
36

Abstract. – OBJECTIVE: Ovarian cancer is 
one of the most ordinary fatal cancers. The role 
of long noncoding ribonucleic acids (lncRNAs) 
in tumor progression has caught the attention 
of numerous researchers. In this work, lncRNA 
LINP1 was studied to identify how it functioned 
in the progression of ovarian cancer.  

PATIENTS AND METHODS: Firstly, quantita-
tive real-time polymerase chain reaction (qRT-
PCR) was utilized to measure LINP1 expres-
sion in ovarian cancer tissues. Furthermore, to 
identify the function of LINP1 in ovarian cancer, 
functional experiments were conducted. Also, 
by performing qRT-PCR and Western blot assay, 
the underlying mechanism was explored.  

RESULTS: In this research, LINP1 expression 
was remarkably higher in ovarian carcinoma 
samples compared with adjacent tissues. More-
over, cell proliferation, migration, and invasion 
were inhibited after LINP1 was silenced in the 
ovarian cancer cells. Besides, the messenger 
(mRNA) and the protein of KLF6 were overex-
pressed after LINP1 was silenced. Furthermore, 
the KLF6 expression level was negatively re-
lated to the LINP1 expression level in ovarian 
cancer samples.

CONCLUSIONS: We discovered a potential on-
cogene in ovarian cancer and identified that 
LINP1 enhanced cell metastasis and prolifera-
tion via down-regulating KLF6.
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Introduction

Ovarian cancer is one of the most fatal gy-
necologic malignancies and it is also the fifth 
leading cause of death in cancer globally. As it 
has been reported1, 22,500 new patients were di-
agnosed with ovarian cancer and, in America, in 
2017 almost 14,100 women died of this pathology. 

Atypical or absent symptoms at an early stage are 
the main reason for the high diagnosis rate of ad-
vanced ovarian cancer. Moreover, the occurrence 
of therapy resistance and metastasis contributes 
to the high mortality of ovarian cancer2,3. This sit-
uation requires the urgency of early detection of 
these patients and the establishment of new thera-
peutic avenues for a successful intervention.

Long non-coding RNAs (lncRNAs) are one sub-
group of non-coding RNAs. Recent evidence has 
proved that lncRNAs act as a vital role in the pro-
gression of malignant tumors. The overexpression of 
lncRNA CCAT2 has been indicated to facilitate the 
proliferation and metastasis in intrahepatic cholan-
giocarcinoma4. LncRNA p23154 accelerates metas-
tasis in oral squamous cell carcinoma by taking part 
in glycolysis mediated by Glut15. LncRNA SNHG1 
could inhibit the differentiation of Treg cells, there-
by impeding the immune escape of breast cancer6. 
Moreover, lncRNA PlncRNA-1 acts as an oncogene 
in the progression of colorectal cancer cell through 
regulating phosphatidylinositide 3-kinases (PI3K)/
Akt signaling pathway7. LncRNA in Non-homolo-
gous end joining pathway 1 (LINP1), as a novel ln-
cRNA, is firstly discovered in cervical cancer. We 
aimed to identify whether LINP1 participated in the 
proliferation and metastasis of ovarian cancer and its 
potential mechanism.

Patients and Methods

Tissue Specimens
Paired ovarian carcinoma was sequentially 

taken from 56 ovarian carcinoma patients under-
going surgery at the Second Hospital of Shandong 
University between 2017 and 2018. This investi-
gation was approved by the Ethics Committee 
of the Second Hospital of Shandong University 
and all participants involved signed a written in-
formed consent. 
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Cell Culture
Human ovarian cancer cell lines A2780, OV-

CAR-3, and SKOV3 and normal ovarian cell 
ISOE80 (Shanghai Model Cell Bank, Shanghai, 
China) were cultured in 10% of fetal bovine se-
rum (FBS; Gibco, Rockville, MD, USA), pen-
icillin, streptomycin and Dulbecco’s Modified 
Eagle's Medium (DMEM; Gibco, Rockville, 
MD, USA).

Lentivirus Expressing Short-Hairpin 
RNA (shRNA)

Then, the shRNA directed against LINP1 was 
synthesized by GenePharma (Shanghai, China). 
The complementary deoxyribonucleic acid (DNA) 
encoding LINP1 was amplified and inserted into 
a plasmid complementary deoxyribonucleic acid 
3.1 (pcDNA3.1) (GenePharma, Shanghai, China), 
which was then used for transfection of ovarian 
cancer cells with polybrene (GenePharma, Shang-
hai, China).

