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Abstract. – OBJECTIVE: Long non-coding 
RNAs (lncRNAs) have been found to exert spe-
cific functions in the progression of ovarian can-
cer (OC), except for lncRNA-OIP5-AS1. In this 
study, we aim at exploring the molecular mech-
anisms of OIP5-AS1 in OC.  

PATIENTS AND METHODS: The expression 
levels of OIP5-AS1, miR-324-3p, and NFIB in 
OC tissues and OC cell lines were explored by 
qRT-PCR assay. The OC cell vitality was exam-
ined by CCK-8 and transwell assay. The pro-
tein expression level of NFIB was measured by 
Western blot analysis. The correlation between 
OIP5-AS1, miR-324-3p, and NFIB was appraised 
by Dual-Luciferase reporter assay.  

RESULTS: OIP5-AS1 and NFIB were validated 
to be upregulated in both OC tissues and OC 
cell lines. Inversely, miR-324-3p downregulation 
was found in OC tissues and OC cell lines. Func-
tionally, OIP5-AS1 knockdown and miR-324-3p 
overexpression restrained SKOV3 cell viability, 
invasion, and migration. Our results verified that 
OIP5-AS1 inhibited the expression of miR-324-
3p in OC. Moreover, miR-324-3p directly targets 
NFIB. Besides that, NFIB silencing restrained 
the progression of SKOV3 cells. 

CONCLUSIONS: The present study clarified 
that OIP5-AS1 accelerated OC progression by 
sponging miR-324-3p and upregulating NFIB. 
OIP5-AS1 can be a possible therapeutic target 
for the treatment of OC.  
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Introduction 

Ovarian cancer (OC) is one of the main causes 
of cancer-related deaths in women worldwide1. The 
incidence of OC is second only to cervical cancer 

and uterine cancer. Patients are diagnosed at a lat-
er stage, because the early OC clinical stage is as-
ymptomatic. The treatment methods of OC contain 
surgery, radiotherapy and chemotherapy, and im-
munotherapy. Despite that, the 5-year survival rate 
of OC is only 25-30%2. Therefore, in-depth investi-
gation of early diagnosis and targeted gene therapy 
has impartment value to effective treatment of OC.

Long non-coding RNAs (lncRNAs) are a group 
of RNAs which not encode proteins3; they play 
the parts of either tumor promoters or tumor sup-
pressors and be involved in biological progression 
in various human cancers, such as asKCNQ1OT1

4, 
RBM5-AS15, GAS56. Researchers have found a 
large number of abnormally expressed lncRNAs in 
the tumorigenesis and progression of OC. LncRNA 
SNHG14 was demonstrated to be upregulated in OC 
and promoted cell migration and invasion by regu-
lating DGCR87. LncRNA ROR, as a sponge of miR-
145, facilitated EMT, cell migration, and invasion in 
OC8. Inversely, Shi et al9 found that CASC15 was 
low regulated in OC and acted as a tumor suppres-
sor in OC by sponging miR-221/ARID1A. More-
over, LINC01125 inhibited OC cell proliferation and 
enhanced cell cisplatin sensitivity via modulating 
miR-197210. LncRNA OIP5-AS1 has been verified 
to serve as a tumor promoter in oral squamous cell 
carcinoma11, glioma12, and cervical cancer13. Never-
theless, the mechanism and function of OIP5-AS1 in 
OC has not been written.

Our research is designed to explore the role 
of OIP5-AS1 in the tumorigenesis and progres-
sion in OC. In addition, the relationships between 
OIP5-AS1, miR-324-3p, and NFIB expression in 
OC tissues were also clarified. Furthermore, we 
clarified the function of OIP5-AS1/miR-324-3p/
NFIB on the progression of OC cells.
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Patients and Methods 

Clinical Tissues Samples
52 OC tissues and normal tissues were ac-

quired from Rizhao People’s Hospital between 
2017.09 and 2019.07. The inclusion criteria were 
as follows: I) primary surgical patient, II) com-
plete records regarding pre-operative chemother-
apy and past medictal history. Exclusion criteria 
were as follows: I) non-primary surgical patient, 
II) missing or past medical history, III) previous 
history of any malignancy. All patients did not 
receive radiation therapy or chemotherapy before 
surgical resection. The informed consent was ob-
tained from all patients before this study. In ad-
dition, the Ethics Committee of Rizhao People’s 
Hospital approved our research. 

