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MicroRNA-363-3p inhibits cell proliferation and
induces apoptosis in retinoblastoma cells via the
Akt/mTOR signaling pathway by targeting PIK3CA
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Abstract. There is extensive evidence suggesting that
microRNAs (miRs) can modulate the activity of oncogenes
and tumor suppressors, and are associated with the occurrence
of cancer. In the present study, the function of miR-363-3p
in the progression of retinoblastoma (RB) was investigated.
miR-363-3p expression in RB was decreased, and miR-363-3p
protein levels were found to be inversely correlated with
phosphatidylinositol-4,5-bisphosphate 3-kinase catalytic
subunit o (PIK3CA) levels. Overexpression of miR-363-3p
in an in vitro model of RB revealed that miR-363-3p had
anticancer effects on RB and regulated PIK3CA, pyruvate
dehydrogenase kinase 1 (PDK1) and phosphorylated protein
kinase B (p-AKT) protein expression. Downregulation of
miR-363-3p promoted cell proliferation of RB cells through
PIK3CA, PDK1 and p-AKT protein expression. Knockdown
of PIK3CA increased the anticancer effects of miR-363-3p in
RB cells. Treatment with OSU-03012, a PDK1 inhibitor, accel-
erated the anticancer effects of miR-363-3p in RB cells. Taken
together, the results demonstrate that miR-363-3p functions as
a tumor suppressor in RB by targeting PIK3CA.

Introduction

Retinoblastoma (RB) is the most common type of intraocular
malignant tumor among children, and it seriously affects the
vision of these children and is associated with a poor patient
prognosis (1). The main clinical manifestation is a white
pupil, and the pathogenesis is widely accepted to be due to
mutations in the two copies of the RB gene (2). RB has always
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been considered to be the ideal model for studying tumor
genetics and tumor pathogenesis (1). The RB gene was the
first to be identified as a tumor-suppressor gene in humans.
With continued research, novel methods for the effective
prevention and treatment of the disease may be identified
through a deeper exploration into the pathogenesis of RB at
the molecular biology level (3).

microRNAs (miRNAs/miRs) are a family of mature
non-coding RNA molecules composed of 21-25 nucleotides
that can modulate target gene expression by cleaving the target
mRNA or inhibiting protein synthesis to cause post-tran-
scriptional gene silencing (4). As gene regulators, miRNAs
can affect a variety of cellular pathways and functions, and
early studies showed that miRNAs have an impact on gene
expression during development, cell death and proliferation,
and formation of the immune and nervous systems (5). The
current understanding is that miRNAs play an important
role in the occurrence of many diseases (5). A previous study
demonstrated that miRNAs are expressed in human tumor
cells and are classified into tumor-suppressor genes or onco-
genes according to their roles in tumor cell transformation and
gene expression (6). miRNA genes are located in the fragile
sites of the human genome, thus they may be mutated easily in
the cancer genome as it accumulates damage (4-6). miRNAs
play a role in the regulation of proliferation, differentiation and
apoptosis of tumor cells 4).

The phosphoinositide 3-kinase (PI3K) signaling pathway
plays a role in the formation of a variety of tumors. Activation
of PI3K signaling leads to phosphorylation of protein kinase
B (AKT) and activation of the downstream signaling pathway,
as well as regulation of cell growth, reproduction, migration
and apoptosis (7). Members of the PI3K signaling pathway
are frequently observed to be abnormally expressed in a
variety of solid tumors (7). Mutations in the helical domain
of the protein of the phosphatidylinositol-4,5-bisphosphate
3-kinase catalytic subunit a (PIK3CA) gene, in exon 9, and
mutations in the kinase domain in exon 20 may upregulate
PI3K signaling and facilitate tumorigenesis (8). It has been
reported that increased copy number and mutation of the
PIK3CA gene occur in lung cancer, suggesting that the two
types of genetic alterations may play a role in the formation
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of RB (8). PIK3CA is an oncogene that has been confirmed
in recent years, and mutations in PIK3CA may be involved
in the regulation of carcinogenesis (9). Mutations in the
PIK3CA gene have been identified in ~30% of solid tumors,
and the mutation of this gene can increase the kinase activity
of the enzyme, activate AKT, reduce apoptosis and contact
inhibition, promote tumorigenesis and increase tumor
invasiveness (10). A study by Liu et al (11) indicated that
miR-363-3p inhibits papillary thyroid carcinoma progres-
sion by targeting PIK3CA. The present study was designed
to ascertain whether miR-363-3p regulates the PIK3CA
signaling pathway in RB and if it exerts anticancer effects in
regards to this disease.

