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Abstract. – OBJECTIVE: Recently, the roles 
of circular RNAs (circRNAs) in tumor progres-
sion have attracted much attention. Currently, 
circ-SMAD7 has been identified as an oncogene 
in cancers. The aim of this study was to investi-
gate the function of circ-SMAD7 in the progres-
sion of ovarian cancer.

PATIENTS AND METHODS: Circ-SMAD7 ex-
pression in both ovarian cancer cells and tis-
sue samples was detected by quantitative Re-
al Time-Polymerase Chain reaction (qRT-PCR). 
Circ-SMAD7 shRNA was constructed and trans-
fected into the ovarian cancer cells. To identi-
fy the function of circ-SMAD7 in ovarian cancer, 
cell proliferation assay, colony formation assay, 
transwell assay, and Matrigel assay were con-
ducted, respectively. In addition, qRT-PCR and 
Western blot assays were performed to eluci-
date the underlying mechanism and, then, it was 
analyzed.

RESULTS: Circ-SMAD7 expression was re-
markably higher in ovarian cancer tissue sam-
ples than in corresponding normal tissues. The 
proliferation of the ovarian cancer cells was sig-
nificantly inhibited after circ-SMAD7 downreg-
ulation. Meanwhile, the migration and invasion 
of ovarian cancer cells were significantly inhib-
ited after circ-SMAD7 downregulation in vitro. 
Both the mRNA and the protein expressions of 
the Krüppel-like factor 6 (KLF6) were remarkably 
promoted after circ-SMAD7 was knocked down 
in ovarian cancer cells. Furthermore, the KLF6 
expression level was negatively correlated with 
circ-SMAD7 expression level in ovarian cancer 
samples.

CONCLUSIONS: Our study suggests that circ-
SMAD7 promotes the progression of ovarian 
cancer and enhances cell metastasis and prolif-
eration via suppressing KLF6. In addition, circ-

SMAD7 may be a novel therapeutic strategy in 
ovarian cancer.
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Introduction

Ovarian cancer remains one of the most fatal 
and common malignancies in women globally, 
accounting for 5-6% cancer-related deaths1,2. In 
2017, it was estimated that 22,500 patients were 
initially diagnosed with ovarian cancer in Ameri-
ca, with 14,100 deaths3,4. Due to the vagueness of 
symptoms and a lack of the early detection tests, 
70-75% of ovarian cancer patients have already 
been in advanced stages when first diagnosed5. 
Currently, the standard therapeutic strategy of 
surgery combined with chemotherapy has been 
widely used in ovarian cancer. However, the ther-
apy resistance and metastasis still occur in ap-
proximately 80% of the patients6,7. Therefore, the 
severe situation underscores the urgency of the 
early detection and the establishment of new ther-
apeutic interventions for ovarian cancer.

Circular RNAs (circRNAs) are characterized 
by evolutionary conservation, enormous abun-
dance, and relative stability in the cytoplasm. 
Recently, circRNAs have been considered as 
important factors in the regulation of tumori-
genesis by sponging microRNAs (miRNAs) to 
regulate their downstream genes or acting as 
competing endogenous RNAs (ceRNAs) for en-
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coding RNAs. For example, the up-regulation of 
hsa_circ_100395 significantly inhibits cell pro-
liferation, migration, and invasion in lung cancer 
by targeting TCF218. Circ_0067934 functions as 
an oncogene in cervical cancer by regulating the 
miR-545/EIF3C axis9. The up-regulation of circ-
ITCH inhibits the proliferation and metastasis of 
the triple-negative breast cancer cells by regulat-
ing the Wnt/β-catenin pathway10. Meanwhile, the 
expression of hsa_circ_0003159 is negatively as-
sociated with the progression of gastric cancer11. 
However, the exact function of circ-SMAD7 in 
the proliferation and metastasis of ovarian can-
cer and the underlying mechanism have not been 
fully elucidated. 