Cell Lines and Culture 
Four human OC cell lines (A2780, ES-2, 

SKOV3, and OVCAR-3) and normal OC cell line 
(IOSE80) were purchased from the Type Culture 
Collection of the Chinese Academy of Sciences 
(Shanghai, China). In this study, OC cells were 
cultured in Dulbecco’s Modified Eagle’s Medium 
(DMEM) with 10% Fetal Bovine Serum (FBS) at 
37°C and 5% CO2. Then, 0.25% trypsin was used 
to cell passaged every other day.  

Cell Transfection
OIP5-AS1 and NFIB complementary DNA 

was inserted into the pcDNA3.1 expression vec-
tor. OIP5-AS1 and NFIB siRNA or miR-324-3p 
mimic and inhibitor were obtained from Gene-
Pharma (Shanghai, China). Lipofectamine 2000 
(Thermo Fisher Scientific Inc., MA, USA) was 
used to SKOV3 cells transfection.

Quantitative Real Time-PCR (qRT-PCR)
All RNA samples were isolated from OC tissues 

and cells by TRIzol reagent (Invitrogen; Thermo 
Fisher Scientific Inc., Waltham, MA, USA) method. 
RNAs were reverse transcribed into complementa-
ry according to PrimeScript RT reagent kit (Ther-
mo Fisher Scientific Inc., Waltham, MA, USA). 
Then, LightCycle 96 thermocycle (Roche, Basel, 
Switzerland) was carried out to quantify the rela-
tive expression of NFIB. OIP5-AS1 and miR-324-
3p expression were normalized to GAPDH, while 
NFIB was standardized to β-actin. The primer se-
quences are as followed: OIP5-AS1 forward: 5’-CT-
GCGAAGATGGCGGAGTAA-3’ and reverse: 
5’-TTCCTCTCCTCTGGCCGATA-3’; miR-324-3p 
forward: 5’-GACTATGCCTCCCCGCATC3’ and 

reverse: 5’GACTACAACCCCCAGCAGC3’; NFIB 
forward: 5’-ACACACATGGTCGGCTCG-3’ and 
reverse: 5’-TCAAGGTTACAGCCCCAAGC-3’; 
U6 forward: 5’-GCTTCGGCAGCACATATACTA-
AAAT-3’ and reverse: 5’-CGCTTCACGAATTTG-
CGTGTCAT-3’; GAPDH forward: 5’-CCT-
GACCTGCGTGTGGACT-3’ and reverse: 
5’-GCTGTGGATGGGGAGGTGTC-3’.

Cell Counting Kit-8 (CCK-8) Assay
The cell proliferation of SKOV3 cells was as-

sessed by CCK-8 assay. 96-well plates were used 
to culture SKOV3 cells at 37°C and 5% CO2. CCK-
8 reagents (Dojindo Molecular Technologies Inc., 
Kyushu, Japan) were added into each well for 24, 
48, 72, and 96 h. Then, the relative optical density 
(OD) was detected at 450 nm.

Transwell Assay
Transwell chambers (8 μm; Millipore, Bil-

lerica, MA, USA) were performed to examine 
migration abilities of CRC cells. Cell migration 
was detected in the upper chamber with Matri-
gel (transwell; BD Falcon, Biosciences, San Jose, 
CA, USA). Cell migration was performed with-
out Matrigel. First, 1 × 105 cells were inoculated 
in the upper transwell compartment. Then, 10% 
FBS was added into the lower compartment. Af-
ter cultivated at 37°C for 24 h, the cells were fixed 
and stained with 0.5% crystal violet. Finally, we 
counted the migrating cells numbers under an op-
tical microscope (Olympus Corp., Tokyo, Japan).

