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Abstract: Epithelial ovarian cancer (EOC) is a main cause of death in malignant tumor of women genital system. This
study aims to investigate the underlying role of growth arrest-specific transcript 5 (GAS5) in EOC. In vivo expression
of GAS5 in 60 EOC specimens was evaluated by quantitative reverse transcription QRT-PCR, which used to study
the differences of GAS5 expression between EOC tissues and normal ovarian epithelium. There were no significant
differences of GAS5 expression 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 Western blot analysis, overexpression of GAS5 protein could decrease the expression of Cyclin A,
Cyclin D, Cyclin E, and PCNA. Conclusions: This study revealed that GAS5 is down-regulated in EOC specimens, and
GAS5 inhibits EOC cell proliferation, migration, and invasion, and promotes the cell apoptosis. GAS5 can serve as a

novel therapeutic target in patients with EOC.
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Introduction

Ovarian cancer is the main cause of death in
malignant tumor of women genital system,
which owns a high morbidity in developing
countries. Although, rapid progress in diagno-
sis and treatment of ovarian cancer [1], it is still
the fifth major cause of death in women cancer
patients. Of all ovarian carcinoma cases, Epi-
thelial ovarian cancer (EOC) accounts for 90%
of morbidity [2]. Moreover, EOC can spread to
peritoneal cavity via peritoneal fluid, leading to
the inefficiency of surgery and chemotherapy
treatment. Thus, a better understanding of the
mechanisms involved in EOC and more effec-
tive therapeutic approaches are urgently need-
ed. It is also reported that the loss of function
proteins such as, Kras, Brcal/2, Tp53, Rb, and
PTEN will induce epithelial ovarian cancer [3-5].

Long non-coding RNA (IncRNA) is longer than
200 nucleotides but does not translate into

proteins [7]. Nowadays, IncRNA is emerging as
important regulators of tumor initiation and pro-
gression [6]. The tempting potential in most of
the IncRNAs has stimulated keen interests,
especially in the cancer complexity. Recently,
MALAT1, IncRNA, has been reported to promote
cancer metastasis [8] and resist rapid RNA
decay [9-11]. CCAT1-L has been shown to play a
role in MYC transcriptional regulation and pro-
mote a long-range chromatin looping [12-14].
GAS8-AS1 and LPAR4 were identifies as novel
papillary thyroid carcinoma driver alternation
[15]. These findings indicate that IncRNAs may
act as important regulators in tumorigenesis.

This study describes the INcRNA GAS5, which is
alternatively spliced and is transcribed from a
locus of 1g25.1 [16]. GAS5 has a valuable bio-
logical function because it is a multiple-small-
nucleolar-RNA (snoRNA) host gene [17]. GAS5
competes with the glucocorticoid response ele-
ments in the genome for binding to these recep-
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tors and promotes cells apoptosis [18], which
had been originally identified in leukemia cells
and NIH3T3 cells [19]. It is also reported that
the inhibition of mammalian target of rapamy-
cin (mTOR) pathway via rapamycin depends on
GAS5 [20]. GAS5 negatively regulates miR-21
possibly through the RNA-induced silencing
complex [21]. Additionally, it had also shown
that GAS5 is down-regulated in some cancer
cell lines and tissues [22-25]. Some research
showed GAS5 inhibited malignant pleural me-
sothelioma (MPM) cell growth by inhibiting
hedgehog and PI3K/mTOR signal pathway in
MPM [24]. GAS5 as a tumor suppressor in non-
small-cell lung cancer (NSCLC) was mediated
by p53-independent and p53-dependent path-
ways [26]. Furthermore, GAS5 could inhibit
E2F1 and cyclin D1 and thus leads to decreased
gastric cancer cell proliferation [25]. However,
the role of GAS5 in ovarian cancer is not known
up to now.

The fundamental mechanisms of GAS5 on
tumorigenesis remain largely unknown, despite
GAS5 has been indicated to take part in sup-
pression on malignant tumor. The potential
mechanisms can be related to the fact that
GASDbS regulates nonsense-mediated RNA decay
pathway [20, 27] or down-regulates c-Myc [28].
These findings provide strong evidence that
GASDb5 plays an important role in guiding the cell
fate toward inhibiting proliferation.

Signaling pathways in cancer cell biology are
increasingly being used to investigate the
mechanisms underlying tumor relapse and dor-
mant behavior in many tumors [29, 30]. some
evidences suggest that the MAPK pathway
plays an important role in several tumors [31].
The ERK signaling cascade is one of most
extensively studied MAPK pathways, hyperacti-
vation of which has been demonstrated to play
major roles in tumor cell proliferation and
metastasis. while clinical and experimental evi-
dence is consistent with most negative regula-
tors of the ERK pathway being tumor suppres-
sors [32]. The potential role of ERK pathway-
dependent proliferation pathway in the prolif-
eration effect of GAS5 has not been explored.

