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Background: Circular RNA (circRNA) is a recently identified member of noncoding

RNAs. It has been demonstrated to regulate gene expression post-transcriptionally and

play critical roles in tumorigenesis. However, how circRNA regulates ovarian cancer (OC)

progression is poorly understood. Previously, hsa_circRNA_102958 was reported to regulate

gastric cancer and colorectal cancer development. This study aims to investigate the role of

hsa_circRNA_102958 in OC progression.

Materials and Methods: qRT-PCR was used to test gene expression. CCK8 and colony

formation assays were used to analyze proliferation. Transwell assay was utilized to deter-

mine migration and invasion. Luciferase reporter assay was conducted to test the interaction

between hsa_circRNA_102958 and miR-1205.

Results: hsa_circRNA_102958 was upregulated in OC tissues and cell lines.

hsa_circRNA_102958 upregulation indicated a poor prognosis in OC patients. Knockdown

of hsa_circRNA_102958 significantly suppressed the proliferation, migration and invasion of

OC cells and vice versa. hsa_circRNA_102958 was a competing endogenous RNA (ceRNA)

for miR-1205. hsa_circRNA_102958 inhibited miR-1205 activity to promote SH2D3A

expression. Overexpression of SH2D3A promoted proliferation, migration and invasion of

OC cells.

Conclusion: Our data suggest that hsa_circRNA_102958 promotes OC aggravation through

regulation of miR-1205/SH2D3A signaling.
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Introduction
Ovarian cancer (OC) is one of the most common malignancies in females and

causes a large number of deaths.1 The five-year survival rate among OC patients is

less than 40% around the world.2 Traditional methods for OC treatment are surgery,

chemotherapy and radiotherapy.3 Nevertheless, these strategies are difficult to cure

this malignancy as most patients were diagnosed at advanced stages with high rate

of recurrence and metastasis.4 Therefore, it is urgent to identify novel therapeutic

targets for OC patients.

Circular RNA (circRNA) is a novel type of noncoding RNA and characterized

by a covalently closed continuous loop structure.5 The functions of circRNAs have

been gradually discovered in cancer. Many studies have showed that circRNAs

could be competing endogenous RNAs (ceRNAs) for microRNAs (miRNAs) to

regulate gene expression and tumorigenesis.6 For example, circABCC2 promotes
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hepatocellular cancer development via sponging miR-

665.7 Circ_0001730 increases growth and invasiveness of

glioma cells through decoying miR-326 to promote

Wnt7B expression.8 CircHECTD1 promotes gastric cancer

development via targeting miR-1256 and activation ofβ-

catenin/MYC pathway.9 Increasing evidences show that

quite a number of circRNAs are aberrantly expressed in

tumor tissues, including OC. However, the functions of

most of them remain undetermined. Thus, it is important

to investigate how circRNA regulates carcinogenesis.

A previous study indicates that hsa_circRNA_102958may

be a diagnostic biomarker in gastric cancer.10 Recently, there is

a research that demonstrates hsa_circRNA_102958 as an

oncogene in colorectal cancer.11 In the present work, we

determined the expression patterns of hsa_circRNA_102958

in OC tissues. We provided evidences to demonstrate that

hsa_circRNA_102958 promotes OC cell proliferation, migra-

tion and invasion via targeting miR-1205/SH2D3A axis,

which may contributes to the development of novel therapeu-

tic targets for OC treatment.

Materials and Methods
Human Samples
41 OC tissues and their adjacent normal tissues were obtained

from the Second Affiliated Hospital of Harbin Medical

University. All samples were stored in the liquid nitrogen.

Patients received no radiotherapy or chemotherapy before

surgery. This work was approved by the Ethics Committee

of the Second Affiliated Hospital of Harbin Medical

University. Patients provided the written informed consents.

