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Abstract. The present study investigated the underlying role of 
growth arrest-specific transcript 5 (GAS5) in epithelial ovarian 
cancer (EOC), which is the main cause of death in women 
with malignant tumor of the genital system. In vivo GAS5 
expression in 60 EOC specimens was evaluated by quantitative 
reverse transcription (qRT)-PCR, which was used to study the 
differences of GAS5 expression between EOC tissues and 
normal ovarian epithelium. In vitro GAS5 overexpression 
was applied to discover the biological functions in EOC cell 
lines. 3-[4,5-Dimethylthiazol-2-yl]-2,5-diphenyl-tetrazolium 
bromide and colony formation assays were employed to 
investigate the effect on proliferation. The function of apoptosis 
was assessed by flow cytometry, terminal deoxynucleotidyl 
transferase dUTP nick-end labeling, and JC-1 probe staining, 
and migration and invasion were detected by Transwell 
assay. The data show that no significant differences of GAS5 
expression were observed between normal ovarian epithelium 
and benign epithelial lesions; however, GAS5 expression was 
lower in EOC tissues compared with normal ovarian epithelial 
tissues (6.44-fold), which was closely related to lymph node 
metastasis (P=0.025) and tumor node metastasis stage 

(P=0.035). Moreover, exogenous GAS5-inhibited proliferation 
promoted apoptosis and decreased migration and invasion 
in ovarian cancer cells. Finally, through mitochondrial 
potential and western blot analyses, GAS5 could disrupt 
mitochondrial membrane potential and promote BAX, BAK, 
cleaved-caspase 3 and cleaved-caspase 9 expression. Taken 
together, the findings of the present study revealed that GAS5 
is downregulated in EOC specimens, and GAS5 inhibits EOC 
cell proliferation, migration and invasion, and promotes cell 
apoptosis. GAS5 can serve as a novel therapeutic target in 
patients with EOC.

Introduction

Ovarian cancer is a genetic disease, and the main cause of 
death of women with a malignant tumor of the genital system, 
showing a high morbidity rate in developing countries. It is 
still the fifth major cause of death in women with cancer, in 
spite of rapid progress in diagnosis and treatment of ovarian 
cancer (1). Of all ovarian carcinoma cases, epithelial ovarian 
cancer (EOC) accounts for 90% of morbidity (2). Moreover, 
EOC can spread to peritoneal cavity via peritoneal fluid, 
contributing to the inefficiency of surgery and chemotherapy 
treatment. Most patients die of recurrence. Previous find-
ings confirmed that the dysfunctional molecular mechanism 
targeted EOC, for instance, Kras, Brca1/2, Tp53, Rb and 
PTEN  (3-5). A better understanding of the mechanisms 
involved in EOC and more effective therapeutic approaches 
are urgently needed.

Long non-coding RNA (lncRNA) does not translate into 
proteins and is longer than 200 nucleotides (6). Increasingly 
lncRNAs are emerging as important regulators of tumor 
initiation and progression  (7). The tempting potential in 
most of the lncRNAs have stimulated keen interests, particu-
larly the cancer complexity. More recently, CCAT1-L has 
been shown to play a role in MYC transcriptional regula-
tion and to promote a long-range chromatin looping (8-10). 
MALAT1  has been reported to promote cancer metas-
tasis (11) or resist rapid RNA decay (12-14). The findings 
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indicate that lncRNAs may act as important regulators in 
tumorigenesis.

The present study describes the lncRNA growth arrest-
specific transcript 5 (GAS5), which is alternatively spliced 
and is transcribed from locus 1q25.1 (15). GAS5 regulates a 
valuable biological function since it is a multiple-snoRNA-
host gene  (16). Functionally, GAS5 competes with the 
glucocorticoid response elements in the genome for binding 
to these receptors and promotes cells apoptosis (17), which 
were originally identified in leukemic and NIH3T3 cells (18). 
Intriguingly, the inhibition of mammalian target of rapamycin 
(mTOR) pathway depends on GAS5 (19), which negatively 
regulates miR-21 possibly through the RNA-induced silencing 
complex (20). Additionally, it was shown that GAS5 is down-
regulated in some cancer cell lines and tissues (21-24). For 
example, GAS5 inhibits malignant pleural mesothelioma 
(MPM) cell growth by inhibiting hedgehog and PI3K/mTOR 
signal pathway in MPM (23). GAS5 as a tumor suppressor 
in non-small cell lung cancer (NSCLC) mediated by the 
p53-independent and p53-dependent pathways (25). GAS5 is 
able to inhibit E2F1 and cyclin D1, and thus leads to decreased 
gastric cancer cell proliferation  (24). However, the role of 
GAS5 in ovarian cancer has not been previously reported.

