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Abstract: Circular RNAs (circRNAs) are key regulators in the development and progression of human cancers, how-
ever its role in cervical cancer tumorigenesis is not well understood. The present study aims to investigate the
expression profiles and potential modulation of circRNA on cervical cancer carcinogenesis. Human circRNA mi-
croarray was performed to screen for abnormally expressed circRNA in cervical cancer cells and circRNA-000284
was identified as one circRNA significantly upregulated in cervical cancer cells. Subsequent mechanistic investiga-
tions suggested that knockdown of circRNA-000284 suppressed cell proliferation and invasion, and caused GO/
G1 phase cell cycle arrest. By performing anti-AGO2 RNA precipitation and luciferase reporter assay, we identified
miR-506 as the circRNA-000284-associated miRNA. Furthermore, Snail-2 was identified as a direct target of miR-
506, and circRNA-000284 could positively regulate the expression of Snail-2. Finally, the tumor promoting effect of
circRNA-000284 was abolished by co-expression of miR-506 mimics or Snail-2 silencing vector. In conclusion, cir-
cRNA-000284 promotes cell proliferation and invasion in cervical cancer, and may serve as a promising therapeutic
target for cervical cancer patients. Therefore, silence of circRNA-000284 could be a future direction to develop a

novel treatment strategy.
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Introduction

Cervical cancer is the second commonest can-
cer among women in the worldwide, and the
majority cause of death in developing countries
as well [1]. At the time of diagnosis, most of
the patients have developed invasive cancer.
Despite many advances in the diagnosis and
treatment of this disease, the prognosis of
patients with cervical cancer remains poor,
with a 5-year overall survival of less than 30%
in most countries [2]. Therefore, it is of great
significance to find novel diagnostic and prog-
nostic biomarkers and to investigate the me-
chanism of cervical cancer progression and
metastasis.

Circular RNAs (circRNAs) from back-spliced
exons have been recently identified as a natu-
rally occurring family of noncoding RNAs (nc-

RNAs) that is highly prevalent in the eukaryo-
tic transcriptome [3-5]. With the advent of hi-
gh-throughput sequencing and bioinformatic
analysis, thousands of circRNAs have been suc-
cessfully identified in multiple cell lines and
across various species [6, 7]. Recently, they
have been found to play an important role in
the regulation of cancer initiation and progres-
sion [8, 9]. Certain kinds of circRNAs have been
found to be significantly deregulated in gast-
ric cancer, esophageal squamous cancer, and
breast cancer, and these deregulated circRNAs
is suggested to participate in cancer develop-
ment [10]. However, the specific role of crc-
RNAs in cervical cancer progression is still not
well known.

These circRNAs mainly arise from exons or
introns, and are differentially generated by ba-
ck splicing or lariat introns [11]. Interestingly,
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they are found to be enormously abundant,
evolutionally conserved and relatively stable in
cytoplasm [12]. These features confer numer-
ous potential functions to circRNAs, such as
acting as microRNA (miRNA) sponges. For ex-
ample, some circRNAs associate with cancer-
related miRNAs and the circRNA-miRNA axes
are involved in cancer-related pathways [13].

MiRNAs are 19-25 nucleotides noncoding
RNAs that directly regulate the expression of
most mMRNAs in various ranges of biological
functions. More recently, miRNAs are found to
interact with other noncoding RNAs, such as
long noncoding RNAs (IncRNAs) and circRNAs,
by the way of complementary base pairing
[14]. Specifically, the circRNA ciRS-7 (also ter-
med CDR1as), which harbours more than 70
conventional miR-7-binding sites, has been id-
entified as a miRNA inhibitor. However, only a
few such circRNAs contain multiple binding
sites to trap one particular miRNA, and the
function of circRNA remains largely unknown.

In this study, we identified thousands of dis-
tinct circRNAs from human cervical cancer ce-
lls and cervical normal epithelial cells by us-
ing microarray profiling. We further characterize
one specific circRNA-000284, which originat-
ed from exon 2 of HIPK3 gene [15] and is fre-
quently upregulated cancer patients. Our inter-
grated investigations reveales that circRNA-
000284 promotes cell growth and invasion via
sponging miR-506 to suppress the expression
of Snail-2.

