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Purpose: Some circular RNAs have been found to be effective therapeutic targets for OC. 
However, the biological function of circ_0007444 in OC is still unknown. Thus, this study 
investigated the role of circ_0007444 in OC progression.
Methods: circ_0007444 expression was monitored in 87 OC patients and OC cells by 
quantitative real-time polymerase chain reaction. An in vitro study was performed to 
research the biological function of circ_0007444, including cell counting kit-8 assay, flow 
cytometry, wound healing assay, and transwell experiment. Luciferase reporter gene assay 
and RNA immunoprecipitation assay were used to reveal the interaction between 
circ_0007444, miR-570-3p, and PTEN. PTEN protein expression was determined by 
Western blot. In vivo study was performed using nude mice. Ki67, PTEN expression, and 
apoptosis in xenograft tumors was respectively researched by immunohistochemistry and 
Tunel assay.
Results: circ_0007444 was down-regulated in 87 OC patients, which was related to advanced 
tumor stage and grade, large tumor size, and low 60-month percent survival (P<0.05 or P<0.01). 
circ_0007444 inhibited proliferation, migration, and invasion, and promoted apoptosis of OC 
cells (P<0.01). circ_0007444 promoted PTEN expression via sponging miR-570-3p. miR-570- 
3p up-regulation and PTEN down-regulation reversed the inhibitory effect of circ_0007444 on 
OC cells malignant phenotype (P<0.01). circ_0007444 inhibited OC growth in vivo. In xenograft 
tumor, circ_0007444 decreased Ki67 expression but increased PTEN expression and apoptosis.
Conclusion: circ_0007444 is a tumor suppressor in OC, which inhibits OC progression by 
mediating the miR-570-3p/PTEN. circ_0007444 can be a potential candidate for targeted 
therapy of OC.
Keywords: OC, circ_0007444, miR-570-3p, PTEN, progression

Introduction
Ovarian cancer (OC) is one of the most common malignant tumors that occur in 
the female reproductive system. The number of OC incidence increases at a rate 
of 200,000 cases per year.1 Even worse, 70% of ovarian cancer patients will 
relapse, posing a serious threat to their lives.2 Traditional treatments, including 
surgery, radiotherapy, and chemotherapy, are effective for most patients with 
early OC. However, the high postoperative recurrence rate and insensitivity to 
radiotherapy and chemotherapy still poses great adverse effects on the prognosis 
of OC patients. In addition, for patients with advanced OC, these traditional 
treatment strategies cannot save their lives in most cases.3 These challenges 
urgently require us to explore the pathogenesis of OC, so as to provide effective 
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therapeutic targets for the diagnosis and treatment of OC 
and to design more effective OC targeted therapeutic 
drugs.

Circular RNAs (circRNAs) are a class of endogenous 
non-coding RNA which has been found to be commonly 
expressed in eukaryotic genes.4 In recent years, circRNAs 
have been demonstrated to play an important role in biolo-
gical processes including proliferation, invasion and apop-
tosis of malignant tumors.5,6 Of course, the functions of 
several circRNAs in OC have also been elucidated. In gen-
eral, circ-CSPP1 acted as a cancer-promoting gene in OC, 
which exacerbated OC cells proliferation, migration, and 
invasion via sponging miR-1236-3p.7 Pei et al8 revealed 
the carcinogenic role of circ_0013958 in OC. They declared 
that circ_0013958 facilitated the malignant development of 
OC through promotion of epithelial-mesenchymal transition 
and inhibition of the apoptotic signaling pathways. On the 
contrary, circPLEKHM3 was proved to be a tumor suppres-
sor in OC. It inhibited OC progression through sponging 
miR-9.9 Moreover, circ-ITCH was discovered to weaken the 
malignant progression of OC both in vitro and in vivo via 
sponging miR-145.10 The discovery of more circRNAs that 
regulates the development of OC will provide a more effec-
tive choice for OC targeted therapy.

Recently, Zhu et al11 revealed that circ_0007444 
expression was declined in colorectal cancer. It was sug-
gested to be used as a prognostic indicator of colorectal 
cancer. As a newly discovered circRNA, the function of 
circ_0007444 in the development of other tumors, includ-
ing OC, has not yet been reported. Hence, this paper 
studied the role of circ_0007444 in OC progression for 
the first time. circRNAs are usually found to be involved 
in tumor regulation by sponging miRNAs.12 Through 
online analysis of bioinformatics, we noticed that miR- 
570-3p possessed binding sites for circ_0007444 and 
PTEN might be a target gene for miR-570-3p. Based on 
this, this article fully reported the internal molecular 
mechanism of circ_0007444 in regulating OC progression 
with miR-570-3p/PTEN as the axis. The findings of this 
study will provide a novel target for the treatment of OC.

Methods
Patients and Tissues
OC patients (n=87) who were admitted to our hospital 
from March 2011 to September 2014 were enrolled in 
this research. All patients were diagnosed with OC for 
the first time and underwent surgical resection in our 

hospital. The inclusion criteria of patients were as fol-
lows: 1) Patients who volunteered to participate in this 
study; 2) Patients diagnosed with OC for the first time; 
and 3) Patients without a previous treatment history of 
cancer-related diseases. The exclusion criteria for 
patients were as follows: 1) Patients who were not will-
ing to join the study; and 2) Patients with previous 
treatment history of cancer-related diseases. During sur-
gery, tumor tissues and adjacent normal tissues were 
collected and quickly frozen in liquid nitrogen. Clinical 
features, including ages, FIGO stage, grade, distant 
metastasis and tumor size, were recorded. After surgery, 
all patients were followed up for 60 months.

All subjects voluntarily participated in this study and writ-
ten informed consent was obtained from all patients. This 
research was approved by the ethics committee of Xuzhou 
Medical University in line with the Declaration of Helsinki.

