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MicroRNA-320 inhibits cell proliferation, migration and
invasion in retinoblastoma by targeting specificity protein 1
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Abstract. Research into the expression and function of
microRNAs (miRNAs/miR) in human cancer has provided
novel insights into the molecular mechanisms underlying
carcinogenesis and cancer progression. Aberrant miRNA
expression has been reported in retinoblastoma (RB) and
several other types of human cancer. The present study
demonstrated that miR-320 is significantly downregulated
in RB tissues and cell lines. Furthermore, overexpression of
miR-320 was demonstrated to inhibit proliferation, migra-
tion and invasion of RB cells. Bioinformatic analysis
identified specificity protein 1 (SP1) as a potential target gene
of miR-320. Luciferase reporter assay confirmed that the
SP1 3'-untranslated region contains a direct binding site for
miR-320, and restoration of miR-320 expression decreased
the mRNA and protein expression levels of SP1. Notably, SP1
silencing induced a similar effect on the proliferation, migra-
tion and invasion of RB cells as that observed with miR-320
overexpression, further supporting the hypothesis that SP1 is a
direct functional target of miR-320 in RB. In conclusion, these
findings indicate that miR-320 may be an effective therapeutic
target for the treatment of RB.

Introduction

Retinoblastoma (RB) is the most common childhood primary
intraocular tumor (1). Most RB cases are diagnosed in
children <5 years old (2); the incidence is ~1:15,000-20,000
newborns worldwide (3). RB is classified into two groups:
Hereditary and non-hereditary. Patients with hereditary RB
account for 30-40% of cases and usually involve a positive
family history, whereas cases with no family history are
generally classified as non-hereditary (4-6). Previous studies
have indicated that numerous risk factors contribute to RB
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initiation and development, including genetic and epigenetic
alterations to oncogenes and tumor suppressor genes (7,8).
Standard therapeutic treatments currently include enucleation
and focal therapy, such as laser or cryotherapy, chemotherapy
or radiotherapy (9). However, the 5-year overall survival rate
for patients at advanced stages remains poor, mainly due to the
development of local or distant metastases (10,11). Therefore,
investigating the underlying molecular mechanism responsible
for RB carcinogenesis and progression may prove beneficial in
the exploration of novel therapeutic strategies.

MicroRNAs (miRNAs/miR) are a group of small,
highly conserved and non-protein-coding RNA molecules
18-23 nucleotides in length, which participate in the regulation
of gene expression. Regulation occurs via semi-complemen-
tary binding to the 3'-untranslated regions (3'-UTRs) of target
mRNAs, resulting in translational repression and/or mRNA
degradation (12). These regulatory effects may be exerted
over several cell types, targeting ~60% of human genes (13).
miRNAs serve critical functions in the regulation of various
oncogenic activities, including proliferation, angiogenesis,
apoptosis, cell cycle progression, migration, invasion and
metastasis (14-16). Recently, a large number of miRNAs have
been identified as overexpressed or downregulated during
the progression of human cancer, including RB, such as
miR-31 (17), miR-204 (18) and miR-21 (19). Functionally, these
miRNAs may serve either a tumor suppressing or promoting
role in various types of human cancer, depending on whether
they specifically target oncogenes or tumor suppressor
genes (20). Therefore, these findings suggest that miRNAs
may serve as potential therapeutic targets for the treatment of
RB.

miR-320 has been studied in a number of human cancer
types (21-23). However, the expression pattern and biological
functions of miR-320 in RB remains unclear. The present
study explored the expression levels of miR-320 in RB, and the
results indicated that miR-320 expression levels were reduced
in RB tissues and cell lines. The effects of miR-320 on the
proliferation, migration and invasion of RB cells were also
investigated. Functional studies indicated that miR-320 may
act as a tumor suppressor, via inhibition of cell proliferation,
migration and invasion of RB cells. Finally, specificity protein 1
(SP1) was identified as a direct target gene of miR-320 in RB.
To the best of our knowledge, the present study is the first to
investigate the expression, function and molecular mechanism
of miR-320 in RB.
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Materials and methods

Human tissue samples. Normal retinal tissue (n=3, 2 males,
1 female; age, 26-67 years) and RB tissue (n=7, 5 males,
2 females; age, 14-53 years) samples were collected at the
Affiliated Hospital of Weifang Medical University (Weifang,
China) between August 2013 to June 2015. Tissues were
obtained from patients that had undergone enucleation and
had not received any other prior therapies, including chemo-
therapy, radiotherapy or local therapy. Normal retinal tissues
were collected from patients with a ruptured globe. All tissue
samples were snap-frozen in liquid nitrogen and stored at
-80°C prior to use. Patients provided written informed consent.
The present study was approved by the ethics committee of the
Affiliated Hospital of Weifang Medical University.