Dual-Luciferase Reporter Assay 
OIP5-AS1-mut or OIP5-AS1-wt, miR-NC or 

miR-324-3p mimics and NFIB-mut or NFIB-wt 
were co-transfected into SKOV3 cells by Li-
pofectamine 2000 (Invitrogen, Waltham, MA, 
USA). SKOV3 cells were cultured at 37°C, 5% 
CO2 and 95% humidity. After 48 hours of incu-
bation, the Luciferase activity of OIP5-AS1 and 
NFIB were estimated by Dual-Luciferase report-
er assay kit.

Western Blot Assay
Protein samples were isolated by 10% Sodi-

um Dodecyl Sulfate Polyacrylamide Gel Elec-
trophoresis (SDS-PAGE) and then transferred to 
NC membrane. After incubating with 5% non-fat 
milk, the membranes were incubated with specific 
antibodies and appropriate secondary antibodies 
(HRP-anti mouse, catalog No. 7076, 1:5000, CST; 
HRP-anti rabbit, catalog No. 7074 1:5000; CST). 
Enhanced chemiluminescence (ECL) Western 
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Blotting Substrate (Thermo Fisher Scientific Inc., 
Waltham, MA, USA) was used to detect the pro-
tein signals. GAPDH was used as the control.

Statistical Analysis
Our data were shown as mean ± SD. SPSS 19.0 

(IBM Corp., Armonk, NY, USA) and GraphPad 
Prism 6.0 (La Jolla, CA, USA) were carried out to 
analyze the data. Student’s t-test was used to an-
alyze the differences between two groups. More-
over, multiple comparisons were analyzed by 
One-way ANOVA followed by Tukey’s post-hoc 
test. The correlation between the expression of 
OIP5-AS1, miR-324-3p, and NFIB in OC tissues 
was explored by using Pearson’s correlation anal-
ysis. p<0.05 was defined as significant difference.

Results

OIP5-AS1 Was High Expressed in OC
Firstly, we explored the expression level of 

OIP5-AS1 in OC tissues. OIP5-AS1 was found to 
be high expressed in 52 OC tissues compared with 
normal OC tissues (p<0.01; Figure 1A). Likewise, 
the increased expression of OIP5-AS1 was found 
in four OC cell lines (A2780, ES-2, SKOV3, and 
OVCAR-3) compared to normal OC cell line 
(IOSE80) (p<0.01; Figure 1B). Then, we classi-
fied 52 OC patients into low expression group 
and high expression group on the basis of the ex-
pression level of OIP5-AS1. The results revealed 
that OC patients with high OIP5-AS1 expression 
had the lower survival time than the low expres-
sion group (p<0.01; Figure 1C). The correlation 
between OIP5-AS1 and clinical characteristic of 
OC patients was showed in Table I. Our results 
displayed that OIP5-AS1 expression was closely 

related with tumor size (p=0.014) and FIGO stage 
(p=0.006). Our findings manifested that OIP5-
AS1 was involved in the tumorigenesis of OC and 
associated with poor prognosis in OC. 

OVCAR-3 Knockdown Suppressed OC 
Cell Proliferation, Invasion and Migration 

To explore the molecular mechanism of OIP5-
AS1 in the progression of OC, si-OIP5-AS1 was 
transfected into SKOV3 cells. qRT-PCR assay 
revealed that the expression of OIP5-AS1 was 
declined by si-OIP5-AS1 transfection (p<0.01; 
Figure 2A). Then, we detected cell viability of 
SKOV3 cells by CCK-8 assay and transwell assay. 
Experiment results showed that si-OIP5-AS1 no-
tably inhibited cell proliferation of SKOV3 cells 
(p<0.01; Figure 2B). Similarly, si-OIP5-AS1 was 
also found to suppress cell migration and inva-
sion of SKOV3 cells (p<0.01; Figure 2C, D). The 
above results displayed that OIP5-AS1 silencing 
restrained cell progression in OC.

