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miR-498 promotes cell proliferation and inhibits cell apoptosis
in retinoblastoma by directly targeting CCPG1
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Abstract
Purpose Retinoblastoma (Rb) is the most common intraocu-
lar tumor in children. MicroRNAs (miRNAs) play a crucial
role in gene regulation and cell growth/apoptosis/differentia-
tion. The current study aimed to investigate the role of miR-
498 in Rb.
Methods Quantitative real-time polymerase chain reaction
(QRT-PCR) was used to test mRNA level of miR-498.
http://www.targetscan.org and http://www.microrna.org were
applied to predict target of miR-498. Dual-luciferase reporter
assay was applied to investigate if miR-498 targeted cell cycle
progression 1 (CCPG1). Western blot (WB) was carried out to
assess CCPG1 protein levels. 3-(4, 5-dimethyl-2-thiazolyl)-2,
5-diphenyl-2-H-tetrazolium bromide (MTT) assay was used
to evaluate cell proliferation. Annexin-V Fluorescein (FITC)
was adopted to explore cell apoptosis.
Results In Y79 cells, miR-498 was higher than in normal
ARPE-19 cells. MiR-498 could recognize CCPG1-3′ untrans-
lated region (UTR). CCPG1 protein level was remarkably
decreased when overexpressed miR-498, nevertheless, signif-
icantly increased when inhibiting miR-498. Y79 cells that
were transfected with miR-498 mimics manifested notable
cell apoptosis down-regulation and cell proliferation promo-
tion; whereas, those transfected with miR-498 inhibitor
displayed significant cell apoptosis up-regulation and cell pro-
liferation inhibition compared with control group.

Conclusion Taken together, miR-498 promotes cell prolifera-
tion and inhibits cell apoptosis in Rb by directly targeting
CCPG1.

Keywords miR-498 . Cell cycle progression 1 .

Retinoblastoma . Y79 cell line

Introduction

Retinoblastoma (Rb) is a rare form of cancer and initiates from
immature cells in the retina, which nearly exclusively found in
young children and whose most common and obvious sign is
leukocoria [1]. Rb occurs unilaterally in two thirds of children
or bilaterally in the remaining one-third [22], whose preva-
lence is approximately 1:15,000–1:20,000, accounts for 2–
4% of all childhood malignancies [6, 23]. Some children with
Rb even develop squint [13]. Rb occurs sporadically (60%) or
can be inherited (40%) autosomal dominantly [3, 7, 21]; both
are correlated with somatic function loss of tumor suppressor
gene RB1 alleles. Rb has been the prototypic Bmodel^ cancer
since Knudson’s comparison on the diagnosis age of bilateral
vs. unilateral patients, which generated the Btwo-hit^ hypoth-
esis for cancer initiation [19]. Despite apparently enough to
induce a tumor, these events could be modulated by multiple
genetic changes in Rb.Mutation of genes in chromosomes can
affect the way how cells grow and develop [12]. Alterations in
RB1 or MYCN give rise to Rb. Researches on retinal cells
demonstrate that two mutational events were not enough to
initiate malignant transformation [8].

More than 10% human genome was regulated in a cell
cycle-dependent manner [18]. miRNAs, a class of endoge-
nous, small non-coding, regulatory, single-stranded RNAs of
18–25 nucleotides in length, negatively modulate gene ex-
pression at a posttranscriptional level by binding to the 3′
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UTR of target mRNA, ultimately generating mRNA degrada-
tion and protein activity reduction [2, 4, 11]. Consequently,
miRNAs play a crucial role in gene regulation and cell
growth/apoptosis/differentiation. Aberrant expression of
miRNAs has been reported to participate in tumor initiation,
progression, and invasion [14, 29].

Hsa-miR-498 was identified by Bentwich I et al. in 2005
[5]. The role of miR-498 in tumor development was demon-
strated to be tissue-dependent; down-regulation of miR-498
was found in ovarian cancer [17, 24], non-small cell lung
cancer [26], and colon cancer patients who were at the stage
II [9]. However, miRNAmicroarray experiments and northern
blot experiments demonstrated that hsa-miR-498 was elevated
in human Rb and retinal tissues [30].

The current study aimed to elucidate the role of miR-498
in Rb.

Materials and methods

Cell culture

Y79 cells (Rb cell line) were cultured in RPMI-1640 medium
supplemented with 20% fetal bovine serum (FBS), 50 ng/mL
streptomycin, and 1.25 ng/mL amphotericin B at the temper-
ature of 37 °C with 95% humidity and 5% CO2.

ARPE-19 cells (human normal epithelial cells of the retina)
were cultured in Dulbecco’s modified eagle medium
(DMEM) supplemented with 10% FBS, 1% streptomycin/
penicillin at an incubator with the temperature of 37 °C, and
5% CO2.