Materials and methods

Patient samples. The serum samples of patients and normal
controls were collected from May 2016 to December 2016
at the Xi'an Traditional Chinese Medicine Hospital (Xi'an,
Shaanxi, China) (Table I). The peripheral blood (10 ml) of all
samples was centrifuged at 1,000 x g for 10 min at4°C, and then
serum was collected. Serum was immediately frozen in liquid
nitrogen, and stored at -80°C. The study protocol was approved
by the Medical Ethics Committee of Xi'an Traditional Chinese
Medicine Hospital (Xi'an, Shaanxi, China).

RNA isolation and quantitative real-time PCR (RT-gPCR)
analysis and microarray analysis. Total RNA was extracted
from serum and cells using TRIzol reagent (Invitrogen; Thermo
Fisher Scientific, Inc.). cDNA synthesis was carried out using
a RT kit (Takara Biotechnology Ltd.). MicroRNA-363-3p
expression was quantified by using SYBR Premix Ex TaqTM
(Takara) under ABI 7500 Fast Sequence Detection System
(Applied Biosystems Prism; Thermo Fisher Scientific, Inc.).

Microarray analysis was performed using Illumina,
HT-12 v4.0 platform (Bencos Research Solutions). Total RNA
was extracted from serum and cells using Trizol reagent
(Invitrogen; Thermo Fisher Scientific, Inc.). Gene expression
analysis was performed commercially using [llumina, HT-12
v4.0 platform and expression of genes was analyzed using
R 3.1.2 (www.r-project.org).

Cell, plasmids and transfections. Huoman RB WERI-Rb-1
cell line (Shanghai Cell Bank, Chinese Academy of Sciences)
was cultured in RPMI-1640 medium (Invitrogen; Thermo
Fisher Scientific, Inc.) containing 10% fetal bovine serum
(FBS; Invitrogen; Thermo Fisher Scientific, Inc.) and 1%
penicillin-streptomycin at 37°C in a humidified 5% CO,
incubator. MicroRNA-363-3p plasmid and negative plasmid
were purchased from Shanghai Gene-Pharma Co. The
microRNA-363-3p plasmid (50 ng) and negative plasmid
(50 ng) were transfected into WERI-Rb-1 cells using
Lipofectamine 3000 (Invitrogen; Thermo Fisher Scientific,
Inc.) according to the manufacturer's instructions.

Cell growth assay. Cell proliferation (1x10* cells/well) was
assessed using the MTT assay (0.5 mg/ml; Sigma-Aldrich;
Merck KGaA) for 4 h at 37°C and DMSO was added into the
cells for 20 min at 37°C. Absorbance was then recorded using
a microplate reader (Bio-Rad) at 490 nm.
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Table I. Characteristic of the patients with retinoblastoma
(RB).

Normal control

Variables subjects (n=6) RB patients (n=6)
Mean age (years) 57.9+2.5 55.843.8
Sex

Female 3 3

Male 3 3
Edmondson grade

I 0

II 0

1 0 1

v 0 3

v 0 2
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Figure 1. miR-363-3p levels in RB patient serum. (A) MicroRNA expression
using Gene chip and (B) miR-363-3p expression levels in RB and control
groups. RB, retinoblastoma serum group; Control, normal control group.
“P<0.01 compared with the normal control group.

