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and migration by Wnt/[3-catenin pathway in
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Abstract: Long non-coding RNAs (IncRNA) have been shown to serve critical roles in human cancers development,
including epithelial ovarian cancer (EOC). Here, we identified a novel IncRNA SNHG1, which was markedly upregu-
lated in human EOC tissues and cell lines. High SNHG1 expression was associated with aggressive clinical features
and poor prognosis of EOC patients. Moreover, the downregulation of SNHG1 remarkably inhibited the EOC cells
proliferation, migration and invasion, suppressed S-phase entry in vitro, and repressed tumor growth in vivo. In con-
trast, overexpression of SNHG1 could promote the aggressive behaviors of EOC cells. Furthermore, through western
blot, we found that SNHG1 enhanced the expression of several downstream genes in Wnt/B-catenin pathway. Our
findings demonstrated that the dysregulation of SNHG1 is implicated in EOC tumorigenesis and progression through

regulating Wnt/B-catenin pathway.
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Introduction

Ovarian cancer represents approximately 3%
of all gynecologic malighancies in women and
is currently the most deadly tumor [1, 2].
Epithelial ovarian cancer (EOC) accounts for
90% of all ovarian cancer cases [3]. Owing to
high metastasis rate and lack of effective diag-
nostic techniques to identify early symptoms,
the prognosis of most EOC patients remains
unfavorable, and the 5-year overall survival
rate is generally less than 50% [4, 5]. The
pathogenesis of EOC is a complicated biologi-
cal process that involves both genetic and en-
vironmental factors [6]. Accordingly, a better
understanding of the molecular mechanisms
underlying EOC progression will lead to the
development of better diagnostic approaches
and more effective treatments for EOC.

Currently, large-scale genome-wide projects
have confirmed that less than 3% of the hu-
man genome sequences can encode proteins,
whereas the majority (~98%) is transcribed into
a wide variety of conserved noncoding RNAs

(ncRNAs) [7]. Long noncoding RNAs (IncRNAs)
are important new members of the ncRNA
family, which are greater than 200 nucleotides
in length and lack protein-coding ability [8]. It
has been well documented that IncRNAs par-
ticipate in cellular proliferation, differentiation,
and other biological events [9, 10]. Notably,
numerous studies have linked IncCRNA dysregu-
lation with human diseases, especially cancers
[11, 12]. LncRNAs have accordingly been high-
lighted as critical regulators of tumorigenesis
and cancer progression, and numerous In-
cRNAs have been found to serve as oncogenes
or tumor suppressors in various types of can-
cers. In recent years, several EOC-associated
IncRNAs have been identified, and their biologi-
cal properties and underlying molecular mech-
anisms have been determined, such as HOTAIR
[13], HOST2 [14] and HOXA11-AS [15].

Among all the known cancer-related IncRNAs,
small nucleolar RNA host gene 1 (SNHG1),
localized in human chromosome 11912.3 re-
gion, has been observed to be significantly
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upregulated in hepatocellular carcinoma [16]
and nonsmall cell lung cancer [17]. However,
the role of SNHG1 in EOC remains elusive. The
purpose of our current study was to determine
the expression of SNHG1 in EOC tissues and
EOC cell lines. Furthermore, the clinicopatho-
logical and prognostic significance of SNHG1
levels in human EOC was also assessed. Next,
the biological effects of SNHG1 on the pheno-
types of EOC cells were analyzed through gain-
and loss-of-function experiments.

Materials and methods
Human EOC tissue samples

Human EOC tissues (n=67) were collected
from 67 patients who had received surgical
treatment at Jinan Central Hospital (Shandong,
China). The normal ovarian tissues (n=5) were
obtained from five patients with perimenopaus-
al hysteromyoma who received hysterectomy
and prophylactic adnexectomy. Patients who
underwent chemotherapy, radiotherapy, or tar-
geted therapy prior to surgery were excluded.
The follow-up periods were calculated from
the date of surgery to death or the final follow-
up. This study was carried out after approval by
the Ethics Committee of Jinan Central Hospital
and obtaining informed consent from all sub-
jects. All tissue samples were immediately
snap-frozen in liquid nitrogen, and stored at
-80°C until further experiments.

Cell culture and transfection

Two ovarian cancer cell lines (HO-8910, OV-
CAR3) and a normal human ovarian epithelial
cell line (HOEpiC), obtained from Chinese Type
Culture Collection, Chinese Academy of Scien-
ces, were cultured in RPMI 1640 medium
(Gibco, Gaithersburg, MD, USA) containing 10%
fetal bovine serum (FBS; HyClone, Logan, USA)
and 100 U/ml penicillin/streptomycin in a
humidified environment with 5% CO, at 37°C.

The full-length complementary DNA (cDNA)
sequence of SNHG1, amplified by RT-PCR, was
inserted into the pcDNA3.1 (GeneScript, Pis-
cataway, NJ, USA) vectors (pcDNA-SNHG1).
OVCARS3 cells were transfected with the afore-
mentioned vectors by Lipofectamine 2000
(Invitrogen). HO-8910 cells were transfected
with SNHG1-specific small interfering RNA (si-
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SNHG1) or a negative control (si-NC) (Gene-
Pharma, Shanghai, China). 48 h after transfec-
tion, the transfection efficiencies were evaluat-
ed by gRT-PCR.