OIP5-AS1 Served as a Molecular Sponge 
in the Expression of MiR-324-3p

StarBase database predicted that OIP5-AS1 
had complementary sequences with miR-324-3p 
(Figure 3A). The Dual-Luciferase reporter assay 
displayed that miR-324-3p mimic decreased the 
Luciferase activity of OIP5-AS1-wt, but had no ef-
fect on OIP5-AS1-mut (p<0.01; Figure 3B). Next, 
we measured the relationship between OIP5-AS1 
and miR-324-3p. qRT-PCR revealed that OIP5-
AS1 silencing upregulated miR-324-3p expres-
sion, while OIP5-AS1 vector reduced miR-324-3p 
expression (p<0.01; Figure 3C). Subsequently, we 
evaluated the expression level of miR-324-3p in 
OC tissues and cell lines by qRT-PCR assay. MiR-
324-3p was found to be notably lower expressed 

Figure 1. OIP5-AS1 was highly expressed in OC. A, The expression of OIP5-AS1 in 52 OC tissues was detected by qRT-
PCR assay. B, The OIP5-AS1 expression in OC cell lines (A2780, ES-2, SKOV3 and OVCAR-3). C, 5-year survival curves 
of OC patients with high or low OIP5-AS1 expression. **p<0.01. 
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in OC tissues than in normal tissues (p<0.01; 
Figure 3D); and it was noted that OIP5-AS1 ex-
pression was downregulation in OC cell lines 
(A2780, ES-2, SKOV3 and OVCAR-3) (p<0.01; 
Figure 3E). Moreover, Pearson’s correlation anal-
ysis revealed that there was a negative correlation 
between OIP5-AS1 and miR-324-3p expression in 
OC tissues (R2=0.7062; p<0.01; Figure 3F). Our 
results suggested that OIP5-AS1 can be a sponge 
to modulate miR-324-3p expression in OC.

OIP5-AS1 Modulated the Progression of 
OC Via Sponging MiR-324-3p

To investigate the role of OIP5-AS1/miR-324-
3p in the progression of OC cells, miR-324-3p 
mimic or OIP5-AS1 vector was transfected into 
SKOV3 cells. As shown in Figure 4A, OIP5-AS1 
vector reduced the rising effect of miR-324-3p ex-
pression induced by miR-324-3p mimic (p<0.01; 
Figure 4A). Moreover, CCK-8 assay and transwell 
assay were applied to explore the function of miR-
324-3p on OC cell viability. The data revealed that 
miR-324-3p mimic decreased cell proliferation of 
SKOV3 cells, whereas OIP5-AS1 vector impaired 
the inhibitory effect (p<0.01; Figure 4B). Simi-
larly, the decrease of cell invasion and migration 
stimulated by miR-324-3p mimic was mitigated 
by OIP5-AS1 vector (p<0.01; Figure 4C, D). To 
conclude, OIP5-AS1 overexpression facilitated 
cell progression via suppressing miR-324-3p ex-
pression in OC. 

NFIB Was a Direct Target Gene 
of MiR-324-3p

TargetScan software was performed to seek 
the target genes binding to miR-324-3p. As Fig-
ure 5A presented, miR-324-3p had binding sites 
with NFIB. Then, the Dual-Luciferase reporter 
assay was carried out to verify this hypothesis. 
The results demonstrated that miR-324-3p mimic 
remarkably descended the Luciferase activity of 
NFIB-wt but had no effect on NFIB-mut (p<0.01; 
Figure 5B). Furthermore, NFIB was verified to 
be upregulated in both OC tissues and four OC 
cell lines (A2780, ES-2, SKOV3, and OVCAR-3) 
(p<0.01; Figure 5C, D). To investigate the relation-
ship between miR-324-3p and NFIB, miR-324-3p 
mimic or miR-324-3p inhibitor was transfected 
into SKOV3 cells respectively. As shown in Fig-
ure 5E, miR-324-3p upregulation remarkably re-
duced NFIB mRNA expression, while miR-324-3p 
downregulation promoted NFIB mRNA expres-
sion (p<0.01; Figure 5E). Similarly, there was the 
same influence of miR-324-3p on NFIB protein ex-
pression (p<0.01; Figure 5F). Our findings clarified 
that NFIB was a direct target gene of miR-324-3p.

