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Abstract. - OBJECTIVE: Recently, the vital
role of circular RNAs (circRNAs) in human dis-
eases has attracted much attention. The aim of
this research was to verify the potential role of
circRNA_0000285 in the development of cervi-
cal cancer (CC).

PATIENTS AND METHODS: CircRNA_0000285
expression in both CC cells and tissue samples
was detected by quantitative Real Time-Poly-
merase Chain Reaction (gRT-PCR). Function-
al experiments were performed, including cell
counting kit-8 (CCK-8) assay, cell cycle assay and
transwell assay. Meanwhile, the underlying mech-
anism was explored through gRT-PCR and West-
ern blot assay, respectively. In addition, the func-
tion of circRNA_0000285 was identified in vivo.

RESULTS: CircRNA_0000285 expression level
was significantly higher in CC samples than that
of corresponding normal tissues. Moreover, the
growth and migration abilities of CC cells were
significantly inhibited after circRNA_0000285
was knocked down in vitro. Furthermore, the ex-
pression of FUS was remarkably down-regulat-
ed after knockdown of circRNA_0000285. Sub-
sequent results indicated that the expression
level of FUS was positively correlated with the
expression of circRNA_0000285 in CC tissues.
In addition, the knockdown of circRNA_0000285
significantly inhibited the formation and metas-
tasis of CC in nude mice.

CONCLUSIONS: CircRNA_0000285 could en-
hance the proliferation and metastasis of CC by
up-regulating FUS, which might be a potential
therapeutic target for CC treatment.
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Introduction

Cervical cancer (CC) is one of the top ten ma-
lignant cancers in both incidence and mortality in
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the world'. According to the World health organi-
zation (WHO), 570,000 new cases were diagnosed
of CC, with about 311,000 deaths worldwide in
20182, For the past decade, there has been a com-
mon trend that patients with CC are suffering at a
relatively young age. Though the cure rate of lo-
calized CC accounts for 91.5%7, the prognosis of
patients with metastatic CC remains dismal. Sta-
tistics have shown that the median survival time
of CC patients is only 8 to 13 months*. Moreover,
the intervention for advanced CC patients is lim-
ited due to the heterogeneous mechanism of CC.
Thus, there is an urgent need to formulate a deep
understanding of CC progression and to find out
new therapeutic strategies for patients.

Circular RNAs (circRNAs), formed by a cova-
lently closed loop, have been emerged as a new
hot topic in the noncoding RNA network. Recent-
ly, circRNAs have been indicated to be involved
in multiple physiological and pathological pro-
cesses of tumorigenesis via serving as microR-
NA sponges. Meanwhile, they can modulate the
expression of genes and proteins. For example,
circ. LARP4 is significantly down-regulated in
ovarian cancer, serving as a potential biomark-
er for the prognosis of ovarian cancer patients’.
Regulating the expression of miR-29a, circ
MYLK functions as an oncogene and promotes
the progression of prostate cancer®. Mediated by
miR-503/LARPI signaling, silence of circ-BANP
suppresses the proliferation and migration of lung
cancer cells’. Knockdown of circRNA-CER re-
strains the proliferation and migration of breast
cancer via modulating the activity of miR136/
MMP13 signaling®. CircRNA_ 0000285 has been
demonstrated a novel oncogene in many tumors.
However, the exact role of circRNA 0000285 in
CC and the potential molecular mechanism have
not been fully elucidated.
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In this work, circRNA 0000285 expression
was remarkably up-regulated in CC tissues.
Knockdown of circRNA 0000285 suppressed
the proliferation, migration and invasion of CC
cells. Meanwhile, the underlying mechanism of
circRNA 0000285 function in CC proliferation
and metastasis was explored. Furthermore, the
role of circRNA 0000285 in CC progression was
detected in nude mice.

Patients and Methods

Clinical Samples

Before the study, human CC tissues were
collected from 55 CC cases. Tumor tissues and
paired adjacent normal tissues were preserved
in liquid nitrogen for use. The clinicopathologi-
cal characters were analyzed by two pathologists.
This investigation was approved by the Ethics
Committee of Women and Children’s Hospital,
School of Medicine, Xiamen University. Signed
written informed consents were obtained from all
participants before the study.

Cell Culture

Human CC cell lines (HeLa, SiHa, C4-1 and
C-33a) and normal cervical epithelium cell line
(NC104) were offered by the Institute of Cell
Research, Chinese Academy of Sciences (Shang-
hai, China). All cells were cultured in Dulbec-
co’s Modified Eagle’s Medium (DMEM; Gibco,
Rockville, MD, USA) containing 10% fetal bo-
vine serum (FBS; Gibco, Rockville, MD, USA)
and penicillin. Meanwhile, the cells were main-
tained in an incubator with 5% CO, at 37°C.