Materials and methods
Cell culture

Human cervical cancer cell lines Hela, CaSki,
SiHa, C-33A, SW756 were obtained from the
Type Culture Collection of the Chinese Acade-
my of Sciences (Shanghai, China). Human nor-
mal cervical epithelial cells were bought from
CHI Scientific, Inc (Maynard, MA, USA). All cer-
vical cancer cell lines were maintained in Dul-
becco’s Modified Eagle’s Medium (DMEM) me-
dium (Invitrogen, Carlsbad, CA, USA) containing
10% fetal bovine serum (FBS) (Sigma-Aldrich,
St. Louis, MO, USA), 100 U/ml penicillin and
100 g/ml streptomycin (Life Technologies,
Grand Island, NY, USA) at 37°C in 5% CO, and
95% air. Human normal cervical epithelial cells
were grown in DMEM/F12 1:1 medium with
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10% FBS, 2.5 mM L-glutamine and 0.3 mg/ml
G418 at 37°Cin 5% CO, and 95% air.

Expression profile analysis of circRNAs

The circRNAs chip (Arraystar Human circRNAs
chip, ArrayStar) containing 5682 probes spe-
cific for human circular RNAs splicing sites was
used. After hybridization and washing with sa-
mples, five cervical cancer cell lines (Hela,
CaSki, SiHa, C-33A, SW756) and one normal
cervical epithelial cell line were analyzed on
the circRNAs chips. Exogenous RNAs devel-
oped by ERCC (External RNA Controls Con-
sortium) were used as controls. The GEO Ac-
cession number is GSE96964.

RNA oligoribonucleotides and cell transfection

The miR-506 mimics and small interfering
RNAs (siRNAs) that specifically target Snail-2
(si-Snail-2) were synthesized by GenePharma
(Shanghai, China). The circular transcript ex-
pression vector possesses two elements ter-
med as the front circular and the back circu-
lar frame which were specially designed con-
taining inverted repeat sequences flank. The
full-length cDNA of circRNA-000284 was am-
plified in cervical cells, and was cloned into
the specific vector between two frames. To kn-
ockdown circRNA-000284, three siRNA aga-
inst circRNA-000284 and siRNA-NC were syn-
thesized, and the efficiency was examined
using RT-qPCR in HelLa and SiHa cells. The
most effective siRNA was determined for syn-
thesizing siRNA. si-circRNA: CUACAGGUAUGG-
CCUCACA. Cervical cancer cells were main-
tained in a 6-well plate in DMEM supplement-
ed with 10% FBS and cultured until 50-70%
confluent. RNA oligoribonucleotides were mix-
ed with Lipofectamine 3000 (Invitrogen, Carl-
sbad, CA, USA) in reduced serum medium (Op-
ti-MEM, Gibco, USA) according to the manu-
facturer’s instructions and final concentration
of RNA oligoribonucleotides was 100 nM. Kno-
ckdown or overexpression effect was examin-
ed by RT-gPCR using RNA extracted 48 hours
after transfection.

Quantitative real-time PCR (RT-qPCR)

Total RNA was isolated from primary cervical
cancer cell lines using TRIzol reagent (Invi-
trogen). And then, the cDNA was synthesized
from 200 ng extracted total RNA using the
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SuperScript 1l1® (Invitrogen) and amplified by
RT-qPCR based on the TagMan method on an
ABI PRISM 7500 Sequence Detection System
(Life Technologies, Grand Island, NY, USA), with
the housekeeping gene GAPDH or U6 as an
internal control. The 222°t method was used to
determine the relative quantification of gene
expression levels. All the premier sequences
were synthesized by RiboBio (Guangzhou,
China), and their sequences are shown as
follows: circRNA-000284 (Forward) 5-TATGTT-
GGTGGATCCTGTTCGGCA-3’, (Reverse) 5-TGG-
TGGGTAGACCAAGACTTGTGA-3’; Snail-2 (For-
ward) 5-GGACTCTTGGTGCTTGTGGA-3’, (Reve-
rse) 5-GGACTCTTGGTGCTTGTGGA-3’; GAPDH
(Forward) 5-GAAGGTGAAGGTCGGAGTC-3’; (Re-
verse) 5-GAAGATGGTGATGGGATTTC-3. miR-
506 (Forward), 5-TAAGGCACCCTTCTGAGTAGA-
3’, (Reverse), 5'-GCGAGCACAGAATTAATACGAC-
3’; U6 (Forward), 5-AGAGCCTGTGGTGTCCG-3’,
(Reverse), 5-CATCTTCAAAGCACTTCCCT-3..