In this study, we found that circ-SMAD7 was re-
markably upregulated in the ovarian cancer tissues 
and cells. Circ-SMAD7 enhanced the proliferation 
and metastasis of the ovarian cancer cells in vitro. 
Moreover, we explored the underlying mechanism 
of circ-SMAD7 function in ovarian cancer devel-
opment. The results demonstrated that the function 
of circ-SMAD7 in tumorigenesis was associated 
with the Krüppel-like factor 6 (KLF6), which was 
reported to be a tumor suppressor in many cancers, 
including ovarian cancer.

Patients and Methods

Tissue Specimens
Paired ovarian cancer tissues and correspond-

ing normal tissues were sequentially enrolled 
from 52 ovarian cancer patients undergoing sur-
gery in the Shanxian Central Hospital from June 
2016 to December 2018. This study was approved 
by the Ethics Committee of Shanxian Central 
Hospital. Informed consent was obtained from 
each subject before the study. 

Cell Culture
The human ovarian cancer cell lines (A2780, 

TOV112D, OVCAR-3, and SKOV3) and the nor-
mal ovarian cell line (ISOE80) were cultured 
in the Dulbecco’s Modified Eagle’s Medium 
(DMEM; Gibco, Rockville, MD, USA) consisting 
of 10% fetal bovine serum (FBS; Gibco, Rock-
ville, MD, USA) and penicillin in a humidified 
incubator with 5% CO2 at 37°C.

Lentivirus Expressing Short-Hairpin RNA 
and Cell Transfection

The lentivirus expressing short-hairpin RNA 
(shRNA) directed against circ-SMAD7 were pro-

vided by GenePharma (Shanghai, China). The 
complementary DNA encoding circ-SMAD7 
was amplified and inserted into pcDNA3.1 (Ge-
nePharma, Shanghai, China). Subsequently, the 
cell transfection was conducted according to the 
instructions of Lipofectamine 3000 (Invitrogen, 
Carlsbad, CA, USA). The expression of circ-
SMAD7 in the transfected cells was conducted 
using quantitative Real Time Polymerase Chain 
Reaction (qRT-PCR).

RNA Extraction and qRT-PCR
The total RNA in tissues and cells was ex-

tracted using TRIzol reagent (Invitrogen, 
Carlsbad, CA, USA). The RNA concentration 
was measured by using an ultraviolet spectro-
photometer (Hitachi, Tokyo, Japan). Subse-
quently, the extracted total RNA was reverse 
transcribed into cDNAs through the Reverse 
Transcription Kit (TaKaRa Biotechnology Co., 
Ltd., Dalian, China). The thermocycling con-
ditions were as follows: 30 s at 95°C, 5s for 
40 cycles at 95°C, and 35 s at 60°C. The rel-
ative expression was calculated by the 2-ΔΔCt 

method. β-actin was used as the internal ref-
erence. The experiment was repeated for 3 
times. The primer sequences used in this study 
were shown as follows: circ-SMAD7 forward 
5′-TGAGAAGAGAAATCTATTGGAACC-3′, 
circ-SMAD7 reverse 5′-GGTTTGTC-TC-
CGCTGCTTTA-3′; β-actin, forward 
5′-GATGGAAATCGTCAGAGGCT-3′ and 
reverse 5′-TGGCACTTAGTTGGAAATGC-3′.

Western Blot Analysis
The total proteins were collected from cells via 

radioimmunoprecipitation assay (RIPA) buffer. 
The concentration of the extracted protein was de-
termined by the bicinchoninic acid method (Bey-
otime, Shanghai, China). The target proteins were 
separated by the sodium dodecyl sulphate-poly-
acrylamide gel electrophoresis (SDS-PAGE) 
and transferred onto polyvinylidene difluoride 
(PVDF) membranes (Roche, Basel, Switzerland). 
Then, the membranes were incubated with prima-
ry antibodies overnight. On the next day, the mem-
branes were incubated with the corresponding 
secondary antibodies of rabbit anti-β-actin (Cell 
Signaling Technology, CST, Danvers, MA, USA) 
and rabbit anti-KLF6 (Cell Signaling Technology, 
CST, Danvers, MA, USA). The immunoreactive 
bands were visualized by Pierce enhanced chemi-
luminescence (ECL) (Santa Cruz Biotechnology, 
Inc, Santa Cruz, CA, USA).RE
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Cell Counting Kit-8 (CCK-8) Assay
The proliferation of the transfected cells was 