Cell lines, culture conditions and transfection. Human retino-
blastoma cell lines (Y79, WERI-RB-1 and SO-RB50) and the
HEK?293T cell line were purchased from the American Type
Culture Collection (Manassas, VA, USA), and maintained in
RPMI-1640 medium (Gibco; Thermo Fisher Scientific, Inc.,
Waltham, MA, USA) supplemented with 10% fetal bovine
serum (FBS; Gibco; Thermo Fisher Scientific, Inc.), 100 U/ml
penicillin and 100 U/ml streptomycin. Cells were incubated in
a humidified atmosphere at 37°C with 5% CO,.

miR-320 mimic, negative control (NC), SP1 small inter-
fering RNA (siRNA) and control siRNA were obtained from
Shanghai GenePharma Co., Ltd. (Shanghai, China) with the
following sequences: miR-320 mimic, 5-"AAAAGCUGG
GUUGAGAGGGCGA-3"; NC mimic, 5-UUCUCCGAACGU
GUCACGUTT-3"; SP1 siRNA, 5-GCAACAUGGGAAUUA
UGAATT-3"; control siRNA, 5-UUCUUCCGAACGUGU
CACGUTT-3". Cells were transfected with miR-320 mimics
(50 pmol/ml), NC (50 pmol/ml), SP1 siRNA (50 pmol/ml)
or control siRNA (50 pmol/ml) using Lipofectamine 2000
(Invitrogen; Thermo Fisher Scientific, Inc.) and OPTI-MEM
reduced serum medium (Gibco; Thermo Fisher Scientific,
Inc.), according to the manufacturer's protocol.

Reverse transcription-quantitative polymerase chain reaction
(RT-gPCR). For miRNA and mRNA detection, total RNA
from tissues and cells was isolated using TRIzol reagent
(Invitrogen; Thermo Fisher Scientific, Inc.), according to the
manufacturer's protocol. RNA concentration and quality was
evaluated using a NanoDrop Spectrophotometer (NanoDrop;
Thermo Fisher Scientific, Inc., Wilmington, DE, USA). To
quantify miR-320 expression, reverse transcription was
performed using a TagMan MicroRNA Reverse Transcription
kit (Applied Biosystems; Thermo Fisher Scientific, Inc.),
according to the manufacturer's instructions. The relative
expression of miR-320 was measured using a TagMan miRNA
assay (Applied Biosystems; Thermo Fisher Scientific, Inc.). The
thermocycling conditions were as follows: 40 cycles of dena-
turation at 95°C for 15 sec and annealing/extension at 60°C for
60 sec. The reaction system contained 1.0 xl TagMan miRNA
assay (20X), 10.0 ul TagMan 2X Universal PCR Master Mix,
1.33 ul cDNA, 1 pl forward primer and 1 ul reverse primer and
5.67 ul double distilled water. Small nuclear U6 RNA was used
as an internal control for miR-320 expression. One Step SYBR
PrimeScript™ RT-PCR kit I (Takara Biotechnology Co., Ltd.,
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Dalian, China) was used to measure SP1 mRNA expression.
The thermocycling conditions were as follows: 42°C for 5 min,
95°C for 10 sec, then 40 cycles of 95°C for 5 sec, 55°C for 30 sec
and 70°C for 30 sec. The reaction system contained 12.5 pl 2X
One Step SYBR® RT-PCR Buffer 4, 1.5 pl Takara Ex Tag™
HS Mix, 0.5 ul PrimeScript™ PLUS RTase Mix, 1 ul forward
primer and 1 ul reverse primer, 2 ul cDNA and 6.5 pl double
distilled water. The primers used in the present study were as
follows: miR-302 forward, 5'-ACACTCCAGCTGGGAAAA
GCTGGGTTGAGA-3' and reverse, 5"TGGTGTCGTGGA
GTCG-3"; U6 forward, 5'-CTCGCTTCGGCAGCACA-3' and
reverse, 5-AACGCTTCACGAATTTGCGT-3'; SP1 forward,
5" TGTGAATGCTGCTCAACTCTCC-3' and reverse, 5'-CAT
GTATTCCATCACCACCAG-3"; GAPDH forward, 5'-ACC
ACAGTCCATGCCATCAC-3' and reverse, 5-"TCCACCACC
CTGTTGCTGTA-3'. GAPDH was used as an internal control
for SP1 mRNA expression. All experiments were performed
in triplicate and the results were calculated using the 2-44¢4
method (24).