In our study, we demonstrated a significant
decrease in the expression of GAS5 in EOC tis-
sues, which was associated with clinicopatho-
logical parameters. Moreover, the overexpres-
sion of GAS5 obviously inhibited the proliferation
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of ovarian cancer cell lines. Together, these
results reveal an evidence for proliferation reg-
ulation between IncRNA GAS5 and ovarian can-
cer, 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 (Nyclone,
Beijing, China) and DMEM medium (Nyclone,
Beijing, China), respectively, supplemented
with 10% fetal bovine serum (FBS) (Sijiging,
Zhejiang, China) in a humidified incubator
(37°C, 5% CO,).

Specimens of EOC tissue (n=60, without radia-
tion or chemotherapy), normal ovarian epitheli-
al tissues (n=13) and benign ovarian epithelial
lesions (n=10) were collected at the Second
Affiliated Hospital of Harbin Medical University
(China) between Mar 2012 and Apr 2014
(median age years 55, range 37-79). The sam-
ples of normal ovarian tissue were collected
from hysterosalpingo-oophorectomy following
uterine myoma, endometriosis, or adenomyo-
sis. 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 by using Trizol reagent (Invitrogen, CA,
USA), and RNA purity was identified by optical
density (OD) 260 nm/OD 280 nm. The reverse
transcription reactions were performed using
oligo dT primers and a Reverse Transcriptase
Kit (BIONEER, Shanghai, China). Real-time poly-
merase chain reaction (PCR) was perform-
ed with the ABI 7300 real-time PCR system
(Applied Biosystems, CA, USA). For all human
ovarian tissues and cell lines, real-time PCR
was performed using TagMan MGB primers
and probe specially for human GAS5 (designed
by GenePharma, Shanghai, China; forward
primer: 3'-CTTCTGGGCTCAAGTGATCCT-5’; reve-
rse primer: 3-TTGTGCCATGAGACTCCATCAG-5’;
probe: CCTCCCAGTGGTCTTT) and eukaryotic
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18S rRNA (GenePharma, Shanghai, China; for-
ward primer: 5-TTTGACTCAACACGGGAAACC-3’;
reverse primer: 5-CACGGAATCGAGAAAGAGC-
TATC-3’; probe: CCGGACACGGACAGGATTGACA-
GAT) served as the endogenous control. All of
the real-time PCRs were performed in triplicate.
The relative quantification of GAS5 expression
was calculated using the 2-22°T method relative
to 18s rRNA.

Transfection

To overexpress GASDH, 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 pg/ul) was transfected into ovarian
cancer cell lines by using Lipofectamine 2000
(Invitrogen, CA, USA). (Lipofectamine 2000:
pCDNA-GAS5=1:1.4).

Terminal deoxynucleotidyl transferase dUTP
nick-end labeling (TUNEL)

The HO8910 and A2780 cells were transfected
with pCDNA-GAS5 or empty vector, and cul-
tured in six-well plates for 48 h. They were then
fixed with 4% paraformaldehyde solution, the
apoptotic cells were labeled using the in situ
cell death detection kit (Beyotime, Shanghai,
China), the fluorescence was detected by using
a Nikon ECLIPSE TE2000-S fluorescence micro-
scope (Nikon, Tokyo, Japan) and counted by
Image Pro-Plus 6.0. (Media Cybernetics, MD,
USA) in three different experiments, the red
fluorescence marked cells were served as
apoptotic cells.

Cell apoptotic analysis

HO8910 and A2780 cells (1~2 x 105) were
treated with a pcDNA-GAS5 or an empty vector;
then, these were placed in 6-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 (20 x) and RNase-A (50 x) for 30 min in
the dark. Cells were collected and analyzed for
apoptosis using a flow cytometer (BD Bio-
sciences, NJ, USA) after propidium iodide stain-
ing. The results were analyzed by BD Accuri C6
software. The experiments were repeated at
least thrice.
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Transwell assay

Transwell assays were performed using a
Costar chamber (Corning Costar Corp, MA,
USA). The bottom chambers were filled with a
culture medium containing 10% FBS. Different
samples of tansfected HO8910 or A2780 cells
(5 x 104) were suspended in a culture medium
without FBS, and then the cells were seeded
into the upper chambers. The transwell cham-
ber containing an 8-um pore size polycarbon-
ate 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 Cybe-
rnetics, MD, USA) in five random fields and pho-
tographed. The experiments were performed
three times.