RNA FISH

In situ hybridization was performed using sp-
ecific probes to circRNA-000284 sequence.
PCR fragments with T7 promoter were ampli-
fied with specific primers for the back-splice
region of circRNA-000284. Digoxin or Biotin-
labelled RNA probes were transcribed from
PCR fragments using the DIG or Biotin RNA
labelling mix and T7 RNA polymerase (Roche,
Shanghai, China) according to the manufact-
urers’ instructions. Cervical cells were grown
to the exponential phase and were 80-95%
confluent at the time of fixation. After prehy-
bridization (1 x PBS/0.5% Triton X-100), cells
were hybridized in hybridization buffer (40%
formamide, 10% Dextran sulfate, 1 x Den-
hardt’s solution, 4 x SSC, 10 mM DDT, 1 mg/
ml yeast transfer RNA, 1 mg/ml 1 sheared
salmon sperm DNA) with DIG-labelled probes
specific to circRNA-000284 at 60°C over-
night. Signals were detected using tyramide-
conjugated Alexa 488 fluorochrome TSA kit
(Life Technologies). FISH probes are as follows:
FISH-dig-F GCTTTCAGCACCGTAACCA; FISH-dig-
T7-R TAATACGACTCACTATAGGGAGACTTGCGCT-
TCAATCCACAT.

Dual-luciferase reporter assay

The circRNA-000284 sequence in cervical ce-
lls was subcloned into the luciferase reporter
psiCHECK2 (Promega, Madison, WI) and desig-
nated as psiCHECK2-circRNA-000284-WT. The
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CcircRNA-000284 sequence with mutation of
miR-506 binding site was synthesized using
overlap extension PCR and cloned into psi-
CHECK2 vector designated as psiCHECK2-cir-
cRNA-000284-Mut. The Snail-2 3" UTR cDNA
was amplified and cloned to psiCHECK2 and
termed as psiCHECK2-Snail-2-3" UTR-WT. The
mutant vector for miR-506 binding site was
constructed and termed as psiCHECK2-Snail-
2-3" UTR-Mut. 3 x 10* cervical cancer cells
were seeded in 24-well plates in triplicate.
Forty-eight h after cotransfection with corre-
sponding plasmids and miRNA mimics, lucifer-
ase reporter assays were conducted using
Dual-luciferase reporter assay system (Prome-
ga, Madison, WI) according to the manufactur-
er's instructions. Relative luciferase activity
was normalized to the Renilla luciferase inter-
nal control.

Cell proliferation assay

Cell proliferation was quantified by using the
Cell Counting Kit-8 (Sigma). Briefly, 100 ul of
cells from the different transfection group were
seeded onto a 96-well plate at a concentra-
tion of 2000 cells per well and were incubated
at 37°C. At 72 h, the optical density was mea-
sured at 450 nm using a microtiter plate read-
er, and the rate of cell survival was expressed
as the absorbance. The results represent the
mean of three replicates under the same
conditions.

Cell invasion assay

Cell invasive ability was detected by using Tr-
answell permeable supports (Corning, USA)
according to manufacturer’s protocol. Briefly,
the transfected/treated cells were plated on-
to a Matrigel-coated membrane in the upper
chamber of a 24-well insert containing me-
dium free of serum. The bottom chamber con-
tained DMEM with 10% FBS. Cells were incu-
bated at 37°C with 5% CO, for 48 h after plat-
ing. Then, the bottom of the chamber insert
was fixed with methanol and stained with DAPI
for 5 minutes. The number of cells that invad-
ed through the membrane was determined
from digital images captured on an inverted
microscope and calculated with Image J 1.47
software.

circRNAs immunoprecipitation (circRIP)

Biotin-labeled circRNA-000284 probe (5'-TAA-
TACGACTCACTATAGGGAGACAACTGCTTGGCTCT
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Figure 1. CircRNA profile expression in cervical cancer cells. A: Box plot showed the normalized intensities from five
cervical cancer cell lines and one normal cervical epithelial cells (NC). B: Volcano plot of the differentially expressed
circRNAs. The vertical lines correspond to 2.0-fold up and down, respectively, and the horizontal line represents a p-
value of 0.05. The red point in the plot represents the differentially expressed circRNAs with statistical significance.
C: Heat map showed the selected 10 upregulated and 10 downregulated circRNAs. Red indicated the upregulated
expression with high fold-change and blue indicated the downregulated expression with low fold-change.