Cell apoptosis. The cells (1x10° cells/well) were washed with
PBS and cells were resuspended with dilute binding buffer
(BD Biosciences). Cells were stained with 5 yl Annexin V
and 5 ul propidium iodide (PI) (BD Biosciences) for 15 min at
room temperature. Cell apoptosis were detected by LSRII flow
cytometer (BD Biosciences) and analyzed by FlowJo 3.1 (Tree
Star, Ashland, OR, USA).

Cellinvasionassays.The cells (1x10° cells/well) were seeded into
the upper chamber of Matrigel-coated inserts and RPMI-1640
medium containing 10% FBS was added to the lower chamber
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Figure 2. Overexpression of miR-363-3p reduces RB cell growth and invasion. (A) miR-363-3p expression in human RB WERI-Rb-1 cell line after transfection
of miR-363-3p mimics. (B) Cell proliferation in the miR-363-3p-overexpressing RB cells. (C and D) Invasion ability in the miR-363-3p-overexpressing RB
cells. (E and F) The apoptosis rate in the miR-363-3p-overexpressing RB cells. Control, negative control group; miR-363-3p, miR-363-3p overexpression group.

RB, retinoblastoma. "P<0.01 compared with the negative control group.

at 37°C in a humidified 5% CO, incubator for 48 h. The lower
surface cells were fixed in 70% ethanol for 30 min and stained
with 0.1% crystal violet for 10 min. Cells were observed under
an X71 inverted microscope (Olympus Corporation).

Western blot analysis. Total protein was extracted from the
cells using RIPA Kit and protein concentrations of the sample
were quantified using a BCA protein quantification kit. An
amount of 40 ug protein was separated by 8-12% SDS-PAGE
and transferred to a PVDF membrane. The membrane was
blocked with 5% skim milk in TBST for 1 h at room tempera-
ture and incubated with primary antibodies: anti-Bax (cat.
no. sc-6236, dilution 1:1,000, Santa Cruz Biotechnology),
anti-PIK3CA (cat. no. 4249, dilution 1:2,000, Cell Signaling
Technology, Inc.), anti-PDK1 (cat. no. sc-376586, dilution
1:1,000, Santa Cruz Biotechnology), anti-p-Akt (cat. no. 4060,
dilution 1:2,000, Cell Signaling Technology, Inc.) and GAPDH
(cat. no. 5174, dilution 1:5,000, Cell Signaling Technology,
Inc.) at 4°C overnight. Membrane was washed with TBST
and incubated with anti-rabbit (cat. no. sc-2030) or anti-mouse
(cat. no. sc-2031) secondary antibodies (dilution 1:5,000, Santa
Cruz Biotechnology) for 2 h at room temperature. Protein
blank was detected using the enhanced chemiluminescence
(ECL) method and analyzed using Image Lab 3.0 (Bio-Rad
Laboratories, Inc.).

Caspase-3/9 activities. Total protein was extracted from
the cells (1x10° cells/well) using the RIPA Kit and protein
concentrations of the sample were quantified by the BCA
protein quantification kit. A total of 5 ug of protein was
used to measure caspase-3/9 activities using caspase-3/9
apoptosis activities (C1115/ C1158). Absorbance was then
recorded using a microplate reader (Bio-Rad Laboratories)
at 405 nm.

Statistical analysis. Data are presented as mean + SD (n=3).
All date were analyzed by using ANOVA by Tukey's post test
or two-tailed Student's t test. P<0.05 was accepted as statisti-
cally significant.

