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Abstract. – OBJECTIVE: Long non-coding 
RNAs (lncRNAs) can serve as prognostic mark-
ers for cancer patients, including ovarian can-
cer. The objective of this study was to explore 
the potential functions and mechanisms of ln-
cRNA-TUSC7 in ovarian cancer.  

PATIENTS AND METHODS: RT-PCR or West-
ern blot (WB) was performed to detect expres-
sions of TUSC7, miR-616-5p and GSK3β in ovar-
ian cancer tissues, adjacent normal tissues and 
ovarian cancer cell lines. Correlation analysis 
was performed to analyze the correlations be-
tween TUSC7 and miR-616-5p, miR-616-5p and 
GSK3β, TUSC7 and GSK3β. Furthermore, Ka-
plan-Meier survival analysis was used to ana-
lyze overall survival (OS) of patients with TUSC7 
low and high expression. Besides, CCK-8 assay 
was carried out to measure cell proliferation 
ability and transwell assay was used to measure 
cell invasion and migration abilities. In addition, 
WB was performed to measure protein levels in 
ovarian cancer tissues and ovarian cancer cell 
lines. Finally, Luciferase reporter assay was 
performed to verify the binding sites between 
TUSC7 and miR-616-5p, miR-616-5p and GSK3β.  

RESULTS: In this study, we first found that 
TUSC7 was significantly reduced in ovarian 
cancer tissues, which was associated with ad-
vanced stage and poor diagnosis for ovarian 
cancer patients. MiR-616-5p was increased in 
ovarian cancer tissues and cancer cell lines, 
which was negatively correlated with TUSC7 
and GSK3β. GSK3β was found to be reduced 
in ovarian cancer tissues, which was positive-
ly correlated with TUSC7. Of note, we found 
that TUSC7 overexpression inhibited cell pro-
liferation, invasion and migration in SKOV3 
cells. Moreover, protein expressions of Cyclin 
D1, N-cadherin, Vimentin, MMP-9 and MMP-2 
were also repressed. Notably, Luciferase re-
porter assay proved that TUSC7 could directly 
sponge with miR-616-5p, which could directly 
bind with GSK3β, a tumor suppressor, regulat-
ing the β-catenin signaling. Finally, we proved 
that TUSC7 regulated cell proliferation, invasion 

and migration via miR-616-5p/GSK3β signaling 
pathway in SKOV3 cells. 

CONCLUSIONS: According to the results, our 
study revealed that TUSC7 was repressed in pa-
tients with ovarian cancer, which might be used 
as a prognostic factor for ovarian cancer pa-
tients. Furthermore, we first discovered that the 
reduced TUSC7 promoted cell proliferation, in-
vasion and migration of ovarian cancer via miR-
616-5p/GSK3β/β-catenin pathway, which might 
provide a novel promising therapeutic target for 
ovarian cancer.
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Introduction

Ovarian cancer is one of the most malignant gy-
necological cancers and the incidence is followed 
with cervical cancer and endometrial cancer1-3. Its 
mortality is on the top of gynecological cancers 
in women worldwide, which is a serious threat to 
women’s lives1-4. As ovary is in the deep pelvic 
cavity, which is small, and lacks typical symptoms, 
it is difficult to make early diagnosis. As a result, to 
find new ways for early diagnosis and treatment for 
ovarian cancer patients is needed.

Long non-coding RNAs (lncRNAs) are kinds 
of long RNAs without the ability to be translated 
into proteins; however, lncRNAs can regulate cell 
biological functions in various kinds of cancers5-7 
and it has been revealed that lncRNAs play import-
ant roles in the progression and prognosis of ovari-
an cancer8-10. Moreover, lncRNAs can sponge with 
miRNAs through a competing endogenous RNA 
(ceRNA) mechanism and regulate biological func-
tions in different cancers11-14.
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TUSC7 is located on chromosome 3q13.3, 
which has been demonstrated to be reduced and 
plays the role of tumor suppressor in many can-
cers15-18. TUSC7/miR-224 axis could affect che-
motherapy resistance in esophageal squamous 
cell carcinoma15. TUSC7 could inhibit cell pro-
liferation and progression through regulating 
miR-616/SOCS4 (SOCS5) pathway in endome-
trial carcinoma16. TUSC7 suppressed the pro-
gression of pancreatic carcinoma by modulat-
ing with miR-371a-5p17. These studies revealed 
that TUSC7 could play as a tumor suppressor 
through sponging with miRNAs. However, the 
roles of TUSC7 in ovarian cancer remained 
largely unknown.