ACTT-3-biotin) was synthesized by Sangon
Biotech and the circRIP assay was performed
as previously described with minor modifica-
tion [16]. Cervical cancer cells were fixed by 1%
formaldehyde for 10 minutes, lysed and soni-
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cated. After centrifugation, 50 ul of the super-
natant was retained as input and the remaining
part was incubated with circRNA-000284 spe-
cific probes-streptavidin dynabeads (M-280,
Invitrogen) mixture over night at 30°C. Next
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Figure 2. A-D: Relative expression of the four indicated circRNAs from five cervical cancer cell lines and one normal
cervical epithelial cells (NC) by RT-gPCR. "P<0.05 vs. NC group.

day, M-280 dynabeads-probes-circRNAs mix-
ture was washed and incubated with 200 pl
lysis buffer and proteinase K to reverse the
formaldehyde crosslinking. Finally, the mixture
was added with TRIzol for RNA extraction and
RT-qPCR detection.

Western blot and antibodies

Cervical cancer cells were lysed with radioim-
munoprecipitation assay (RIPA) buffer contain-
ing protease inhibitors (Sigma). Protein quantifi-
cation was done using a BCA protein assay kit
(Promega, USA). The primary antibodies used
for western blotting were rabbit anti-human
Snail-2 antibody (1:1000, Cell Signaling Tech-
nology, Beverly, MA, USA) and rabbit anti-
human B-actin antibody (1:1000, Cell Signaling
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Technology). Horseradish peroxidase-conjugat-
ed (HRP) anti-rabbit antibodies (1:5000; Santa
Cruz Biotechnology) were used as the second-
ary antibodies. A total of 25 pg protein from
each sample was separated on 10% Bis-Tris
polyacrylamide gel through electrophoresis
and then blotted onto polyvinylidene fluoride
(PVDF) membranes (GE Healthcare, Piscataway,
NJ, USA). Then, the membrane was blocked
with 5% (5 g/100 mL) nonfat dry milk (Bio-Rad,
CA, USA) in tri-buffered saline plus Tween (TBS-
T) buffer for 2 h. Blots were immunostained
with primary antibody at 4°C overnight and wi-
th secondary antibody at room temperature for
1 h. Immunoblots were visualized using Im-
mobilon™ Western Chemiluminescent HRP Su-
bstrate (Millipore). Protein levels were normal-
ized to B-actin.
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Figure 3. Knockdown of circRNA-000284 suppresses cell proliferation and invasion. A: The sketch of structures of
si-circRNA, si-NC vector is shown. B: CircRNA-000284 was silenced by transfection of specific silencing vectors in
both cervical cell lines. C: CircRNA-000284 was knocked down by specific silencing vectors for 48 h, then, CCK8 as-
say was performed in cervical cell lines. D: CircRNA-000284 was knocked down by specific silencing vectors for 48
h, then, Immunofluorescence assay was performed to detect the expression change of Ki-67. Blue, DAPI; Green, Ki-
67. Merge, the merge of Ki-67 and DAPI. E: CircRNA-000284 was knocked down by specific silencing vectors for 48
h, then, FACS cell-cycle assays were performed and results suggested that knockdown of circRNA-000284 caused
cell-cycle arrest in GO/G1 phase. F: Transwell permeable supports were used for the detection of cell invasive, and
the results showed that knockdown of circRNA-000284 suppressed the invasive ability of cervical cancer cells.

“P<0.05 vs. si-NC group; ""P<0.01 vs. si-NC group.