Cell Culture and Transfection
OC cell lines and IOSE80 cells were purchased from

ATCC. Cells were maintained in RPMI-1640 (GIBCO)

supplemented with 10% FBS, penicillin (100 IU/mL) and

streptomycin (100 μg/mL). Small-interfering RNAs target-

ing hsa_circRNA_102958 or SH2D3A, overexpressing

plasmids of hsa_circRNA_102958 or SH2D3A, and miR-

1205 mimics/inhibitors were designed and purchased from

GenePharma. Cells were transfected with above plasmids

using Lipofectamine 2000 (Invitrogen, Carlsbad, CA,

USA) according to the manufacturer’s protocols and used

for experiments after 48 h. For rescue assays,

hsa_circRNA_102958 siRNA, miR-1205 inhibitors and

SH2D3A siRNA were co-transfected into SKOV3 or

OVCAR3 cells.

Cell Proliferation Assays
For CCK-8 assay, cells (2×103 cells per well) were seeded

into the 96-well plates. Then cells were cultured for 0, 24,

48 and 72 h. Then 15 μL of CCK-8 reagent was added into

each well and incubated for 2h. Finally, the absorbance

was determined at 450 nm.

For colony formation assay, 500 cells per well were

seeded into the 6-well plates and cultured for 14 days.

Then the colony was fixed with 20% methanol for 30 min

at 25°C and stained with 0.5% crystal violet (Santa Cruz,

Dallas, TX, USA) for 15 min at 25°C. The colony num-

bers were finally counted.

qRT-PCR
TRIzol reagent (Invitrogen, Carlsbad, CA, USA) was used for

RNA isolation from OC tissues and cell lines. Then RNAs

were utilized for reverse transcription into cDNA. And cDNA

was used for qPCR analysis through the SYBRPremix Ex Taq

II kit (TaKaRa, Shiga, Japan). U6 or GAPDH was used for

normalization. Relative expression was calculated using the

2−ΔΔCt method (GenePharma, Suzhou, China). Primer

sequences were as follows: hsa_circRNA_102958 (Forward,

5ʹ-CACCTCCCTGCAGACAAGAA-3ʹ and reverse, 5ʹ-

CGTATCCATTCATGCTGGGC-3ʹ), miR-1205 (Forward, 5ʹ-

CACGCATCTGCAGGGTTT-3ʹ and reverse, 5ʹ-CCAGTG

CAGGGTCCGAGGTA-3ʹ), U6 (Forward, 5ʹ-GCGCGTCGT
GAAGCGTTC-3ʹ and reverse, 5ʹ-GTGCAGGGTCCGAGGT

-3ʹ), SH2D3A (Forward, 5ʹ-TGAGGGGACTGGTAGAGC

TG-3ʹ and reverse, 5ʹ-TTCAGCTCCTGCTCAAAGGC-3ʹ)

and GAPDH (Forward, 5ʹ-ATGTTGCAACCGGGAAGGA

A-3ʹ, reverse 5ʹ-AGGAAAAGCATCACCCGGAG-3ʹ).

Transwell Assay
24-well transwell chambers were used for migration and

invasion (in the presence of Matrigel). The upper chamber

was filled with 200 μL serum-free medium and the lower

chamber was filled with complete medium. After cultured

for 48 h, the cells in the lower chamber was fixed and

stained. Cell numbers were then counted within three

random fields.

Luciferase Reporter Assay
The binding between hsa_circRNA_102958 and miR-1205 or

between miR-1205 and SH2D3A was predicted using bioin-

formatics strategy through two online tools (CircInteractome

and TargetScan7). Cells were cotransfected with luciferase

reporter vector (pMIR-Reporter-hsa_circRNA_102958-WT
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/Mut or pMIR-Reporter-SH2D3A 3ʹ-UTR-WT/Mut) and

miR-1205 mimics or negative control (miR-NC). 48 h later,

the luciferase activities were measured using the Dual-Glo

Luciferase Assay System (Promega, Fitchburg, WI, USA).

Renilla luciferase activity was the normalized control.

Statistical Analysis
The results are expressed as mean ± SD. Statistical analy-

sis was conducted using SPSS 20.0. Differences were

determined using t-test or one-way ANOVA. The differ-

ence was statistically significant at P < 0.05.

