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miR-494 promotes progression of retinoblastoma via
PTEN through PI3K/AKT signaling pathway
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Abstract. Increasing evidence has indicated that the dysre-
gulation of microRNA (miRNA) occur in the pathogenesis
of retinoblastoma (RB). Aim of the present study was to
investigate the possible role of miR-494 (miR-494-3p) in RB.
It was demonstrated that miR-494 expression was increased
in RB tissue samples and cell lines. Also, it was prominently
associated with clinicopathological features. Functional assays
showed that RB cell proliferation, invasion and migration can
be promoted by miR-494 overexpression. Besides, phosphatase
and tensin homolog (PTEN) was verified as a possible target
of miR-494 by a luciferase assay, western blot and qRT-PCR
assay in RB. miR-494 and PTEN expression was negatively
related in a correlation analysis on tumor tissues of 66 patients.
In addition, PTEN was proved to reverse miR-494 effect on
RB cell progression. Moreover, PI3K/AKT signaling pathway
was validated to take part in RB progression. Taken together,
the current study proposes that miR-494 might function as
a tumor promoter and regulates RB progression through
targeting PTEN.

Introduction

Retinoblastoma (RB) is the most prevalent type of primary
inherited intraocular malignant tumor in infancy and
children, affecting their life, vision, facial appearance and
psychological development (1,2). The disease is prone to
intracranial and distant metastasis, often endangering the life
of the child, particularly in children aged <5 years (3,4). The
predominant treatment for patients includes chemotherapy,
enucleation, laser therapy or cryotherapy, the most common
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treatment protocol includes chemotherapy combined with
immunotherapy, which is cytotoxic to RB cells (1). Therefore,
early detection, early diagnosis and early treatment are the
key to improving the cure rate and reducing the mortality
rate.

MiRNAs, a family of small and noncoding RNA molecules
consisting of 21-25 nucleotides, regulate the expression of their
target genes through suppressing the translation or promoting
the RNA degradation (5,6). They are identified as tumor
suppressors or oncogenes in many types of tumors and thus
regulate tumor progression and metastasis. Mounting evidence
has indicated that miRNAs were identified in RB and regulated
cell migration, invasion, proliferation and apoptosis (7-11).
Sun et al (12) showed that suppression of miR-492 inhibited
RB cell viability and invasion by targeting LATS2. miR-183
may be involved in RB progression by targeting LRP6 (13).
Also, miR-34a exhibited inhibitory effect on RB cell growth
and promoting effect on cell apoptosis (14). Moreover, miR-494
(miR-494-3p) was identified to be highly expressed in RB
cells and associated with its tumorigenesis (15). However, the
mechanism regulating RB progression by miR-494 expression
is yet to be fully elucidated.

Phosphatase and tensin homolog (PTEN) has been reported
to regulate the PI3K/AKT signaling pathway negatively (16).
Studies have confirmed that PTEN was disordered in multiple
cancers, and was considered to be one of the potential factors
in tumorigenesis (17,18). Previous studies have summarized
the role of miRNAs in regulating PTEN in cancers and have
determined that the miRNA/PTEN pathway is involved in
tumor cell growth, invasion and migration (19-21). For instance,
miR-296/PTEN axis facilitated gastric cancer tumorigenesis
in vitro and in vivo (22). miR-548 promoted NSCLC cell inva-
sion by regulating PTEN (23). Moreover, miR-182 promoted
breast cancer cell viability and invasion via targeting
PTEN (24). A previous study has shown that miR-494-3p can
promote the progression of endometrial cancer by regulating
the PTEN/PI3K/AKT pathway (25). However, whether PTEN
acted as the target of miR-494 in regulating RB progression
is unclear.

Herei, it is suggested that miR-494 expression was upregu-
lated in RB tissues, and cells and miR-494 enhanced RB cell
viability, migration and invasion. PTEN was verified as the
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target of miR-494 in RB cells. I was shown that miR-494
facilitated RB cell progression by targeting PTEN through
PI3K/AKT signaling pathway.