Results

miR-363-3p expression in serum from patients with RB.
To investigate the role of miRNAs in RB development and
progression, the expression levels of miRNAs in RB patient
serum were examined. The results of cDNA microarray
analysis revealed that miR-363-3p was downregulated in
the serum of patients with RB compared with the controls
(Fig. 1A). RT-qPCR analysis showed that miR-363-3p serum
expression was downregulated in RB compared with the
controls (Fig. 1B).
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Figure 3. Overexpression of miR-363-3p in human RB WERI-Rb-1 cells induces Bax protein expression and caspase-3/9 activity. (A and B) Caspase-3/9
activity in the miR-363-3p-overexpressing RB cells. Bax protein expression (C) as determined by statistical analysis and (D) western blot analysis. Control,
negative control group; miR-363-3p, miR-363-3p-overexpressing group. “P<0.01 compared with the negative control group. RB, retinoblastoma.
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Figure 4. Overexpression of miR-363-3p suppresses PIK3CA, PDK1 and p-Akt protein expression in human RB WERI-Rb-1 cells. (A) Predicted interaction
between miR-363-3p and the target site in the PIK3CA 3'-UTR. (B) PIK3CA, PDK1 and p-Akt protein expression by western blotting assay. (C-E) PIK3CA,
PDK1 and p-Akt protein expression by statistical analysis. Control, negative control group; miR-363-3p, miR-363-3p-overexpressing group. ”P<0.01 compared
with the negative control group. RB, retinoblastoma; PIK3CA, phosphatidylinositol-4,5-bisphosphate 3-kinase catalytic subunit a; PDK1, pyruvate dehydro-
genase kinase 1; p-AKT, phosphorylated protein kinase B.

Overexpression of miR-363-3p reduces RB cell proliferation  cells. As presented in Fig. 2A, transfection with miR-363-3p
and invasion. The impact of overexpression of miR-363-3p  mimics significantly increased miR-363-3p expression.
on cell growth and invasion was investigated using RB  Overexpression of miR-363-3p significantly reduced cell
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Figure 5. Downregulation of miR-363-3p promotes RB cell growth and migration in human RB WERI-Rb-1 cells. (A) miR-363-3p expression following
silencing by anti-363-3p. (B) Cell proliferation and (C and D) cell invasion and (E and F) apoptosis rate in the RB cells following silencing of miR-363-3p.
Control, negative control group; Anti-363-3p, miR-363-3p downregulation group. “/P<0.01 compared with the negative control group.

growth and invasion of RB cells compared with the control
group (Fig. 2B-D). In addition, overexpression of miR-363-3p
significantly increased the apoptosis rate of RB cells
compared with the control group (Fig. 2E and F). These find-
ings indicate that miR-363-3p expression may influence RB
development and progression, and may be involved in RB cell
growth and apoptosis.

Overexpression of miR-363-3p induces BAX protein expres-
sion and caspase-3/9 activity. BAX protein expression
and caspase-3/9 activity were analyzed in RB cells with
miR-363-3p overexpression. Overexpression of miR-363-3p
significantly induced BAX protein expression and caspase-3/9
activity compared with the control group (Fig. 3).

Overexpression of miR-363-3p suppresses PIK3CA, pyruvate
dehydrogenase kinase 1 (PDK1) and phosphorylated (p)-AKT
protein expression. To investigate whether miR-363-3p targets
the PIK3CA signaling pathway in RB, PIK3CA, PDK1 and
p-AKT protein expression levels were measured in RB cells
with miR-363-3p overexpression. The predicted interaction
between miR-363-3p and the target site in the 3' untrans-
lated region of PIK3CA is presented in Fig. 4A. As shown
in Fig. 4B-E, overexpression of miR-363-3p significantly
suppressed PIK3CA, PDK1 and p-AKT protein expression in
RB cells compared with the control group.

Knockdown of miR-363-3p promotes RB cell growth and inva-
sion. The effects of miR-363-3p knockdown on RB cell growth
and invasion were investigated. As presented in Fig. 5A,
transfection with anti-miR-363-3p inhibitor (Anti-363-3p)
significantly reduced the expression of miR-363-3p.
Knockdown of miR-363-3p significantly promoted RB
cell growth and invasion compared with the control group
(Fig. 5B-D). Knockdown of miR-363-3p significantly reduced
the cell apoptosis rate of the RB cells compared with the
control group (Fig. 5E and F).