MicroRNAs (miRNAs) are kinds of short 
RNAs that cannot be translated into proteins, but 
miRNAs can regulate different functions through 
binding with 3’ untranslated regions (UTR) of 
target genes in different diseases19-22, including 
ovarian cancer23-25. MiR-616-5p has been report-
ed to play the oncogenic roles to promote prolif-
eration, invasion and progression in many can-
cers26-28. However, its role in ovarian cancer has 
not been reported. 

In this study, we wanted to investigate TUSC7 
expressions in ovarian cancer tissues, which re-
vealed that it was significantly reduced in ovar-
ian cancer tissues and ovarian cancer cell lines. 
Then, we explored the functions and potential 
mechanism of TUSC7 in patients with ovarian 
cancer.

Patients and Methods

Patient Samples Collection
Patients were diagnosed with ovarian cancer 

according to the National Comprehensive Cancer 
Network (NCCN) Guidelines for ovarian cancer29. 
Patients had no serious system diseases and chemo-
radiotherapy before surgery. 66 paired ovarian 
cancer tumor tissues, their corresponding adjacent 
normal tissues from patients and serum samples 
from patients and healthy controls were collected 
in our hospital from Sep 2011 to Jul 2012. Clinical 
characters for patients were listed in Table I. Tissue 
samples and serum samples were frozen at -80°C. 
The investigation was approved by the Clinical 
Research Ethics Committee of our hospital and in-
formed consent was signed by every patient.

Cell Culture
Human normal ovarian surface epithelial cells 

(HOSEPiCs) and ovarian cancer cell lines, in-
cluding CAOV3, OVCAR3, PEO1 and SKOV3, 
were obtained from American Type Culture Col-
lection (ATCC, Manassas, VA, USA). Cells were 
cultured in Dulbecco’s Modified Eagle’s Medium 
(DMEM) (HyClone, South Logan, UT, USA) and 
it was supplemented with 10% fetal bovine serum 
(FBS; Gibco, Grand Island, NY, USA), 100 U/ml 
penicillin and 100 μg/ml streptomycin (HyClone, 
South Logan, UT, USA). Cells were kept in an 
incubator with a humidified atmosphere with 5% 
CO2 at 37°C.

Table I. The relationships between TUSC7 expression and clinical characters in patients with ovarian cancer.

Parameters Low TUSC7 High TUSC7 p-value
  (n=33) (n=33) 

Age   0.622
  < 50Y 19 16 
  ≥ 50Y 14 17 
Menopause   0.460
  Pre-menopause 18 14 
  Post-menopause 15 19 
CA199   0.617
  < 40 kU/L 15 12 
  ≥ 40 kU/L 18 21 
TNM stage   0.012
  I-II 13 24 
  III-IV 20 9 
Lymphatic metastasis   0.013
  Yes 23 12 
  No 10 21 
Distant metastasis   0.006
  Yes 20 8 
  No 13 25 
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Construction of Lentivirus
Human TUSC7 cDNA was synthesized and 

constructed into a lentivirus (RiBo Biotech, 
Guangzhou, China), resulted with TUSC7 over-
expression. Lentiviral TUSC7 (LV-TUSC7) and 
lentiviral negative control (LV-NC) were respec-
tively infected into SKOV3 cells for 24 hours ac-
cording to the protocol, and stable SKOV3 cells 
with TUSC7 overexpression were obtained after 
about one week.

Cell Transfection
Cells were seeded in 6-well plates (2×106/well) 

and culture in an incubator until reaching about 
70%, then serum-free DMEM and miR-NC or 
miR-616-5p mimic and Lipofectamine 2000 (In-
vitrogen, Carlsbad, CA, USA) were mixed and 
transfected into cells in accordance with the pro-
tocol. Indicated cells were collected for qRT-PCR 
CCK8 assay and transwell assay at indicated time 
point after transfection. 

CCK-8 Assay
Cell proliferation ability was measured using 

the cell Counting Kit-8 Assay (CCK8, Dojindo 
Molecular Technologies, Kumamoto, Japan) ac-
cording to the protocol. Cells were digested and 
seeded on 96-well plates (2 ×103 cells/ml) and 
then cultured in the incubator. 10 µl CC-8 was 
added at indicated time point. The optical density 
(OD) value was measured at 450 nm with micro-
plate reader (Thermo Fisher Scientific, Waltham, 
MA, USA). 