RNA Extraction and Quantitative 
Real-Time Polymerase Chain Reaction
(qRT-PCR)

The total RNA from tissues and cells was 
separated by using TRIzol reagent (Invitrogen, 
Carlsbad, CA, USA). And then, the total RNA 
was reverse-transcribed to cDNAs through the 
reverse Transcription Kit (TaKaRa Biotechnol-
ogy Co., Ltd., Dalian, China). Thermocycling 
conditions were as follows: pre-denaturation 
at 95°C for 5 min, denaturation at 95°C for 10 
s, annealing at 60°C for 30 s, for a total of 35 
cycles. The 2ΔΔCt method was utilized for cal-
culating the relative expression. The primer se-
quences are as follows: LINP1 forward: 5’-AG-
CCGGTCCAGTACACCTTT-3’ and reverse: 
5’-GGAAAGCACCGTCTGTTGTT-3’; β-ac-
tin, forward: 5’-GATGGAAATCGTCAGAG-
GCT-3’ and reverse: 5’-TGGCACTTAGTTG-
GAAATGC-3’.

Cell Proliferation 
Assay

Following the manufacturer’s protocol, 2 ×103 
transfected cells were seeded in 96-well plates 
(Corning, Corning, NY, USA) and cell prolifer-
ation was assessed by the Cell Proliferation Re-
agent Kit I (MTT; Roche, Basel, Switzerland) at 0 
h, 24 h, 48 h, and 72 h. Absorbance at 490 nm was 
assessed using an ELISA reader system (Mul-
tiskan Ascent, LabSystems, Helsinki, Finland).

Ethynyl Deoxyuridine (EdU) 
Incorporation Assay

The EdU Kit (Roche, Basel, Switzerland) was 
used for detecting the cell proliferation of trans-
fected cells. The representative photograph was 
taken by Zeiss Axiophot Photomicroscope (Carl 
Zeiss, Oberkochen, Germany).

Transwell Assay
24 h after transfection, 2×105 cells in 100 µL 

serum-free Dulbecco’s Modified Eagle Medium 
(DMEM) were transformed to the top chamber of an 
8-μm culture insert (Corning, Corning, NY, USA) 
coated with 50 µg Matrigel Matrix dilution (BD, 
Bedford, MA, USA). 20% of FBS-DMEM was add-
ed to the lower chamber of the culture inserts. 24 h 
later, these inserts were treated with by methanol for 
30 min and stained with by hematoxylin for 20 min. 
Leica DMI4000B microscope (Leica Microsystems, 
Heidelberg, Germany) was utilized for counting mi-
grated and invaded cells in three random fields (20×).

Western Blot Analysis
Total proteins were collected from cells via ra-

dioimmunoprecipitation assay (RIPA: Invitrogen, 
Carlsbad, CA, USA) buffer and then quantified by 
using a bicinchoninic acid (BCA) assay (Beyotime, 
Shanghai, China). The target proteins were re-
moved from the polyvinylidene difluoride (PVDF) 
membrane (Millipore, Billerica, MA, USA). Then, 
they were incubated with rabbit anti-β-actin (Cell 
Signaling Technology, CST, Danvers, MA, USA) 
and rabbit anti-KLF6 (Abcam Inc., Cambridge, 
MA, USA), and were used for the incubation of 
these membranes. The pierce enhanced chemi-
luminescence (ECL) was utilized for visualizing 
Western blotting substrate immunoreactive bands 
(Santa Cruz Biotechnology, Santa Cruz, CA, USA).

Xenograft Model
After transfected, SKOV3 cells (6×105/mL) were 

replaced into NOD/SCID mice (6 weeks old) subcuta-
neously. Tumor diameters were detected every 5 days. 
Tumor volume was calculated by as the formula (vol-
ume = length × width2 × 1/2). Tumors were extracted 
after 4 weeks. The investigation was approved by the 
Animal Ethics Committee of Shandong University.

Statistical Analysis
All statistical analyses were carried out using 

the GraphPad Prism 5.0 (Version X; La Jolla, CA, 
USA). The difference between the two groups 
was compared by the Student t-test. The statisti-
cal significance was defined as p<0.05.RE
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Results

LINP1 Expression Level in Ovarian
Cancer Tissues and Cells

First, the qRT-PCR was conducted for detect-
ing the LINP1 expression in 56 patients’ tissues 
and 3 ovarian cancer cell lines. As a result, LINP1 
was significantly upregulated in tumor tissue 
samples (Figure 1A). LINP1 level of ovarian can-
cer cells was higher than that of ISOE80 (Figure 
1B). 

