1 cells was measured following transfection with si‑Scramble or si‑IGF1R by CCK‑8 assay. The results (mean ± SD) are from 
three independent experiments (**P<0.01. vs. si‑Scramble). (C) Viability of Y79 cells was measured following transfection with si‑Scramble or si‑IGF1R by CCK‑8 
assay. The results (mean ± SD) are from three independent experiments (*P<0.05, **P<0.01. vs. si‑Scramble). (D) Apoptosis of WERI‑RB‑1 and Y79 cells following 
transfection with si‑Scramble or si‑IGF1R was determined by flow cytometric analysis. Shown in the right panel are the percentages of apoptotic cells (**P<0.01. vs. 
si‑Scramble). Prior to flow cytometry, the tested cells were firstly stained with Annexin V‑fluorescein isothiocyanate. (E) Silencing of IGF1R attenuated the invasion of 
RB cells. Transwell assay was used to determine the invasion of RB cells following transfection of si‑Scramble, and si‑IGF1R, respectively, in WERI‑RB‑1 and Y79 
cells. The results (mean ± SD) are from three independent experiments (**P<0.01. vs. si‑Scramble). RB, retinoblastoma; IGF1R, insulin‑like growth factor 1 receptor.
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differentiation. The overexpression of miR‑153 inhibited RB 
cell proliferation and promoted apoptosis, and suppressed the 
migration and invasion of the WERI‑RB‑1 and Y79 cell lines. 
In addition, IGF1R was identified as a direct target of miR‑153 
in RB cells. Notably, the results of the present study demon‑
strate that miR‑153 may exert its antitumor effects on RB 

cells by blocking the activation of the PI3K/AKT and MEK 
pathway. The findings presented herein provide valuable clues 
towards the understanding of the specific tumor suppressive 
function and regulatory mechanisms of miR‑153 in RB.

Accumulating evidence has indicated that miRNAs, such 
as miR‑124 (29) and miR‑25‑3p (9), play important roles in the 

Figure 6. Overexpression of IGF1R impairs the effects of miR‑153 on RB cells. (A) Protein expression of IGF1R was examined by western blot analysis in 
WERI‑RB‑1 and Y79 cells following pcDNA‑IGF1R transfection. The results (mean ± SD) are from three independent experiments (**P<0.01 vs. pcDNA vector 
group). (B) Expression level of IGF1R in RB cells determined by western blot analysis. WERI‑RB‑1 and Y79 cells were co‑transfected with miR‑153 mimics, 
mimics NC, or pcDNA‑IGF1R. The results (mean ± SD) are from three independent experiments (**P<0.01 vs. mimics NC group; ##P<0.01 vs. miR‑153 mimics 
group). (C) Cell viability was measured in WERI‑RB‑1 cells transfected with mimics NC or miR‑153 mimics or miR‑153 mimics plus pcDNA‑IGF1R. The 
results (mean ± SD) are from three independent experiments (*P<0.05 and **P<0.01 vs. miR‑153 mimics group). (D) Cell viability was measured in Y79 cells 
transfected with mimics NC or miR‑153 mimics or miR‑153 mimics plus pCDNA‑IGF1R. The results (mean ± SD) are from three independent experiments 
(*P<0.05 and **P<0.01 vs. miR‑153 mimics group). (E) Apoptosis of WERI‑RB‑1 and Y79 cells transfected with mimics NC or miR‑153 mimics or miR‑153 
mimics plus pCDNA‑IGF1R, was measured by flow cytometric analysis. The results (mean ± SD) are from three independent experiments (*P<0.05 and **P<0.01 
vs. mimics NC group; ##P<0.01 vs. miR‑153 mimics group). (F) Invasion of WERI‑RB‑1 and Y79 cells transfected with mimics NC or miR‑153 mimics or 
miR‑153 mimics plus pCDNA‑IGF1R, was measured by Transwell assay. The results (mean ± SD) are from three independent experiments (*P<0.05 and **P<0.01 
vs. mimics NC group; #P<0.05 and ##P<0.01 vs. miR‑153 mimics group). (G) Migration of WERI‑RB‑1 and Y79 cells transfected with mimics NC or miR‑153 
mimics or miR‑153 mimics plus pCDNA‑IGF1R, was measured by wound healing assay. The results (mean ± SD) are from three independent experiments 
(*P<0.05 and **P<0.01 vs. mimics NC group; ##P<0.01 vs. miR‑153 mimics group). RB, retinoblastoma; IGF1R, insulin‑like growth factor 1 receptor.
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development of human RB. However, the functional signifi‑
cance of the unique role of miRNAs has yet to be elucidated 
in RB. In the present study, miRNA microarray profiling was 
performed using a GSE dataset (GSE7072), which was searched 
and downloaded from the GEO database (www.ncbi.nlm.nih.
gov/geo). miR‑153 was found to be one of the most significantly 
downregulated miRNAs in RB tissues. Furthermore, it was 
confirmed that miR‑153 was frequently downregulated in RB 
tissues and cell lines. In addition, the association between 
miR‑153 expression and the clinicopathological parameters of 
patients with RB was investigated, and the data indicated that 
miR‑153 in RB was significantly associated with a larger tumor 
base and differentiation, while no significant association was 
observed between miR‑153 expression levels and patient age, 