Detection of Circular Structure Stability 
of Circ_0007444
The circular structure stability of circ_0007444 in OC was 
monitored using Ribonuclease R (RNase R, Geneseed 
Biotech, Guangzhou, China). Tumor tissues of OC patients 
were incubated with TRIzol reagent (Thermo Fisher 
Scientific, Waltham, MA, USA) in order to extract total 
RNA. For each total RNA sample, 3.0 μg was collected for 
30 minutes of incubation with 10 U RNase R at 37 °C. 
Thereafter, circ_0007444 and glyceraldehyde-3-phosphate 
dehydrogenase (GAPDH) expression was detected by quanti-
tative real-time polymerase chain reaction (qRT-PCR). 
Notably, 3.0 μg of each total RNA sample without any treat-
ment was also collected to detect the expression of 
circ_0007444 and GAPDH expression (served as Mock) by 
qRT-PCR.

Cell Lines
Human ovarian epithelial cell line (HOSEpiC) and OC 
cell lines (SKOV3, OV420, A2780, CAOV3, and 
OVCAR3) were commercially provided by the Cell 
Bank of the Chinese Academy of Sciences (Shanghai, 
China). Cells were separately cultured in Dulbecco’s 
modified eagle’s medium (DMEM) and maintained at 
37°C, 5% CO2. It was worth noting that 10% (v/v) fetal 
bovine serum (FBS), and 100 U/mL penicillin/streptomy-
cin were supplemented in the DMEM. The medium was 
changed every 3 days.
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Transfection
SKOV3 and OVCAR3 cells were separately dispersed in 
serum free DMEM to a density of 2×106 cells/mL. Then 
a total of 1 mL cell suspension was added into each well of 
6-well plates. The circ_0007444 sequence was designed and 
synthesized by Gene Pharma (Shanghai, China), followed by 
being cloned into pcDNA3.1 vectors (Thermo Fisher 
Scientific, Waltham, MA, USA) according to the instruc-
tions. pcDNA3.1-circ_0007444 vectors and empty 
pcDNA3.1 vectors were respectively transfected into 
OVCAR3 cells (set as the oe-circ_0007444 group and oe- 
NC group). In addition, shRNA targeting circ_0007444 and 
corresponding negative control (Gene Pharma, Shanghai, 
China) were used to transfect SKOV3 cells (set as sh-circ 
_0007444 group and sh-NC group). miR-570-3p mimic and 
corresponding negative control were obtained (Gene 
Pharma, Shanghai, China), which were applied for the trans-
fection of SKOV3 and OVCAR3 cells (set as miR-570-3p 
mimic group and miR-NC group).

For OVCAR3 cells transfected by pcDNA3. 
1-circ_0007444 vectors, they were further experienced 
cotransfection with miR-570-3p mimic or corresponding nega-
tive control (set as oe-circ_0007444 + miR-570-3p mimic 
group and oe-circ_0007444 + miR-NC group). In addition, 
PTEN siRNA or corresponding negative control (Gene 
Pharma, Shanghai, China) was also used to cotransfect 
OVCAR3 cells which have been transfected by 
pcDNA3.1-circ_0007444 vectors previously (set as oe-circ 
_0007444 + si-PTEN group and oe-circ_0007444 + si-NC 
group). All transfection operations were performed according 
to the instructions of Lipofectamine 2000 reagent (Thermo 
Fisher Scientific, Waltham, MA, USA). After 8 hours of incu-
bation at 37°C, 5% CO2, cells were cultured with DMEM 
containing 10% FBS.

Cell Counting Kit (CCK)-8 Assay
The proliferative capacity of SKOV3 and OVCAR3 cells 
was monitored by CCK-8 assay. Cells were dispersed in 
DMEM (with 10% FBS) to a density of 1×106 cells/mL. 
A total of 100 μL cell suspension was added into each well of 
96-well plates. DMEM containing 10% FBS (100 μL) was 
added into each well for the culture of cells. Cells were kept 
at 37°C, 5% CO2. The proliferation of cells were monitored 
every 24 hours. Briefly, CCK-8 regent (10 μL, Solarbio, 
Beijing, China) was added into wells to incubate cells for 4 
hours at 37°C. The optical density (OD) value of wells was 

monitored using a microplate reader (Bio-Tek Instruments 
Inc., Winooski, VT, USA) at 450 nm wavelength.

Flow Cytometry
SKOV3 and OVCAR3 cells were harvested after 48 hours 
of transfection, followed by being centrifuged for 5 min-
utes at 1,000 rpm. A total of 1×106 cells were collected 
and washed with pre-cooled phosphate buffered saline 
(PBS) 3-times. Thereafter, 1× binding buffer (500 μL) 
was used to disperse these cells. Annexin V-FITC and 
propidium iodide (PI) were added into cells. After 15 
minutes of incubation in the dark at room temperature, 
apoptotic cells were detected using flow cytometry.

Wound Healing Assay
The migration ability of cells was evaluated by wound 
healing assay. SKOV3 and OVCAR3 cells were seeded 
in 6-well plates with 1 m of DMEM containing 10% FBS 
at 37°C, 5% CO2. After cells were attached to the bottom 
of the well plate, a scratch was made using a sterile pipette 
tip. The width of this original scratch was recorded. 
Afterward, residual liquid in the wells was replaced by 
fresh DMEM containing 10% FBS. Cells were maintained 
at 37°C, 5% CO2 for 24 hours. The width of the scratch at 
24 hours was then measured and recorded. The relative 
wound width was then calculated with the formula of (the 
scratch at 24 hours/the original scratch).