OIP5-AS1 Modulated OC Progression 
Via MiR-324-3p/NFIB

To explore the role of OIP5-AS1/miR-324-3p/
NFIB in the progression of OC, OIP5-AS1 vec-
tor or miR-324-3p inhibitor was transfected into 
SKOV3 cells with si-NFIB. As shown in Figure 

Table I. Correlation between the expression level of OIP5-AS1 and clinical characteristics of OC patients (n=52).

FIGO, International Federation of Gynecology and Obstetrics.
*p<0.05, the difference is significant.
**p<0.01, the difference is highly significant.

Clinical characteristics    No. of                     OIP5-AS1 expression  p-value
 cases n = 52
   Low (n=24) High (n=28) 

Age (years)       0.931
  ≥55 22 10 12 
  <55 30 14 16 
Tumor size       0.014*
  ≤5 cm 17 12 5 
  >5 cm 35 12 23 
FIGO stage       0.006**
  I-II 18 13 5 
  III-IV 34 11 23 
Lymph node metastasis       0.404
  Absent 36 18 18 
  Present 16 6 10 
CA 125 level (U/mL)       0.322
  <500 18 10 8 
  ≥500 34 14 20
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6A, OIP5-AS1 vector or miR-324-3p inhibitor mit-
igated the reduction of NFIB expression induced 
by si-NFIB (p<0.01; Figure 6A). Functionally, we 
found that si-NFIB restrained cell proliferation of 
SKOV3 cells, while OIP5-AS1 vector or miR-324-
3p inhibitor restored the reduced effect stimulated 
by NFIB silencing (p<0.01; Figure 6B). Moreover, 
OIP5-AS1 vector or miR-324-3p inhibitor played 
the similar part on cell migration and invasion of 
SKOV3 cells (p<0.01; Figure 6C, D). Besides that, 
miR-324-3p was negatively correlated with NFIB 
expression in OC tissues (R2=-0.6379; p<0.01; 

Figure 6E). Inversely, OIP5-AS1 had a positive 
correlation with NFIB expression in OC tissues 
(R2=0.6240; p<0.01; Figure 6F). The present re-
sults demonstrated that OIP5-AS1 facilitated the 
progression in OC by sponging miR-324-3p and 
upregulating NFIB expression. 

Discussion

Many lncRNAs have been reported to play key 
roles in the tumorigenesis and progression of OC. 

Figure 2. OIP5-AS1 silencing restrained the proliferation, migration and invasion of OC cells. A, The expression of OIP5-
AS1 in SKOV3 cells with si-OIP5-AS1. B, The cell proliferation in SKOV3 cells was detected by CCK-8. C, D, Cell migra-
tion and invasion ability of SKOV3 cells were detected by transwell assay (100x). *p<0.05; **p<0.01. NC, negative control. 
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LncRNA OIP5-AS1 was proved to be participated 
in cell apoptosis, proliferation, invasion and mi-
gration of various human cancers. OIP5-AS1 en-
hanced the apoptosis and triggered G0/G1 phase 
cycle arrest by regulating miR-223/CDK14 in os-
teosarcoma14. Deng et al15 confirmed that OIP5-
AS1 can act as an oncogenic factor in lung cancer 
by targeting miR-448 and regulating Bcl-2 expres-
sion. However, the function of OIP5-AS1 in the 
progression of OC has not been discovered. In the 
present study, OIP5-AS1 was upregulated in OC 
tissues and cells, which was consistent with pre-
vious researches. Moreover, OIP5-AS1 silencing 
suppressed cell proliferation, invasion, and migra-
tion in SKOV3 cells. In addition, the function of 
OIP5-AS1 in cervical cancer13 and gastric cancer16 
is as the same as our findings. Furthermore, OIP5-
AS1 was closely related to tumor size and FIGO 
stage, and could act as a bioindicators in OC.

