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INTRODUCTION  
 

Ovarian cancer (OC) is a common gynecologic disease 

worldwide. In 2018, approximately 300,000 patients 

developed OC worldwide and approximately 180,000 

OC-related deaths were reported [1]. Despite 

advancements in routine treatments, the mortality rate 

remains high because of unsatisfactory prognosis and 

recurrence [2]. 

 

Circular RNAs (circRNAs) have displayed potential as 

gene modulators in recent years because they comprise 

microRNA (miRNA) response elements and struggle with 

mRNAs [3]. Thus, circRNAs can act as molecular 

sponges for miRNAs and eventually inhibit miRNA 

objective genes and affect posttranscriptional regulation 

[4]. Recently, several circRNAs have been recognized as 

latent biomarkers for OC diagnosis and prognosis [5].  

 

Because circRNAs exert their effects via various cellular 

and molecular mechanisms associated with cancer 

occurrence, particularly via regulation of cell 

proliferation, it has been shown that the downregulation of 

these molecules is associated with OC occurrence and 

progression [6]. Therefore, the function and roles of OC-

specific circRNAs must be explored to enhance our 

understanding of OC and provide new opportunities for 

developing more favorable treatment or diagnosis 

methods. 

 

Therefore, the present study aimed to evaluate the role 

and function of circRNAs in OC. To investigate the 

functions of circRNA and miRNA in OC progression, we 

evaluated the expression profiles of circRNAs in OC 

samples and normal healthy ovarian tissue as well as in 

ovarian cancer cell lines and normal cells. Moreover, the 

correlations of circRNA with miRNA-21-5p (miR-21) 

www.aging-us.com AGING 2020, Vol. 12, No. 14 

Research Paper 

Circular RNA-9119 suppresses in ovarian cancer cell viability via 
targeting the microRNA-21-5pςPTENςAkt pathway 
 

Jianming Gong1, Xiaoyang Xu1, Xuanli Zhang1, Yingqiao Zhou1 
 
1Obstetrics and Gynecology Department, The First Affiliated Hospital of Wenzhou Medical University, Wenzhou 
325000, Zhejiang, China 
 

Correspondence to: Jianming Gong; email: gggongjm@163.com  
Keywords: ovarian cancer, circ9119, miR-21, PTEN, apoptosis 
Received: November 11, 2019 Accepted: May 27, 2020  Published: July 16, 2020 
 

Copyright: Gong et al. This is an open-access article distributed under the terms of the Creative Commons Attribution License 
(CC BY 3.0), which permits unrestricted use, distribution, and reproduction in any medium, provided the original author and 
source are credited. 
 

ABSTRACT 
 

We aimed to assess the regulatory role of circular RNA (circRNA)-9119 (circ9119) in ovarian cancer (OC) cell 
viability. The expression of circ9119 was clearly reduced in OC tissues and cell lines, whereas the microRNA-21-5p 
(miR-21) levels were elevated compared with those in normal healthy control tissues and immortalized fallopian 
epithelial cell line FTE187. Further, circ9119 was overexpressed, causing a notable decrease in the viability and 
proliferation of OC cells and an increase in apoptosis. Further study showed that circ9119 upregulation resulted in a 
decrease in miR-21 levels. Bioinformatics forecasting (starBase and TargetScan) and dual luciferase reporter assay 
demonstrated that circ9119 acts as an miR-21 sponge. Recovery of miR-21 expression in circ9119-overexpressing 
OC cells showed that miR-21 exhibited the opposite effect on circ9119; moreover, its recovery could suppress the 
effects of circ9119 overexpression, recover cell proliferation, and reduce apoptosis. Furthermore, miR-21 was 
found to target phosphatase and tensin homologue (PTEN) о untranslated region. PTEN protein and mRNA 
expression was reduced in OC tissues and cells, whereas it  was increased on transfection with an miR-21 inhibitor.  
Thus, circ9119 could regulate cell proliferation and apoptosis of OC cells via by acting as an miR-21 sponge and 
targeting the PTENςAkt pathway. 

mailto:gggongjm@163.com


 

ǿǿǿΦŀƎƛƴƎ-ǳǎΦŎƻƳ мпомр !DLbD 

and the phosphatase and tensin homologue (PTEN)ïAkt 

pathway were explored. 

 

RESULTS 
 

Decreased circ-9119 levels in OC samples and cells 

 

circRNA expression was evaluated in seven OC 

samples and seven control samples with hierarchical 

clustering (Figure 1A). A total of 50 circRNAs 

displayed marked expression patterns in OC samples 

compared with those in control samples. Among 

these, 25 circRNAs displayed decreased expression 

and 25 displayed increased expression in the OC 

samples. 

 

Among them, circ9119 displayed the most significant 

change in expression. Further, the qRTïPCR results of 

circRNA expression assessed in 40 OC samples and 10 

control samples showed that compared with the control 

samples, the OC tissues exhibited a remarkable decrease 

in circ9119 expression (Figure 1B). Furthermore, all the 

six OC cell lines displayed reduced circ9119 expression 

compared with FTE187 (Figure 1C). 