Transwell Experiment
Cell invasion ability was assessed by transwell experi-
ment. The transwell chamber was inserted into 6-well 
plates containing 600 μL of DMEM (with 10% FBS). 
Matrigel (Sigma-Aldrich, St Louis, MO, USA) was pre- 
spread on the upper chamber. SKOV3 and OVCAR3 cells 
were collected and seeded in the upper chamber with 500 
μL of serum-free DMEM. After 24 hours of culture at 37° 
C, 5% CO2, cells on the upper surface of the membrane 
was gently scraped off with a cotton swab. Cells on the 
lower surface were fixed with 4% paraformaldehyde and 
stained with 0.1% crystal violet for 10 minutes. The inva-
sion cells were observed under a microscope (Olympus, 
Tokyo, Japan). The number of invasion cells was counted 
with five non-overlapping random fields.

Luciferase Reporter Gene Assay
According to the predictions of Circular RNA Interactome 
and miRDB online software, circ_0007444 possessed 
binding sites for miR-570-3p in the 3ʹ-UTR region. In 
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addition, TargetScan online software indicated that PTEN 
had binding sites for miR-570-3p in the 3ʹ-UTR region. In 
order to verify the targeting relationship between two 
genes, a luciferase reporter gene assay was performed. 
Briefly, based on the prediction results from these online 
software, the wild type (WT) and mutant type (Mut) 
sequences of circ_0007444, as well as WT and Mut 
sequences of PTEN was designed and synthesized (Gene 
Pharma, Shanghai, China). These sequences were cloned 
and loaded into the pmirGLO luciferase vectors. SKOV3 
and OVCAR3 cells dispersed in serum-free DMEM were 
transfected by miR-570-3p mimic (miR-570-3p mimic 
group) and corresponding negative control (miR-NC 
group), as well as miR-570-3p inhibitor (miR-570-3p inhi-
bitor group) and corresponding negative control (NC-inh 
group). Subsequently, WT-circ_0007444-pmirGLO luci-
ferase vectors, Mut-circ_0007444-pmirGLO luciferase 
vectors, WT-PTEN-pmirGLO luciferase vectors, and Mut- 
PTEN-pmirGLO luciferase vectors were used respectively 
to cotransfected SKOV3 and OVCAR3 cells of the above 
four groups. Cells were cultured at 37°C, 5% CO2 for 8 
hours, followed by being cultured with DMEM containing 
10% FBS for 48 hours. Dual-Glo luciferase assay kit 
(Promega, Madison, WI, USA) was responsible for the 
detection of relative luciferase activity.

RNA Immunoprecipitation (RIP) Assay
RIP assay was conducted by using the IgG and AGO2 
antibody. Briefly, the lysate of SKOV3 cells of miR-570- 
3p mimic group and miR-NC group were obtained. Cell 
lysate sample with a volume of 10 μL was used as the 
input. The magnetic beads were incubated with IgG and 
AGO2 antibody, respectively, at 4°C, followed by being 
mixed with the lysate. After being purified, RNA was 
dissolved in 20 μL of diethylpyrocarbonate-treated water. 
The expression of circ_0007444 in each sample was then 
detected by qRT-PCR.

qRT-PCR
Total RNA extraction in tissues and cells were carried out 
using Trizol reagent. Based on the instructions, PrimeScript 
RT reagent Kit (TaKaRa, Shiga, Japan) was responsible for 
the synthesis of cDNA template with 5 μg of total RNA 
sample. Subsequently, the cDNA was quantified by SYBR 
Green reagent (TaKaRa, Shiga, Japan) using the ABI 7500 
fast real-time PCR System (Applied Biosystems, Foster 
City, CA, USA). The reaction conditions were as follows: 
94°C for 5 minutes, followed by 40 cycles of 94°C for 45 

seconds, 56°C for 45 seconds, and 72°C for 40 seconds. The 
expression of circ_0007444, miR-570-3p, and PTEN 
mRNA was determined by 2−ΔΔCt method. U6 was used as 
the control for circ_0007444 and miR-570-3p, while β-actin 
was used as the control for PTEN. Primers were synthesized 
by GenePharma (Shanghai, China) and listed as follows: 
circ_0007444, forward, 5′-AAGTTGAAAGATTCTGGGG 
ATG-3′, reverse, 5′-TGTGACGCTTCAGCCTTT-3′, miR- 
570-3p, forward, 5′-CGAAAACAGCAATTACCTTTGC 
-3′, reverse, 5′-TGGTGTCGTGGAGTCG-3′. U6, forward, 
5′-CTCGCTTCGGCAGCACA-3′, reverse, 5′-AACGCTT 
CACGAATTTGCGT-3′. PTEN, forward, 5′-CGGCAGCA 
TCAAATGTTTCAG-3′, reverse, 5′-AACTGGCAGGTA 
GAAGGCAACTC-3′. β-actin, forward, 5′-CCAAGGCC 
AACCGCG AGAAGATGAC-3′, reverse, 5′-AGGGTACA 
TGGTGGTGCCGCCAGAC-3′.

Western Blot
Western blot was responsible for the detection of PTEN 
protein expression in cells. Briefly, SKOV3 and OVCAR3 
cells were collected and incubated with RIPA lysis buffer 
(Solarbio, Beijing, China) on ice for 30 minutes. BCA kit 
(Beyotime, Shanghai, China) was used to determine the 
concentration of total proteins. Protein extract (10 μL) was 
collected and experienced separation with 10% sodium 
dodecyl sulphate-polyacrylamide gel electrophoresis 
(SDS-PAGE). Thereafter, proteins were transferred onto 
PVDF membrane, followed by being blocked with 5% 
skimmed milk for 30 minutes at room temperature. 
Specific primary antibody was used to incubate the mem-
brane overnight at 4°C. β-actin was set as control. The 
specific primary antibodies used in this study were mouse 
monoclonal anti-PTEN antibody (1:1,000, Cascade 
Biosciences, Portland, OR, USA) and mouse anti-β-actin 
(1:1,000, Novus Biologicals, Littleton, CO, USA). 
Subsequently, horseradish peroxidase (HRP)-conjugated 
goat-anti mouse secondary antibody (1:2,000, Solarbio, 
Beijing, China) was added onto the membrane for 2 
hours incubation at room temperature. The protein bands 
were visualized using the enhanced chemiluminescence 
system (Pierce Biotechnology, Rockford, IL, USA).