Patients and methods

Tissue samples. Ten normal retina tissues and RB tissues
were provided by Jinan Zhangqiu District Hospital of TCM
(Jinan, China). None of the patients in this study received
preoperative radiotherapy or chemotherapy, and all patients
were diagnosed by three pathologists. The patients consisted
of 6 males and 4 females aged 1.2 to 9.9 years (mean, 5.4).
According to ICRB, the RB patients were divided into
phase I (3 cases), phase II (5 cases) and phase III (2 cases).
There was no significant difference in age, sex and clinical
stages of the 10 patients. The adjacent healthy tissues were
set as the control. The fresh samples were stored in -80°C
refrigerator for further analysis. Parents of the patients
provided a written informed consent prior to surgical exci-
sion. The Ethics Committee of Jinan Zhangqiu District
Hospital of TCM approved this study.

Cell culture. Two RB cell lines (Y79, SO-RB50) and normal
retina epithelium cell line (APRE-19) were obtained from
ATCC. All the cells were cultured in RPMI-1640 medium
with 10% FBS. Cells were then left to grow in a humidified
incubator containing 5% CO, at 37°C.

qRT-PCR. Total RNA was extracted with the help of TRIzol
reagent (Invitrogen; Thermo Fisher Scientific, Inc.). The concen-
tration and purity of RNA were tested via NanoDrop 2000
instrument (Thermo Fisher Scientific, Inc.). To perform the quan-
titative detection of miR-18a or mRNA expression, cDNAs were
synthesized through the PrimeScript RT reagent (Takara
Biotechnology Co.). GAPDH was used as the control for the
normalization of expression levels of genes. The snRNA U6 was
used as the control of miRNA. The primers were as follows:
miR-494-F, 5-GATACTCGAAGGAGAGGTTGTC-3' and
miR-494-R, 5-GAGGTTTCCCGTGTATGTTTCAT-3";
PTEN-F, 5-CGGCAGCATCAAATGTTTCAG-3' and PTEN-R,
5'-AACTGGCAGGTAGAAGGCAACTC-3"; GAPDH-F,
5-CTCTGCTCCTCCTGTTCGAC-3' and GAPDH-R, 5-CGA
CCAAATCCGTTGACTCC-3" U6-F, 5-ATTGGAACGATA
CAGAGAAGATT-3' and U6-R, 5-GGAACGCTTCACGAAT
TTG-3'". The data were expressed as 224", indicating the target
mRNA relative level.

Western blot analysis. Total protein was extracted with RIPA
lysis buffer. The protein concentration was determined using
the BCA method (Beyotime Institute of Biotechnology). The
assay was performed as follow: 50 ug of total proteins were
loaded onto the gel and electrophoresed. After transferring
to the NC membranes, the membranes were blocked with
5-10% skim milk. Then, the membranes were incubated with
the primary antibodies at 4°C overnight. Subsequently, the
second antibodies were added for incubating at room temper-
ature for 2 h. Finally, ECL agents were applied for observing
the protein bands. ImageJ software (version 1.48; National
Institutes of Health) was used for densitometry. GAPDH was
employed as an internal control.
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MTT assay. RB cells (5x10°) were placed onto 96-well plates.
When the cells were cultured for 0, 1, 2, 3 and 4 days, MTT
solution (20 ul) was added and cultured for 4 h at 37°C. A
Bio-Rad microplate reader (Bio-Rad Laboratories, Inc.) was
used to read the absorbance at 490 nm.

Overexpression of miR-494 or silence miR-494 and overex-
pression of PTEN. miR-494 mimic or inhibitor was purchased
from RiboBio Co., Ltd. SIRNA PTEN was obtained from
Genechem Co., Ltd. The transfection was performed with the
help of Lipofectamine 2000 for 48 h.

Transwell assay. The Transwell assay was applied to perform
cell migration and invasion using Transwell inserts (8 ym
pores; BD Biosciences). The differences between cell migra-
tion and invasion were whether the top chamber was pre-coated
with or without Matrigel. Firstly, the cells were placed into
the top chamber to incubate for 24 h. The lower chamber was
added with complete medium with 10% FBS. The cells in the
lower chamber that migrated or invaded from the top chamber
were then fixed with 4% paraformaldehyde and stained with
0.5% crystal violet. Finally, the number of migrated or invaded
cell was counted using a microscope (magnification, x200).

Luciferase assay. The wild-type (wt) and mutant (mut)
3'UTR of PTEN was first inserted into the pGL3 reporter
vector (Promega Corporation). Then, the PTEN 3'UTR-pGL3
reporter vector and miR-494 mimic were co-transfected into
Y79 cells and plated in 24-well plates for 48 h, the cells were
harvested and lysed, and the luciferase activity was detected
by a Dual-Luciferase Reporter System (Promega) according
to the protocol of the manufacturer. Relative firefly luciferase
activity was normalized to Renilla luciferase activity.