Transwell Assay
Cell invasion and migration abilities were 

measured by transwell assay and transwell 
inserts (Costar, Cambridge, MA, USA) were 
used. 5×104 SKOV3 cells were suspended with 
serum-free DMEM in the upper chamber, and 

the lower chambers were filled with 600 µl 
DMEM with 20% FBS to induce SKOV3 cell 
invasion and migration. After 48 hours, non-in-
vasive or non-migrated cells were removed 
using a cotton swab, cells migrated or invad-
ed through the membranes (for invasion assay, 
membranes were stained with 70 µl Matrigel) 
and were stained with 0.1% crystal violet (Bi-
yuntian, Shanghai, China). Three random fields 
were counted for each chamber with an invert-
ed light microscope (Olympus Corporation, To-
kyo, Japan). Three chambers for experimental 
group were utilized.

RNA Extraction and Quantitative 
Real-Time PCR

Total RNAs from clinical tissue samples, se-
rum samples and ovarian cancer cell lines were 
extracted using RNAiso Plus (TaKaRa, Otsu, Shi-
ga, Japan) following the manufacturer’s protocol. 
Reverse transcription was performed using Pri-
meScript™ RT reagent Kit (TaKaRa, Otsu, Shiga, 
Japan) according to the protocol. The qPCR condi-
tions were as follow: 95°C for 30 sec with 40 cy-
cles, 95°C for 5 sec and 60°C for 30 sec. Relative 
expressions were quantified with SYBR Premix 
Ex Taq (TaKaRa, Otsu, Shiga, Japan) and GAPDH 
or U6 was used as the reference gene. Primer se-
quences were listed in Table II.

Protein Extraction 
and Western Blot 

Total protein from tissues and ovarian cancer 
cells were extracted using a radio immunopre-
cipitation (RIPA) lysis buffer (Sigma-Aldrich, St. 
Louis, MO, USA) and protein content was quanti-
fied using a bicinchoninic acid (BCA) protein as-
say kit (Thermo Fisher Scientific, Waltham, MA, 
USA). 40 mg proteins in 10% sodium dodecyl sul-
phate-polyacrylamide gel electrophoresis (SDS-

Table II. Primer sequences for RT-PCR.

Genes Primer sequences

TUSC7 Forward: 5'-CACTGCCTATGTGCACGACT-3'
 Reverse: 5'-AGAGTCCGGCAAGAAGAACA-3'

miR-616-5p Forward: 5'-AATATAAGTGCCACGGAG-3'
 Reverse: 5'-CTGCAGAAACTTTCTGAC-3'

GAPDH Forward:5'-CCATGGCACCGTCAAGGCTGA-3'
 Forward:5'-GGGCCATCCACAGTCTTCTGG-3'

U6 Forward:5'-CGCTTCGGCAGCACATATACT-3'
 Forward:5'-CGCTTCACGAATTTGCGTGTC-3'
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PAGE) were separated and transferred onto poly-
vinylidene difluoride (PVDF) membranes. These 
membranes were incubated with primary anti-
bodies overnight at 4°C, which were purchased 
from Abcam (Cambridge, MA, USA) and listed in 
Table III. After that, membranes were incubated 
with matched secondary antibody for 1 h. Finally, 
protein bands were detected using enhanced che-
miluminescence (ECL) reagents (Amersham Bio-
sciences, Piscataway, NJ, USA) with ECL detec-
tion system (Thermo Fisher Scientific, Waltham, 
MA, USA). 

Luciferase Assay
The wild type and mutant sequences of TUSC7 

and GSK3β that contained potential binding site 
with miR-616-5p were respectively synthesized 
and cloned into GLO vectors (Promega, Madison, 
WI, USA). SKOV3 cells were seeded on 48-well 
plates for 24 h. TUSC7-wt, TUSC7-mut, GSK3β-
wt or GSK3β-mut plasmid was respectively trans-
fected into SKOV3 cells with Lipofectamine 2000 
according to the protocol. After 24 h, miR-616-5p 
or miR-NC was respectively transfected into the 
prepared cells for 24 h. Finally, activities of firefly 
Luciferase and Renilla Luciferase were measured 
using a Promega Luciferase Kit (Promega, Madi-
son, WI, USA). Renilla Luciferase was used as the 
normalized reference. 

Statistical Analysis
All data were analyzed using SPSS 19.0 

(IBM, Armonk, NY, USA) and GraphPad Prism 
6.0 (GraphPad Software, La Jolla, CA, USA). 
Significance between groups was analyzed by 
Student’s t-test or one-way ANOVA and SNK 
method. Kaplan-Meier survival analysis with 
log rank test was used to analyze the overall sur-
vival. Pearson’s correlation analysis was used to 
analyze correlations. If p<0.05, it was consid-
ered statistically significant.