In vivo Study
In this study, animal experiments have been approved by the 
Animal Ethics Committee of Xuzhou Medical University. 
The animal experiments were performed in accordance with 
relevant guidelines and regulations of the Animal Care and 
Use Committees at the Xuzhou Medical University, and 
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a signed document issued by the Animal Care and Use 
Committees that granted approval was obtained. Female 
nude mice at 5-weeks-old (n=24) were commercially 
obtained from the Shanghai Experimental Animal Center, 
Chinese Academy of Sciences (Shanghai, China). Mice 
were kept in a room without specific pathogens. The cycle 
for day and night was 12 hours. All mice had free access to 
food and water.

OVCAR3 cells of the oe-circ_0007444 group and oe- 
NC group were collected and dispersed in PBS (2×106 cells/ 
mL). Moreover, SKOV3 cells of the sh-circ_0007444 group 
and sh-NC group were also prepared as cell 
suspensions with PBS to a density of 2×106 cells/mL. 
Cells of each group were injected subcutaneously into the 
back of six nude mice. The injection volume of each cell 
suspension was 100 μL. The tumor volume was measured 
every 7 days with the equation of V=0.5×a×b2. Notably, “a” 
represented the longitudinal diameter and “b” represented 
the latitudinal diameter. On the 28th day of post-injection, 
mice were sacrificed by rapid neck dislocation to collect the 
xenograft tumors. The weight of xenograft tumors was then 
measured.

Immunohistochemistry
Xenograft tumors were fixed with 10% formaldehyde and 
embedded in paraffin, followed by being sliced, dewaxed, 
and hydrated. Antigen retrieval was performed using 0.01 
M citrate buffer. H2O2 solution (3%) was applied to incu-
bate sections for 15 minutes at room temperature. Goat 
serum (5%) was added onto sections for 30 minutes incu-
bation at room temperature. Thereafter, sections were 
sequentially subjected to incubation with primary antibody 
(1:100, mouse anti-Ki67 and anti-PTEN, Geneseed 
Biotech, Guangzhou, China) overnight at 4°C and with 
HRP labeled secondary antibody (1:300, Boster, Wuhan, 
China) for 30 minutes at room temperature. After being 
stained with diaminobenzidine (DAB) and hematoxylin, 
sections were sealed with neutral resin. The positive sig-
nals of Ki67 and PTEN were observed under a microscope 
(Olympus, Tokyo, Japan).

Tunel Assay
Xenograft tumor sections were dewaxed and hydrated, 
followed by being incubated with proteinase K for 20 
minutes at 37°C. Then, H2O2 (3%) and 0.1% TritonX- 
100 were added onto sections to incubate for 10 minutes. 
TUNEL reaction solution was used to incubate sections for 
60 minutes at 37°C. After being washed with PBS, DAB 

and hematoxylin weres used to stain sections for 5 minutes 
at room temperature. Ethanol was used for the dehydration 
and xylene was responsible for transparency. Sections 
were sealed with neutral resin, and the Tunel positive 
cells were observed under a microscope (Olympus, 
Tokyo, Japan).

Statistical Analysis
SPSS 19.0 software (SPSS, Inc., Chicago, IL, USA) was 
used for the statistical analysis. GraphPad Prism 6 was 
responsible for the process of graph. The differences 
between groups were analyzed by Student’s t-test. One- 
way analysis of variance was the method used for the 
comparison of more than two groups. Survival curves 
were made based on Kaplan-Meier survival analysis and 
Log rank tests. Pearson’s correlation analysis was 
applied for the analysis of the expression correlation 
between two genes. P<0.05 was considered statistically 
significant.

Results
Low Expression of Circ_0007444 in OC 
Patients Predicted Poor Prognosis
In 87 cases with OC, circ_0007444 expression in their tumor 
tissues was reduced severely relative to adjacent normal 
tissues, with statistically significant differences (P<0.01) 
(Figure 1A). According to analysis of clinical features, it 
could be noted that OC cases with low circ_0007444 expres-
sion exhibited advanced tumor stage and grade (P<0.05), and 
large tumor size (P<0.01) (Figure 1B, Table 1). Meanwhile, 
patients with low circ_0007444 expression presented dis-
tinctly lower 60-month percent survival (P<0.05) 
(Figure 1C). Hence, circ_0007444 expression was abnor-
mally reduced in OC cases, which was significantly asso-
ciated with poor prognosis.

In addition, the circular structure stability of 
circ_0007444 was monitored. As presented in Figure 1D, 
RNase R treatment prominently decreased the expression of 
GAPDH (P<0.01). By contrast, circ_0007444 expression 
was not obviously changed by treatment of RNase R. It 
indicated the stable circular structure of circ_0007444, and 
circ_0007444 could be stably expressed in OC. In vitro 
research further indicated the down-regulated circ_0007444 
in OC, because remarkably lower circ_0007444 expression 
was observed in OC cells than that in HOSEpiC cells 
(P<0.01) (Figure 1E).
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Circ_0007444 Inhibited Proliferation, 
Migration, Invasion, and Promoted 
Apoptosis of OC Cells
From Figure 2A, the expression of circ_0007444 in 
SKOV3 cells of sh-circ_0007444 group was markedly 
lower than that of sh-NC group (P<0.01). Meanwhile, 
circ_0007444 expression in OVCAR3 cells of the oe-circ 
_0007444 group was significantly higher than that of oe- 
NC group (P<0.01). Thus, the expression of circ_0007444 
in SKOV3 and OVCAR3 cells was successfully regulated 
by transfection.