sex, tumor enucleation location, T classification and clinical 
stage. Moreover, a low tumorous miR‑153 expression was found 
to be associated with a poor overall survival of patients with 
RB. Taken together, these data suggest that miR‑153 may be an 
effective biomarker for RB prognosis.

Several studies have focused on comprehensive investiga‑
tions into the biological functions of miR‑153 in various types of 
cancer. For example, Li et al found that miR‑153 inhibited EMT 
by targeting metadherin in breast cancer (30). Zuo et al demon‑
strated that miR‑153 may play a suppressive role in breast tumor 
growth and metastasis via direct targeting of RUNX2 (9). Another 
study demonstrated that the upregulation of miR‑153 inhibited 
the proliferation, invasion and migration of triple‑negative 
breast cancer (TNBC) cells (31). However, the specific function 

Figure 7. miR‑153 deactivates the PI3K/AKT and Raf/MEK pathway in WERI‑RB‑1 and Y79 cells by decreasing IGF1R expression. (A) Following transfec‑
tion, western blot analysis was performed to measure IGF1R, PI3K, p‑Akt and Akt expression. The bands were semi‑quantitatively analyzed by using ImageJ 
software, normalized to β‑actin density. **P<0.01 vs. mimics NC group. (B) Following transfection, western blot analysis was performed to measure IGF1R, 
Raf/1, p‑Raf/1, p‑MEK1/2, and MEK1/2 expression. The bands were semi‑quantitatively analyzed by using ImageJ software, normalized to β‑actin density. 
**P<0.01 vs. mimics NC group. (C) Immunohistochemistry was conducted to detect p‑AKT in RB tissues with high or low miR‑153 expression. Bar graphs 
demonstrated a significant inverse association between miR‑153 and p‑AKT expression in RB tissues (n=50). Data are presented as the mean ± standard 
deviation of three individual experiments. (D) Immunohistochemistry was conducted to detect p‑MEK1/2 in RB tissues with high or low miR‑153 expres‑
sion. Bar graphs demonstrated a significant inverse association between miR‑153 and p‑MEK1/2 expression in RB tissues (n=50). Data are presented as the 
mean ± standard deviation of three individual experiments. RB, retinoblastoma; IGF1R, insulin‑like growth factor‑1 receptor; MEK, mitogen activated protein 
kinase kinase; miR, microRNA; p, phosphorylated.
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of miR‑153 in RB progression has not been fully elucidated. In 
the present study, the results revealed that the overexpression of 
miR‑153 inhibited the proliferation and invasion, and promoted 
the apoptosis of RB cells. The present study, for the first time, 
to the best of our knowledge, confirmed that miR‑153 functions 
as a tumor suppressor in RB. These findings are consistent with 
those of previous studies demonstrating the tumor suppressive 
role of miR‑153 in other types of tumors (32,33).