Cell proliferation assay. Cell proliferation of transfected cells
was assessed using the Cell Counting Kit-8 (CCK-8; Dojindo
Molecular Technologies, Inc., Kumamoto, Japan). Cells
(3,000 cells/well) were seeded into 96-well plates, and trans-
fected with miR-320 mimic, NC, SP1 siRNA or control siRNA
as aforementioned. A cell proliferation assay was performed at
various times points (24-96 h). Briefly, 10 ul CCK-8 reagent was
added to the culture medium of each well, and the plates were
incubated at 37°C for 2 h, after which absorbance was measured
at 450 nm. All experiments were performed in triplicate.

Cell migration and migration assays. The migratory and
invasive abilities of the transfected cells were evaluated using
cell migration and invasion assays. For the cell migration
assay, 1x10° transfected cells in 300 1 FBS-free medium were
added into the upper chamber of a 24-well Transwell® plate
(pore size, 8 ym; Corning Incorporated, Corning, NY, USA),
500 pl culture medium containing 20% FBS was added to the
lower chamber. For the cell invasion assay, the membranes
of a Transwell® plate were first coated with Matrigel™
(BD Biosciences, Franklin Lakes, NJ, USA). Transfected
cells (1x10%/300 ul) in FBS-free medium were added into
the Matrigel™ -coated Transwell® chambers, 500 ul culture
medium supplemented with 20% FBS was subsequently
added to the lower chamber to act as a chemoattractant. For
both assays, the Transwell® chambers were incubated for 24 h
following inoculation. Cells remaining on the filter surface
of the upper chamber were carefully removed, and the cells
that had migrated or invaded to the lower side of the chamber
were fixed and stained with 0.5% crystal violet. The number of
migrated and invaded cells were counted under a light micro-
scope (Olympus IX53; Olympus Corporation, Tokyo, Japan).

Western blot analysis. SP1 and GAPDH expression levels
were detected in total cell extracts of transfected cells by
western blot analysis. A total of 72 h following transfection,
cells were lysed with radioimmunoprecipitation assay buffer
(Beyotime Institute of Biotechnology, Shanghai, China). A
bicinchoninic acid protein assay kit (Pierce; Thermo Fisher
Scientific, Inc.) was used to detect protein concentration,
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according to the manufacturer's instructions. Equal amounts
of protein (20 ug) were separated by 10% SDS-PAGE, trans-
ferred onto a polyvinylidene difluoride membrane (EMD
Millipore, Billerica, MA, USA), and blocked with 5% non-fat
milk. The membranes were subsequently incubated with
primary antibodies: Mouse anti-human SP1 monoclonal
antibody (1:1,000; ab77441) or anti-GAPDH (1:1,000; ab9484)
(both from Abcam, Tokyo, Japan) at 4°C overnight. Following
three washes with Tris-buffered saline containing 0.05%
Tween-20, the membranes were probed with goat anti-mouse
HRP-conjugated secondary antibody (1:2,000; ab6789;
Abcam). The protein blots were detected using the enhanced
chemiluminescence western blotting kit (Pierce; Thermo
Fisher Scientific, Inc.), according to the manufacturer's instruc-
tions and scanned using the GeneGnome HR Image Capture
system (Syngene, Frederick, MD, USA). Relative expression
levels of SP1 were normalized to GAPDH expression.

Bioinformatic analysis and luciferase reporter miRNA target
validation. The potential targets and binding sites of miR-320
were predicted using TargetScan (http:/www.targetscan.org/)
and miRanda (http://www.microrna.org), which are databases
that use different search algorithms.