Cell proliferation and viability

Cell proliferation and viability of HO8910 and
A2780 were evaluated using 3-[4,5-dimethyl-
thiazol-2-yl]-2,5-diphenyl-tetrazoliumromide
(MTT) (Amresco, OH, USA) assay. Briefly, after 6
h transfection with pCDNA-GAS5, about 5 x
103 cells per well were seeded in a 96-well
plate at 37°C. Each well was repeated six
times. After further incubation with different
times (24 h, 48 h, and 72 h), 20 pyl MTT (0.5
mg/ml) was added to each well and further
incubated for 4 h. Then the medium was
removed and dimethylsulfoxide was added to
dissolve the MTT formazan crystals. The cell
viability and proliferation were determined by
0D450 value. The experiments were performed
three times.

Colony formation assay

About 800 pCDNA-GAS5- or empty vector-
transfected HO8910 and A2780 cells/wells
were placed onto a six-well plate and main-
tained in a medium containing 10% FBS, replac-
ing the medium every 3 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 co-
unted. The experiments were performed three
times.
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Figure 1. Relative IncRNA GAS5 expression in EOC tissues and the clinical significance. Relative expression of In-
cRNA 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 r-RNA
expression. The data are presented as a fold-change in the tumor tissues relative to the normal tissues. B. The cor-
relation between GAS5 and lymph node metastasis. Expression of INcRNA GAS5 was significantly lower in patients
with lymph node metastasis than those without lymph node metastasis. C. The correlation between GAS5 expres-
sion and clinical stage. Expression of INcRNA 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 experi-
ments. *P<0.05, **P<0.01. *P<0.05 represents negative lymph node metastasis compared with positive lymph
node metastasis, **P<0.01 represents normal ovarian epithelium compared with EOC tissues and FIGO stage of |
compared with 1I/111/1V.

bicinchonininc acid protein assay.
The samples (50 ug) were electro-
phoresed on a 10% sodium dodecyl-
sulfate-polyacrylamide gel electro-

Table 1. Correlation between GAS5 expression and clinico-
pathological parameters of EOC

Relative GAS5 expression

Clinicopathological parameters ’::s:g; Low  High  P-value® phoresis and transferred onto nit-
Age (years) 0.381 rocellulose membranes (BioTrance,
<50 29 13 9 MlI, USA). Then these were incubated
50 38 18 20 with specific antibodies. Specific
) . bands were detected using an
Differentiation 0.944 . .
Enhanced Chemiluminescent (Beyo-
Well, moderate 26 14 12 time, Shanghai, China) chromogenic
Poor 34 18 16 substrate. The protein expression
Location 0.965 was analyzed using densitometry
Unilateral 25 13 12 (Quantity One Software; Bio-Rad, CA,
Bilateral 35 18 17 USA). B-actin (ZSGB-BIO, Beijing,
Lymph node metastasis 0.025° China) was used as a control.
Positive 40 28 12 Additionally, anti-Cyclin A and anti-
Negative 20 8 12 Cyclin D antibodies were purchased
FIGO stage 0.035° from Santa Cruz Biotechnology (CA,
| 15 5 10 USA). Anti-p38, anti-p-p38, anti-JNK,
/1/1V 45 29 16 anti-p-JNK, anti-ERK, anti-p-ERK

antibodies were purchased from
Beyotime Institute of Biotechnology
(Shanghai, China).

aChi-squared test; "P<0.05. GAS5, growth arrest-specific transcript 5; EOC,
epithelial ovarian cancer.

Western blot analysis

The pCDNA-GAS5- or empty vector-transfected
HO8910 and A2780 cells were lysed using a
lysis buffer (Beyotime, Shanghai, China) that
contained the phenylmethanesulfonyl fluoride.
The protein concentrations were determined by
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Statistical analysis

All statistical analysis was performed with
SPSS 17.0 (Chicago, IL, USA). The data were
presented as means + standard error of mean
from at least three independent experiments.
Statistical analysis was performed using chi-

Int J Clin Exp Pathol 2016;9(9):9028-9037
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Figure 2. Effect of GAS5 on apoptosis in ovarian cancer cells. Apoptosis of the A2780 and HO8910 cells were exam-
ined through flow cytometry using Pl staining. The cells were treated with pPCDNA-GAS5 or empty vector, respectively.
After 48 h, the apoptosis was detected. B. Quantitative analysis of the apoptotic cells content in different groups of
A2780 cells. C. Quantitative analysis of the apoptotic cells 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 fluo-
rescence microscope (10 x). The cells were treated the same way as in Figure 3A. E. Quantitative analysis of TUNEL-
positive cell content in different groups of A2780 cells. F. Quantitative analysis of TUNEL-positive cells content in
different groups of HO8910 cells. The statistics of TUNEL assay were calculated using Image Pro-Plus 6.0. The data
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represent the mean + SEM from three independent experiments. *P<0.05, **P<0.01.

square test, Student t test, or one-way analysis
of variance followed by a post hoc test, where
appropriate. Correlaction were estimated by
Pearson’s correlation analysis. Differences
were considered to be significant at P<0.05.