Statistical analysis

Kolmogorov-Smirnov test was used to deter-
mine the normality of the distribution of data
in each group. For cervical cancer vs. normal
cell lines, differences were shown in median
expression and were determined using the
Mann-Whitney U test or Kruskal-Wallis test.
Count dates were described as frequency and
examined using Fisher’s exact test. The results
were considered statistically significant at P<
0.05. Error bars in figures represent SD (St-
andard Deviation). Quantile normalization and
subsequent date processing were performed
using the R software. The package gplots and
function heatmap in R software were used for
mapping. Other statistical analyses were per-
formed with GraphPad Prism software (version
5.01, La Jolla, CA, USA) *P<0.05; **P<0.01;
**%*P<0.001.

Results
CircRNAs expression profiles analysis

To identify specific circRNAs that are differen-
tially expressed between cervical cancer and
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normal subjects, five cervical cancer cell lines
and one normal cervical epithelial cell line were
subjected for Arraystar Human circRNA Array.
A total of 4760 human circRNAs were detect-
ed. There were 512 circRNAs that were differ-
ently expressed more than 2.0-fold change
between the two groups were identified. Box
plots show the normalized intensities from the
two groups (Figure 1A). Volcano plots show the
different expression of circRNAs (Figure 1B).
Subsequently, we narrowed the scope of the
study to the 20 most aberrant expressed cir-
cRNAs, including 10 upregulated circRNAs and
10 downregulated circRNAs (shown in the heat
map, Figure 1C).

CircRNA-000284 is upregulated in cervical
cancer cells

We then detected the expression of these 20
mostly changed circRNAs in cervical cells via
RT-gPCR. As shown in Figure 2A-D, four cir-
cRNAs were found to be significantly deregu-
lated between cervical cancer cells and normal
cells (P<0.05), including two upregulated cir-
cRNAs, circRNA-000284 and circRNA-102049,
and two downregulated circRNAs, circRNA-OO-

Am J Transl Res 2018;10(2):592-604
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Figure 4. CircRNA-000284 directly binds to miR-506 and suppresses miR-506 activity. A: RNA fluorescence in
situ hybridization for circRNA-000284. Nuclei were stained with 4,6-diamidino-2-phenylindole (DAPI). B: The puta-
tive sequences of miR-506 and circRNA-000284 with two binding sites. C: MiR-506 was upregulated by transfec-
tion of miR-506 mimics in cervical cells. D: Luciferase reporter assay was performed to detect the interaction
between miR-506 and circRNA-000284. MiR-506 significantly inhibited luciferase activity of wild type reporter for
CirRNA-000284, however, miR-506 did not inhibit the luciferase activity of reporter vector containing the mutant
binding sites of cirRNA-000284. E: Anti-AGO2 RIP was performed in Hela cells transfected with miR-506 mimics
or NC, followed by RT-gPCR to detect circRNA-000284. F: RT-gPCR experiment suggested that miR-506 was down-
regulated in cervical cell lines in contrast to normal epithelial cells. G: Cervical cells were transfected by si-circRNAs,
then miR-506 expression was detected via RT-gPCR. "P<0.05 vs. NC group; “"P<0.01 vs. NC group; """P<0.001 vs.
Input group.

1622 and circRNA-104892. More importantly,
only circRNA-000284 was significantly dysreg-
ulated in all of the 5 cervical cancer cell lines
in contrast to normal cervical epithelial cells,
and ectopic expression of circRNA102049, cir-
cRNA-001622 and circRNA-104892 had no
effect on cell viability (data not shown). This
inspired us to focus on the clinical and biologi-
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cal significance of circRNA-000284 in cervical
cancer progression.

Knockdown of circRNA-000284 suppresses
cell proliferation and invasion

After having validated the upregulation of cir-
cRNA-000284 in cervical cancer, we then de-
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Moreover, the cell proliferation
marker Ki-67 was evaluated by
immunofluorescence assay. As
shown in Figure 3D, the Ki-
67 expression level was also
downregulated by transfection
of si-circRNA vectors in Hela
cells. Furthermore, cell-cycle
assays indicated that knock-
down of circRNA-000284 ca-
used cell-cycle arrest in GO/
G1 phase (Figure 3E). Matrigel
invasion assay suggested that
the invasive capacity was sig-
nificantly inhibited by transfec-
tion of si-circRNA (Figure 3F).