To explore whether SP1 is a direct target gene of miR-320,
a luciferase reporter assay was performed. pMIR-Report
Luciferase vectors [pMIR-SP1-3'-UTR Wt (5'-AGAGGA
UGAGCAGACCAGCUUUG-3") and pMIR-SP1-3'-UTR
Mut (AGAGGAUGAGCAGACGUCGAAAG-3")] were
purchased from Shanghai GenePharma Co., Ltd. HEK293T
cells were seeded into 24-well plates at 1.5x10° cells/well
and subsequently transfected with miR-320 mimic or NC,
and pMIR-SP1-3'-UTR Wt or pMIR-SP1-3'-UTR Mut, using
Lipofectamine 2000, according to manufacturer's protocol. A
total of 48 h post-transfection, Renilla and firefly luciferase
activities were determined using a Dual-Luciferase reporter
assay (Promega GmbH, Mannheim, Germany), according to
the manufacturer's protocol. The experiments were indepen-
dently performed in triplicate.

Statistical analysis. Data are presented as the mean + stan-
dard deviation of three repeated experiments. All data were
analyzed using two-tailed Student's t-test or one-way analysis
of variance, followed by the Student-Newman-Keuls post hoc
test. Data were analyzed using SPSS 19.0 statistical software
(SPSS IBM, Armonk, NY, USA). P<0.05 was considered to
indicate a statistically significant difference.

Results

miR-320 expression is downregulated in RB. The expression
levels of miR-320 were detected in RB and normal retinal
tissues. The results of the RT-qPCR indicated that the expression
levels of miR-320 were significantly decreased in RB tissues,
compared with in normal retinal tissues (P<0.05, Fig. 1A and B).
The expression of miR-320 was also detected in RB cell lines
(Y79, WERI-RB-1 and SO-RB50). Similarly, all three RB cell
lines demonstrated decreased miR-320 expression, compared
with normal retinal tissue (P<0.05, Fig. 1C). Taken together,
these findings indicated that the expression levels of miR-320
were markedly decreased in RB tissues and cell lines.
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Figure 1. miR-320 expression is lower in RB tissues and cell lines.
(A) Expression of miR-320 in RB and normal retinal tissues, as determined
by reverse transcription-quantitative polymerase chain reaction. (B) The
mean expression levels of miR-320 expression in RB and normal retinal
tissues. (C) miR-320 was significantly downregulated in all three RB cell
lines, compared with normal retinal tissues. Data are presented as the
mean =+ standard deviation. "P<0.05 vs. normal retinal tissues (control). miR,
microRNA; RB, retinoblastoma; N, normal.

miR-320 overexpression inhibits the proliferation, migra-
tion and invasion of RB cells. The Y79 and WERI-RB-1
cell lines demonstrated lower miR-320 expression compared
with the SO-RB50 cell line; therefore, Y79 and WERI-RB-1
cells were selected for further studies. To explore the role of
miR-320 in RB, Y79 and WERI-RB-1 cells were transfected
with miR-320 mimic or NC, and miR-320 expression was
validated; miR-320 expression was increased in both miR-320
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Figure 2. Overexpression of miR-320 inhibits the proliferation, migration and invasion of RB cells. (A) Expression of miR-320 in Y79 and WERI-RB-1
cells transfected with miR-320 mimic or NC. (B) miR-320 overexpression significantly inhibited the proliferation of Y79 and WERI-RB-1 cells compared
with NC-transfected cells. (C) Transfection with miR-320 mimic significantly decreased cell migration and invasive abilities of Y79 and WERI-RB-1 cells,
compared with NC-transfected cells (magnification, x200). Data are presented as the mean + standard deviation. “P<0.05 vs. NC. RB, retinoblastoma; miR,
microRNA; NC, negative control.

mimic-transfected cell lines, compared with NC-transfected in the growth and metastasis of RB cells. Analysis of cell
cells (P<0.05, Fig. 2A). Cell proliferation, migration and inva-  proliferation indicated that miR-320 overexpression signifi-
sion assays were performed to investigate the role of miR-320  cantly inhibited the growth of Y79 and WERI-RB-1 cells,
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Figure 3. miR-320 directly targets SP1 3'-UTR in RB. (A) Predicted Wt and mut seed sites of miR-320 in SP1 3'-UTR. (B) Luciferase reporter assay indicated
that miR-320 directly binds to the 3'-UTR of SP1. miR-320 overexpression significantly decreased SP1 expression at the (C) mRNA and (D) protein level in
Y79 and WERI-RB-1 cells. Data are presented as the mean + standard deviation. ‘P<0.05 vs. NC. miR, microRNA; SP1, specificity protein 1; UTR, untrans-
lated region; RB, retinoblastoma; NC, negative control; mut, mutant; Wt, wild type.