After transfection, the malignant phenotype of SKOV3 
and OVCAR3 cells was studied in vitro. The proliferation 
was monitored by CCK-8 assay. As a result, SKOV3 cells of 
sh-circ_0007444 group presented dramatically higher OD 
value than that of the sh-NC group (P<0.01). On the contrary, 
OVCAR3 cells of the oe-circ_0007444 group exhibited 
remarkably lower OD value than that of the oe-NC group 
(P<0.01) (Figure 2B). Flow cytometry results showed that, 
relative to the sh-NC group, much lower apoptosis was found 
in SKOV3 cells of the sh-circ_0007444 group (P<0.01). 
However, compared with the oe-NC group, OVCAR3 cells 

of the oe-circ_0007444 group had obviously higher apopto-
sis (P<0.01) (Figure 2C). Wound healing assay was respon-
sible for cells migration ability detection. The relative wound 
width of SKOV3 cells in the sh-circ_0007444 group was 
prominently narrower than that of the sh-NC group (P<0.01). 
Oppositely, markedly wider relative wound width was 
observed in OVCAR3 cells of the oe-circ_0007444 group 
in comparison with the oe-NC group (P<0.01) (Figure 2D). 
According to transwell experiment, a higher invasive cell 
number was found in SKOV3 cells in the sh-circ_0007444 
group when relative to the sh-NC group (P<0.01). 
Conversely, a less invasive cell number was observed in 
OVCAR3 cells of the oe-circ_0007444 group when com-
pared with the oe-NC group (P<0.01) (Figure 2E). Therefore, 
circ_0007444 attenuated the malignant phenotype of OC 
cells in vitro.

Circ_0007444 Acted as a Sponge for 
miR-570-3p
Prediction of Circular RNA Interactome and miRDB 
illustrated that miR-570-3p and circ_0007444 had com-
mon binding sites. Based on this, circ_0007444-WT and 

Figure 1 Low expression of circ_0007444 in OC patients predicted with poor prognosis. (A) qRT-PCR revealed the down-regulated circ_0007444 expression in OC tumor 
tissues compared to that in adjacent normal tissues. (B) OC cases with low circ_0007444 expression exhibited an advanced tumor stage. (C) OC patients with low 
circ_0007444 expression presented lower 60-month percent survival. (D) Circ_0007444 expression was not obviously changed by treatment of RNase R, indicating the 
stable circular structure of circ_0007444. (E) qRT-PCR indicated that circ_0007444 was down-regulated in OC cells. *P<0.05, **P<0.01.
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circ_0007444-Mut fragments containing the binding 
sites for miR-570-3p was designed and synthesized 
(Figure 3A). These fragments were loaded into lucifer-
ase reporter vectors to further verify the relationship 
between circ_0007444 and miR-570-3p through lucifer-
ase reporter gene assay. As a result, relative to the miR- 

NC group, SKOV3 and OVCAR3 cells of the miR-570- 
3p mimic group exhibited much lower relative luciferase 
activity of the circ_0007444-WT reporter (P<0.01). 
Conversely, in comparison with the NC-inh group, 
SKOV3 and OVCAR3 cells of the miR-570-3p inhibitor 
group presented markedly higher relative luciferase 

Figure 2 Circ_0007444 inhibited proliferation, migration, invasion, and promoted apoptosis of OC cells. (A) qRT-PCR revealed that the expression of circ_0007444 in 
SKOV3 and OVCAR3 cells was successfully regulated by transfection. (B) According to CCK-8 assay, it could be noted that circ_0007444 prominently attenuated 
proliferation of OC cells. (C) Flow cytometry results indicated that circ_0007444 markedly enhanced OC cells apoptosis. (D) By wound healing assay, circ_0007444 
obviously inhibited OC cells migration. (E) Transwell experiment illustrated that circ_0007444 remarkably suppressed the invasion ability of OC cells. Cells were stained by 
0.1% crystal violet for 10 minutes. **P<0.01.

Table 1 Relationship Between hsa_circ_0007444 Expression and Clinical Features of OC Patients

Characteristics Number of 
Patients

hsa_circ_0007444 High Expression 
(< Median)

hsa_circ_0007444 Low Expression 
(≥ Median)

P-value

Number 87 42 45

Ages (years) 0.544
<55 44 21 23

≥55 43 21 22

FIGO stage 0.022

I and II 56 32 24
III and IV 31 10 21

Grade 0.029
G1 50 29 21

G2 and G3 37 13 24

Distant metastasis 0.370

Yes 42 19 23

No 45 23 22

Tumor size (mm) 0.002

≤10 47 30 17
>10 40 12 28
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activity of the circ_0007444-WT reporter (P<0.01). 
Interestingly, no statistically significant difference was 
found in the relative luciferase activity of circ_0007444- 
Mut reporter between the miR-NC group and miR-570- 
3p mimic group. Meanwhile, the difference of the rela-
tive luciferase activity between the NC-inh group and 
miR-570-3p inhibitor group was not obvious (Figure 
3B). In addition, RIP for AGO2 was used in SKOV3 
cells and qRT-PCR was applied to detect the expression 
of endogenous pulled-down circ_0007444. The results 
are shown in Figure 3C. Notably, circ_0007444 was 
highly precipitated by AGO2 antibody when relative to 
the input. Meanwhile, the expression of circ_0007444 
was obviously elevated in the miR-570-3p mimic group 
in comparison with the miR-NC group (P<0.01). All of 

these results revealed that circ_0007444 acted as 
a sponge for miR-570-3p.

miR-570-3p expression in OC cells and patients were 
further monitored by qRT-PCR. SKOV3 cells of the sh- 
circ_0007444 group exhibited significantly higher miR- 
570-3p expression than those of the sh-NC group 
(P<0.01). On the contrary, OVCAR3 cells of the oe- 
circ_0007444 group showed prominently lower miR- 
570-3p expression when compared with the oe-NC 
group (P<0.01) (Figure 3D). In OC patients, pronounced 
higher miR-570-3p expression was found in their tumor 
tissues than in adjacent normal tissues (P<0.01) (Figure 
3E). At the same time, miR-570-3p expression was 
negatively correlated with circ_0007444 expression in 
tumor tissues of OC patients (P<0.01) (Figure 3F). 