CircRNA-000284 directly
binds to miR-506 and sup-
presses miR-506 activity
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Figure 5. Snail-2 is a direct downstream target of miR-506. A: The puta-
tive sequences of miR-506 and Snail-2 with two binding sites. B: Luciferase
reporter assay was performed to detect the potential binding between miR-
506 and Snail-2. MiR-506 significantly inhibited luciferase activity of wild
type reporter for Snail-2, however, miR-506 did not inhibit the luciferase
activity of reporter vector containing the mutant binding sites of Snail-2 in
both cell lines. C: RT-gPCR and Western blot experiments showed that miR-
506 suppressed the expression level of Snail-2 at both transcript and pro-

tein levels, respectively. "P<0.05 vs. NC group.

termined its functional role. The short interfer-
ing RNA (siRNA) which covers back-splicing
region of circRNA-000284 was constructed
(Figure 3A). RT-qPCR clearly showed that trans-
fection of si-circRNA vector significantly silen-
ced the expression of circRNA-000284 in He-
La and SiHa cell lines when compared with
si-NC vectors (Figure 3B). Then CCK8 assay
was performed to evaluate the function of cir-
cRNA-000284 on cell proliferation after trans-
fection for 72 h. As shown in Figure 3C, knock-
down of circRNA-000284 dramatically inhibit-
ed the cell growth in contrast to control cells.
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Since circRNAs can function as
sponges or inhibitors of their
interacting miRNAs, circRNAs
interacting with miRNAs were
predicted. We wondered whe-
ther circRNA-000284 exerted
its effect through sponging
miRNAs. Fluorescence in situ
hybridization (FISH) against ci-
rcRNA-000284 demonstrated
that the circular form of circ-
RNA-000284 preferentially lo-
calized in the cytoplasm, indi-
cating that it may interact with
miRNAs (Figure 4A). Using the
TargetScan and PicTar miRNA
prediction programs, we identi-
fied two sequences that targe-
ted by miR-506 (Figure 4B).
We further mutated the miRNA
target site from the luciferase
reporter with inclusion of the circRNA-000284
sequence in the 3’-UTR and circRNA-000284
expressing vector, respectively. We found that
miR-506 mimics (Figure 4C) significantly inhib-
ited luciferase activity of wild type reporter for
cirRNA-000284 more than 40%, however, miR-
506 did not inhibit the luciferase activity of
reporter vector containing the mutant binding
sites of cirRNA-000284 (Figure 4D). It has
been known that miRNAs repress translation
and degrade mRNA in an AGO2-dependent
manner by binding to their targets. We conduct-
ed anti-AGO2 immunoprecipitation (RIP) in ce-
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Figure 6. CircRNA-000284 suppresses cell proliferation and invasion via miR-506/Snail-2 pathway. A: RT-qPCR and
Western blot assays suggested that knockdown of circRNA-000284 suppressed Snail-2 expression level at both
transcript and protein levels, respectively. B: The sketch of structures of circRNA-000284 is shown. C: RT-gPCR
showed that circRNA-000284 expression level was dramatically elevated by the transfection of circRNA-000284
overexpressing vector. D: RIP experiments were performed using the anti-Snail-2 antibody to immunoprecipitate
RNA and a primer to detect miR-506, and a significantly decreased enrichment of miR-506 was identified in cells
transfected with circRNA-000284 overexpressing vector. E, F: CCK8 assay showed that enhanced expression of
circRNA-000284 promoted the cell proliferation rate of both cell lines, however, cotransfection of miR-506 mimics
or si-Snail-2 significantly reversed this effect. G: Matrigel invasion assay suggested that the increased cell invasion
of cervical cancer cells induced by circRNA-000284 was abrogated by cotransfection with miR-506 mimics or si-
Snail-2 vector. "P<0.05; "*P<0.01; ***P<0.001 vs. respective control groups.

rvical and cervical cells transiently overex-
pressing miR-506 to pull down the circRNA-
000284 using anti-AGO2 antibodies or con-
trol 1gG, followed by RT-gPCR analysis for cir-
cRNA-000284 levels. The results showed that
circRNA-000284 pulled down with anti-Ago2
antibodies was significantly enriched in cells
transfected with miR-506 mimics compared to