QRT-PCR

MiRNA was isolated from Y79 cells by virtue of mirVana
miRNA isolation kit (Ambion, AM1560). After reverse tran-
scription, QRT-PCR was performed in 96-well plates with
Prism 7500 system (Lab India Instruments, Gurgaon, India).
Reaction was as followed: 0.5 μg for cDNA, forward primer,
reverse primer, and SYBR green reagent. Relative amount of
miR498 was counted by 2–ΔΔCt (cycle number when ampli-
fication reaches the threshold). Primers were as followed:
miR-498, forward: 5′-TTTCAAGCCAGGGGGCGTTT
TTC-3′; reverse: 5′-GCTTCAAGCTCTGGAGGTGC
TTTTC-3 ′; U6, forward: 5 ′-AACGCTTCACGAAT
TTGCGT-3′, reverse: 5′-CTCGCTTCGGCAGCACA-3′.

Prediction of target genes

Potential targets of miR-498 were predicted with database
algorithm of miRBase (http://microrna.sanger.ac.uk) and
TargetScan (http://genes.mit.edu/targetscan).

MiRNA transfection

Y79 cells were seeded into 12-well plates at the concentration
of 2 × 105 cells/well and incubated for about 24 h.
Transfection of miR-498 mimics or inhibitor or negative con-
trol (NC) was carried out by Lipofectamine 2000, then incu-
bated for about 48 h with OPTI-MEM I reduced serum medi-
um (Invitrogen, CA, USA).

Cell proliferation analysis

At 48 h after transfection, Y79 cells were seeded into 96-well
plates at the density of 5 × 103 cells/well. Into each well, 10 μl
MTTsolution was added. Y79 cells were incubated for anoth-
er 4 h. Absorbance at 570 nm was read with microplate reader
(Bio-Rad, CA, USA).

Cell apoptosis analysis

Cell apoptosis was assessed by fluorescein isothiocyanate
(FITC) kit (Oncogene Research, San Diego, CA, USA) in
accordance with the manufacturer’s instructions. Cell
samples were analyzed by flow cytometry apparatus
(Becton Dickinson FACSVantage SE, San Jose, CA,
USA). Finally, cell number in each category was
presented.

Dual-luciferase reporter assay

Y79 cells were seeded into 48-well plates. Twenty-four hours
later, transfection was done with Lipofectamine 2000 and
Opti-MEM I reduced serum medium (Invitrogen) with the
total volume of 0.6 mL. Luciferase content was assessed at
the initial 10 s of the reaction; firefly and Renilla luciferase
activity were measured by dual-luciferase reporter assay
system (Promega, Madison, WI) according to the

Fig. 1 Notable overexpression of miR-498 in Y79 cells. In Y79 cell line,
mRNA level of miR-498 was significantly up-regulated when compared
with ARPE-19 cells. **P < 0.01
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manufacturer’s instructions and a luminometer (Molecular
Device, Sunnyvale, CA).

WB

Cells were lysed in 0.5 mL radio-immunoprecipitation (RIPA)
buffer. Lysates were separated by sodium dodecyl sulfate
polyacrylamide gel electrophoresis (SDS-PAGE), blotted onto
poly-vinylidene fluoride (PVDF) membranes. Afterwards,
membranes were treated with primary antibody of CCPG1
or β-actin at 4 °C overnight. After rinse with Tris-buffered
saline and Tween 20 (TBST) for three times, membranes were
treated with horseradish peroxidase (HRP)-conjugated sec-
ondary antibody at room temperature for about 1 h. Bands
were visualized by chemi-luminescence (ECL) kit. And β-
actin (Sigma Aldrich, USA) acted as an endogenous control.

Statistical analysis

Data were presented as means ± standard deviation (SD) and
analyzed by Student’s t test. Analyses were conducted by
Statistic Package for Social Science (SPSS) 12.0 software.
P < 0.05 presents significant difference.

Results

mRNA level of miR-498

mRNA level of miR-498 in Y79 cells and ARPE-19 cells
were tested by RT-QPCR. In Y79 cell line, miR-498 was
significantly higher when compared with normal cell.
(Fig. 1) Taken together, the findings suggested that miR-498
level was associated with Rb.

Predicted target of miR-498

http://www.targetscan.org and http://www.microrna.org were
applied to predict target miRNAs and Rb-related target genes,
genes which showed higher grade in two softwares were se-
lected with priority. We predicted that miR-498 could recog-
nize CCPG1-3′ UTR (Fig. 2).

Interaction between miR-498 and CCPG1

Dual-luciferase reporter assay showed that miR-498 signifi-
cantly inhibited the fluorescence of CCPG1-wild-type (WT)
group compared with negative control (NC) group (Fig. 3a);
nonetheless, there was no notable difference in fluorescence
between CCPG1-mutant (MUT) group and NC group as
displayed in Fig. 3b.

CCPG1 protein levels in different groups

Y79 cells were transfected with miR-498 mimics or inhibitor
in experimental groups. CCPG1 protein levels in different
groups were tested via western blot. CCPG1 was decreased
after miR-498 overexpression and significantly increased
when inhibiting expression of miR-498 (Fig. 4a). The corre-
sponding statistical data were exhibited (Fig. 4b). These results
indicate that miR-498 exerts an inhibitory effect on CCPG1
expression via interaction with its 3′-UTR in Y79 cells.