Results
hsa_circRNA_102958 Was Upregulated

in OC
The expression of hsa_circRNA_102958 was analyzed by qR-

PCR. The results showed that hsa_circRNA_102958 level was

upregulated in 41 OC tissues compared to their adjacent

normal tissues (Figure 1A). Besides, hsa_circRNA_102958

expression was also increased in OC cell lines compared to

IOSE80 cells (Figure 1B). Importantly, we found that

hsa_circRNA_102958 high expression was associated with

a low survival rate in OC patients (Figure 1C), suggesting

hsa_circRNA_102958 may be a prognostic biomarker. Then

we analyzed its subcellular localization and found that

hsa_circRNA_102958 was mainly distributed in the cyto-

plasm of OC cells (Figure 1D).

hsa_circRNA_102958 Downregulation

Inhibited OC Proliferation, Migration and

Invasion
To illustrate the role of hsa_circRNA_102958, we knocked it

down via siRNAs (Figure 2A). CCK8 assay showed that

hsa_circRNA_102958 downregulation limited the prolifera-

tion rates of SKOV3 and OVCAR3 cells (Figure 2B).

Consistently, decreased expression of hsa_circRNA_102958

was correlated with fewer numbers of colonies (Figure 2C).

Moreover, through Transwell assay, we found that

hsa_circRNA_102958 knockdown significantly impaired the

migration and invasion of SKOV3 and OVCAR3 cells

(Figure 2D and E).

Figure 1 hsa_circRNA_102958 was upregulated in OC. (A) Relative expression of hsa_circRNA_102958 in pairs of OC tissues and normal controls was analyzed by qPCR.

(B) hsa_circRNA_102958 expression in OC cell lines was determined. (C) The overall survival (OS) rate was analyzed in the OC patients based on hsa_circRNA_102958

expression. (D) Subcellular distribution of hsa_circRNA_102958 was analyzed by qRT-PCR in OC cell lines. *P<0.05.
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hsa_circRNA_102958 Overexpression

Promoted OC Progression
To further validate the oncogenic roles of hsa_circ

RNA_102958, we overexpressed it in SKOV3 and OVCAR3

cells (Figure 3A). We performed functional assays again.

CCK8 and colony formation assays also showed that

hsa_circRNA_102958upregulation promoted the proliferation

of SKOV3 and OVCAR3 cells (Figure 3B and C). Transwell

assay indicated that migration and invasion of SKOV3 and

OVCAR3cellswere enhancedby hsa_circRNA_102958 over-

expression (Figure 3D and E). Thus, hsa_circRNA_102958

was an important oncogene in OC.

hsa_circRNA_102958 Was a ceRNA for

miR-1205 to Facilitate SH2D3A Expression
We have found that hsa_circRNA_102958 was located in the

cytoplasm, implying that hsa_circRNA_102958 may be

a ceRNA for miRNAs. We used the bioinformatics analysis

through CircInteractome. The ten most potential candidates

were identified. Then, we performed luciferase reporter assay

using hsa_circRNA_102958 luciferase reporter.We found that

only miR-1205 inhibited the activity of hsa_circRNA_102958

reporter (Figure 4A), suggestingmiR-1205may be targeted by

hsa_circRNA_102958. To further validate it, we constructed

mutant hsa_circRNA_102958 reporter (Figure 4B). Similarly,

hsa_circRNA_102958-WT reporter activity was decreased by

miR-1205 mimics (Figure 4C). However, miR-1205 had

no any effect on hsa_circRNA_102958-Mut reporter

(Figure 4C). Additionally, hsa_circRNA_102958 knockdown

promoted the expression of miR-1205 and vice versa

(Figure 4D and E). And hsa_circRNA_102958 expression

was negatively correlated with miR-1205 in OC tissues

(Figure 4F). Thus, hsa_circRNA_102958 was the sponge for

miR-1205.