The fundamental mechanisms of GAS5 on tumorigenesis 
remain largely unknown, although GAS5 has been indicated 
to take part in suppression on malignant tumors. The potential 
mechanisms can be related to the fact that GAS5 regulates 
nonsense-mediated RNA decay pathway (19,26) or downregu-
lates c-Myc (27). These findings provide strong evidence that 
GAS5 plays an important role in guiding the cell fate toward 
apoptosis. It is well known that apoptosis is a regulated cell 
death process and plays a significant role in most of the physi-
ological processes. Apoptosis can be caused by the extrinsic 
or intrinsic pathway; the former occurs through triggering the 
transmembrane death receptors, while, the latter is initiated 
from intracellular developmental cues or cell stress (28,29). 
In the intrinsic apoptotic pathway, mitochondria is considered 
the core of organelles (30). The mitochondrial function can be 
mediated by Bcl-2 family proteins (31). The potential role of 
mitochondria-dependent apoptotic pathway in the apoptotic 
effect of GAS5 has not been explored.

The present study demonstrated a significant decrease in 
the expression of GAS5 in EOC tissues, which was associated 
with clinicopathological parameters. Moreover, the overex-
pression of GAS5 obviously promoted the apoptosis of ovarian 
cancer cell lines. Together, these results reveal evidence for 
apoptosis regulation between lncRNA GAS5 and ovarian 
cancer, indicating a potential target of diagnosis and gene 
therapy in the disease.

Materials and methods

Cell lines and tissue samples. The human ovarian cancer 
HO8910 (Bioleaf Biotech Co., Ltd., Shanghai, China) and 
A2780  cells (Chuanbo Biotechnology Co., Ltd., Nanjing, 
China) were grown in RPMI-1640 and Dulbecco's modified 
Eagle's medium (DMEM) medium (both from HyClone, 
Beijing, China), respectively, supplemented with 10% fetal 
bovine serum (FBS) (Sijiqing, Zhejiang, China) in a humidi-
fied incubator (37˚C, 5% CO2).

Specimens of EOC tissue (n=60, without radiation or 
chemotherapy), normal ovarian epithelial tissues (n=13) and 
benign ovarian epithelial lesions (n=10) were collected at the 
Second Affiliated Hospital of Harbin Medical University 
(China) between March 2012 and April 2014 (median age 
55 years, range 37-79). The samples of normal ovarian tissue 
were collected from hysterosalpingo-oophorectomy following 
uterine myoma, endometriosis or adenomyosis. Written 
informed consent was obtained from all participants. The 
study was approved by the Human Ethnics Committee of 
the Second Affiliated Hospital of Harbin Medical University 
(no. 2015-yan-167).

Real-time polymerase chain reaction. Total RNA was 
extracted from tissues and cell lines using TRIzol reagent 
(Invitrogen, CA, USA), and RNA purity was identified by 
optical density (OD) 260/OD 280 nm. The reverse transcrip-
tion reactions were performed using oligo(dT) primers and a 
reverse transcriptase kit (Bioneer, Shanghai, China). CDNAs 
were synthesized from total RNA using the specific primers. 
The 20-µl reactions were incubated on a PCR system for 
1 min at 56˚C, 60 min at 50˚C, 5 min at 95˚C and then held at 
4˚C. Real-time polymerase chain reaction (PCR) was 
performed with the ABI 7300 real-time PCR system (Applied 
Biosystems, CA, USA). The assay was carried out in optical 
tubes at 95˚C for 5 min, followed by 40 cycles of 95˚C for 
30 sec and 55˚C for 30 sec. For all human ovarian tissues and 
cell lines, real-time PCR was performed using TaqMan MGB 
primers and probe specially for human GAS5 (designed by 
GenePharma, Shanghai, China; forward primer, 3'-CTT 
CTGGGCTCAAGTGATCCT-5' and reverse primer, 3'-TTG 
TGCCATGAGACTCCATCAG-5'; probe, CCTCCCAGTG 
GTCTTT) and eukaryotic 18S rRNA (GenePharma; forward 
primer, 5'-TTTGACTCAACACGGGAAACC-3' and reverse 
primer, 5'-CACGGAATCGAGAAAGAGCTATC-3'; probe, 
CCGGACACGGACAGGATTGACAGAT) served as the 
endogenous control. All of the real-time PCRs were performed 
in triplicate. The threshold cycle (CT) data and baselines were 
determined using auto-settings. The relative quantification of 
GAS5 expression was calculated using the 2-ΔΔCt method 
relative to 18s rRNA.