Figure 3 Circ_0007444 acted as a sponge for miR-570-3p. (A) Circ_0007444-WT and circ_0007444-Mut fragments containing the binding sites for miR-570-3p was 
designed and synthesized. (B) Luciferase reporter gene assay indicated that miR-570-3p was a target gene of circ_0007444. (C) RIP experiments revealed that circ_0007444 
expression was elevated by miR-570-3p overexpression. (D) qRT-PCR circ_0007444 inhibited the expression of miR-570-3p in OC cells. (E) By qRT-PCR, miR-570-3p 
expression was up-regulated in tumor tissues of OC patients than that in adjacent normal tissues. (F) miR-570-3p expression was negatively correlated with circ_0007444 
expression in tumor tissues of OC patients. **P<0.01.
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Thus, miR-570-3p expression was inhibited by 
circ_0007444 in OC.

PTEN Expression Was Regulated by 
miR-570-3p and Circ_0007444
According to the online prediction of TargetScan, PTEN 
possessed the binding sites for miR-570-3p. Therefore, the 
fragments of PTEN-WT and PTEN-Mut were designed 
and synthesized (Figure 4A), followed by being loaded 
into luciferase reporter vectors. Luciferase reporter gene 
assay was carried out to verify the relationship between 
PTEN and miR-570-3p. As shown in Figure 4B, the rela-
tive luciferase activity of the PTEN-WT reporter in 
SKOV3 and OVCAR3 cells of the miR-570-3p mimic 
group was severely lower than that of the miR-NC group 
(P<0.01). Conversely, a significantly higher relative luci-
ferase activity of PTEN-WT reporter occurred in SKOV3 

and OVCAR3 cells of the miR-570-3p inhibitor group 
when relative to the NC-inh group (P<0.01). In terms of 
the relative luciferase activity of the PTEN-Mut reporter, 
no obvious changes were found between the miR-NC 
group and the miR-570-3p mimic group, or between the 
NC-inh group and the miR-570-3p inhibitor group. Hence, 
PTEN was a target gene of miR-570-3p.

In vitro studies exhibited that, for SKOV3 and 
OVCAR3 cells of the miR-570-3p mimic group, much 
higher PTEN protein expression was observed when com-
pared with the miR-NC group (P<0.01). Furthermore, 
SKOV3 cells of the sh-circ_0007444 group presented sig-
nificantly lower PTEN protein expression than that of the 
sh-NC group (P<0.01). Conversely, OVCAR3 cells of the 
oe-circ_0007444 group showed a markedly higher PTEN 
protein expression than that of the oe-NC group (P<0.01) 
(Figure 4C). In OC patients, prominently lower PTEN 
expression was found in tumor tissues than that in adjacent 

Figure 4 PTEN expression was regulated by miR-570-3p and circ_0007444. (A) The fragments of PTEN-WT and PTEN-Mut were designed and synthesized. (B) Luciferase 
reporter gene assay indicated that PTEN was a target gene of miR-570-3p. (C) qRT-PCR exhibited that miR-570-3p inhibited PTEN expression and circ_0007444 promoted 
PTEN expression in OC cells. (D) In OC patients, PTEN expression was prominently decreased in tumor tissues than that in adjacent normal tissues. (E) Pearson’s 
correlation analysis revealed a positive correlation between PTEN and circ_0007444 expression in tumor tissues of OC patients. (F) A negative correlation between PTEN 
and miR-570-3p expression was found in tumor tissues of OC patients according to Pearson’s correlation analysis. **P<0.01.
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normal tissues (P<0.01) (Figure 4D). Pearson’s correlation 
analysis revealed a positive correlation between PTEN and 
circ_0007444 expression (P<0.01), but a negative correla-
tion between PTEN and miR-570-3p expression in tumor 
tissues of OC patients (P<0.01) (Figure 4E and F). These 
results illustrated that PTEN expression was regulated by 
miR-570-3p and circ_0007444.

Circ_0007444 Inhibited OC Cells 
Malignant Phenotype by Mediating the 
miR-570-3p/PTEN Axis
To investigate whether circ_0007444 affected OC cells, the 
malignant phenotype via mediating the miR-570-3p/PTEN 

axis, rescue experiments were subsequently conducted using 
OVCAR3 cells. Cells were subjected to cotransfection and 
qRT-PCR was used for the detection of transfection efficiency. 
As presented in Figure 5A, relative to the oe-NC group, 
remarkably higher circ_0007444 expression occurred in 
OVCAR3 cells of the oe-circ_0007444 group, oe-circ 
_0007444 + miR-NC group, oe-circ_0007444 + miR-570-3p 
mimic group, oe-circ_0007444 + si-NC group and oe-circ 
_0007444 + si-PTEN group (P<0.01). In terms of miR-570- 
3p expression, it was much lower in OVCAR3 cells of the oe- 
circ_0007444 group when compared with the oe-NC group 
(P<0.01). Meanwhile, significantly higher miR-570-3p 
expression was found in OVCAR3 cells of the oe-circ 
_0007444 + miR-570-3p mimic group when relative to the oe- 