Results

TUSC7 was Reduced in Ovarian Cancer 
Tissues and it Predicted Poor Diagnosis 
for Ovarian Cancer Patients

For the first time, we detected TUSC7 expres-
sions in 66 pairs of ovarian cancer tissues and 
adjacent tissues using RT-PCR. Results showed 
that TUSC7 was significantly repressed in ovar-
ian cancer tissues, compared to adjacent tissues 
(Figure 1A) (p<0.001). Furthermore, TUSC7 ex-
pression in patients at stage III-IV was lower than 
patients at stage I-II (Figure 1B) (p<0.001). More-
over, TUSC7 expression was repressed in serum 
of ovarian cancer patients, compared to healthy 
controls (Figure 1C) (p<0.001). Of note, we found 
that serum TUSC7 expression in ovarian cancer 
patients was positively correlated with those of 
TUSC7 in tumor tissues (Figure 1D) (p<0.001). 
Then, ovarian cancer patients were divided into 
TUSC7 low and high expression group, and Ka-
plan-Meier survival analysis revealed that pa-
tients with TUSC7 low expression had a worse 
overall survival than patients with TUSC7 high 
expression (Figure 1E) (p<0.01). In addition, we 
analyzed the correlations between TUSC7 levels 
and clinical characters in ovarian cancer patients, 
which prompted that patients with TUSC7 low 
expression were associated with advanced TNM 
stage and metastasis (Table I) (p<0.05). Addition-
ally, we detected TUSC7 expressions in human 
ovarian surface epithelial cells (HOSEPiCs) and 
ovarian cancer cell lines, such as CAOV3, OV-
CAR3, PEO1 and SKOV3. Results insinuated that 
TUSC7 expressions were significantly reduced 
in ovarian cancer cell lines (Figure 1F) (p<0.05). 
These data revealed that TUSC7 was reduced in 
ovarian cancer tissues, which predicted poor di-
agnosis for ovarian cancer patients, and it was 
also repressed in ovarian cancer cell lines. How-
ever, TUSC7 had not been investigated in ovarian 
cancer and the functions remained unknown.

TUSC7 Overexpression Inhibited Cell 
Proliferation, Invasion and Migration in 
SKOV3 Cells

To find out the functions of TUSC7 in ovar-
ian cancer, lentiviral TUSC7 (LV- TUSC7) was 
constructed and infected into SKOV3 cells, which 
showed that TUSC7 was significantly increased 
(Figure 2A) (p<0.001). CCK-8 assay prompted 
that TUSC7 overexpression led to cell prolifera-
tion inhibition (Figure 2B) (p<0.01). Furthermore, 
transwell assay indicated that TUSC7 overexpres-

Table III. Antibodies in Western blot.

Proteins Host KDa Dilution

GSK3β Rabbit 46 kDa 1:5000
β-catenin Rabbit 95 kDa 1:5000
Cyclin D1 Rabbit 34 kDa  1:10000
N-cadherin Rabbit 125 kDa 1:1000
Vimentin Rabbit 54 kDa 1:1000
MMP-9 Rabbit 92 kDa 1:1000
MMP-2 Rabbit 74 kDa 1:3000
GAPDH Rabbit 36 kDa 1:10000
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sion inhibited cell invasion and migration capaci-
ties (Figure 2C, D) (p<0.01). To further verify that 
TUSC7 affected these cancer biological features, 
WB was performed to detect proliferation and 
invasion associated gene expressions, including 
Cyclin D1, N-cadherin, Vimentin, MMP-9 and 
MMP-2. Results showed that these protein ex-
pressions were significantly repressed (Figure 2E, 
F) (p<0.01), which further verified that TUSC7 
affected cell proliferation, invasion and migration 
in SKOV3 cells.