Transfection. To overexpress GAS5, plasmid pCDNA-GAS5 
was constructed by Shanghai GenePharma Co., Ltd. of China 
containing the whole genome sequence of GAS5 (NCBI 
Reference Sequence: NR_002578.2).

The plasmid carrying pCDNA-GAS5 (1 µg/µl) was trans-
fected into ovarian cancer cell lines using Lipofectamine 2000 
(Invitrogen); Lipofectamine 2000:pCDNA-GAS5=1:1.4.

Cell proliferation and viability. Cell proliferation and viability 
of HO8910 and A2780 were evaluated using 3-[4,5-dimeth-
ylthiazol-2-yl]-2,5-diphenyl-tetrazolium bromide (MTT) 
(Amresco LLC, OH, USA) assay. Briefly, after 6 h transfec-
tion with pCDNA-GAS5, ~5x103 cells/well were seeded into 
a 96-well plate at 37˚C. Each well was repeated six times. 
After further incubation at different times (24, 48 and 72 h), 
20 µl MTT (0.5 mg/ml) was added to each well and further 
incubated for 4 h. Then the medium was removed and dimeth-
ylsulfoxide was added to dissolve the MTT formazan crystals. 
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The cell viability and proliferation were determined by OD450 
value. The experiments were performed three times.

Colony formation assay. Approximately 800 pCDNA-GAS5- 
or empty vector-transfected HO8910 and A2780 cells/wells 
were placed onto a six-well plate and maintained in a medium 
containing 10% FBS, replacing the medium every three days. 
After 14 days, the colonies were fixed with methanol and 
stained with 0.5% crystal violet (Amresco, Shanghai, China). 
The visible colonies were manually counted. The experiments 
were performed three times.

Transwell assay. Transwell assays were performed using a 
Costar chamber (Corning Costar Corp., Cambridge, MA, 
USA). The bottom chambers were filled with a culture medium 
containing 10% FBS. Different samples of tansfected HO8910 
or A2780 cells (5x104) were suspended into a culture medium 
without FBS, and then the cells were seeded into the upper 
chambers. The Transwell chamber containing an 8-µm pore 
size polycarbonate membrane filter was coated either with (for 
invasion) or without (for migration) Matrigel. After 48 h of 
culture at 37˚C, the upper layer of cells were removed before 
visualization, and the cells on the lower surface were fixed 
and stained with 0.5% crystal violet. The cells were counted 
by Image-Pro Plus 6.0. (Media Cybernetics, Rockville, MD, 
USA) in five random fields and photographed. The experi-
ments were performed three times.

Terminal deoxynucleotidyl transferase dUTP nick-end 
labeling (TUNEL). The HO8910 and A2780 cells were trans-
fected with pCDNA-GAS5 or empty vector, and cultured into 
six-well plates for 48 h. They were then fixed with 4% para-
formaldehyde solution, the apoptotic cells were labeled using 
the In Situ Cell Death Detection kit (Beyotime, Shanghai, 
China), the fluorescence was detected using a Nikon Eclipse 
TE2000-S fluorescence microscope (Nikon, Tokyo, Japan) 
and counted by Image-Pro Plus 6.0 (Media Cybernetics) in 
three different experiments, the red fluorescence marked cells 
were apoptotic cells.