Knockdown of miR-363-3p suppresses BAX protein expres-
sion and caspase-3/9 activity, and induces PIK3CA, PDK1
and p-AKT protein expression. Knockdown of miR-363-3p
significantly induced BAX protein expression and caspase-3/9
activity in RB cells, compared with the control group
(Fig. 6A-D). In addition, knockdown of miR-363-3p signifi-
cantly induced PIK3CA, PDK1 and p-AKT protein expression
in RB cells, compared with the control group (Fig. 6E-H).

Knockdown of PIK3CA increases the anticancer effects
of miR-363-3p on PIK3CA, PDKI and p-AKT protein
expression. The role of PIK3CA in the anticancer effect of
miR-363-3p in regards to RB cell proliferation and invasion
was investigated. si-PIK3CA further significantly suppressed
PIK3CA, PDK1 and p-AKT protein expression in RB cells
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Figure 6. Downregulation of miR-363-3p suppresses Bax protein expression and caspase-3/9 activity, and induces PIK3CA, PDK1 and p-Akt protein expres-
sion in human RB WERI-Rb-1 cells. (A and B) Caspase-3/9 activity. Bax protein expression by (C) statistical analysis and (D) western blotting analysis.
(E) PIK3CA, PDK1 and p-Akt protein expression by western blotting assays. (F-H) PIK3CA, PDK1 and p-Akt protein expression by statistical analysis.
Control, negative control group; Anti-363-3p, miR-363-3p downregulation group. “P<0.01 compared with the negative control group. RB, retinoblastoma;
PIK3CA, phosphatidylinositol-4,5-bisphosphate 3-kinase catalytic subunit o; PDK1, pyruvate dehydrogenase kinase 1; p-AKT, phosphorylated protein

kinase B.

with miR-363-3p overexpression compared with cells with
overexpression of miR-363-3p alone (Fig. 7A-D). Inhibition
of PIK3CA significantly induced BAX protein expression and
caspase-3/9 activity in RB cells with miR-363-3p overexpres-
sion compared with cells with overexpression of miR-363-3p
alone (Fig. 7E-H).

Knockdown of PIK3CA increases the anticancer effects of
miR-363-3p on RB cell proliferation and invasion. Inhibition
of PIK3CA expression using si-PIK3CA significantly
increased the inhibition of cell growth and invasion induced
by miR-363-3p overexpression in RB cells, compared with
cells with overexpression of miR-363-3p alone (Fig. 8A-C).

si-PIK3CA significantly increased the induction of apoptosis
by miR-363-3p overexpression, compared with the cells with
overexpression of miR-363-3p alone (Fig. 8D and E). These
results suggest that PIK3CA may play a significant role in
modulating the effects of miR-363-3p on RB cell growth.

Treatment with a PDK1 inhibitor accelerates the anticancer
effects of miR-363-3p on p-AKT protein expression. To further
determine whether PDK1 participates in the anticancer effects
of miR-363-3p on RB cell proliferation and invasion, a PDK1
inhibitor (OSU-03012; 1 M) was used to reduced PDK1
protein expression. As presented in Fig. 9A-C, treatment with
the PDK1 inhibitor suppressed PDK1 expression and increased
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the suppression of p-AKT in RB cells with overexpression of
miR-363-3p, compared with cells that were not treated with
the inhibitor. The PDK1 inhibitor also further increased BAX
protein expression and caspase-3/9 activity in RB cells with
overexpression of miR-363-3p, compared with untreated cells
with overexpression of miR-363-3p alone (Fig. 9D-G).

Treatment with a PDKI inhibitor accelerates the anticancer
effects of miR-363-3p on RB cell proliferation and invasion.
The PDKI1 inhibitor further suppressed RB cell growth and
invasion in RB cells with overexpression of miR-363-3p
compared with untreated cells with overexpression of
miR-363-3p alone (Fig. 10A-C). Additionally, the PDK1
inhibitor increased the promotion of apoptosis by miR-363-3p
compared with untreated cells with overexpression of
miR-363-3p alone (Fig. 10D and E).