MiR-616-5p was Increased in Ovarian 
Cancer Patients and it was a Direct 
Target of TUSC7 in SKOV3 Cells

To further understand how TUSC7 regulated 
cancer cell proliferation, invasion and migration 
in ovarian cancer, starBase v2.0 database was 
performed to analyze the target genes of TUSC7, 
which revealed that miR-616-5p might be a poten-
tial target miRNA. We detected miR-616-5p ex-
pressions in tumor tissues and adjacent tissues in 
ovarian cancer patients, which showed that miR-
616-5p was increased in tumor tissues (Figure 3A) 

(p<0.001) and miR-616-5p expression in patients at 
stage III-IV was higher than patients at stage I-II 
(Figure 3B) (p<0.001). Furthermore, correlation 
analysis revealed that miR-616-5p was negatively 
related to TUSC7 in ovarian cancer patients (Fig-
ure 3C) (p<0.05) and in patients at stage of III-IV 
(Figure 3E) (p<0.01), but not in patients at stage I-II 
(Figure 3D) (p>0.05). Besides, miR-616-5p expres-
sions in ovarian cancer cell lines were increased 
(Figure 3F) (p<0.05). Additionally, miR-616-5p 
expression was decreased following TUSC7 over-
expression (Figure 3G) (p<0.001). Collectively, the 
data indicated that TUSC7 was negatively related 
with miR-616-5p, which was predicted as a poten-
tial target for TUSC7. To detect that TUSC7 could 
function as a ceRNA to bind with miR-616-5p, 
wild type and mutant sequences of TUSC7 were 
constructed into GLO vectors (Figure 3H) and 
Luciferase reporter assay was performed. Results 
revealed that relative Luciferase activity in cells 
co-transfected with TUSC7-wt and miR-616-5p 
mimic was significantly repressed, while it was 
reversed in cells co-transfected with PTENP1-mut 
and miR-19b mimic (Figure 3I) (p<0.01). These 

Figure 1. TUSC7 was reduced in ovarian cancer tissues and it predicted poor diagnosis for ovarian cancer patients. A, TUSC7 
expressions were detected in ovarian cancer tissues (n=66) and adjacent tissues (n=66). B, TUSC7 expressions in patients with 
stage I-II (n=37) and stage III-IV (n=29) were analyzed. C, TUSC7 expressions were detected in serum samples of ovarian 
cancer patients (n=66) and healthy controls (n=66). D, Correlation between serum TUSC7 and tissue TUSC7 was analyzed 
in ovarian cancer patients. E, Overall survival rates were analyzed in patients with TUSC7 low (n=33) and high expression 
(n=33) by Kaplan-Meier analysis. F, TUSC7 expressions in ovarian cancer cell lines were detected. *p<0.05, ***p<0.001.
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data suggested that miR-616-5p was increased in 
ovarian cancer patients and it was a direct target of 
TUSC7 in SKOV3 cells

MiR-616-5p Promoted Proliferation,
Invasion and Migration in SKOV3 Cells

To further explore roles of miR-616-5p in 
ovarian cancer, the miR-616-5p mimic or miR-
NC was respectively transfected into SKOV3 
cells, which revealed that miR-616-5p was signifi-
cantly increased in miR-616-5p mimic transfec-
tion group (Figure 4A) (p<0.001). CCK-8 assay 
prompted that miR-616-5p overexpression im-
proved cell proliferation (Figure 4B) (p<0.001). 
Furthermore, transwell assay hinted that miR-
616-5p overexpression promoted cell invasion and 
migration (Figure 4C, D) (p<0.01). Moreover, WB 
showed that the protein expressions of Cyclin D1, 
N-cadherin, Vimentin, MMP-9 and MMP-2 were 
significantly increased (Figure 4E, F) (p<0.01), 
which further verified that miR-616-5p overex-

pression promoted cell proliferation, invasion and 
migration in SKOV3 cells. However, how miR-
616-5p regulated cell proliferation, invasion and 
migration in ovarian cancer remained unclear.

MiR-616-5p Could Directly Target at 
GSK3ß

To understand how miR-616-5p regulated cell 
proliferation, invasion and migration in ovarian can-
cer, we used TargetScan database to predict that the 
target gene of miR-616-5p and GSK3β was predict-
ed as a possible target gene, which was associated 
with cell proliferation and invasion through β-caten-
in pathway in some cancers30-32. Then, we detected 
GSK3β protein levels in tumor tissues and adjacent 
tissues, which showed that GSK3β was significant-
ly reduced in ovarian cancer tissues (Figure 5A) 
(p<0.001) and the protein level in patients at stage 
III-IV was lower than patients at stage I-II (Figure 
5B) (p<0.001). Furthermore, correlation analysis re-
vealed that GSK3β was negatively correlated with 

Figure 2. TUSC7 overexpression inhibited cell proliferation, invasion and migration in SKOV3 cells.  A, TUSC7 expressions 
were detected after infection with LV- TUSC7 in SKOV3 cells. B, CCK8 assay was performed to detect cell proliferation 
capacity. C-D, Transwell assay was used to detect cell invasion and migration capacities. E-F, The protein levels of Cyclin D1, 
N-cadherin, Vimentin, MMP-9 and MMP-2 were detected by WB (magnifications x 1.5). **p<0.01, ***p<0.001.
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miR-616-5p in ovarian cancer tumor tissues (Figure 
5C) (p<0.01), but not in adjacent tissues (Figure 5D) 
(p>0.05). Besides, GSK3β was negatively correlated 
with miR-616-5p in ovarian cancer patients at stage 
III-IV (Figure 5E) (p<0.01), but not in patients at 
stage I-II (Figure 5F) (p>0.05). Additionally, GSK3β 
protein expressions in ovarian cancer cell lines were 
decreased (Figure 5G) (p<0.001). 