Cell apoptotic analysis. HO8910 and A2780 cells (1-2x105) 
were treated with a pcDNA-GAS5 or an empty vector; then 
placed into six-well plates. After 24-h incubation, the cells 
were trypsinized and then fixed in 70% ethanol for 3 h at 4˚C; 
3 h later, the cells were incubated with propidium iodide (PI) 
(x20) and RNase A (x50) for 30 min in the dark. Cells were 
collected and analyzed for apoptosis using a flow cytometer 
(BD Biosciences, Franklin Lakes, NJ, USA) after PI staining. 
The results were analyzed by BD Accuri C6 software. The 
experiments were repeated at least three times.

Mitochondrial membrane potential assay. The JC-1 probe 
(Beyotime) was performed to measure mitochondrial depo-
larization in ovarian cancer cells. Briefly, cells (0.5-2x105/ml) 
were cultured in six-well plates. After treatment for 48 h, they 
were incubated with an equal volume of a JC-1 staining solu-
tion (5 µg/ml) at 37˚C for 40 min and rinsed three times with 
PBS. Mitochondrial membrane potentials were monitored by 
determining the relative amounts of dual emissions from mito-
chondrial JC-1 monomers or aggregates using a fluorescent 

microscope at 488-nm excitation. Mitochondrial depolariza-
tion was assessed by the change in the green/red fluorescence 
intensity ratio. The cells were counted using Image-Pro Plus 
6.0 in five random fields.

Western blot analysis. The pCDNA-GAS5- or empty vector-
transfected HO8910 and A2780 cells were lysed using a lysis 
buffer (Beyotime) that contained the phenylmethanesulfonyl 
fluoride. The protein concentrations were determined by 
bicinchoninic acid protein assay. The samples (50 µg) were 
electrophoresed on a 10% sodium dodecylsulfate-polyacryl-
amide gel electrophoresis and transferred onto nitrocellulose 
membranes (BioTrance, MI, USA). The membranes were 
blocked with 0.1% I-Block (Applied Biosystems) in TBS-T 
(0.1% Tween-20) at room temperature for 1 h, then incubated 
with specific antibodies at 4˚C overnight. The membranes 
were washed with TBS-T (0.1% Tween-20) and incubated 
for 1 h at room temperature with horseradish peroxidase-
conjugated secondary antibodies (Bio-Rad Laboratories). 
Following washing, the specific bands were detected using 
the enhanced chemiluminescence (Beyotime) chromogenic 
substrate. The protein expression was analyzed using densi-
tometry (Quantity One software; Bio-Rad, Hercules, CA, 
USA). β-actin (ZSGB-BIO, Beijing, China) was used as a 
control. Additionally, anti-caspase 3 and anti-BAX antibodies 
were purchased from Santa Cruz Biotechnology (Santa 
Cruz, CA, USA). Anti-caspase 9 and anti-BAK antibodies 
were purchased from Beyotime Institute of Biotechnology 
(Shanghai, China).

Statistical analysis. All statistical analysis was performed 
with SPSS 17.0 (SPSS, Inc., Chicago, IL, USA). Data are 
presented as means ± standard error of mean from at least 
three independent experiments. Statistical analysis was 
performed using Chi-square and Student's t-tests, or one-way 
analysis of variance followed by a post hoc test, where appro-
priate. Differences were considered to indicate a statistically 
significant result at P<0.05.

Results

GAS5 is downregulated in EOC tissues. To investigate whether 
lncRNA GAS5 controls EOC, real-time PCR was used to 
examine the GAS5 expression in normal ovarian epithelial 
tissues, benign ovarian epithelial lesions and EOCs. The GAS5 
expression of controls, both normal ovarian epithelial tissues 
(N) and benign epithelial lesions (B), showed no statistical 
significance (Fig. 1A). While, there appears to be a significant 
reduction of GAS5 expression in EOCs (C) compared with 
normal ovarian epithelial tissues (6.44-fold) (Fig. 1A). Then, 
the clinicopathological parameters, such as age, differentia-
tion, location, lymph node metastasis and FIGO stage, were 
analyzed to assess the expression of GAS5 and clinical signifi-
cance of EOC. As shown in Fig. 1B and C and Table I, samples 
with lymph node metastasis and advanced FIGO stage had low 
expression of GAS5. These data indicate that the decreased 
expression of GAS5 is related to EOC.