monitored by the Cell Counting Kit-8 (CCK-8; 
Beyotime Institute of Biotechnology, Shanghai, 
China). Briefly, 5 mg/ml CCK-8 was added to each 
well at each point (0, 24, 48, and 72 h), followed by 
incubation for 1 h in the dark. The optical density 
(OD) value at 450 was measured using Spectropho-
tometer (Thermo Scientific, Waltham, MA, USA). 

Colony Formation Assay
To detect the long-term effect of circ-SMAD7 

on cell proliferation, the colony formation as-
say was conducted. 5×102 cells were seeded into 
6-well plates, and the culture medium was re-
placed every day. 7 day later, the formed colo-
nies were fixed with 75% ethanol for 30 min and 
stained with 0.2% crystal violet. Finally, the colo-
nies were photographed and counted.

Wound Healing Assay
After transfection, the cells were seeded into 

6-well plates and cultured in DMEM medium 
overnight. Subsequently, the cells were scratched 
with a plastic tip and cultured in serum-free 
DMEM. Each assay was repeated in triplicate, 
independently. The relate distance was viewed 
under a light microscope (Olympus Corp., Tokyo, 
Japan) at 48 h.

Transwell Assay and Matrigel Assay
After transfection, 1×105 cells in 200 µL se-

rum-free DMEM were seeded to the upper 
chamber (Corning, Inc., Corning, NY, USA) 
with or without 50 µg Matrigel (BD, Bedford, 

MA, USA). Meanwhile, DMEM and FBS were 
added to the lower chamber. Then, they were cul-
tured overnight in an incubator with 5% CO2 at 
37°C. Next, the top surface of the chambers was 
treated with methanol for 30 min after wiped by 
a cotton swab, followed by staining with crys-
tal violet for 20 min. Five fields were randomly 
selected for each sample, and the number of mi-
grating and invading cells was counted under a 
Leica DMI4000B microscope (Leica Microsys-
tems, Heidelberg, Germany). 

Statistical Analysis
The Statistical Product and Service Solutions 

(SPSS) 18.0 (SPSS Inc., Chicago, IL, USA) was used 
for all statistical analyses. The difference between 
the two groups was compared by the Student’s t-test. 
p<0.05 was considered statistically significant.

Results

Circ-SMAD7 Expression Level in Ovarian 
Cancer Tissues and Cells

The expression of circPSMC3 in 52 ovari-
an cancer tissue samples and matched adjacent 
normal tissues was detected via qRT-PCR. Circ-
SMAD7 was significantly up-regulated in the 
ovarian cancer tissues compared with the adja-
cent tissues (Figure 1A). Moreover, circ-SMAD7 
level in the ovarian cancer cells was remarkably 
higher than that of the normal ovarian cell line 
(ISOE80) (Figure 1B). The results suggested that 
the up-regulation of circ-SMAD7 might be asso-
ciated with ovarian cancer development.