Figure 5 Circ_0007444 inhibited OC cells malignant phenotype by mediating the miR-570-3p/PTEN axis. (A) Expression of circ_0007444, miR-570-3p, and PTEN was 
successfully regulated by transfection. **P<0.01 when relative to the oe-NC group. (B) Circ_0007444 inhibited OC cells proliferation via mediating the miR-570-3p/PTEN 
axis. (C) Circ_0007444 enhanced OC cells apoptosis through mediating the miR-570-3p/PTEN axis. (D) Circ_0007444 suppressed OC cells migration by mediating the miR- 
570-3p/PTEN axis. (E) Circ_0007444 attenuated OC cells invasion via mediating the miR-570-3p/PTEN axis. Cells were stained by 0.1% crystal violet for 10 minutes. 
**P<0.01.
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circ_0007444 + miR-NC group (P<0.01). In addition, the 
expression of PTEN was obviously higher in OVCAR3 cells 
of the oe-circ_0007444 group in comparison with the oe-NC 
group (P<0.01). Relative to the oe-circ_0007444 + miR-NC 
group, markedly lower PTEN expression was observed in 
OVCAR3 cells of the oe-circ_0007444 + miR-570-3p mimic 
group (P<0.01). At the same time, OVCAR3 cells of the oe- 
circ_0007444 + si-PTEN group exhibited prominently lower 
PTEN expression than that of the oe-circ_0007444 + si-NC 
group (P<0.01). Therefore, OVCAR3 cells were successfully 
transfected.

Regarding the proliferation ability, a pronounced lower 
OD value was presented in OVCAR3 cells in the oe-circ 
_0007444 group when compared with the oe-NC group 
(P<0.01). In comparison with the oe-circ_0007444 + miR- 
NC group, OVCAR3 cells of the oe-circ_0007444 + miR- 
570-3p mimic group showed much higher OD value 
(P<0.01). Meanwhile, the OD value of the OVCAR3 
cells in the oe-circ_0007444 + si-PTEN group was promi-
nently higher than that in the oe-circ_0007444 + si-PTEN 
group (P<0.01) (Figure 5B). Apoptosis was researched by 
flow cytometry. Relative to OVCAR3 cells of the oe-NC 
group, the apoptosis was significantly increased in the oe- 
circ_0007444 group (P<0.01). However, much reduced 
apoptosis was found in OVCAR3 cells of the oe-circ 
_0007444 + miR-570-3p mimic group when compared 
with the oe-circ_0007444 + miR-NC group (P<0.01). 
Meanwhile, the apoptosis of OVCAR3 cells in the oe- 
circ_0007444 + si-PTEN group was prominently lower 
than that of the oe-circ_0007444 + si-NC group (P<0.01) 
(Figure 5C). Wound healing assay and transwell experi-
ment were carried out to explore migration and invasion, 
respectively. As exhibited in Figure 5D and E, dramati-
cally wider relative wound width and less invasive cell 
number was observed in OVCAR3 cells of the oe-circ 
_0007444 group when compared with the oe-NC group 
(P<0.01). On the contrary, compared with the oe-circ 
_0007444 + miR-NC group, OVCAR3 cells of the oe- 
circ_0007444 + miR-570-3p mimic group showed 
a markedly narrower relative wound width and more inva-
sive cell number (P<0.01). In comparison with the oe-circ 
_0007444 + si-NC group, OVCAR3 cells of the oe-circ 
_0007444 + si-PTEN group exhibited a narrower relative 
wound width and more invasive cell number (P<0.01). All 
of these results revealed that circ_0007444 inhibited the 
OC cells malignant phenotype by mediating the miR-570- 
3p/PTEN axis.

Circ_0007444 Inhibited OC Growth 
in vivo
The effect of circ_0007444 on OC progression was mon-
itored by in vivo experiment using nude mice. Distinctly 
diminished xenograft tumor volume and weight were 
found in mice of the oe-circ_0007444 group when com-
pared to the oe-NC group (P<0.01). In contrast, relative to 
the sh-NC group, the xenograft tumor volume and weight 
were pronounced elevated in mice of the sh-circ_0007444 
group (P<0.01) (Figure 6A–C). Ki67 and PTEN expres-
sion in the xenograft tumor was detected by immunohis-
tochemistry. Xenograft tumors of the oe-circ_0007444 
group exhibited less Ki67 positive signals and more 
PTEN positive signals than those of the oe-NC group. 
However, more Ki67 positive signals and less PTEN posi-
tive signals were observed in xenograft tumors of the sh- 
circ_0007444 group relative to the sh-NC group. Tunel 
assay was then performed for apoptosis analysis. It could 
be noted that, in comparison with the oe-NC group, xeno-
graft tumors of the oe-circ_0007444 group showed more 
Tunel positive signals. Conversely, less Tunel positive 
signals were observed in xenograft tumors of the sh-circ 
_0007444 group when compared with the sh-NC group 
(Figure 6D). Thus, all of these data illustrated that 
circ_0007444 inhibited the growth of OC in vivo.

Discussion
circRNAs are a type of endogenous RNA with the func-
tion of regulating genes. The covalently closed loop struc-
ture of circRNAs has good stability which can be resistant 
to degradation by exonuclease RNase R.13 Accumulated 
data indicated that many circRNAs were abnormally 
expressed in malignant tumors and were related to malig-
nant development or patients’ prognosis.14 Concretely, 
one of the main ways for circRNAs regulating tumors 
progression are through serving as sponges for 
microRNAs (miRNAs) and then further regulating the 
expression of mRNAs. The circRNAs–miRNAs–mRNAs 
network ultimately mediates the proliferation and metas-
tasis of tumors via intervening in cell cycle, epigenetic 
modulation, or signal transduction, etc.15 In this study, we 
proposed a novel target for OC treatment, namely 
circ_0007444, which served as an oncogene in OC. 
Lower expression of circ_0007444 was prominently asso-
ciated with poor outcome of OC patients, such as 
advanced tumor stage and grade, large tumor size, and 
lower 60-month percent survival. Interestingly, this 
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research still demonstrated that circ_0007444 was resis-
tant to the degradation by RNase R. Thus, circ_0007444 
could be stably expressed in OC, and could be used as 
a potential target for OC therapy. Importantly, this study 
revealed that circ_0007444 acted as a sponge for miR- 
570-3p. It suppressed the progression of OC through reg-
ulating the miR-570-3p/PTEN axis.