Cell Transfection

Lentivirus expressing short-hairpin RNA
(shRNA) directly against circRNA_ 0000285 was
compounded by GenePharma (Shanghai, China).
Negative control shRNA (NC) was synthesized
as well. Moreover, pLenti-EFla-EGFP-F2A-Puro
vector (Biosettia Inc., San Diego, CA, USA) was
used for cloning the shRNA and negative control,
which was transfected into C-33a cells.

Quantitative Real Time-Polymerase Chain
Reaction (gRT-PCR)

Total RNA was extracted from CC cells and tis-
sues using the TRIzol kit (TaKaRa Bio, Inc., Otsu,
Shiga, Japan). RNA concentration was measured
using an ultraviolet spectrophotometer (Hitachi,
Tokyo, Japan). Subsequently, extracted RNA was
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reverse transcribed into complementary Deoxy-
ribose Nucleic Acid (¢cDNA) according to the in-
structions of the PrimeScript™ RT MasterMix kit
(Invitrogen, Carlsbad, CA, USA). Primers used
for qRT-PCR were as follows: circRNA 0000285
primers forward 5-TATGTTGGTGGATCCT-
GTTCGGCA-3', reverse 5S“TGGTGGGTAGAC-
CAAGACTTGTGA-3"; Glyceraldehyde 3-phos-
phate dehydrogenase (GAPDH) primers forward
5-CCAAAACCAGATGGGGCAATGCTGG-3'
and reverse 5-TGATGGCATGGACTGTGGC-
CATCCA-3". Thermal cycle was as follows: 30
sec at 95°C, 5 sec for 40 cycles at 95°C, and 35
sec at 60°C.

Cell Proliferation Assay

The proliferation of transfected CC cells was
monitored by Cell Counting Kit-8 (CCK-8; Beyo-
time Institute of Biotechnology, Shanghai, China)
assay. Briefly, 5 mg/ml CCK-8 was added to each
well at 0, 24, 48, and 72 h after transfection, re-
spectively, followed by incubation for 1 h. OD 450
was measured by a spectrophotometer (Thermo
Fisher Scientific, Waltham, MA, USA).

Cell Cycle Assay

2x10°/mL cells were diluted by RNase A in 75%
ice-cold ethanol overnight. Subsequently, these cells
were stained with propidium iodide (PI; 50 mg/mL;
MultiSciences Biotech Co., Ltd, Hangzhou, China)
in the dark for 30 min at 4°C. Cell cycle was finally
determined by flow cytometer (FACScan, BD Bio-
science, Franklin Lakes, NJ, USA).

Transwell Assay

Transwell chambers with 8pum pores were
provided by Corning (Corning, NY, USA). The
membrane was pre-coated with or without 50 uL
Matrigel (BD Biosciences, Franklin Lakes, NJ,
USA). Cells were first seeded into the upper
chamber of a 24-well plate. Meanwhile, 20%
FBS-DMEM was added to the lower chamber of
culture inserts. After incubation for 24 h, these
inserts were fixed with methanol for 30 min and
stained with hematoxylin for 20 min. Finally, the
number of invaded cells was counted by a light
microscope (Olympus, Tokyo, Japan).

Western Blot Analysis

First, the cells were washed with precooled
phosphate-buffered saline (PBS) and lysed with
cell radioimmunoprecipitation lysis solution
(RIPA; Beyotime, Shanghai, China). Protein con-
centration was detected using the bicinchonin-
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ic acid (BCA; Thermo Fisher Scientific Inc.,
Waltham, MA, USA) method. Subsequently, ex-
tracted proteins were separated and transferred on
to polyvinylidene difluoride (PVDF) membranes
(Millipore, Billerica, MA, USA). After blocking
with Tris-Buffered Saline and Tween-20 (TBST)
(25 mM Tris, 140 mM NaCl, and 0.1% Tween 20,
pH 7.5) containing 5% skimmed milk for 2 h, the
membranes were incubated with primary antibod-
ies of FUS and GAPDH (Abcam Inc., Cambridge,
MA, USA) at 4°C overnight. After washing with
TBST (3x10 min), the membranes were incubated
with corresponding secondary antibody at room
temperature for 1 h. Immuno-reactive bands were
analyzed by Image J software (NIH, Bethesda,
MD, USA).

Xenograft Model

After transfection, C-33a cells (6x10°/mL) were
replaced into NOD/SCID mice (6-week-old) sub-
cutaneously. Tumor diameters were detected ev-
ery 5 days. Tumor volume was calculated as the
formula: volume= length x width? x 1/2. Tumors
were extracted after 4 weeks. Transfected C-33a
cells were injected into tail vein of NOD/SCID
mice (4-5 weeks old). After 4 weeks, the mice
were sacrificed, and lung tissues were extracted.
The number of metastatic nodules in the lungs
was counted. Animal experiments were approved
by the Animal Ethics Committee of School of
Medicine, Xiamen University.