Figure 1. Expression levels of circ-SMAD7 significantly increased in ovarian cancer tissues and cell lines. A, QRT-PCR results 
showed that circ-SMAD7 expression was significantly up-regulated in ovarian cancer tissues compared with adjacent tissues. B, 
The expression levels of circ-SMAD7 relative to β-actin were determined in human ovarian cancer cell lines and normal ovarian 
cell line ISOE80 by qRT-PCR. The data were presented as mean ± standard error of the mean. *p<0.05.RE
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Knockdown of Circ-SMAD7 Inhibited 
Migration and Invasion of Ovarian 
Cancer Cells

To explore the role of circ-SMAD7 in ovarian can-
cer metastasis, wound healing assay, transwell assay, 
and Matrigel assay were performed. The results of the 
wound healing assay revealed that after circ-SMAD7 
was knocked down, the migrated length of the ovar-
ian cancer cells was significantly repressed (Figure 
3A). The transwell assay demonstrated that after the 
circ-SMAD7 knockdown, the migrated ability of 
the ovarian cancer cells was significantly suppressed 
(Figure 3B). In addition, the Matrigel assay illustrated 
that after circ-SMAD7 down-regulation in ovarian 
cancer cells, the number of the invaded cells remark-
ably decreased (Figure 3C).

Knockdown of Circ-SMAD7 Inhibited 
Proliferation of Ovarian Cancer Cells

In our study, TOV112D cells were chosen 
for the knockdown of circ-SMAD7 in vitro. 
Then, qRT-PCR was utilized for detecting circ-
SMAD7 expression (Figure 2A). To explore the 
effect of circ-SMAD7 on the proliferation of 
the ovarian cancer cells, the CCK-8 assay and 
the colony formation assay were performed. 
CCK-8 assay found that after circ-SMAD7 was 
knocked down, the growth ability of the OV-
CAR-3 cells was significantly repressed (Figure 
2B). Similarly, the colony formation assay indi-
cated that the number of colonies was signifi-
cantly repressed after circ-SMAD7 down-regu-
lation (Figure 2C).

Figure 2. Knockdown of circ-SMAD7 inhibited ovarian cancer cell proliferation. A, Circ-SMAD7 expression in TOV112D 
ovarian cancer cells transduced with circ-SMAD7 shRNA (shRNA) and negative control (NC) was detected by qRT-PCR. 
β-actin was used as an internal control. B, CCK-8 assay showed that the knockdown of circ-SMAD7 significantly inhibited the 
growth of the ovarian cancer cells. C, The colony formation assay showed that the knockdown of circ-SMAD7 significantly 
reduced the number of formed colonies in the ovarian cancer cells (magnification: 40×). The results represented the average of 
three independent experiments (mean ± standard error of the mean). *p<0.05, as compared with control cells. 
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Interaction Between KLF6 and 
Circ-SMAD7 in Ovarian Cancer

QRT-PCR results showed that the expres-
sion level of KLF6 was significantly higher in 
the ovarian cancer cells of circ-SMAD7 shRNA 
(shRNA) group when compared with the negative 

control group (Figure 4A). The Western blot assay 
found that after circ-SMAD7 was knocked down, 
the protein expression of KLF6 was significantly 
up-regulated (Figure 4B). Furthermore, we found 
that KLF6 expression in the ovarian cancer tis-
sues was significantly lower than that of the adja-

Figure 3. Knockdown of circ-SMAD7 inhibited ovarian cancer cell migration and invasion. A, The Wound healing assay 
showed that the knockdown of circ-SMAD7 significantly reduced migrated length in the ovarian cancer cells (magnification: 
40×). B, The transwell assay showed that the knockdown of circ-SMAD7 significantly decreased the migration of the ovarian 
cancer cells (magnification: 40×). C, The Matrigel assay showed that the number of the invaded cells was significantly reduced 
via knockdown of circ-SMAD7 in the ovarian cancer cells (magnification: 40×). The results represented the average of three 
independent experiments (mean ± standard error of the mean). *p<0.05, as compared with the control cells. RE
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cent normal tissues (Figure 4C). The correlation 
analysis revealed that KLF6 expression was nega-
tively correlated with circ-SMAD7 expression in 
the ovarian cancer tissues (Figure 4D).