Figure 2 hsa_circRNA_102958 downregulation inhibited OC proliferation, migration and invasion. (A) siRNA transfection reduced hsa_circRNA_102958 expression in

SKOV3 and OVCAR3 cells. (B and C) Cellular proliferation was determined by CCK8 and colony formation assays. (D and E) Migration and invasion were suppressed by

hsa_circRNA_102958 downregulation in SKOV3 and OVCAR3 cells. *P<0.05.
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We further predicted the targets of miR-1205 using bioin-

formatics analysis (Figure 4G). miRDB and TargetScan tools

suggested that SH2D3A was the most potential candidate

(Figure 4G). Thus, we constructed WT and Mut SH2D3A

luciferase reporter vectors (Figure 4H). Luciferase reporter

assay demonstrated the interaction between SH2D3A and

miR-1205 inOCcells (Figure 4I).Moreover, SH2D3Aexpres-

sion was suppressed by miR-1205 (Figure 4J). Notably,

hsa_circRNA_102958 knockdown suppressed the expression

of SH2D3A and vice versa (Figure 4K and L), which was

depending on miR-1205. Moreover, SH2D3A protein level

was inhibited by hsa_circRNA_102958 knockdown or miR-

1205 mimics whereas hsa_circRNA_102958 overexpression

or miR-1205 inhibitors promoted SH2D3A expression

(Figure 4M and N). Taken together, hsa_circRNA_102958

decoys miR-1205 to promote SH2D3A expression in OC.

hsa_circRNA_102958/miR-1205/SH2D3A

Axis Modulated OC Progression
Finally, we found that SH2D3A expression was upregulated in

OC tissues (Figure 5A andB), indicating an oncogenic role. To

further investigate the roles of hsa_circRNA_102958/miR-

1205/SH2D3A axis, rescue assays were conducted by CCK8

and Transwell assays. Results indicated that miR-1205 inhibi-

tor reversed the inhibitory effects of hsa_circRNA_102958

knockdown on proliferation, migration and invasion (Figure

5C–E). However, SH2D3A knockdown further reversed

above trend in tumor cells transfected with sicircRNA and

miR-1205 inhibitors (Figure 5C–E). Moreover, SH2D3A

overexpression promoted the proliferation,migration and inva-

sion of OC cells and vice versa (Figure 5C–E). In conclusion,

hsa_circRNA_102958 promotes OC progression via regulat-

ing miR-1205/SH2D3A axis.

Figure 3 hsa_circRNA_102958 overexpression promoted OC progression. (A) Overexpression efficiency of hsa_circRNA_102958 was confirmed by qRT-PCR. (B and C)

hsa_circRNA_102958 overexpression promoted proliferation and colony formation. (D and E) hsa_circRNA_102958 upregulation led to more migration and invasion.

*P<0.05.
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Discussion
OC is an aggressive cancer and accounts for a large por-

tion of cancer-related deaths.12 However, its pathogenesis

still remains poorly understood. In this study, we found

that hsa_circRNA_102958 was highly expressed in OC

tissues and cell lines. hsa_circRNA_102958 overexpres-

sion was associated with a low survival rate in OC

patients. Functionally, hsa_circRNA_102958 knockdown

inhibited the proliferation, migration and invasion of OC

cells and vice versa. Increasing studies reveal circRNAs

are fine ceRNAs for miRNAs.13 We also identified that

hsa_circRNA_102958 sponged miR-1205 to promote

SH2D3A expression. Our data demonstrated the pivot

roles of hsa_circRNA_102958/miR-1205/SH2D3A axis

in OC progression.

Emerging studies have indicated that circRNAs are impor-

tant regulators in the initiation and progression of

human cancers, including OC.14,15 For instance, circRNA

Figure 4 hsa_circRNA_102958 was a ceRNA for miR-1205 to facilitate SH2D3A expression. (A) Luciferase reporter assay implied that miR-1205 mimics suppressed the

activity of hsa_circRNA_102958 reporter vector in SKOV3 cells. (B) Diagram of the putative binding site with miR-1205 in hsa_circRNA_102958. (C) Luciferase reporter

assay confirmed the interaction between hsa_circRNA_102958 and miR-1205 in SKOV3 cells. (D and E) hsa_circRNA_102958 knockdown promoted miR-1205 expression

and vice versa. (F) Expression correlation between hsa_circRNA_102958 and miR-1205 was analyzed in OC tissues. (G) Strategy for prediction of miR-1205 target gene.