Circ-9119 overexpression suppressed ES-2 and 

SKOV-3 cell viability 

 

The role of circ9119 in the cell viability of ES-2 and 

SKOV-3 was studied. circ9119 expression was 

increased after the cells were transfected the circ9119 

overexpressing vector or NC vector (Figure 2A, 2B). 

The proliferation rates were significantly decreased at 

12ï48 h after circ9119 overexpression, as indicated by 

the MTT (3-[4,5-dimethylthiazol-2-yl] -2,5 diphenyl 

tetrazolium bromide) assay (Figure 2C, 2D). Colony 

formation assays demonstrated that circ9119 

overexpression significantly reduces the number of 

colonies formed by SKOV-3 and ES-2 cells (Figure 2E, 

2F). We also checked the effect of circ9119 

knockdown. But actually, there was no obvious effect of 

circ9119 knockdown on the cell proliferation of SKOV-

3 and ES-2 (Supplementary Figure 1). 

 

circ9119 overexpression triggered cell apoptosis of 

ES-2 and SKOV-3 cells 
 

We concluded that circ9119 might mediate the cell 

apoptosis of the six OC cell lines. Compared with the 

 

 
 

Figure 1. cicr9119 expression in OC samples and cell lines. (A) Hierarchical clustering evaluation revealed changes in the circRNA 
expression patterns in OC (n = 7) and control groups (n = 7); each group comprised seven samples (>2 × expression distinction; P < 0.05). 
Expression values are noted in different colors reflecting different levels. (B) qRTïPCR showed circ9119 expression in OC samples (n = 40) and 
normal healthy control samples (n = 10). (C) qRTïPCR showed circ9119 expression in OC and FTE187 cells. *P < 0.05, **P < 0.01 vs. specific 
groups. 
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NC groups, annexin V/propidium iodide flow cytometry 

showed an obvious increase in the number of apoptotic 

cells of ES-2 and SKOV-3 with circ9119 

overexpression (Figure 3A, 3B). Thereafter, we 

evaluated the activities, expression, and cleavage of 

caspase 3, caspase 8, and caspase 9, which are typical 

biomarkers of apoptosis, in ES-2 and SKOV-3 cells. We 

found that these factors were significantly increased via 

circ9119 upregulation (Figure 3Cï3F), suggesting that 

circ9119 induced apoptosis of ES-2 and SKOV-3 cells. 

 

Oncogenic miR-21 is a target of circ9119 

 

Previous studies have reported the oncogenic role of 

miR-21 in OC and several other types of cancers [7ï9]. 

In the present study, bioinformatics forecasting tools 

indicated that circ9119 gene covered the miR-21 seed 

region-complementary presumptive binding sites 

(Figure 4A). DLRA was then used to confirm the direct 

association between miR-21 and circ9119 (Figure 4B). 

Luciferase activity was found to be reduced by 50% in 

the HEK293T cells that were cotransfected with WT 

circ9119 and miR-21 mimic. 

 

Therefore, we determined that circ9119 also served as 

an miR-21 sponge in the OC samples and cell lines. The 

miR-21 expression in OC samples and cells was 

detected. qRTïPCR demonstrated miR-21 upregulation 

in OC samples compared with that in control samples 

(Figure 4C). Moreover, increased miR-21 expression 

was observed in hepatocellular carcinoma (HCC) cells 

(Figure 4D). We also observed that circ9119 

overexpression resulted in a significant decrease in 

miR-21 expression in the ES-2 and SKOV-3 cells 

compared with that in the NC cells (Figure 4E, 4F). 

These data suggest that circ9119 targeted miR-21 in the 

OC cells. 

 

miR-21 was involved in circ9119-mediated 

proliferation of SKOV -3 and ES-2 cells 

 

Several studies have demonstrated that miR-21 can 

suppress apoptosis in various cancers [10]. Therefore, 

we hypothesized that miR-21 is involved in the 

circ9119-mediated proliferation of OC cells. To 

elaborate the role of miR-21 in cell proliferation, the 

cells were subjected to cotransfection with a circ9119 

overexpressing or NC vector and an miR-21 or NC 

mimic. qRTïPCR data first demonstrated that miR-21 

expression was significantly increased in the circ9119 

overexpressing transfection group compared with that in 

the NC mimic transfection groups (Figure 5A, 5B). The 

MTT and colony formation assays demonstrated that 

miR-21 mimics restored the viability and proliferation 

of circ9119-overexpressing OC cells (Figure 5Cï5F). 

Moreover, caspase activity assay and western blotting

 

 
 

Figure 2. circ9119 decreased cell viability of ES-2 and SKOV-3 cells. The cells were transfected with circ9119 overexpression or NC 
vector for 1.5 d. (A, B) qRTïPCR examined the circ9119expression. (C, D) MTT assay showed the proliferation rate of ES-2 and SKOV-3 cells at 
12ï48 h post transfection. (E, F) Soft agar colony formation assay conducted in SKOV-3 and ES-2 cells with circ9119 overexpression at 48 h 
post transfection. n = 3. *P < 0.05, **P < 0.01, ***P < 0.001 vs. the NC groups. 
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showed that miR-21 upregulation caused an obvious 

decrease in the activities, expression, and cleavage of 

the caspases, counteracting the effects of circ9119 

(Figure 5Gï5J). Thus, these data suggest that circ9119 

influenced cell viability and apoptosis via miR-21 

regulation. 