Collectively, these data revealed that miR-616-
5p was negatively related with GSK3β, which was 
predicted as a possible target gene for miR-616-5p. 
To confirm that miR-616-5p could directly bind 
with GSK3β and regulate the development of can-
cer, wild type and mutant sequences of GSK3β 

were constructed into GLO vectors (Figure 5H) 
and Luciferase reporter assay was performed. Re-
sults hinted that relative Luciferase activity in cells 
co-transfected with GSK3β-wt and miR-616-5p 
mimic was repressed, while it was reversed fol-
lowing with GSK3β mutation (Figure 5I) (p<0.01). 
These data suggested that GSK3β was reduced in 
ovarian cancer tumor tissues and it was a direct tar-
get gene of miR-616-5p in SKOV3 cells. 

TUSC7 was Positively Interacted 
with GSK3ß

So far, we had revealed that TUSC7 could 
sponge with miR-616-5p, which could directly 

Figure 3. MiR-616-5p was increased in ovarian cancer patients and it was a direct target of TUSC7 in SKOV3 cells. A, 
MiR-616-5p expressions were detected in ovarian cancer tissues (n=66) and adjacent tissues (n=66). B, MiR-616-5p expressions 
in patients with stage I-II (n=37) and stage III-IV (n=29) were analyzed. C-E, Correlations between TUSC7 and miR-616-
5p were analyzed using correlation analysis in ovarian cancer patients. F, MiR-616-5p expressions were detected in ovarian 
cancer cell lines. G, MiR-616-5p expressions were detected in SKOV3 cells with blank control, LV-NC and LV-TUSC7. H, 
Potential wild type and mutant sequences of TUSC7 were constructed. I, Luciferase reporter assay was performed in SKOV3 
cells. *p<0.05, **p<0.01, ***p<0.001.
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bind with GSK3β and regulate the downstream 
signal pathway. To further understand the rela-
tionship between TUSC7 and GSK3β, correla-
tion analysis was performed. Results showed that 
GSK3β was positively correlated with TUSC7 in 
ovarian cancer tumor tissues (Figure 6A) (p<0.01), 
but not in adjacent tissues (Figure 6B) (p>0.05). 
Besides, it was positively correlated with TUSC7 
in ovarian cancer patients at stage III-IV (Figure 
6C) (p<0.01), but not in patients at stage I-II (Fig-
ure 6D) (p>0.05). Finally, we found that GSK3β 
was promoted and its downstream inhibitor β-cat-
enin was repressed following with TUSC7 over-
expression (Figure 6E, F) (p<0.01). These data 
indicated that TUSC7 was positively interacted 
with GSK3β and we might conclude that TUSC7 
could sponge with miR-616-5p, which might then 
target at regulating GSK3β expression and its 
downstream signal pathway to affect cancer bio-
logical functions.

TUSC7 Regulated Cell Proliferation, 
Invasion and Migration Through 
MiR-616-5p/GSK3ß/ß-catenin Pathway 
in Ovarian Cancer

From the previous data, we might assume that 
TUSC7 could sponge with miR-616-5p, which 
would then target at repressing GSK3β expres-
sion and promoting β-catenin signaling pathway, 
thereby regulating the proliferation, invasion 
and migration of ovarian cancer cells. To prove 
it, we transfected miR-616-5p mimic or miR-NC 
into SKOV3 cells with LV-TUSC7 or LV-NC. 
Results revealed that miR-616-5p was repressed 
in LV-TUSC7 and it was promoted following 
with miR-616-5p mimic transfection (Figure 7A) 
(p<0.001). TUSC7 was increased in LV-TUSC7 
and it was repressed following with miR-616-5p 
mimic transfection (Figure 7A) (p<0.001). CCK-
8 assays hinted that cell proliferation ability was 
repressed in LV-TUSC7, while it was promoted 