Statistical Analysis

Statistical Product and Service Solutions
(SPSS) 20.0 (SPSS, Chicago, IL, USA) was
used for all statistical analysis. The student’s
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t-test was used to compare the differences be-
tween the two groups. p<0.05 was considered
statistically significant.

Results

CircRNA_0000285 Expression Level Was
Higher in CC Tissues and Cells

QRT-PCR was first conducted to detect cir-
cRNA 0000285 expression in 55 CC patients’
tissues. CircRNA_ 0000285 expression was sig-
nificantly higher in CC tissue samples than that
of adjacent normal tissues (Figure 1A). More-
over, qRT-PCR was performed to detect cir-
cRNA_ 0000285 expression in CC cells as well.
Results indicated that circRNA 0000285 was
significantly up-regulated in CC cells when com-
pared with NC104 cells (Figure 1B).

Knockdown of CircRNA_0000285
Inhibited Proliferation and Invasion
of CC Cells

In our work, C-33a cell line was chosen for
the knockdown of circRNA_0000285. QRT-PCR
was utilized to verify the transfection efficien-
cy (Figure 2A). To explore the exact role of cir-
cRNA_ 0000285 in the proliferation of CC cells,
CCKS8 assay and cell cycle assay were performed.
As shown in Figure 2B, the proliferation of C-33a
cells was remarkably suppressed after knock-
down of circRNA 0000285. As shown in Fig-
ure 2C, the percentage of G0/G1 cells increased
markedly after knockdown of circRNA_0000285
in C-33a cells, while the percentage of S cells was
reduced. As shown in Figure 2D, the number of
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Figure 1. Expression level of circRNA 0000285 was up-regulated in CC tissues and cells. A, CircRNA_ 0000285 expres-
sion was significantly up-regulated in CC tissues compared with adjacent tissues. B, Expression levels of circRNA 0000285
relative to GAPDH in human CC cell lines and NC104 cells were determined by qRT-PCR. GAPDH was used as an internal
control. Data were presented as mean =+ standard error of the mean. *p<0.05.
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Figure 2. Knockdown of circRNA_0000285 inhibited CC cell proliferation and metastasis. A, CircRNA_0000285 expression in
C-33acells transduced with sh-circRNA_ 0000285 and control was detected by qRT-PCR. GAPDH was used as an internal control.
B, CCKS assay showed that the proliferation of C-33a cells was remarkably suppressed via knockdown of circRNA 0000285. C,
Cell cycle assay showed that the the percentage of GO/G1 cells increased and the percentage of S cells decreased after knockdown
of circRNA 0000285 in C-33a cells. D, Transwell assay showed that the number of migrated cells was reduced via knockdown
of circRNA 0000285 in C-33a CC cells (magnification: 40%). E, Transwell assay showed that the number of invaded cells was
reduced via knockdown of circRNA_0000285 in C-33a CC cells (magnification: 40x). The results represented the average of three

independent experiments (mean + standard error of the mean). *p<0.05, as compared with control cells.

migrated C-33a cells was remarkably reduced af-
ter knockdown of circRNA 0000285. As shown
in Figure 2E, the number of invaded C-33a cells
was remarkably reduced after knockdown of cir-
cRNA 0000285 in vitro.

The Interaction Between FUS and
CircRNA_0000285 in CC

Previous studies have reported that the key
regulator, FUS, promotes the development of
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many cancers including CC. FUS has also been
predicted as the potential target protein of cir-
cRNA 0000285. In our study, the interaction
between FUS and circRNA_ 0000285 was in-
vestigated. QRT-PCR results demonstrated that
compared with control group, FUS expression
was significantly lower in sh-circRNA 0000285
group (Figure 3A). Western blot assay indicat-
ed that after circRNA 0000285 was knocked
down, FUS was significantly down-regulated at
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the protein level (Figure 3B). Furthermore, we
verified the interaction between FUS and cir-
cRNA 0000285 in CC tissues. FUS expression
was significantly higher in CC tissues compared
with that of adjacent normal tissues (Figure 3C).
In addition, correlation analysis demonstrated
that FUS expression level positively correlated
with circRNA_0000285 expression in CC tissues
(Figure 3D).