Statistical analysis. Results are represented as the mean + SD
of at least triplicates. SPSS 22.0 Software (IBM Corp.) was
applied for performing statistical analyses. Student's t-test
was carried out for determining the statistical significance
of differences in two groups and one-way analysis of vari-
ance with Tukey's post hoc test was applied in more than two
groups. P<0.05 indicates statistical significance.

Results

Increase of miR-494 in RB tissues. The average expression
level of miR-494 in RB tissues was analyzed by qRT-PCR
and the findings indicated that it was obviously increased in
RB tissue samples compared with normal tissues (Fig. 1A).
Then miR-494 expression level was evaluated in 5 clinical
RB specimens versus 5 normal tissues. Results showed that
its expression was obviously increased in RB tissues (Fig. 1B).
Moreover, the correlation between miR-494 expression and
the clinicopathological features of 66 RB patients was anal-
ysed. The median value of miR-494 expression was used as
the cut-off point to divide miR-494 expression into high and
low expression of miR-494. Results demonstrated that the high
miR-494 expression was associated with N classification and
differentiation in patients with RB (Table I). Collectively, these
results indicated that miR-494 might play important roles in
RB progression.
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Figure 1. Upregulation of miR-494 in RB tissue samples. (A) Average expression level of miR-494 tested in RB tissue samples by qRT-PCR (n=10).
(B) Expression level of miR-494 in 5 RB tissue specimens by gqRT-PCR. ‘P<0.05, ““P<0.01. RB, retinoblastoma.

miR-494 enhances RB cell viability, invasion and migra-
tion. Two RB cell lines (Y79, SO-RB50) were applied to
investigate miR-494 function in RB progression. Due to the
higher expression of miR-494 in Y79 cells, miR-494 expres-
sion was increased in Y79 cells, and miR-494 expression in
SO-RB50 cells was suppressed (Fig. 2A). qRT-PCR was
applied for confirming efficiency of miR-494 transfection in
the two cell lines respectively (Fig. 2B). Then, MTT assay
was performed to detect cell viability affected by altered
miR-494. It was found that increasing miR-494 enhanced
Y79 cell paoliferation, while decreasing miR-494 inhibited
SO-RB50 cells viability (Fig. 2C). Furthermore, Transwell
assay was used to investigate miR-494 effect on cell invasion
and migration. Data showed dramatically increased mobility
and invasiveness of Y79 cells by miR-494 mimic, whereas
it was markedly reduced by miR-494 inhibitor in SO-RB50
cells (Fig. 2D and E).

PTEN is the miR-494 target gene in RB cells. We used the
algorithm provided by TargetScan Human to predict the candi-
date targets of miR-494 and to determine the mechanisms
responsible for the effects of miR-494 in RB cells. PTEN
was temporarily selected for further validation among the
predicted targets, because it has a potential role in the regula-
tion of RB malignancies (Fig. 3A). To further verify whether
PTEN was the direct target of miR-494, Luciferase-based
assay was carried out to perform this experiment. The findings
showed that miR-494 mimic dramatically inhibited PTEN
3'UTR luciferase activity in Y79 cells (Fig. 3B). Consistently,
miR-494 inhibitor dramatically enhanced PTEN 3'UTR
luciferase activity in SO-RB50 cells (Fig. 3C). Apart from
this, western blot analysis and qRT-PCR were performed
to test PTEN expression. Results indicated that PTEN
protein (Fig. 3D) and mRNA (Fig. 3E) levels were remark-
ably inhibited by miR-494 overexpression in Y79 cells, and
increased by miR-494 suppression in SO-RB50 cells. Fig. 3F
shows the negative relationship between miR-494 and PTEN
expression by Spearman's Rank correlation.

miR-494 promotes RB cell progression via PTEN. To further
detect whether PTEN regulates miR-494 effect on RB cell
viability, invasion and metastasis, PTEN level was restored in Y79
cells inhibited by miR-494 overexpression (Fig. 4A). qRT-PCR
was applied for confirming efficiency of PTEN transfection in
Y79 cells. Then, MTT assay was performed to test cell viability.