Knockdown of LINP1 Inhibited 
Cell Proliferation in SKOV3 Ovarian 
Cancer Cells

In our study, we chose the SKOV3 cell line for 
the knockdown of LINP1. Then, qRT-PCR was 
utilized for detecting the LINP1 expression (Fig-
ure 2A). Moreover, MTT assay showed that the 
cell growth ability of SKOV3 cells was signifi-
cantly repressed after LINP1 was knocked down 
(Figure 2B). Furthermore, EdU incorporation as-
say also showed that EdU positive cells were re-
duced after the knockdown of LINP1 in SKOV3 
cells (Figure 2C).

Knockdown of LINP1 Inhibited 
Cell Invasion in SKOV3 Ovarian 
Cancer Cells

Then, we conducted the transwell assay to ex-
plore whether the knockdown of LINP1 affected the 
invaded abilities of SKOV3 cells. Results of the tran-
swell assay revealed that, after LINP1 was knocked 

down in ovarian cancer cells, the number of invaded 
cells was remarkably decreased (Figure 3).

The Interaction Between KLF6 
and LINP1 in Ovarian Cancer Cells
and Tissues

The qRT-PCR results showed that the expres-
sion level of KLF6 in ovarian cancer cells was 
higher in LINP1 shRNA (shRNA) group com-
pared with the KLF6 level in empty vector group 
(Figure 4A). Western blot assay found out that, 
after LINP1 was knocked down, KLF6 could be 
upregulated at the protein level (Figure 4B). Fur-
thermore, we found that the KLF6 expression of 
ovarian cancer tissues was significantly lower 
compared with that of adjacent tissues (Figure 
4C). The correlation analysis revealed that the 
negative association was seen between KLF6 ex-
pression level and LINP1 expression in ovarian 
cancer tissues (Figure 4D).

LINP1 Knockdown Inhibited 
Tumor Formation in vivo

Then, the ability of LINP1 in tumor formation 
was detected in vivo. The tumor size in shRNA 
group was smaller when compared with empty 
vector group (Figure 5A). Moreover, the expres-
sion level of LINP1 in generated tumor tissues 
was detected by qRT-PCR. Results showed that 
LINP1 was lower-expressed in shRNA group 
when compared with empty vector group (Figure 
5B). Above results suggested that LINP1 could 
induce tumor formation in vivo.

Figure 1. Expression levels of LINP1 were increased in ovarian cancer tissues and cell lines. A, LINP1 expression was 
significantly increased in the ovarian cancer tissues compared with adjacent tissues. B, Expression levels of LINP1 relative 
to β-actin were determined in the human ovarian cancer cell lines and normal ovarian cell ISOE80 by qRT-PCR. Data are 
presented as the mean ± standard error of the mean. *p<0.05.
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Discussion

Ovarian cancer is one of the most fatal gyneco-
logic malignancies and the fifth leading cause of 
death in cancer which killed almost 14,100 women 
in America in 2017. 22,500 new patients were di-

agnosed with ovarian cancer. However, most ovar-
ian cancer cases are diagnosed at a late stage due 
to atypical or absent symptoms at an early stage. 
Moreover, the high rate of therapy resistance and 
metastasis, which occurs in almost 80% of women, 
contributes to the high mortality of ovarian cancer. 

Figure 3. Knockdown of LINP1 inhibited SKOV3 ovarian cancer cell invasion. Transwell assay showed that the number of 
invaded cells was significantly decreased via knockdown of LINP1 in the SKOV3 ovarian cancer cells. Results represent the 
average of three independent experiments (magnification: 40×) (mean ± standard error of the mean). *p<0.05.