compared with the NC-transfected cells (P<0.05, Fig. 2B).
Furthermore, miR-320 significantly decreased cell migration
and invasion in Y79 and WERI-RB-1 cells, compared with
NC-transfected cells (P<0.05, Fig. 2C). These results indicated
that miR-320 may serve as a tumor suppressor in RB.

miR-320 directly targets SPI 3'-UTR in RB. To investigate
the molecular mechanisms underlying the potential tumor

suppressive abilities of miR-320, bioinformatic analysis was
used to search for potential targets of miR-320. The analysis
indicated that the 3'-UTR of SP1 contains a complementary
site for the seed region of miR-320 (Fig. 3A). To explore
whether the SP1 3'-UTR is a direct target of miR-320, a lucif-
erase reporter assay was performed. The results demonstrated
that the relative luciferase activities of pMIR-SP1-3-UTR Wt
were significantly inhibited following transfection with the
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Figure 4. Silencing SP1 inhibits proliferation, migration and invasion of RB cells. (A) SP1 protein expression was measured in Y79 and WERI-RBI cells
transfected with SP1 siRNA or control siRNA. (B) Cell proliferation of Y79 and WERI-RBI cells transfected with SP1 siRNA or control siRNA. (C) Cell
migration and invasion assays of Y79 and WERI-RBI cells transfected with SP1 siRNA or control siRNA (magnification, x200). Data are presented as the
mean = standard deviation. "P<0.05 vs. control. SP1, specificity protein 1; RB, retinoblastoma; siRNA, small interfering RNA.

miR-320 mimic, compared with the NC-transfected cells.  expression levels of SP1 were detected in Y79 and WERI-RB-1
However, transfection with pMIR-SP1-3'-UTR Mut abolished  cells following transfection with the miR-320 mimic. As indi-
this suppression, demonstrating that miR-320 directly binds  cated in Fig. 3C and D, miR-320 overexpression significantly
to the 3'-UTR of SP1 (Fig. 3B, P<0.05). Furthermore, the = decreased SP1 expression at the mRNA and the protein level,
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in Y79 and WERI-RB-1 cells (P<0.05). Collectively, these
results indicated that SP1 may be a direct target gene of
miR-320 in RB.

Effects of SPI silencing on proliferation, migration and inva-
sion of RB cells. To investigate the role of SP1 in RB cells,
loss-of-function studies were performed using SP1 siRNA.
Western blot analysis confirmed the knockdown of SPI1; the
results indicated that transfection with SP1 siRNA resulted in
decreased SP1 protein expression in Y79 and WERI-RBI cells
(P<0.05, Fig. 4A), compared with control siRNA-transfected
cells. To investigate the role of SP1, cell growth, migration
and invasion were evaluated. Cell growth was significantly
inhibited following transfection with SP1 siRNA, compared
with cells transfected with control siRNA (P<0.05, Fig. 4B).
Furthermore, cell migration and invasion assays indicated
that these functions were decreased by SP1 siRNA, compared
with control siRNA-transfected cells (P<0.05, Fig. 4C). These
results revealed that the effects of SP1 silencing on prolifera-
tion, migration and invasion of RB cells were similar to those
induced by miR-320 overexpression, supporting the hypothesis
that SP1 is a direct functional target of miR-320 in RB.

Discussion

Research has demonstrated that understanding the expression
and functions of miRNAs may provide unique insights into the
molecular mechanisms that underlie the carcinogenesis, and
progression, of human cancer. Previous studies have detected
abnormal expression profiles of miRNAs in RB carcinogen-
esis and development. Montoya et al reported that miR-31
and miR-200a regulate proliferation in RB (17). In addition,
miR-204 has been reported to be downregulated in RB cells,
and exhibited an ability to inhibit invasion and prolifera-
tion (18), whereas, Lei et al revealed that miR-101 may act as a
tumor suppressor in RB (25).