Discussion

CircRNA SMAD7 is generated from chromo-
somal 18, which is reported to be over-expressed 
in esophageal squamous cell carcinoma (ESCC). 
Meanwhile, it can also inhibit the prolifera-
tion and migration of ESCC12. In our research, 
we found that circ-SMAD7 was significantly 
up-regulated in both ovarian cancer tissues and 
cells. Some studies have proved that circRNAs 
participate in  the development of ovarian can-

cer, which can be used as potential indicators 
and therapeutic target for ovarian cancer. For 
instance, circ-ITCH suppresses the proliferation 
and induces apoptosis of the epithelial ovari-
an cancer cells. Moreover, it is associated with 
prolonged overall survival13. Circ _LARP4 is 
significantly down-regulated in ovarian cancer, 
serving as a potential biomarker for the prog-
nosis of patients14. By sponging miR-370, the 
knockdown of hsa_circ_0061140 inhibits cell 
growth and metastasis in ovarian cancer15. In ad-
dition, circ VPS13C-has-circ-001567 is up-regu-
lated in ovarian cancer, which also promotes cell 
proliferation and invasion16.

In the present study, circ-SMAD7 was first 
knocked down in the ovarian cancer cells. Ovari-
an cancer cell proliferation was found significantly 

Figure 4. Interaction between circ-SMAD7 and KLF6 in ovarian cancer tissues and cells. A, QRT-PCR results showed that the 
KLF6 expression was significantly higher in circ-SMAD7 shRNA (shRNA) group compared with NC group. β-actin was used 
as an internal control. B, The Western blot assay revealed that the protein expression of KLF6 remarkably increased in circ-
SMAD7 shRNA (shRNA) group compared with the NC group. C, KLF6 was significantly downregulated in the ovarian cancer 
tissues compared with the adjacent tissues. D, The linear correlation between the expression level of KLF6 and circ-SMAD7 in 
ovarian cancer tissues. The results represented the average of three independent experiments. The data were presented as mean 
± standard error of the mean. *p<0.05. 
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inhibited after the downregulation of circ-SMAD7. 
Moreover, ovarian cancer cell migration and inva-
sion were remarkably inhibited after circ-SMAD7 
was knocked down in vitro. The above results indi-
cated that circ-SMAD7 promoted tumorigenesis of 
ovarian cancer and might act as an oncogene.

Furthermore, we explored the potential target 
proteins of circ-SMAD7 using bio-informative 
methods. The results showed that the potential target 
protein, Krüppel-like factor 6 (KLF6), was signifi-
cantly down-regulated in the ovarian cancer tissue 
samples. Being a tumor suppressor, KLF6 takes part 
in the regulation of a variety of biological processes 
in multiple carcinomas. For example, KLF6 has de-
leted glioblastomas, which is related to poor prog-
nosis of patients by targeting KLF617. KLF6 inhibits 
the migration and invasion of the oral cancer cells 
by attenuating the activity of MMP-9 and the ex-
pressions of the mesenchymal markers18. As a target 
of miR-630, KLF6 accelerates cell proliferation and 
invasion in epithelial ovarian cancer19. Moreover, 
KLF6 constrains the progression of hepatocellular 
carcinoma dissemination by regulating a VAV3-
RAC1 signaling axis20. In the present work, KLF6 
expression was remarkably up-regulated after the 
knockdown of circ-SMAD7. However, the protein 
expression of KLF6 was significantly up-regulated 
after the knockdown of circ-SMAD7. Moreover, the 
KLF6 expression in the ovarian cancer tissues was 
negatively correlated with circ-SMAD7 expression. 
All the above results suggested that circ-SMAD7 
might promote tumorigenesis of ovarian cancer via 
suppressing KLF6.

Conclusions

We found that circ-SMAD7 was remarkably 
highly expressed in ovarian cancer tissues and 
cells. Besides, circ-SMAD7 could enhance ovar-
ian cancer cell proliferation, migration and in-
vasion through targeting KLF6. These findings 
suggested that circ-SMAD7 might contribute to 
therapy for ovarian cancer as a candidate target.
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