Knockdown of CircRNA_0000285
Inhibited Tumor Formation and
Metastasis in Nude Mice

The ability of circRNA 0000285 in CC for-
mation and metastasis was detected in nude mice.
Tumor size in sh-circRNA 0000285 group was
significantly smaller when compared with con-
trol group (Figure 4A). The number of metastatic
nodules in lung tissues of sh-circRNA_ 0000285

group was markedly less than that of control
group (Figure 4B). Moreover, the expression level
of circRNA 0000285 and FUS in dissected tu-
mor tissues was detected by qRT-PCR. Results
demonstrated that circRNA_0000285 expression
was down-regulated in sh-circRNA_ 0000285
group compared with control group (Figure 4C).
Furthermore, FUS expression was reduced in
sh-circRNA 0000285 group than that of control
group (Figure 4D).

Discussion

Increasing evidence have suggested that cir-
cRNAs are crucial regulators in the carcinogen-
esis of CC. For instance, through restraining
miR-8075, hsa circRNA 101996 promotes the
proliferation and invasion of CC cells via regulat-
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Figure 3. The association between circRNA 0000285 and FUS. A, QRT-PCR showed that FUS expression was significantly
lower in sh-circRNA 0000285 group compared with control group. B, Western blot assay revealed that FUS protein expres-
sion decreased obviously in sh-circRNA 0000285 group compared with control group. C, FUS was significantly up-regulated
in CC tissues compared with corresponding normal tissues. D, Linear correlation between the expression levels of FUS and
circRNA_ 0000285 in CC tissues. Data were presented as mean =+ standard error of the mean. *p<0.05.
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Figure 4. Knockdown of circRNA_0000285 inhibited tumor formation and metastasis of CC in nude mice. A, Tumor size
in sh-circRNA_0000285group was smaller compared with control group. B, The number of metastatic nodules in lung tissues
of sh-circRNA 0000285 group was significantly reduced compared with control group. C, CircRNA 0000285 expression
in dissected tumors of sh-circRNA_0000285 group was lower than control group. D, FUS expression in dissected tumors of
sh-circRNA 0000285 group was lower than control group. The results represented the average of three independent experi-
ments (mean + standard error of the mean). *p<0.05, as compared with control cells.

ing the expression of TPX2°. Hsa circ 0023404
functions as an oncogene in CC by regulating
miR-136/TFCP2/YAP pathway'?. Through spong-
ing miR-506, silence of circRNA-000284 inhibits
the proliferation and invasion of CC cells'. Fur-
thermore, overexpression of circ_0067934 serves
as an oncogene and facilitates the progression of
CC through modulating miR-545/EIF3C axis'.
Recently, circRNA 0000285, initially dis-
covered in nasopharyngeal carcinoma, has been
served as a prognostic biomarker in radiosensi-
tivity'3. It has been found abnormally expressed
in other cancers, which promotes tumor progres-
sion. For example, circRNA 0000285 induces
cell invasion by regulating miR-181b in pancre-
atic cancer. CircRNA_ 0000285 accelerates the
proliferation and invasion of pancreatic cancer
through depressing the endogenous function of
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miR-181b". CircRNA 0000285 promotes the
proliferation and metastasis of non-small cell
lung cancer through regulating miR-144". In this
report, circRNA 0000285 was found significant-
ly up-regulated in both CC tissues and cells. The
proliferation of CC cells was significantly inhibit-
ed and cell cycle was regulated after knockdown
of circRNA_0000285. Meanwhile, the migra-
tion and invasion of CC cells were found mark-
edly inhibited through the knockdown of cir-
cRNA_0000285. The above results indicated that
circRNA 0000285 might act as an oncogene in
CC development and metastasis.

FUS (Fused in sarcoma) is a protein encoded
by the FET gene family. Previous studies have
confirmed that it plays a crucial role in a variety
of biological behaviors, including DNA recombi-
nation and repair and pre-mRNA splicing. More-
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over, FUS has been reported to be a fusion gene
with DNA damage inducible transcript 3 (CHOP)
in human myxoid liposarcoma'®. Recently, FUS
has been found to participate in the development
of several cancers. For instance, by interacting
with NEAT1, the low-expression of FUS/TLS in-
duces cell apoptosis and inhibits cell growth in
breast cancer’’. FUS/TLS participates in the me-
diation of cell-cycle progression androgen-depen-
dent and cancer growth in prostate cancer'®.

Our findings indicated that FUS expression
was significantly inhibited after knockdown of
circRNA 0000285. Moreover, FUS expression
was positively correlated with circRNA_0000285
expression in CC tissues. Further investiga-
tions demonstrated that the knockdown of cir-
cRNA 0000285 inhibited tumor formation and
metastasis in nude mice.

Conclusions

In summary, circRNA 0000285 could enhance
CC cell development and metastasis by up-reg-
ulating FUS. All these findings implied that cir-
cRNA 0000285 could be used as a prospective
therapeutic target for CC.
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