Figure 4. MiR-616-5p promoted proliferation, invasion and migration in SKOV3 cells. A, MiR-616-5p expressions were 
detected after miR-616-5p mimic transfection in SKOV3 cells. B, CCK8 assay was performed to detect cell proliferation ca-
pacity. C-D, Transwell assay was used to detected capacities of cell invasion and migration. E-F, The protein levels of Cyclin 
D1, N-cadherin, Vimentin, MMP-9 and MMP-2 were detected by WB (magnifications x 1.5). *p<0.05, **p<0.01, ***p<0.001.
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following with miR-616-5p overexpression (Fig-
ure 7B) (p<0.01). Furthermore, transwell assay 
illustrated that TUSC7 inhibition repressed cell 
invasion and migration, while they were reversed 
following with miR-616-5p overexpression (Fig-
ure 7C, D) (p<0.01). Additionally, WB showed 
that TUSC7 inhibition repressed protein expres-
sions of GSK3β, Cyclin D1, N-cadherin, Vimen-
tin, MMP-9 and MMP-2 and promoted β-catenin 
expression, while they were reversed following 
with miR-616-5p overexpression (Figure 7E, F) 
(p<0.01), which further proved that TUSC7 reg-
ulated cell proliferation, invasion and migration 
through miR-616-5p/GSK3β/β-catenin pathway 
in ovarian cancer. 

Discussion

Ovarian cancer is a malignant gynecologi-
cal cancer with high incidence and mortality for 
women worldwide1-3, which is a dangerous threat 
to their lives1-4. As ovary is hidden in the pelvic 
cavity and lacks typical symptoms at early stage, 
it is not easy to make an early diagnosis. As a re-
sult, we wanted to develop novel ways for early di-
agnosis and treatment for ovarian cancer patients. 
LncRNAs have the capacity to regulate biological 
functions in various cancers5-7 and they can af-
fect the progression and prognosis of ovarian can-
cer8-10. TUSC7 has been demonstrated to play tu-
mor suppressive functions in kinds of cancers15-18. 

Figure 5. MiR-616-5p could directly target at GSK3β. A, GSK3β protein levels in ovarian cancer tissues (n=66) and adja-
cent tissues (n=66) were detected by WB. B, GSK3β protein expressions in patients with stage I-II (n=37) and stage III-IV 
(n=29) were analyzed. C-F, Correlations between GSK3β and miR-616-5p were analyzed using correlation analysis in ovarian 
cancer patients. G, GSK3β protein expressions were detected in ovarian cancer cell lines. H, Wild type and mutant sequences 
of GSK3β were constructed. I, Luciferase reporter assay was performed in SKOV3 cells. *p<0.05, **p<0.01, ***p<0.001.
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Figure 6. TUSC7 was positively interacted with GSK3β. A-B, Correlations between TUSC7 and GSK3β were analyzed in 
tumor tissues and adjacent tissues of ovarian cancer patients. C-D, Correlations between TUSC7 and GSK3β were analyzed 
in ovarian cancer patients at stage III-IV and at stage I-II. E-F, Protein expressions of GSK3β and β-catenin were detected in 
cells with LV-NC or LV-TUSC7 by WB (magnifications x 2.0). **p<0.01. 
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Figure 7. TUSC7 regulated cell proliferation, invasion and migration through miR-616-5p/GSK3β/β-catenin pathway in 
ovarian cancer. A, The expressions of miR-616-5p and TUSC7 were detected. B, CCK-8 assay was used to measure cell pro-
liferation abilities. C-D, Transwell assay was performed to detect cell invasion and migration abilities. E-F, Protein expressions 
of GSK3β, β-catenin, Cyclin D1, N-cadherin, Vimentin, MMP-9 and MMP-2 were detected by WB (magnifications x 1.5). 
**p<0.01, ***p<0.001.
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However, the roles of TUSC7 in ovarian cancer 
remained largely unknown. As a result, first, we 
detected TUSC7 expressions in ovarian cancer 
tissues and adjacent tissues. Results illustrated 
that TUSC7 was repressed in ovarian cancer tis-
sues, which was related with advanced stages and 
poor future diagnosis for patients with ovarian 
cancer. Besides, we also found that TUSC7 ex-
pressions were decreased in ovarian cancer cell 
lines. However, the roles of TUSC7 in ovarian can-
cer remained unknown. Epithelial-mesenchymal 
transition (EMT) is a biological process in which 
epithelial cells are transformed into mesenchymal 
cells through some specific procedures. It is an 
important process for epithelial-derived malignant 
tumor cells to acquire abilities of migration and in-
vasion in ovarian cancer33,34. Cyclin D1 is a protein 
that promotes cell proliferation in most cancers35-37. 
N-cadherin and Vimentin are proteins which re-
vealed to promote cell invasion in various can-
cers38,39. MMP9 and MMP2 have also been proved 
to promote invasion and migration in cancers27,40. 
To explore the functions of TUSC7 in ovarian can-
cer cells, LV-TUSC7 was cloned and constructed 
into SKOV3 cells, resulted with TUSC7 overex-
pression. CCK-8 and transwell assay revealed that 
TUSC7 overexpression repressed cell proliferation, 
invasion and migration abilities. Then, we detect-
ed these protein expressions, which showed that 
protein levels of Cyclin D1, N-cadherin, Vimen-
tin, MMP9 and MMP2 were inhibited following 
with TUSC7 overexpression, further proving that 
TUSC7 overexpression inhibited cell proliferation, 
invasion and migration in SKOV3 cells. Howev-
er, the mechanism remained unknown. LncRNAs 
can sponge with miRNAs through a competing 
endogenous RNA (ceRNA) mechanism11-14 and 
TUSC7 has been revealed to play tumor suppres-
sive roles through sponging with miRNAs-mRNA 
mechanism in many cancers15-18. However, whether 
TUSC7 functioned as a ceRNA in ovarian cancer 
remained largely unknown. MiR-616-5p was re-
ported to be an oncogene to promote proliferation 
and progression in many cancers26-28. We used bio-
informatics analysis to analyze the target miRNAs 
of TUSC7, which showed that miR-616-5p was pre-
dicted to be a target for TUSC7. As a result, we 
detected miR-616-5p expressions in ovarian cancer 
tissues and adjacent tissues, which showed that 
that miR-616-5p was increased in ovarian cancer 
tissues and ovarian cancer cell lines. Luciferase 
reporter assay further proved that TUSC7 could 
sponge with miR-616-5p in SKOV3 cells. Howev-
er, the detailed functions of miR-616-5p in ovarian 