The effect of GAS5 on proliferation in ovarian cancer cell 
lines. With the aim of manipulating the GAS5 expression in 
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ovarian cancer cells, the pCDNA-GAS5 or an empty vector 
was transfected into A2780 and HO8910 cells. After 24 h of 
transfection, the level of GAS5 was well upregulated in A2780 

(74-fold) and HO8910 (63-fold) cells, respectively (Fig. 2A). 
To ascertain the role of GAS5 in the proliferation of EOC, 
the overexpression of A2780 and HO8910 cells of GAS5 were 
analyzed. MTT assay was used to assess the biological role 
of GAS5 in proliferation. Compared with the cells transfected 
with empty vector, the ones transfected with pCDNA-GAS5 
demonstrated significantly decreased viability (Fig. 2B and C). 
Besides, it was found that the overexpression of GAS5 greatly 
weakened the ability of colony forming using the colony 
formation assay (Fig. 2D-F). The results demonstrated that 
GAS5 inhibited the proliferation of ovarian cancer cells.

The effect of GAS5 on migration and invasion in ovarian 
cancer cell lines. Most ovarian cancer patients die of tumor 
metastasis, and there some research reports concerning 
the relationship between lncRNAs and neoplastic metas-
tasis (32,33). To study the effect of GAS5 in vitro on migration 
and invasion of ovarian cancer cell lines, a Costar chamber 
without (for migration) or with (for invasion) Matrigel was 
used. The treatment of A2780 and HO8910 cells is the same 
as described above. Compared with the ones treated with 
empty vector, the ability of migration and invasion was 
weakened in GAS5‑overexpressed A2780 (Fig. 3A-C) and 
HO8910 (Fig. 3D and E) cells. Conclusively, GAS5 can inhibit 
migration and invasion in ovarian cancer cells.

The effect of GAS5 on apoptosis in ovarian cancer cell 
lines. Apoptosis-resistant phenotype is the major feature of 
cancer cells  (34). To study the role of GAS5 in apoptosis, 

Figure 1. Relative lncRNA GAS5 expression in EOC tissues and the clinical 
significance. (A) Relative expression of lncRNA GAS5 was analyzed by 
real-time PCR in ovarian normal epithelial tissues (N, n=13), ovarian 
benign epithelial lesions (B, n=10), and epithelial ovarian cancers (C, n=60). 
LncRNA GAS5 expression was normalized to 18s rRNA expression. The 
data are presented as a fold-change in the tumor tissues relative to the normal 
tissues. (B) The correlation between GAS5 and lymph node metastasis. 
Expression of lncRNA GAS5 was significantly lower in patients with lymph 
node metastasis than those without lymph node metastasis. (C) The corre-
lation between GAS5 expression and clinical stage. Expression of lncRNA 
GAS5 was significantly lower in patients with an advanced clinical stage than 
those with an early stage. All values are denoted as means ± SEM from at 
least three separate experiments. *P<0.05, **P<0.01. *P<0.05 represents nega-
tive lymph node metastasis compared with positive lymph node metastasis, 
**P<0.01 represents normal ovarian epithelium compared with EOC tissues 
and FIGO stage of I compared with II/III/IV.

Table I. Correlation between GAS5 expression and clinico-
pathological parameters of EOC.

	 Relative GAS5
	 expression
Clinicopathological	 No. of	 ---------------------------
parameters	 cases	 Low	H igh	 P-valuea

Age (years)				    0.381
  ≤50	 22	 13	 9
  >50	 38	 18	 20
Differentiation				    0.944
  Well, moderate	 26	 14	 12
  Poor	 34	 18	 16
Location				    0.965
  Unilateral	 25	 13	 12
  Bilateral	 35	 18	 17
Lymph node				    0.025b

metastasis
  Positive	 40	 28	 12
  Negative	 20	 8	 12
FIGO stage				    0.035b

  Ⅰ	 15	 5	 10
  Ⅱ/Ⅲ/Ⅳ	 45	 29	 16

aChi-squared test; bP<0.05. GAS5, growth arrest-specific transcript 5; 
EOC, epithelial ovarian cancer.
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A2780 and HO8910 cells transfected with pCDNA-GAS5 
or empty vector were monitored using flow cytometry. As 
shown in Fig. 4A-C, ectogenic GAS5 obviously promoted the 
apoptosis of the cells. Similarly, TUNEL staining showed 
that the number of apoptotic cells was more in the GAS5-
overexpressed cells than in the controls  (Fig. 4D-F). The 
above results suggest that GAS5 displays a critical function 
in pro-apoptosis of ovarian cancer cells.