Discussion

RB is the most common type of intraocular malignancy among
children, with poor prognosis, seriously affecting patient vision
and even threatening their lives. The pathogenesis is gener-
ally considered to be the second mutation of the RB gene (4).
With the progress of research, through a deeper exploration
of the pathogenic molecular biology of RB and other tumors,
it has been suggested that RB is associated with changes in
multiple signaling pathways, but the specific pathogenesis of
this disease remains uncertain (12). The findings of the present
study revealed that miR-363-3p expression was upregulated in
serum from patients with RB. A study by Liu et al (11) showed
that miR-363-3p inhibits cell growth of papillary thyroid
carcinoma. The findings of the current study are limited by the
small sample size of patients and normal samples, which was
6. More clinical cases will be investigated in future studies.

Bcl-2 is an inhibitor of apoptosis. It is an endogenous
inhibitor of mitochondrial membrane permeability (13).
Expressed in proliferating cells, Bcl-2 plays an important role
in the maintenance of cell metabolism (14). Chromosome
translocation can lead to upregulation of Bcl-2, blocking the
activation of the protease chain reaction and prolonging cell
survival through stopping the release of cytochrome ¢ from
the mitochondria, so that the balance of cell proliferation
and apoptosis is disturbed, leading to the development of
tumors (15). Studies have shown that activation of pyruvate
dehydrogenase kinase 1 (PDK1) by phosphorylation induces
the apoptosis of cells by affecting mitochondrial damage and
regulating Bcl-2, Bel-xL and survivin (15,16). In the present
study, overexpression of miR-363-3p reduced RB cell prolif-
eration and invasion.

The P110a-PI3K catalytic subunit of the phosphatidylino-
sitol-4,5-bisphosphate 3-kinase catalytic subunit o (PIK3CA)
gene has been studied in human cancer for more than
15 years (17). Several studies have shown that PI3K kinase
activity is closely related to the key oncogenic protein P110a,
which plays an important role in tumor formation (8,17,18).
The phosphoinositide 3-kinase (PI3K) pathway is activated
by PIK3CA mutation or amplification (8,17). Activated PI3K
generates a second messenger to activate a series of down-
stream protein kinases, including AKT, leading to further
signal transmission, and therefore, the PDK signaling pathway
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has a significant effects on cell proliferation, apoptosis, migra-
tion, vesicular transport and malignant transformation of
cells and many other pathophysiological processes (18). The
PI3K/AKT/PKB signal transduction pathway is particularly
important for the modulation of apoptosis (19). In the present
study, overexpression of miR-363-3p suppressed PIK3CA,
PDKI1 and p-AKT protein expression. Liu e al (11) showed
that miR-363-3p inhibits cell growth of papillary thyroid
carcinoma through the PIK3CA/AKT signaling pathway.
PDKI is a 63-kDa serine/threonine protein kinase that
includes a C-terminal platelet-leukocyte C-kinase substrate
homology domain and an N-terminal kinase domain (20). The
PH domain combines with the PI3K product inositol triphos-
phate, targeting PDK1 to the membrane and activating AKT,
thereby acting on a variety of downstream substrates such
as NF-kB, caspase-9 and endothelial nitric oxide synthase,
and subsequently affecting cell growth, migration, apoptosis
and angiogenesis, as well as other biological effects (21).
PDK1-mediated PI3K/AKT signaling pathways have been
associated with multiple types of malignant tumor (18). In the
present study, inhibition of PIK3CA or PDK1 was found to
accelerate the anticancer effects of miR-363-3p on RB through
PI3K/AKT signaling. Based on the results of the present study,
the mechanism of miR-363-3p/PI3K/AKT signaling in RB is
unclear. Therefore, more signaling pathways, including GSK-3,
FOXOI1 and mTORCI, will be investigated in further studies.
In summary, the results of this study revealed that overex-
pression of miR-363-3p reduced the proliferation and invasion
of RB cells through suppression of the PIK3CA/PI3K/AKT
pathway. These findings suggest that enhancing the expression
of a single miRNA, miR-363-3p may significantly improve the
efficacy of treatment for RB and possibly other solid tumors.
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