 

PTENïAkt pathway is responsible for circ9119-miR-

21-mediated OC cell viability 

 

Several previous studies have demonstrated the 

direction relationship between miR-21 and the PTEN 

sensor [11ï13]. Here we used bioinformatics 

forecasting to determine the presumptive miR-21 target 

on PTEN, and the search data displayed that miR-21 

possessed binding sites on the 3ᾳ-UTR of PTEN (Figure 

6A). DLRA also demonstrated that PTEN was a crucial 

miR-21 objective gene and that transfection with miR-

21 mimic can inhibit the decrease in luciferase activity 

through WT PTEN (Figure 6B). We then analyzed the 

level of PTEN in the OC samples and cell lines. qRTï

PCR revealed an obvious reduction in the mRNA 

expression of PTEN in the OC samples and cell lines 

(Figure 6C, 6D). 

 

 
 

Figure 3. circ9119 induced apoptosis in ES-2 and SKOV-3 cells. Cells were subjected to transfection with circ9119 overexpression or 
NC vector for 1.5 d. (A, B) Flow cytometry results displayed the number of apoptotic cells. (C, D) Caspases activity detection kit was used to 
detect the activity of caspase 3, caspase 8, and caspase 9 post transfection. (E, F) Western blotting was conducted to examine the expression 
of caspase 3, caspase 8, and caspase 9 and their cleavage forms. Actin represents ɓ-actin. n = 3. *P < 0.05, **P < 0.01, ***P < 0.001 vs. the NC 
groups. 
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To thoroughly demonstrate the relevance among the 

expression of circ9119, miR-21, and PTEN, the cells 

were transfected with an miR-21 or NC inhibitor to 

determine PTEN expression. We found that miR-21 

inhibition resulted in an increase in PTEN expression 

(Figure 6E, 6F). Thereafter, the cells were cotransfected 

with a circ9119 vector and an miR-21 mimic (or NC 

mimic). Then, qRTïPCR and western blotting showed 

that the miR-21 mimic decreased the PTEN expression 

in cells with circ9119 overexpression (Figure 6G, 6H). 

The findings suggest that the negative correlation 

between miR-21 and PTEN expression. 

To confirm the effects of PTEN on the viability of 

SKOV-3 and ES-2 cells, these cells were incubated with 5 

ɛM OB (PTEN agonist) or 1% dimethyl sulfoxide 

(DMSO) for 12 h. Thereafter, the colony formation assay 

was performed. First, we confirmed the upregulation of 

PTEN expression after OB treatment and then found that 

OB treatment inhibited the downstream expression and 

phosphorylation of Akt was inhibited in the SKOV-3 and 

ES-2 cells (Figure 7A, 7B). In addition, we observed that 

the nuclear location of Akt was transported into the 

cytoplasm on OB incubation (Figure 7C, 7D), indicating 

that the PTEN pathway was upregulated by OB to block 

 

 
 

Figure 4. circ9119 targets miR-21. (A) Bioinformatics forecasting showed an miR-21 binding site in the circ9119 RNA sequence. (B) DLRA 
was conducted and a luciferase reporter containing WT or mutant circ9119 and the miR-21 mimic were subsequently cotransfected into 
HEK293T cells. (C) qRTïPCR displayed the miR-21 expression in HCC samples (n = 40) and paired adjacent normal healthy control samples (n = 
10). (D) qRTïPCR displayed miR-21 expression in FTE187 and OC cell lines. (E, F) ES-2 and SKOV-3 cells were transfected with circ9119 
overexpressing or NC vector. qRTïPCR examined miR-21 expression. n = 3. *P < 0.05, **P < 0.01 vs. specific groups. 
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Figure 5. miR-21 mimic reversed the role of circ9119 overexpression on viability and apoptosis of ES-2 and SKOV-3. Cells were 
subjected to cotransfection with circ9119 overexpressing and miR-21 or NC mimic for 1.5 d. (A, B) qRTïPCR was examined the miR-21 
expression. (C, D) MTT was conducted to detect the proliferation rate of SKOV-3 and ES-2 cells under different transfection conditions. (E, F) 
Colony formation assay indicated the growth of ES-2 and SKOV-3 cells under various transfection conditions. (G, H) Caspase activity detection 
kit was used to detect the activity of caspase 3, caspase 8, and caspase 9 after transfection. (I, J) Western blotting was conducted to examine 
the caspase-3, -8, and -9 expression and their cleavage form. Actin represents ɓ-actin. n = 3. *P < 0.05, **P < 0.01, ***P < 0.001 vs. specific 
groups. 