The effect of GAS5 on mitochondrial depolarization in 
ovarian cancer cell lines. The statistics previously described 
demonstrated that GAS5 played a substantial role in 
apoptosis. The disruption of the mitochondrial membrane 
potential is an early event of apoptosis. To understand the 
function of GAS5 on an early stage of apoptosis, JC-1 probe 
staining was used to detect the effect. The mitochondrial 
membrane potential of healthy mitochondria, which were 

Figure 2. The effect of GAS5 on proliferation in ovarian cancer cells. (A) GAS5 expression, measured by real-time PCR, following the treatment of A2780 
and HO8910 cells with pCDNA-GAS5 or empty vector for 24 h. (B) MTT was performed to assess the proliferation of A2780 cells. The cells overexpressed 
pCDNA-GAS5, transfected with empty vector or untreated, were detected after 24, 48 and 72 h, respectively. (C) MTT was applied to examine the proliferation 
of HO8910 cells. The cells were treated the same way as in A. (D) Colony formation assay was used to evaluate the proliferation of A2780 and HO8910 cells. 
A2780 and HO8910 cells were transfected with pCDNA-GAS5 or empty vector. The colonies were stained with crystal violet, and were counted viewing with 
naked eye. (E) Quantitative analysis of the colony content in different groups of A2780 cells. (F) Quantitative analysis of the colonies in different groups of 
HO8910 cells. The data represent the mean ± SEM from three independent experiments. *P<0.05, **P<0.01, *P<0.05 and **P<0.01 represent the untreated cells 
compared with the transfected pCDNA-GAS5 cells.
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detected by JC-1, displayed red fluorescence. When the mito-
chondrial membrane potential collapsed in apoptotic cells, 
the JC-1 fluoresced green. As shown in Fig. 5A-C, A2780 and 
HO8910 cells transfected with pCDNA-GAS5 or empty vector 
displayed a significant difference. Tumor cell-overexpressed 
GAS5 showed increased ratios of green/red fluorescence. 
Thus, these data provide evidence that the action of GAS5 is 
required for the damage of mitochondrial potential.

The effect of GAS5 on apoptosis pathway in ovarian cancer 
cell lines. The upregulation of GAS5 in cells was verified to 
arrest growth (22). The results of flow cytometry (Fig. 4A-C) 
and TUNEL assay  (Fig.  4D-F) demonstrated that GAS5 
plays an important role in apoptosis of ovarian cancer cells. 
The early apoptosis stage was enhanced by GAS5 assessed 
through JC-1  (Fig.  5A-C). It was, thus, further explored 
whether GAS5 promoted apoptosis and the underlying 
pathway.

Pro-apoptotic BAX and BAK is a requisite gateway to 
mitochondrial dysfunction and death (31), which were used 
to study the role in GAS5-induced apoptosis of ovarian 
cancer cells. As shown in Fig. 6A-C, there was an increase in 
the expression of BAX and BAK in A2780 and HO8910 cells 

that were overexpressed by the GAS5 gene. Taken together, 
these results suggest that GAS5 promotes apoptosis poten-
tially by the mitochondrial-mediated apoptosis pathway.

Pro-apoptotic member, BAK, can lead to the release of 
cytochrome c (35), which can interact with caspase 9 and 
then activate caspase 3, contributing to cell apoptosis (29,36). 
Therefore, cleaved-caspase 3 and cleaved-caspase 9 were also 
detected. After transfected with pCDNA‑GAS5 for 24 h, the 
protein expression of cleaved‑caspase 3 and cleaved‑caspase 9, 
which were likely to be the critical molecules affected by 
GAS5, were both significantly higher than the empty-vector-
transfected HO8910 and A2780 cells (Fig. 6D-F).