Figure 2. Knockdown of LINP1 inhibited SKOV3 ovarian cancer cell proliferation. A, LINP1 expression in SKOV3 ovarian 
cancer cells transduced with LINP1 shRNA (shRNA) and the empty vector was detected by QRT-PCR. β-actin was used as an 
internal control. B, MTT assay showed that knockdown of LINP1 significantly inhibited cell growth in SKOV3 ovarian cancer 
cells. C, EdU incorporation assay showed that knockdown of LINP1 reduced the number of EdU positive cells after the in 
SKOV3 cells (magnification: 40×). The results represent the average of three independent experiments (mean ± standard error 
of the mean). *p<0.05, as compared with the control cells. 
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Figure 4. Interaction between LINP1 and KLF6 in SKOV3 ovarian cancer cells. A, RT-PCR results showed that KLF6 
expression was higher in LINP1 shRNA (shRNA) compared with the empty vector. B, Western blot assay revealed that 
KLF6 protein expression was increased in LINP1 shRNA (shRNA) compared with empty vector. C, KLF6 was significantly 
down-regulated in ovarian cancer tissues compared with adjacent tissues. D, The linear correlation between the expression 
level of KLF6 and LINP1 in ovarian cancer tissues. Results represent the average of three independent experiments. Data are 
presented as the mean ± standard error of the mean. *p<0.05.
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Figure 5. Knockdown of LINP1 inhibited tumor formation in vivo. A, After tumor extraction, the tumor volume was calcu-
lated respectively in the empty vector or LINP1 shRNA group and made into a graph. B, The relative expression of LINP1 in 
tumors was examined by qRT-PCR. Data are presented as the mean ± SD of three independent experiments. *p<0.05.
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Evidence has proved that lncRNA is an im-
portant factor in the development of ovarian can-
cer which can be a potential indicator of ovarian 
cancer. For instance, the downregulation of ln-
cRNA PCA3 significantly suppresses prolifer-
ation, invasion, and migration of the epithelial 
ovarian cancer cell8. LncRNA AFAP1-AS1 pro-
motes cell proliferation in ovarian cancer and, 
after the knockdown of AFAP1-AS1, cells apop-
tosis is enhanced9. LncRNA CCAT1 promotes 
cell epithelial-mesenchymal transition, migration 
and invasion in the epithelial ovarian cancer10. 
Cell proliferation and migration of ovarian can-
cer are inhibited after the knockdown of lncRNA 
MNX1-AS1, which may offer a potential target 
for ovarian cancer11. 

LncRNA LINP1 was firstly discovered in cer-
vical cancer. Our previous study showed that ln-
cRNA LINP1 was upregulated in ovarian cancer 
patients. However, LINP1 is upregulated in many 
types of cancer. By the regulation of the NHEJ 
signal pathway, LINP1 promotes DNA damage 
repair and decreases ionizing radiation sensitiv-
ity of cervical cancer cells12. Regulated by the 
transforming growth factor-β/drosophila moth-
ers against the decapentaplegic (TGF-β/SMAD4) 
signaling, LINP1 serves as a tumor suppressor 
in lung cancer by inhibiting the epithelial-mes-
enchymal transition13. Overexpression of LINP1 
enhances the malignant progression of prostate 
cancer through negatively modulating p5314. We 
further conducted functional experiments and 
found that, after LINP1 was knocked down, the 
ovarian cancer cell proliferation and metasta-
sis were inhibited, which suggested that LINP1 
could promote tumorigenesis of ovarian cancer. 
Besides, the tumorigenesis assay in vivo revealed 
that the knockdown of LINP1 could inhibit tumor 
formation in vivo.

To further identify the underlying mechanism 
of how LINP1 affected ovarian cancer cell tumor-
igenesis and metastasis, we predicted and picked 
the Krüppel-like factor 6 (KLF6) as the potential 
binding protein of LINP1 by using bioinformat-
ic analysis and experimental verification. KLF6 
is widely known as a tumor suppressor in many 
carcinomas which regulates diverse biological pro-
cesses. For example, KLF6 constrains the progres-
sion of the hepatocellular carcinoma dissemina-
tion by regulating a VAV3-RAC1 signaling axis15. 
KLF6-E2F1 axis is activated in aggressive clear 
cell renal cell carcinoma and KLF6 functions as 
an anti-oncogene via the transcriptional depres-
sion of E2F116. KLF6 is deleted in glioblastomas 

which is related to poor prognosis for the patients 
through targeting KLF617. Moreover, as a target of 
miR-630, KLF6 enhances cell proliferation and 
cell invasion in epithelial ovarian cancer18. We de-
tected the expression of KLF6 in ovarian cancer 
patients and found that it was upregulated in pa-
tients’ tissues. However, KLF6 exhibits anti-meta-
static and anti-tumoral roles in a variety of cancers. 
KLF6 functions as a tumor suppressor and restricts 
breast cancer brain metastases which consequent-
ly sensitizes oncolytic virotherapy19. After KLF6 
expression was repressed, cell proliferation was 
promoted, and cell apoptosis was inhibited in clear 
cell renal cell carcinoma20. KLF6 expression level 
is reduced during the malignant transformation of 
the colonic mucosa and the upregulation of KLF6 
expression is associated with a worse prognosis in 
colorectal cancer21. In the present study, KLF6 ex-
pression could be upregulated after the knockdown 
of LINP1. Moreover, KLF6 expression in ovarian 
cancer tissues was negatively related to the LINP1 
expression. All the results above suggested that 
LINP1 might promote tumorigenesis of ovarian 
cancer via suppressing KLF6.

Conclusions

We found that LINP1 was remarkably high-
er-expressed in ovarian cancer tissues and could 
enhance ovarian cancer cell proliferation and 
invasion through the repression of KLF6. These 
findings implied that lncRNA LINP1 can act as a 
prospective therapeutic target for ovarian cancer.
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