600

controls. (Figure 4E), suggesting that miR-506
could directly target circRNA-000284 in AGO2-
dependent manner. In addition, RTqPCR sh-
owed that miR-506 was significantly downre-
gulated in cervical cancer cell lines (Figure
4F). Knockdown of circRNA-000284 signifi-
cantly pr-omoted miR-506 expression in ce-
rvical cancer cells (Figure 4G).
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Snail-2 is identified as a direct target of miR-
506 in cervical cancer

According to miRBase prediction, we identified
several mRNA targets of miR-506. Specifically,
we found that Snail-2 was targeted by miR-506
with high score (Figure 5A), moreover, this gene
is essential for the cell proliferation and inva-
sion induced by miR-506 [17]. To further iden-
tify whether Snail-2 in cervical cancer cells
responded to miR-506 through direct interac-
tions with its 3-UTR, we cloned the wild type
or mutant type 3’-UTR of the putative miR-
506 target into reporter plasmid containing
the luciferase gene of cervical cells. The Dual-
Luciferase reporter experiment revealed that
miR-506 attenuated the fluorescence driven
by the wild type 3’-UTR by more than 1.5-fold
compared with the negative control, whereas
the mutant 3'-UTR was not affected by miR-
506 (Figure 5B). Furthermore, the gain and
loss functional assays clearly showed that ov-
erexpression of miR-506 significantly inhibited
the expression of Snail-2 at both transcript and
protein levels (Figure 5C). Thus, we concluded
that Snail-2 was a direct target of miR-506 in
cervical cancer.

CircRNA-000284 suppresses cell proliferation
and invasion via miR-506/Snail-2 pathway

Based on the above observations, we furth-
er detected the correlationship between cir-
cRNA-000284 and the expression of Snail-2
gene. The expression of Snail-2 was significan-
tly decreased after knockdown of circRNA-
000284 (Figure 6A). Then, the full-length cDNA
of circRNA-000284 from cervical cells was
amplified and cloned into the specific vector
(Figure 6B). RT-gPCR showed that circRNA-
000284 vector significantly elevated the level
of circRNA-000284 in both cells (Figure 6C).
Furthermore, RIP assay showed that the enri-
chment of Snail-2 and miR-506 was signifi-
cantly decreased in Hela cells transfected wi-
th circRNA-000284 vector (Figure 6D), sug-
gesting that circRNA-000284 sponges miR-
506, which subsequently releases the activity
of Snail-2.

We then conducted the gain and loss functio-
nal assays to verify whether circRNA-000284
regulates cervical cancer cell growth and inva-
sion via miR-506/Snail-2 pathway. Enhanced
expression of circRNA-000284 promoted the
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cell proliferation rate, however, cotransfection
of miR-506 mimics or si-Snail-2 significantly
reversed this effect (Figure 6E, 6F). Similarly,
the increased cell invasive capacity of cervical
cancer cells induced by circRNA-000284 was
abrogated via cotransfection with miR-506
mimics or si-Snail-2 vector (Figure 6G).

Discussion

For more than 30 years, circular RNAs were
reported sporadically and long considered to
be molecular flukes [18]. Recently, with the
advent of next-generation sequencing, numer-
ous of circRNAs were identified from various
animal genomes, and many of them were highly
stable and abundantly expressed, thus largely
reshaped the conventional perspective on cir-
cRNAs. In this study, we identified a substan-
tial fraction of circRNAs that were differentially
expressed in cancer tissues compared with
normal tissues, which suggests that these
RNAs may be regulated and may exert a poten-
tial function. We further characterized one of
the mostly differentially expressed circRNA,
circRNA-000284, and provided the first evi-
dence that it may play an important role as a
prognostic marker in cases of cervical cancer.

We firstly performed a comprehensive micro-
array analysis of the global changes in the
expression pattern of circRNAs in cervical can-
cer. A total of 4760 human circRNAs were
detected. There were 512 differentially expre-
ssed circRNAs, consisting of 231 up-regulated
and 281 down-regulated circRNAs, and show-
ed circRNA-000284’s expressive feature in
cervical cancer for the first time. Compared
with cervical epithelial cells, the expression
level of circRNA-000284 significantly increas-
ed in cervical cancer cells. CircRNA-000284 is
derived from exon2 of the HIPK3 gene, and al-
so identified in previous reports via the deep
sequencing of several human cell lines [15,
19]. CircRNA-000284 consists solely of a lar-
ge second exon (1099 bp) from the HIPK3 ge-
ne flanked on either side by long introns, whi-
ch include many complementary Alu repeats.
All these features indicate that circRNA-
000284 is formed by “direct splicing” and sta-
bly expressed in different cell lines and tissues
[18, 20].