Discussion

Several important observations were demonstrated in the 
present study. First, compared with epithelial tissues of 
normal ovary and benign epithelial ovarian lesions, depressed 
expression of GAS5 was detected in EOC. Moreover, GAS5 
expression appeared to be significantly correlated to lymph 
node metastasis and FIGO stage of EOC. Second, in vitro, the 
ability of proliferation, migration and invasion were weakened, 
while the capability of apoptosis was strengthened by GAS5 

Figure 3. The effect of GAS5 on migration and invasion in ovarian cancer cells. (A) Costar chamber assay was performed to study the influence of GAS5 on 
migration and invasion of A2780 cells. The cells were treated with pCDNA-GAS5 or empty vector, respectively. After 48 h, the cells on the lower surface of 
the chamber were stained with crystal violet and photographed by Nikon Eclipse TE2000-S fluorescence microscope (magnification, x10). (B) Quantitative 
analysis of the migrated cell content in different groups of A2780 cells. (C) Quantitative analysis of the invaded cells content in different groups of A2780 cells. 
(D) Costar chamber assay was performed to study the influence of GAS5 on migration and invasion of HO8910 cells. The cells were treated the same way as 
in Fig. 4A. (E) Quantitative analysis of the migrated cells content in different groups of HO8910 cells. (F) Quantitative analysis of the invaded cell content in 
different groups of HO8910 cells. The amount was counted by Image-Pro Plus 6.0. The data represent the mean ± SEM from three independent experiments. 
**P<0.01.
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Figure 4. The effect of GAS5 on apoptosis in ovarian cancer cells. Apoptosis of the A2780 and HO8910 cells were examined through flow cytometry using PI 
staining. The cells were treated with pCDNA-GAS5 or empty vector, respectively. After 48 h, apoptosis was detected. (B) Quantitative analysis of apoptotic 
cell content in different groups of A2780 cells. (C) Quantitative analysis of the apoptotic cell content in different groups of HO8910 cells. (D) Apoptosis of the 
A2780 and HO8910 cells were confirmed by TUNEL staining and observed by Nikon Eclipse TE2000-S fluorescence microscope (magnification, x10). The 
cells were treated the same way as in Fig. 3A. (E) Quantitative analysis of TUNEL-positive cell content in different groups of A2780 cells. (F) Quantitative 
analysis of TUNEL-positive cell content in different groups of HO8910 cells. The statistics of TUNEL assay were calculated using Image-Pro Plus 6.0. The 
data represent the mean ± SEM from three independent experiments. *P<0.05, **P<0.01.

Figure 5. The effect of GAS5 on mitochondrial membrane potential in ovarian cancer cells. (A) Representative images of JC-1 staining in different groups and 
ovarian cancer cell lines. The cells were treated with pCDNA-GAS5 or empty vector, respectively. After 48 h, the cells were JC-1 probe stained and fluorescent 
imaged by Nikon Eclipse TE2000-S fluorescence microscope (magnification, x10). (B) Quantitative analysis of the change of mitochondrial red fluorescence 
to green fluorescence in different groups of A2780 cells. (C) Quantitative analysis of the change of mitochondrial red fluorescence to green fluorescence in 
different groups of HO8910 cells. The data represent the mean ± SEM from three independent experiments. **P<0.01.
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overexpression. Finally, evidence exists that GAS5 promoted 
apoptosis of ovarian cancer cells via the mitochondrial-
dependent apoptosis pathway. The present study provides a 
novel finding that ovarian cancer is modulated by GAS5.

GAS5 was found downregulated in EOC tissues compared 
to the normal ovarian epithelium, and lower GAS5 correlated 
with more transferred lymph nodes and advanced FIGO 
stage. Consistently, earlier studies showed that GAS5 was 
downregulated in NSCLC compared with the adjacent normal 
lung tissues; importantly, lower GAS5 expression correlated 
with larger tumor size and advanced clinical stage  (25). 
Additionally, findings showed that GAS5 expression was 
markedly depressed in gastric cancer tissues, and the lower 
GAS5 mainly appeared in the larger tumor size; an advanced 
pathologic stage. Moreover, patients with lower GAS5 expres-
sion had poorer disease-free survival and overall survival (24). 
More recently, studies showed that the GAS5 expression was 
decreased in cervical cancer tissues compared to the adjacent 
normal tissues, and depressed GAS5 expression was corre-
lated with the advanced FIGO stage, deeper invasion and more 
lymph node metastasis. Patients with lower GAS5 expression 
had poorer overall survival (37). Taken together, GAS5 may 
serve as a tumor suppressor in human tumors.