Results
GAS5 is down-regulated in EOC tissues

To investigate the expression of INcCRNA GAS5
in normal and EOC patients, real-time PCR was
used to examine the GAS5 expression in nor-
mal ovarian epithelial tissues, benign ovarian
epithelial lesions, and EOCs. The expression of
GAS5 in normal ovarian epithelial tissues (N)
and benign epithelial lesions (B), showed no
statistical significance (Figure 1A). While, there
appears to be a significant reduction of GAS5
expression in EOCs (C) compared with normal
ovarian epithelial tissues (6.44-fold) (Figure
1A). Then, the clinicopathological parameters,
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such as age, differentiation, location, lymph
node metastasis, and FIGO stage, were ana-
lyzed to assess the expression of GAS5 and
clinical significance of EOC. As shown in Figure
1B, 1C, and Table 1, samples with lymph node
metastasis and advanced FIGO stage owned
the lower expression of GAS5. These data indi-
cate that the decreased expression of GAS5 is
related to EOC.

Effect of GAS5 on apoptosis in ovarian cancer
cell lines

Apoptosis-resistant phenotype is the major fea-
ture of cancer cells [33]. To study the role of
GAS5 in apoptosis, A2780 and HO8910 cells
transfected with pCDNA-GAS5 or empty vector
were monitored using flow cytometry. As shown
in Figure 2A-C, ectogenic GAS5 obviously pro-
moted the apoptosis of the cells. Similarly,
TUNEL staining showed that the number of
apoptotic cells was more in the GAS5-over-

Int J Clin Exp Pathol 2016;9(9):9028-9037
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Figure 3. 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 (10 x). 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 migra-
tion and invasion of HO8910 cells. The cells were treated the same way as in Figure 4A. E. Quantitative analysis of
the migrated cells content in different groups of HO8910 cells. F. Quantitative analysis of the invaded cells 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.

expressed cells than in the controls (Figure (Figure 3A-C) and HO8910 (Figure 3D-F) cells.
2D-F). The results mentioned above suggest Conclusively, GAS5 can inhibit migration and
that GAS5 displays a critical function in pro- invasion in ovarian cancer cells.

apoptosis of ovarian cancer cells. . L .
Effect of GAS5 on proliferation in ovarian
Effect of GAS5 on migration and invasion in cancer cell lines

ovarian cancer cell lines With the aim of manipulating the GAS5 expres-
) ) ) sion in ovarian cancer cells, the pCDNA-GAS5
Most ovarian cancer patients die of tumor or an empty vector was transfected into A2780

metastasis, and there are a few research re- and HO8910 cells. After 24 h of transfection,
ports about the relationship between IncCRNAs the level of GAS5 was well up-regulated in

and neoplastic metastasis [34, 35]. To study A2780 (74-fold) and HO8910 (63-fold) cells,
the effect of GASS in vitro on migration and respectively (Figure 4A). To ascertain the role

invasion of ovarian cancer cell lines, a Costar of GAS5 in the proliferation of EOC, the overex-
chamber without (for migration) or with (for pression of A2780 and HO8910 cells of GAS5
invasion) matrigel was used. The treatment of were analyzed. MTT assay was used to assess
A2780 and HO8910 cells is the same as before. the biological role of GAS5 in proliferation.
Compared with the ones treated with empty Compared with the cells transfected with empty
vector, the ability of migration and invasion had vector, the ones transfected with pCDNA-GAS5
been weakened in GAS5-overexpressed A2780 demonstrated significantly decreased viability

9033 Int J Clin Exp Pathol 2016;9(9):9028-9037
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Figure 4. Effect of GAS5 on proliferation in ovarian cancer cells. A. GAS5 expression, measured by real-time PCR, fol-
lowing the treatment of A2780 and HO8910 cells with p-CDNA-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 Figure 2A. D. Colony formation assay was used to evalu-
ate 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 when viewed with naked eyes. E.
Quantitative analysis of the colonies content in different groups of A2780 cells. F. Quantitative analysis of the colo-
nies content in different groups of HO8910 cells.