cancer remained little known. GSK3β was reported 
to be associated with cell proliferation and invasion 
through β-catenin pathway in some cancers30-32. To 
understand the roles of miR-616-5p in ovarian can-
cer, we used TargetScan database to predict target 
gene of miR-616-5p and GSK3β was predicted as a 
possible target gene. Then, we detected protein ex-
pressions of GSK3β in ovarian cancer tissues and 
adjacent tissues. WB revealed that GSK3β was also 
reduced in ovarian cancer tissues, which was nega-
tively related with miR-616-5p and positively relat-
ed with TUSC7. Luciferase reporter assay proved 
that miR-616-5p could directly repress GSK3β 
and regulate β-catenin signaling pathway and then 
regulate cell proliferation and progression in ovar-
ian cancer. So far, we might assume that TUSC7 
could sponge with miR-616-5p, which could target 
at binding with GSK3β and regulating β-catenin 
signaling pathway, thereby regulating biological 
functions of ovarian cancer. To verify our hypoth-
esis, miR-616-5p mimic or miR-NC was transfect-
ed into SKOV3 cells with LV-TUSC7 or LV-NC. 
Results showed that the repressed abilities of cell 
proliferation, invasion and migration in LV-TUSC7 
were promoted as before after miR-616-5p mimic 
transfection. Besides, the repressed protein expres-
sions of GSK3β, Cyclin D1, N-cadherin, Vimentin, 
MMP9, MMP2 and promoted β-catenin expression 
in LV-TUSC7 were reversed following with miR-
616-5p mimic transfection, which further proved 
that TUSC7 could regulate cell proliferation, inva-
sion and migration via miR-616-5p/GSK3β/β-cat-
enin pathway in ovarian cancer. In this study, for 
the first time, we demonstrated that TUSC7 was 
reduced in human ovarian cancer tissues, which 
might be used as a prognostic marker for ovarian 
cancer. Moreover, we found a novel signaling path-
way that TUSC7 could regulate proliferation and 
invasion through sponging with miR-616-5p and 
regulating GSK3β/β-catenin pathway, which might 
provide a new insight for ovarian cancer.

Conclusions

We revealed that TUSC7 was repressed in pa-
tients with ovarian cancer, which might be used as a 
prognostic factor for ovarian cancer patients. Further-
more, we first discovered that the reduced TUSC7 
promoted cell proliferation, invasion and migration 
of ovarian cancer via miR-616-5p/GSK3β/β-caten-
in pathway, which might provide a novel promising 
therapeutic target for ovarian cancer.
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