It has been well documented that IGF1R is involved in the 
carcinogenesis of a number of human cancers by activating 
the PI3K/AKT and MEK pathways (27,34). Recent studies 
have demonstrated that it acts as an important target of several 
miRNAs in RB, including miR‑98 (35) and miR‑145 (36). 
Recently, using a microarray assay, Song et al found that 
miR‑153 was significantly downregulated in venous smooth 
muscle cells (VSMCs) under conditions of stretch stress, and 
an enhanced miR‑153 expression reduced IGF‑1R expression, 
contributing to VSMC proliferation (37). However, the asso‑
ciation between miR‑153 and IGF1R in RB has not yet been 
clarified. In the present study, miR‑153 exerted a potent inhibi‑
tory effect on the luciferase activity of the pGL3‑report vector 
linked to IGF1R 3'UTR. In addition, it was found that the levels 
of IGF1R were significantly upregulated in RB tissues and cell 
lines, and its expression was inversely correlated with miR‑153 
expression in RB tissues. Furthermore, the overexpression of 
IGF1R reversed the suppressive effects induced by miR‑153 
upregulation in RB cells. Taken together, these data indicate 
that miR‑153 exerts its antitumor effects by targeting IGF1R.

As a vital oncogene in the development and maintenance 
of cancers, IGF1R triggers numerous downstream signaling 
cascades, including the PI3K/AKT and Raf1/MEK1/2/ERK1/2 
signaling pathways, which are involved in the tumorigenesis, 
apoptosis and metastasis of a variety of cancer types (38‑40). 
In the present study, the results revealed that the upregula‑
tion of miR‑153 reduced the levels of key PI3K/AKT and 
Raf1/MEK1/2/ERK1/2 pathway proteins by suppressing 
IGF1R. The data suggested that miR‑153 suppressed IGF1R 
to inhibit PI3K/AKT and Raf1/MEK1/2/ERK1/2 pathway 
activity, thus suppressing the malignancy of RB cells.

Retinoblastoma gene (RB1), located at chromosome 13q14, 
was the first described tumor suppressor gene and its critical 
role in cancer has attracted increasing attention (41). It has been 
reported that the loss of the RB1 gene in RB confers limitless 
replicative potential to retinoblasts and is a rate‑limiting step 
for RB tumorigenesis (42). When both alleles of the RB1 gene 
in RB are lost, the function of RB protein (pRB) is curtailed, 
which results in abnormal cell proliferation and tumor forma‑
tion  (43,44). Previous studies have reported that the loss 
of function of pRB is not only associated with RB, but also 
with multiple other non‑ocular malignancies, such as prostate 
cancer and hepatocellular carcinoma (45,46). In view of the 
association between RB1 genes and RB, the authors aim to 
further study whether miR‑153 exert antitumor effects through 
the regulation of the RB1 gene in RB in the future.

There are some limitations to the present study. For example, 
IGF1R is not unique as a target gene of miR‑153; there are other 
genes as well. In the future, other target genes of miR‑153 or other 
differentially expressed miRNAs found in the present study also 
need to be carefully examined for their role in RB development. In 
addition, the expression level of miR‑153 was detected in the RB 

cell lines, Y79 and WERI‑RB‑1, which have somewhat different 
characteristics, with the Y79 cells exhibiting inherent metastatic 
properties and the WERI‑RB‑1 cells exhibiting non‑metastatic 
properties (47). The results of the present study revealed that the 
expression levels of miR‑153 in the Y79 cells were higher than 
those in the Weri‑RB1 cells (Fig. 1E), suggesting that the miR‑153 
expression level may not be associated with the aggressiveness 
of those cell lines. In the future, the authors aim to examine the 
expression of miR‑153 in more metastatic and non‑metastatic RB 
tissues samples in order to assess whether miR‑153 is directly 
associated with the aggressiveness of RB.

In conclusion, the present study demonstrated that miR‑153 
inhibited the proliferation, migration and invasion, and 
promoted the apoptosis of WERI‑RB‑1 and Y79‑45 cell lines 
by inhibiting the IGF1R/PI3K/AKT and IGF1R/Raf/MEK 
signaling pathways. These findings suggest that miR‑153 
may serve as a potential biomarker for the prognosis and a 
therapeutic target for patients with RB.
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