Cell apoptosis is a complex process that is involved in a 
variety of regulatory mechanisms and is closely related to 
tumorigenesis. It has been indicated that GAS5 stimulates 
apoptosis through significantly different intron or exon 
composition of these GAS5 transcripts  (22). Moreover, 

the study confirmed that GAS5 leads to the dysfunctional 
mitochondrial membrane potential. The current study found 
that GAS5‑induced mitochondrial-mediated pro-apoptotic 
proteins, BAD and BAK (released more from the ovarian 
cancer cells) were overexpressed by GAS5, indicating that the 
mitochondrion-modulated apoptosis pathway is required for 
the pro-apoptotic effect of GAS5 in human ovarian cancer 
cells.

Mitochondria have been illustrated as the guardian of 
cell death, and they play a key role in regulating pathways of 
cell apoptosis (31,38). Besides, the Bcl-2 family proteins and 
caspases execute a crucial role in the mitochondria-mediated 
apoptosis pathways. Studies indicate that it is necessary to 
activate BAX or BAK to initiate mitochondrial dysfunction 
and cell apoptosis (31). The activation of BAX or BAK has 
been proposed to result in the formation of a voltage-depen-
dent anion channel-containing pore (39) or permeabilization 
of mitochondrial membranes (40) to initiate cytochrome c 
release. Then cytochrome c binds the C-terminal domain of 
the apoptotic protease-activating factor-1. Later, Apaf1, pro-
caspase 9, and released cytochrome c form the apoptosome 
that drives the cleaved-caspase 3, one of the most important 
apoptosis executioners, leading to the mitochondrial dysfunc-
tion and cell apoptosis (40).

The present study confirms that GAS5 leads to the 
dysfunctional mitochondrial membrane potentials in vitro. 
To further verify the GAS5-induced mitochondria-dependent 
apoptosis, the expression of BAK, BAX, cleaved-caspase 9 

Figure 6. The effect of GAS5 on apoptosis pathway in ovarian cancer cell lines. (A) Expression of BAK and BAX are shown by western blotting. The cells were 
treated with pCDNA-GAS5 or empty vector, respectively. After 24 h, the cell extracts were analyzed by western blotting with antibody to BAK or BAX. (B) 
Densitometric analysis of the western blot assays of BAK. (C) Densitometric analysis of the western blot assays of BAX. (D) Expression of cleaved-caspase 3 
and cleaved-caspase 9 are presented by western blotting. The cells were treated the same way as in A. The cell extracts were analyzed by western blotting with 
antibody to cleaved-caspase 3 or cleaved-caspase 9. (E) Densitometric analysis of the western blot assays of cleaved-caspase 3. (F) Densitometric analysis of 
the western blot assays of cleaved-caspase 9. All values are denoted as mean ± SEM from at least three separate experiments. β-actin protein expression was 
used as an internal control. *P<0.05, **P<0.01.
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and cleaved‑caspase  3 were evaluated. Consistent with 
previous studies, significant expression of the proteins was 
observed after the GAS5 transfection. Taken together, these 
findings prove that lncRNA GAS5 acts as a tumor-suppressor 
in human EOC, and the regulating pathway is mitochondrion 
adjusted. However, there are certain aspects that still need to 
be resolved: i) more patients samples should be collected to 
verify the credibility of GAS5 repression function in EOC; 
ii) the interacting molecular mechanisms and signal pathways 
on how GAS5 changes the mitochondrion-independent apop-
tosis should be clarified; and iii) the mechanisms of decreased 
capabilities of migration and invasion by GAS5 in ovarian 
cancer cells should be explicated.

In conclusion, the findings of the present study show that 
GAS5 overexpression can promote apoptosis, inhibit prolif-
eration, and reduce migration and invasion in ovarian cancer 
cells. In addition, GAS5 expression is lower in EOC tissues 
than in the normal ovarian epithelium, and the lower expres-
sion of GAS5 is correlated to more lymph node metastasis 
and advanced FIGO stage of EOC, indicating that GAS5 may 
play a role as a suppressor of tumorigenesis for EOC patients. 
These findings have major implications for devising a strategy 
for ovarian cancer treatment.
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