The function of miR-570-3p in regulating the progres-
sion of human cancers has been reported previously. 
However, according to available data, the function of 
miR-570-3p was differently among human tumors. For 
instance, miR-570-3p was found to be down-regulated in 
triple negative breast cancer. It could inhibit proliferation 
and induce apoptosis of triple negative breast cancer cells. 

Figure 6 Circ_0007444 inhibited OC growth in vivo. (A) Circ_0007444 decreased the xenograft tumor volume in nude mice. (B) The xenograft tumors in each mice were 
photographed. (C) Circ_0007444 diminished the xenograft tumor weight in nude mice. (D) According to immunohistochemistry, circ_0007444 decreased Ki67 expression 
and increased PTEN expression in xenograft tumors. Meanwhile, circ_0007444 facilitated the apoptosis in xenograft tumors based on the Tunel assay. **P<0.01.
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Thus, miR-570-3p acted as a tumor suppressor in triple 
negative breast cancer.16 Meanwhile, Martha et al17 

reported that, miR-570-3p greatly reduced the risk of 
death in colorectal cancer patients. On the contrary, in 
bladder cancer, miR-570-3p was served as a cancer- 
promoting gene, which exacerbated the migration and 
invasion of tumor cells.18 Bao et al19 suggested that 
miR-570-3p could be used as a potential biomarker of 
the metastasis and prognosis of osteosarcoma. They dis-
covered that, in comparison with non-metastatic osteosar-
coma tissues, the expression of miR-570-3p in metastatic 
osteosarcoma tissues was distinctly diminished. 
Currently, the function of miR-570-3p has not been 
reported in OC. In this research, miR-570-3p was found 
to be sponged by circ_0007444 based on the results of 
luciferase reporter gene assay and RIP experiment. More 
importantly, miR-570-3p was aberrantly up-regulated in 
OC patients. Up-regulation of miR-570-3p reversed the 
inhibitory effect of circ_0007444 on OC cells malignant 
phenotype. Thus, miR-570-3p served as a cancer- 
promoting gene in OC.

According to bioinformatics analysis and luciferase 
reporter gene assay, PTEN was identified as a target gene 
of miR-570-3p. In OC, the expression of PTEN was nega-
tively regulated by miR-570-3p, but positively regulated by 
circ_0007444. PTEN is considered as a tumor suppressor in 
most human tumors, such as pancreatic carcinoma, hepato-
cellular carcinoma, and breast cancer.20–22 Generally, the 
decreased PTEN expression predicts more aggressive 
tumors and a worse prognosis of patients. In OC, the abnor-
mally reduced PTEN expression is also reported to predict 
the malignant progression. Zhao et al23 illustrated that 
PTEN expression in OC was declined by the aberrantly up- 
regulated miR-552. This enhanced the growth and metas-
tasis capacity of OC cells. In addition, researchers revealed 
that the elevated PTEN expression in OC cells could induce 
apoptosis and weaken OC cells invasion and proliferation.24 

In terms of the mechanism, there was research which illu-
strated that PTEN might inhibit the OC malignant pheno-
type via inhibiting the PI3K/Akt signaling pathway.25 It is 
well known that the activation of the PI3K/Akt signaling 
pathway is one of the main reasons for the tumorigenesis 
and progression of OC.26 As a tumor suppressor, PTEN 
expression in OC was discovered to be abnormally down- 
regulated in this research. Knockdown of PTEN reversed 
the inhibitory effect of circ_0007444 on OC cells malignant 
phenotype. Regarding the mechanism, circ_0007444 could 

facilitate the expression of PTEN via sponging miR-570- 
3p, thereby inhibiting the malignant progression of OC.

Last but not the least, this study conducted in vivo 
experiments by using nude mice. Results revealed that 
circ_0007444 could attenuate the growth of OC in vivo. 
circ_0007444 reduced Ki67 expression and elevated PTEN 
expression and apoptosis in xenograft tumors. This discov-
ery provided a more solid theoretical basis for the applica-
tion of circ_0007444 in target treatment of OC.

There was a limitation in this study. For circ_0007444 
knockdown or overexpression study in vitro, at least two 
cell lines should be used. However, due to the limitations 
of the laboratory, we are currently unable to study this 
experiment. This point will be the focus in our future 
research.

In summary, this was the first report of circ_0007444 
expression in OC. Results illustrated that circ_0007444 
expression was aberrantly reduced in OC and 
circ_0007444 acted as a tumor suppressor in OC. It 
could inhibit the malignant progression of OC through 
enhancing PTEN expression via sponging miR-570-3p. 
Therefore, circ_0007444 was proposed as a potential can-
didate target for the treatment of OC.

Highlights

1. Low expression of circ_0007444 in OC patients pre-
dicted poor prognosis.

2. circ_0007444 inhibited proliferation, invasion, and 
promoted apoptosis of OC cells.

3. circ_0007444 promoted PTEN expression by spong-
ing miR-570-3p.

4. circ_0007444 inhibited OC cells malignant phenotype 
by mediating miR-570-3p/PTEN.

5. circ_0007444 inhibited OC growth in vivo.
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