Y79 cell apoptosis followed by up-/down-regulation
of miR-498

Y79 cells that were transfected with miR-498 NC showed no
obvious cell apoptosis (Fig. 5a), miR-498 mimics led to a less
cell apoptosis down-regulation (Fig. 5b), and miR-498

Fig. 3 miR-498 interacts with
CCPG1-3′ UTR. a The
fluorescence in CCPG1-WT
group was significantly lower
than that in NC group. b No
obvious difference in
fluorescence was found between
CCPG1-MUT group and NC
group. **P < 0.01. N.S indicates
no significant difference

Fig. 2 CCPG1 is predicted to be a target of miR-498. CCPG1-3′ UTR was predicted to be one of the target sites of miR-498 by virtue of two softwares
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inhibitor exhibited significant cell apoptosis up-regulation
compared with NC group (Fig. 5c). The statistical data were
displayed in Fig. 5d.

Y79 cell proliferation followed by up-/down-regulation
of miR-498

Y79 cells that were transfected with miR-498 mimics ex-
hibited notably promoted cell proliferation (Fig. 6a); Y79
cells that transfected with miR-498 inhibitor displayed sig-
nificantly inhibited cell proliferation compared with control
group (Fig. 6b).

Discussion

Transcription factors (TFs) and miRNAs are crucial regulators
for gene expression [20]. TFs promote or suppress gene tran-
scription via binding with upstream regions of genes in a
single form or collaborate with other proteins. While
miRNAs participated in a large quantity of physiological
and pathological processes including cancer [25, 28],
miRNAs acted as either an oncogene or a tumor suppressor
[16, 27]. miRNAs are commonly deregulated in cancers [10]
via multiple mechanisms, for instance, dysfunction of key
proteins in miRNA biogenesis pathway, mutation, and tran-
scriptional deregulation and abnormality of DNA copy num-
ber. Literatures for miR-498 in cancers are relatively limited.

For instance, lower miR-498 expression is correlated with
poorer prognosis in ovarian cancer [17], miR-498 inhibited

Fig. 5 Y79 cell apoptosis after miR-498 mimics/inhibitor transfection. a
There was almost no cell apoptosis in Y79 cells that were transfected with
miR-498 NC. b There was lower cell apoptosis in Y79 cells that were
transfected with miR-498 mimics. c There was notable higher cell

apoptosis in Y79 cells that were transfected with miR-498 inhibitor
than in NC. d The corresponding statistical data were analyzed.
**P < 0.01. N.S indicates no significant difference

Fig. 4 miR-498 exerts an inhibitory effect on CCPG1 expression. a
CCPG1 was remarkably reduced when overexpressed miR-498
significantly elevated when inhibiting expression of miR-498. b The
corresponding statistical data were consistent with changes in a.
**P < 0.01
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the proliferation of human ovarian cancer cells [24], and miR-
498 is down-regulated in non-small cell lung cancer [26] and
colon cancer patients who were at the stage II [9]; however, it
is up-regulated in human Rb and retinal tissues [30]. It is
important to elucidate the role of hsa-miR-498 in Rb and to
further identify miRNA-driven pathways.

We first carried out QRT-PCR to test whether there are
differences in mRNA level of hsa-miR-498 between Y79 cells
and ARPE-19 cells. Results showed that, in Y79 cell line,
miR-498 was significantly higher than that in ARPE-19 cells,
which was in line with the previous study [30].

Thereafter, we predicted the target gene of miR-498 and
interaction site between miR-498 and its target gene. http://
www.targetscan.org and http://www.microrna.org showed
that miR-498 could recognize CCPG1-3′ UTR. Dual-
luciferase reporter assay demonstrated that miR-498 indeed
interacted with CCPG1-3′ UTR.

As the target gene of miR-498, CCPG1 was reported to
play multiple biological functions. Knockdown of CCPG1
was reported to decrease cell viability, and natural antisense
transcript of CCPG1 functionally destroys signaling pathways
and corresponding biological phenotypes, including cell via-
bility independently or in parallel with its sense transcript [15].
We further investigated whether CCPG1 expression level was
affected by miR-498 activation/inhibition in Y79 cells.

WB showed that CCPG1 was remarkably decreased when
overexpressed miR-498 significantly increased when
inhibiting miR-498 expression. The data indicated that
CCPG1 was targeted by miR-498. We are eager to know the
effects of miR-498 activation/inhibition on cell apoptosis and
proliferation in Y79 cells.

Y79 cells that were transfected with miR-498 mimics
manifested notable down-regulated cell apoptosis and pro-
moted cell proliferation; whereas, those transfected with
miR-498 inhibitor displayed significant up-regulated cell
apoptosis and inhibited cell proliferation compared with
control group.

Collectively, we showed that miR-498 was up-regulated
and its target CCPG1 was down-regulated in Y79 cell line.
miR-498 increases cell proliferation and inhibits cell apo-
ptosis in Rb, which suggested an oncogenic role of miR-

498 in Rb. Meanwhile, we supported the role of CCPG1
that was the direct target of oncogenic miR-498 as the
tumor suppressor in Rb. These results shed new light on
the role of miR-498 in Rb and may provide a novel strategy
for treatment of Rb.
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