The two most important properties of circRNAs
are highly conserved sequences and a high
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degree of stability in mammalian cells [21].
Compared with other noncoding RNA, such as
microRNAs (miRNAs) and long noncoding RNAs
(IncRNAs), these properties provide circRNAs
with the potential to become ideal biomarkers
in the diagnosis and prognosis of cancers
[22]. To date, only a few circRNAs have been
explored. They may serve as oncogenes, tumor
suppressor genes, or both, depending on cir-
cumstances. For example, Fu et al reported
that circRNA-0004018 is differentially expre-
ssed in HCC and may serve as prognostic mar-
ker for HCC patients [23]; Chen et al identifi-
ed circRNA-PVT1 as a proliferative factor and
prognostic marker in gastric cancer [24]; Li et
al demonstrated that circRNA-HIPK3 could be
a new therapeutic target for the treatment of
bladder cancer [19]. To get a closer insight into
the role of circRNA-000284 in cervical cancer,
we investigated the functional role of in cervi-
cal cancer. Many literatures have showed that
some specific circRNAs play an important role
during cancer initiation and progression. For
example, circRNA-MYLK, circRNA-ABCB10 and
circRNA-0067934 are reported to promote cell
migration and growth [25-27]; while circRNA-
MTO1 and circRNA-LARP4 suppress tumor pro-
gression by multiple signaling pathways [28,
29]. Our in vitro studies clearly demonstrated
that circRNA-000284 functions as tumor onco-
gene through promoting cervical cancer cell
proliferation and invasion, which is consistent
with its expression feature of clinical mate-
rials.

We then sought to define how circRNA-000284
exerts its function. It is known that circRNAs
are novel RNA molecules with different biologi-
cal functions and pathological implications.
Among these multiple functions, “miRNA sp-
onge” represents the most conspicuous func-
tion. MiRNAs, an abundant class of small non-
coding RNAs (~22 nt), posttranscriptional-
ly modulate the translation of target mRNAs
via corresponding miRNA response elements
(MRE) [30]. Computational searches for miRNA
target sites in circRNAs identified a portion of
circRNA molecules that contain MREs, which
might act as miRNA sponge, reducing miRNA
binding to its target genes, thereby releasing
the expression of the miRNA targets indirectly
[31]. Since the first report of circRNA function-
ing as a miRNA sponge, the potential of cir-
cRNAs in regulating cancer-related genes th-
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rough fine-tuning MiRNAs has recently been
recognized. For example, ciRS7 contains more
than sixty miR-7-binding sites, thereby acting as
an endogenous miRNA sponge to adsorb and
subsequently quench normal miR-7 functions
[32]. More recently, more and more circRNAs
were recognized as miRNA sponges in different
cancers, however, this model reported in cervi-
cal cancer is very limited. In this study, charac-
terization of circRNA-000284 indicated that
the circular form of circRNA-000284 preferen-
tially localized in the cytoplasm, and miR-506
showed a complementary sequence to cir-
CRNA-000284 based on the bioinformatic
analysis. Eventually, this miRNA was finally id-
entified as the endogenous competing RNA by
luciferase reporter assay and RIP assay.

After having validated the interaction between
circRNA-000284 and miR-506, we also identi-
fied the downstream genes that may account
for the functional role of circRNA-000284.
Snail-2 gene was found to be the direct target
of miR-506 and regulated by circRNA-000284.
Moreover, the gain and loss functional assays
suggest that circRNA-000284 regulates cell
proliferation and invasion through sponging
miR-506 and subsequently targeting Snail-2. In
conclusion, our study revealed the circular RNA
profile of cervical cancer tissues and charac-
terized circRNA-000284 as a differentially
expressed circRNA. We found that circRNA-
000284 is a new diagnostic factor and prog-
nostic marker in cervical cancer. Our findings
suggest that circRNA-000284 may serve as a
novel biomarker that may have potential fun-
ctions and clinical significance in cervical
cancetr.
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