(H) Diagram of the putative binding site with miR-1205 in SH2D3A 3ʹ-UTR region. (I) Luciferase reporter assay showed that miR-1205 inhibited the activity of SH2D3A-WT

reporter. (J) miR-1205 inhibited the expression of SH2D3A. (K and L) Expression of SH2D3A was analyzed after transfection with aforementioned plasmids. (M and N)

Protein level of SH2D3A was measured after transfection with indicated plasmids in SKOV3 cells. *P<0.05.
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circ-ITCH inhibits OC cell proliferation and invasion via

regulating miR-145/RASA1 axis.16 hsa_circ_0061140 pro-

motes OC development and metastasis via sponging miR-

370.17 In addition, circEXOC6B and circN4BP2L2 are iden-

tified as potential indicators for prognosis in OC patients.18

However, functions of most circRNAs are still uninvestigated.

hsa_circRNA_102958 is reported to regulate gastric cancer

and colorectal cancer.10,11 To our knowledge, its role in other

cancers remains unclear. In this study, we identified that

hsa_circRNA_102958 was upregulated in OC tissues

and cell lines. Moreover, we demonstrated that

hsa_circRNA_102958 promoted OC proliferation, migration

and invasion. Thus, hsa_circRNA_102958 is a novel onco-

genic circRNA in OC.

As well-acknowledged ceRNAs, accumulating researches

have demonstrated the interaction between circRNAs

and miRNAs.19 In our study, we also found that

hsa_circRNA_102958 was a sponge for miR-1205. We

demonstrated their interaction via luciferase reporter assay.

Moreover, we found that hsa_circRNA_102958 knockdown

promoted miR-1205 expression and vice versa. Then roles of

miR-1205 have been reported in several cancers. A report

shows that miR-1205 overexpression promotes osteosarcoma

progression.20 And miR-1205 upregulation enhances cell

growth in lung adenocarcinoma and induces castration-

resistance of prostate cancer cells.21,22 On the contrary, several

evidences indicate that miR-1205 was a tumor suppressor in

glioma.23,24 Thus, whether miR-1205 acts as an oncogene or

tumor suppressor in OC requires to be determined. In our

study, we showed that miR-1205 inhibitors promoted the pro-

liferation, migration and invasion of OC cells. Therefore, miR-

1205 is a new tumor suppressor in OC.

Afterwards, the downstream target of miR-1205 was

analyzed by bioinformatics method. We identified SH2D3A

and confirmed the interaction between miR-1205 and

SH2D3Avia luciferase reporter assay. Moreover, we showed

that hsa_circRNA_102958 promoted SH2D3A expression

via directly inhibiting miR-1205 in OC cells. SH2D3A,

also named NSP1, is functionally unclear protein. It has

been reported to regulate the c-Jun N-terminal kinase/stress-

activated protein kinase pathway.25 Nevertheless, whether it

regulates tumorigenesis remains unknown. In our study, we

found that SH2D3A was upregulated in OC tissues.

Moreover, we found that SH2D3A overexpression promoted

Figure 5 hsa_circRNA_102958/miR-1205/SH2D3A axis modulated OC progression. (A) Relative expression of SH2D3A in OC tissues based on TCGA database. (B)
SH2D3A expression was upregulated in OC tissues by qRT-PCR. (C) CCK8 assay was performed to test proliferation after transfection with aforementioned plasmids.

(D and E) Transwell assay was conducted to determine migration and invasion after transfection with aforementioned plasmids. *P<0.05.

Dovepress Wang et al

Cancer Management and Research 2020:12 submit your manuscript | www.dovepress.com

DovePress
4051

http://www.dovepress.com
http://www.dovepress.com


proliferation, migration and invasion of OC cells, indicating

its oncogenic roles. Importantly, we performed rescues

assays by using siRNAs targeting SH2D3A. We demon-

strated that hsa_circRNA_102958 promoted OC progression

through miR-1205/SH2D3A axis.

In conclusion, we identified the interactions among

hsa_circRNA_102958, miR-1205 and SH2D3A. We

demonstrated that hsa_circRNA_102958 facilitated OC

cell proliferation, migration and invasion via modulating

miR-1205/SH2D3A pathway.
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