(Figure 4B and 4C). Besides, it was found that stage of EOC. Second, in vitro, the capability of
the overexpression of GAS5 greatly weakened apoptosis was strengthened, the ability of inva-
the ability of colony forming using the colony sion and migration were weakened, and the
formation assay (Figure 4D-F). It is well known ability of proliferation was decreased by GAS5
that Cyclin A, Cyclin D, Cyclin E and PCNA are overexpression.
the symbols of proliferation, which were used to
study the role in GAS5-inhibited proliferation of GASS was found down-regulated in EOC tissues
ovarian cancer cells. As shown in Figures 5A, than in the normal ovarian epithelium, and
4B-E, there was an decrease in the expression lower GASS correlated with more transferred
of Cyclin A, Cyclin D, Cyclin E and PCNA in lymph nodes and advanced FIGO stage.
A2780 and HO8910 cells that were downex- Consistently, earlier studies showed that GAS5
pressed by the gene of GAS5. The results dem- was down-regulated in NSCLC compared with
onstrated that GAS5 could inhibit the prolifera- the adjacent normal lung tissues; more impor-
tion of ovarian cancer cells. tantly, lower GAS5 expression correlated with
larger tumor size and advanced clinical stage
Discussion [26]. Additionally, findings showed that GAS5
expression was markedly depressed in gastric
Several important observations were demon- cancer tissues, and the lower GAS5 mainly
strated in this study. First, compared with epi- appeared in the larger tumor size-an advanced
thelial tissues of normal ovary and benign epi- pathologic stage. Moreover, patients with lower
thelial ovarian lesions, the depressed expre- GAS5 expression had poorer disease-free sur-
ssion of GAS5 was detected in EOC. Meanwhile, vival and overall survival [25]. More recently,
GAS5 expression appeared to be significantly studies showed that the GAS5 expression was
correlated to lymph node metastasis and FIGO decreased in cervical cancer tissues than in

9034 Int J Clin Exp Pathol 2016;9(9):9028-9037
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Figure 5. Effect of GAS5 on Expression of Cyclin A, Cyclin D, Cyclin E and PCNA. A. Expression of Cyclin A, Cyclin D, Cy-
clin E and PCNA were shown by Western blot. The cells were treated with pPCDNA-GAS5 or empty vector, respectively.
After 24 h, the cell extracts were analyzed by Western blot with antibody to Cyclin A, Cyclin D, Cyclin E or PCNA. B.
Densitometric analysis of the Western blot assays of Cyclin A. C. Densitometric analysis of the Western blot assays
of Cyclin D. D. Densitometric analysis of the Western blot assays of Cyclin E. E. Densitometric analysis of the West-
ern blot assays of PCNA. The data represent the mean + SEM from three independent experiments. B-actin protein
expression was used as an internal control. *P<0.05, **P<0.01, *P<0.05, and **P<0.01 represent the untreated

cells compared with the transfected pCDNA-GAS5 cells.

the adjacent normal tissues, and depressed
GAS5H expression was correlated with the adv-
anced FIGO stage, deeper invasion, and more
lymph node metastasis. Patients with lower
GAS5 expression had shown poorer overall sur-
vival [36]. Taken together, GAS5 may serve as a
tumor suppressor in human tumor.

Cell proliferation is a complex process that
involves a variety of regulatory mechanisms
and is closely related to tumorigenesis. The
findings have indicated that GAS5 inhibits pro-
liferation through significantly different intron
or exon composition of these GAS5 transcripts
[23]. Meanwhile, the current study found that
GAS5 induced proliferation related proteins,
Cyclin A, Cyclin D, Cyclin E and PCNA, (released
more from the ovarian cancer cells) were
expressed decreasingly by GAS5, indicating
that the proliferation pathway is required for
the effect of GAS5 in human ovarian cancer
cells. Taken together, these findings prove that
IncRNA GAS5 acts as a tumor suppressor in
human EOC, However, there are some points
that still need to be resolved: (1) more patients
samples should be collected to verify the cred-
ibility of GAS5 repression function in EOC, (2)
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the interacting molecular mechanisms and
signal pathways on how GAS5 changes the
mitochondrion-independent apoptosis should
be clarified, and (3) the mechanisms of
decreased capabilities of migration and inva-
sion by GAS5 in ovarian cancer cells should be
explicated.

In conclusion, the findings of this study have
shown that GAS5 overexpression can inhibit
proliferation, promote apoptosis, and reduce
migration and invasion in ovarian cancer cells.
In addition, GAS5 expression is lower in EOC tis-
sues than in the normal ovarian epithelium,
and the lower expression 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 impli-
cations for devising a strategy to ovarian can-
cer treatment target.
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