The present study investigated the expression and function
of miR-320 in RB tissues and cell lines. Analysis of miR-320
expression demonstrated significant miR-320 downregulation
in RB, suggesting that miR-320 may serve arole in RB progres-
sion. The biological functions of miR-320 were explored in the
RB cell lines Y79 and WERI-RB-1, through analysis of cell
proliferation, migration and invasion, post-transfection with
miR-320 mimic or NC. The results of these analyses indicated
that overexpression of miR-320 may inhibit the proliferation,
migration and invasion of RB cells, thus suggesting that
miR-320 may act as a tumor suppressor in the carcinogenesis
and progression of RB.

Previous research regarding miR-320 has focused on
glioma (21), colon cancer (22), osteosarcoma (23), oral
cancer (26) and prostate cancer (27). Hsieh et al reported
that miR-320 was downregulated in prostate cancer, and
overexpression of miR-320 inhibited prostate cancer carcino-
genesis in vitro and in vivo (27). In oral cancer, miR-320 was
observed to be downregulated in tumor tissues and cell lines.
Furthermore, ectopic miR-320 expression inhibited the migra-
tion, adhesion and tube formation of vascular endothelial cells
in oral cancer, via the targeting of neuropilin-1 (NRPI) (26).
Cheng et al demonstrated that miR-320 expression was reduced
in osteosarcoma tissues; conversely, upregulation of miR-320
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suppressed osteosarcoma cell proliferation via blockade of
fatty acid synthase (FAS) (23). Sun et al reported that miR-320
was significantly reduced in glioma tissues, and miR-320
overexpression inhibited the proliferation and metastasis of
glioma cells (21). Furthermore, miR-320 enhanced the sensi-
tivity of human colon cancer cells to chemoradiotherapy, via
modulation of forkhead box M1 (FOXM1) (22). These findings
suggested that miR-320 serves a role in tumor suppression;
further research should investigate the possibility of therapeu-
tically targeting this miRNA in these specific types of cancer.

miRNAs have demonstrated an ability to regulate several
physiological and pathological processes, via modulation of
the expression of various target genes (28). Previous studies
have indicated that miR-320 may target genes including
E2F transcription factor 1 (21), FOXM1 (22), FAS (23),
NRPI (26) and cluster of differentiation 71 (29). The present
study demonstrated that SP1 is a direct functional target of
miR-320 in RB, and this was supported through several lines
of evidence. Firstly, bioinformatic analysis demonstrated
that SP1 contains a complementary site for the seed region
of miR-320. Furthermore, upregulation of miR-320 decreased
SP1 3'-UTR luciferase activity, an effect that was abolished
by mutation of the miR-320 seed region. Secondly, miR-320
overexpression suppressed SP1 at mRNA and protein levels.
Collectively, these results indicated that SP1 is a direct target
gene of miR-320 in RB.

To further investigate the role of SP1 in RB, loss-of-func-
tion studies were performed using SP1 siRNA. The results
demonstrated that SP1 knockdown suppressed proliferation,
migration and invasion of RB cells, a response that was similar
to the phenotype induced by miR-320 overexpression in RB.
Taken together, these results suggested that the suppres-
sive functions of miR-320 in RB may be partly mediated by
suppression of SP1 expression. SP1 is a sequence-specific
DNA-binding protein that encodes a protein of 785 amino
acids (30). Functional studies have demonstrated that SP1
modulates numerous biological functions, including cell
proliferation, differentiation, migration, metastasis and inva-
sion (31-33). Notably, there are several SP1-targeting therapeutic
compounds currently employed in the clinical management of
cancer, with further compounds in development (34-37). The
present study indicated that miR-320 targets SP1 to inhibit
proliferation, migration and invasion of RB cells. Therefore,
miR-320/SP1-based targeted therapy may represent a novel
therapeutic strategy for the treatment of patients with RB.

In conclusion, the present study demonstrated the tumor
suppressive role of miR-320 in human RB. miR-320 was
significantly downregulated in RB tissues and cell lines,
and restoration of miR-320 expression suppressed prolif-
eration, migration and invasion of RB cells. Furthermore,
SP1 was demonstrated to be a direct target of miR-320;
miR-320-induced tumor suppressive roles may therefore
be achieved via suppression of SP1, and miR-320 may
represent a potential therapeutic target for the future treat-
ment of RB.
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