Table I. Association study, and correlation between miR-494
expression and clinicopathological characteristics.

miR-494
Low High
Characteristics N=66 expression expression P-value
Age (years) 0.569
<5 52 18 34
>5 14 6 8
Sex 0.930
Male 39 14 25
Female 27 10 17
Clinical stage 0478
I-II 20 6 14
I-1v 46 18 28
N classification 0.019*
NO 29 6 23
N1+2 37 18 19
Differentiation 0.047¢
Well and moderate 24 5 19
Poorly 42 19 23
Largest tumor (mm) 0.070
<15 40 18 22
>15 26 6 20

Statistical analyses were performed by the % test. “P<0.05 was con-
sidered significant.

As expected, miR-494 mimic increased the cell proliferation, but
its effect was overturned by overexpression of PTEN (Fig. 4B).
Similarly, increasing the expression of PTEN also reversed the
increased migration (Fig. 4C) and invasion (Fig. 4D) regulated
by miR-494 mimic. All the results demonstrated that miR-494
promoted RB cell proliferation, invasion and migration via
inhibiting PTEN expression.

miR-494 regulates PI3K/AKT signaling pathway via PTEN.
PTEN has been reported to negatively regulate PI3K/AKT
signaling pathway.
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Figure 2. Promotion effect of miR-494 on RB cell progression. (A) qRT-PCR analysis of miR-494 expression level in Y79 and SO-RB50 cells. (B) The
expression level of miR-494 tested in Y79 cells after increasing miR-494 and in SO-RB50 cells after decreasing miR-494 by qRT-PCR. (C) Y79 cell viability
was measured after increasing miR-494 or SO-RBS50 cell viability after inhibiting miR-494 expression by MTT assay. (D) The ability of Y79 cell migration
was detected after increasing miR-494 or SO-RB50 cell migration was detected after inhibiting miR-494 expression by Transwell assay. (E) The ability of
Y79 cell invasion was measured after increasing miR-494 or SO-RB50 cell invasion and was detected after decreasing miR-494 expression by Transwell
assay. 'P<0.05, “P<0.01. RB, retinoblastoma.
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Figure 3. PTEN was the target of miR-494 in RB cells. (A) Schematic representation of the binding sites of miR-494 with PTEN 3'UTR. (B) Relative luciferase
activity was tested after overexpression of miR-494 in wild-type (WT) or mutated (MuT) Y79 cells. (C) Relative luciferase activity detected in SO-RB50
cells after silence miR-494 in WT or MuT. (D) Relative protein level of PTEN by western blotting in Y79 cells or SO-RB50 cells. (E) Relative PTEN mRNA
expression in Y79 cells or SO-RB50 cells by qRT-PCR. (F) The association of miR-494 expression and PTEN expression was measured by Spearman's Rank
correlation. “P<0.01. RB, retinoblastoma; PTEN, phosphatase and tensin homolog.

To investigate whether a change in miR-665 expression  promoted the phosphorylation of PI3K and AKT in Y79 cells.
affects the PI3K/AKT pathway in RB cells, the expression =~ However, silencing miR-494 obviously inhibited the phos-
levels of several important molecules in the pathway, including  phorylation of PI3K and AKT in SO-RB50 cells. Restoration
p-AKT, AKT, p-PI3K and PI3K, were measured in RB cells of PTEN reversed effect of miR-494 mimic on PI3K/AKT
following upregulation or downregulation of miR-494. As  pathway (Fig. 5B). The results suggested that miR-494 promoted
presented in Fig. 5A, miR-494 overexpression remarkably = RB cell progression via PTEN/PI3K/AKT signaling pathway.
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Figure 4. miR-494 regulates RB cell progression via PTEN. (A) Detection of PTEN protein in Y79 cells by western blotting. (B) Cell viability was measured
in Y79 cells after increasing miR-494 expression or both miR-494 and PTEN expression. (C) Cell migration was detected in Y79 cells after upregulation
of miR-494 or with miR-494 and PTEN. (D) Cell invasion was detected in Y79 cells after upregulation of miR-494 or both miR-494 and PTEN. "P<0.05,

“P<0.01. RB, retinoblastoma; PTEN, phosphatase and tensin homolog.