LncRNAs were reported to competitively com-
bine with microRNAs (miRNAs) and inhibited 
their expression. OIP5-AS1 promoted OS doxo-
rubicin resistance by competing with miR-200b-
3p17. Luan et al18 found that OIP5-AS1 enhanced 
melanoma growth and glutamine catabolism by 
sponging miR-217. Besides, miR-129-5p, miR-
186a-5p, and miR-410 have also been reported to 

bind to OIP5-AS119-21. In our study, we revealed 
that OIP5-AS1 acted as a molecular sponge of 
miR-324-3p in OC. Furthermore, miR-324-3p 
was detected to be downregulated in OC tissues 
and cell lines. Our results demonstrated that miR-
324-3p overexpression restrained OC cell prolif-
eration, migration, and invasion. It was consistent 
with the role of miR-324-3p in nasopharyngeal 
carcinoma22,23. Besides that, miR-324-3p inhibitor 
was identified to weaken the inhibitory effect of 
OIP5-AS1 silencing in OC.

NFIB (nuclear factor I/B), a transcription 
factor, is located at 9p24.1 and plays a crucial 
role in viral replication and fetal organ develop-
ment24. In recent years, the effect of NFIB have 
been demonstrated in the progression of various 
human tumors. NFIB was found to promote cell 
proliferation and viability and considered to be an 
oncogene in lung cancer25. NFIB overexpression 
enhanced cell proliferation and colony efficiency 
of glioma cells26. Consistent with the previous 
studies, upregulation of NFIB was found in both 
OC tissues and OC cell lines. In our study, NFIB 
silencing was demonstrated to inhibit SKOV3 cell 
proliferation, migration and invasion, and it was 
similar with the effect of NFIB on breast cancer27 
and glioblastoma28. Whereas, in cutaneous squa-

Figure 3. OIP5-AS1 can act as a sponge of miR-324-3p. A, The binding sites between OIP5-AS1 and miR-324-3p. B, Lu-
ciferase reporter assay in SKOV3 cells. C, OIP5-AS1 knockdown promoted miR-324-3p expression in SKOV3 cells. D, The 
relative expression of miR-324-3p in 52 OC tissues was detected by qRT-PCR assay. E, The relative expression of miR-324-3p 
in OC cell lines. F, OIP5-AS1 had negative correlation with miR-324-3p. **p<0.01
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Figure 4. OIP5-AS1 regulated OC progression by sponging miR-324-3p. A, Expression of miR-324-3p was measured in 
SKOV3 cells. B, Cell proliferation was detected with OIP5-AS1 vector transfection in miR-324-3p mimics. C, D, Cell migra-
tion and invasion of SKOV3 cells were measured with OIP5-AS1 vector transfection in miR-324-3p mimics (100x). **p<0.01 

A

C

D

B

Figure 5. NFIB was a direct target of miR-324-3p. A, MiR-324-3p was predicted to have binding sites with NFIB by Target-
Scan. B, Luciferase reporter assay in SKOV3 cells. C, The expression of NFIB in 52 OC tissues. D, The expression of NFIB 
in OC cell lines. E, The mRNA expression of NFIB was measured when transfected with miR-324-3p mimic or inhibitor. F, 
The protein level of NFIB was measured with miR-324-3p mimics or inhibitor transfection. **p<0.01
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Figure 6. OIP5-AS1 regulated NFIB via sponging miR-324-3p. A, NFIB expression was measured with si-NFIB transfection 
in OIP5-AS1 vector or miR-324-3p inhibitor. B, Cell proliferation was measured with si-NFIB transfection in OIP5-AS1 vector 
or miR-324-3p inhibitor. C, D, Cell migration and invasion were measured with si-NFIB transfection in OIP5-AS1 vector 
or miR-324-3p inhibitor (100X). E, NFIB had negative correlation with miR-324-3p in OC tissues. F, NFIB was positively 
correlated with OIP5-AS1 in OC tissues. **p<0.01
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mous cell carcinoma, the knockdown of NFIB 
expression was found to promote the tumorigen-
esis29. Besides that, our results discovered that 
OIP5-AS1 overexpression and miR-324-3p inhib-
itor impaired the inhibitory effect of cell viability 
induced by NFIB.

Conclusions

Our results firstly revealed that OIP5-AS1 is 
highly expressed in OC, and OIP5-AS1 upreg-
ulation facilitates the OC cell progression by 
effacing miR-324-3p and upregulating NFIB ex-
pression. Moreover, we suggest that OIP5-AS1 
possesses a potential role for the diagnosis and 
treatment of OC.
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