Discussion

Herein, we displayed that miR-494 was increased in RB tissue
samples and cells, and it was related to the clinicopathological
features of RB patients. Moreover, increasing miR-494 facili-
tated, while inhibiting miR-494, repressed RB cell viability,
invasion and migration. Furthermore, PTEN was verified
as the target of miR-494 in RB. In addition, it was demon-
strated that miR-494 regulated PI3K/AKT signaling pathway
by suppressing PTEN in RB cells. Collectively, our findings

suggested that overexpression of miR-494 promoted RB cell
progression through PTEN/PI3K/AKT axis.

In previous studies, miR-494 has been implicated in the
development and progression of various types of tumors.
Zhang et al (26) stated that miR-494 played an oncomiR role
in lung cancer progression. Zhu et al (25) proved that miR-494
overexpression obviously promoted endometrial cancer cell
viability, invasion and migration. Besides, miR-494 mimic
significantly enhanced nasopharyngeal carcinoma cell prolif-
eration, invasion and migration (27). In our study, it was shown
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Figure 5. miR-494 regulated PTEN/PI3K/AKT signaling pathway. (A) The expression of p-PI3K/PI3K or p-AKT/AKT in Y79 cells after increasing miR-494
or in SO-RB50 cells after inhibiting miR-494. (B) Quantitative expression of p-PI3K/PI3K or p-AKT/AKT in Y79 cells after overexpression of miR-494 or
both miR-494 and PTEN. PTEN, phosphatase and tensin homolog. “P<0.01.
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that miR-494 functioned as an oncogene in RB progression
by enhancing cell viability, invasion and migration. In
general, miR-494 played oncomiR roles in multiple cancers
via targeting different mRNA genes. For example, miR-494
took part in gastric cancer cell survival by suppressing
BAG-1 (28). Cheng et al (29) found that miR-494 repressed
cervical cancer cell proliferation, invasion via promoting
SOCS6. Zhang et al (30) stated that miR-494 was higher in
colorectal cancer and promoted cell progression by targeting
APC. In this study we first showed that miR-494 regulated RB
development by targeting PTEN, which was the novelty of this
research.

PTEN is essential for the maintenance of normal cells and
acts as a tumor suppressor in human cancers (31). A large number
of studies have reported that PTEN played important roles in
tumor development and progression, including lung cancer,
ovarian cancer, and prostate cancer (23,32,33). Furthermore, in
the RB development, PTEN showed an inhibitory effect and it
served as the target of multiple miRNAs. For instance, it was
the directly target of miR-93, and miR-198 in promoting human
RB progression, and the decreased PTEN expression was also
found, which was consists with our findings (34,35). In the
present study, it was shown that miR-494 targeted PTEN in
regulating RB cell progression, and PTEN overexpression can
reverse the effect of miR-494 upregulation in RB cells.

The PI3K/Akt axis is well known to participate in
the cell growth and survival of various types of cancers,
including RB (36-38). A previous study reported that the
ethanol extracts of R. japonica radix (ERJR) could play an
inhibitory effect on hepatocellular carcinoma metastasis via
PI3K/Akt signaling pathways (39). PTEN is reported to act as
an antagonist of PI3K action, it regulates PI3K/Akt signaling
negatively (40). For instance, microRNA-155-5p promoted
hepatocellular carcinoma progression by suppressing PTEN
through the PI3K/Akt pathway (41). Our findings demonstrated
that overexpression of miR-494 promoted PI3K/Akt signaling
pathways by suppressing PTEN, and PTEN overexpression
can reverse the effect of miR-494 upregulation in PI3K/Akt
signaling pathways.

Potential limitation of this study is that though miR-494
promoted proliferation of retinoblastoma in our study, this was
only verified in RB cell lines, and mouse model might be more
convincing. For the experiments using cells transfected with
miR-494, using an untransfected control cell line to show that
transfection alone did not affect the behavior would be more
convincing. Because miR-494 is upregulated and promoted cell
viability, invasion and migration in RB, it might be a possible
biomarker for predicting progression. In summary, our study
indicated that miR-494 acted as an oncogenic microRNA in
RB cells by suppressing the tumor suppressor PTEN. miR-494
regulated PI3K/AKT signaling pathway via PTEN.

The present study revealed the important role of miR-494
in promoting the progression of retinoblastoma, although
further studies are required to confirm this. Taken together,
our research stated that miR-494 overexpression enhanced RB
cell progression through PTEN/PI3K/AKT signaling pathway.
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