RNA extraction and quantitative reverse
transcription-PCR (qRT-PCR)

The total RNA of the tissue samples and cells
was isolated using TRIzol Reagent (Invitrogen,
Carlsbad, CA, USA). cDNA was synthesized
using a Reverse Transcription Kit (Takara, Da-
lian, China). Quantitative real-time RT-PCR was
performed with the SYBR Premix EX
Tag™ (Takala) using an ABI 7500 Real-Time
PCR system (Applied Biosystems, Foster City,
USA). The relative expression of individual
genes was determined by 222°t methods [18],
and GAPDH mRNA was used as an endo-
genous control. The following forward and
reverse PCR primers were used in this study:
SNHG1 forward: 5-CCACCTTCTGTTCCCGTCAT-
3’; SNHG1 reverse: 5-GACAGCCAGTCCTCAAG-
GGA-3’; GAPDH forward: 5-GACTCATGACCA-
CAGTCCATGC-3’; GAPDH reverse: 3-AGAGGC-
AGGGATGATGTTCTG-5".

Western blot assay

Total protein was extracted from cells with
RIPA buffer containing PMSF. Nuclear protein
extracts were obtained using NE-PER Nuclear
and Cytoplasmic Extraction Kit (Thermo
Scientific, Rockford, IL, USA). The protein con-
centration was measured by the BCA Protein
Assay Kit (Pierce, Illinois, USA). Equal quantities
of each protein was subjected to SDS-PAGE
and transferred to a PVDF membrane (Millipore,
USA). Then, the membrane was probed with the
corresponding primary antibodies at 4°C over-
night, followed by incubation with secondary
antibodies at room temperature for 1 h. The
proteins were visualized using BandScan soft-
ware (Bio-Rad, Hercules, CA, USA). B-actin or
Lamin A was used as loading control.

MTT assay

Cell proliferation was measured after transfec-
tion for 24, 48 and 72 h by 3-(4,5-dimethylthia-
zol-2-yl)-2,5-diphenyltetrazolium bromide (MTT)
assay. Cells (2x103/well) were plated into a
96-well plate. MTT solution (5 mg/mL) was
added to each well. After 4 h, DMSO was added
into each well for 30 min. The absorbance of
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each well was recorded at 490 nm and read on
a microplate reader.

Transwell assay

Cell migration and invasion were performed
with transwell assay using transwell chambers
with 8-um pores (Costar, Corning, NY, USA). For
invasion assay, the upper side of the insert
membrane was coated with Matrigel (BD Bio-
sciences, New Jersey, USA). A number of 1x10*
cells in 100 pl of serum-free medium were put
into the top chamber. Also, the bottom cham-
ber was filled with 600 pl of medium containing
10% FBS. After 24 h incubation, the cells that
had migrated or invaded through the mem-
brane were fixed in methanol and then stained
with 1% crystal violet. From five random fields,
the number of cells on the lower surface was
counted under a light microscope and then
photographed.

Flow-cytometric analysis

Cells for cell cycle analysis were stained with
propidium iodide (PI) for 1 h at 4°C in the dark
using the Cycle TEST PLUS DNA Reagent Kit
(BD Biosciences, San Jose, CA, USA) and ana-
lyzed by a flow cytometer (FACScan®, BD
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Figure 1. SNHG1 is upregulated in EOC
and associated with poor prognosis. A.
qRT-PCR analysis of SNHG1 expression in
EOC tissues and normal ovarian tissues.
B. gRT-PCR analysis of SNHG1 expres-
sion in the EOC cell lines HO-8910 and
OVCAR3, and the normal human ovarian
epithelial cell line (HOEpiC). SNHG1 level
was normalized to the GAPDH level. Data
are presented as mean + SD. The experi-
ments were all repeated at least three
times. P value was assessed by Student’s
t-test. "P<0.05. C. Kaplan-Meier analysis
of overall survival (0S) in EOC patients ac-
cording to SNHG1 expression. P value was
assessed by log-rank test.

Biosciences) with ModFit 3.0 software (BD
Biosciences). The percentage of the cells in
GO/G1, S, and G2/M phase were then counted
and compared.

Animal experiments

Ten BALB/c athymic nude mice (male 4-5
weeks old), obtained from Shanghai Laboratory
Animals Center (Shanghai, China), were ran-
domized to two groups (n=5/group). A total of
2x10° HO-8910 cells transfected with si-
SNHGZ1 or si-NC, were respectively injected into
the dorsal scapular region of each mouse. The
tumor size was assessed by a digital caliper
every three days. After 30 days of monitoring,
mice were killed by cervical dislocation and
tumors were extracted for further analysis.
Tumor volume was calculated as follows:
Volume = length x width?/2. The protocol was
approved by the Committee on the Ethics of
Animal Experiments of Jinan Central Hospital.

Statistical analysis

All statistical analyses were performed using
SPSS 19.0 software (SPSS, Chicago, IL, USA)
and GraphPad Prism 5.0 (GraphPad Software,
LaJolla, CA, USA). Continuous data were com-
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Table 1. Correlation of SNHG1 expression with clini-

copathologic features in EOC patients

SNHG1
Parameter Total —_expresspn P value
(n=67) Low  High
(n=38) (n=29)
Age (yrs) 0.204
<55 29 19 10
>55 38 19 19
Histological type 0.784
Serous 45 25 20
Non-serous 22 13 9
Pathological grade 0.041
1-2 35 24 11
3 32 14 18
Clinical stage 0.018
-1 27 20 7
-1V 40 18 22
Lymph nodes metastasis 0.052
No 39 26 13
Yes 28 12 16

pared using Student’s two-tailed t-test. For
analysis on association of SNHG1 expression
and clinicopathological variables of EOC pa-
tients, Chi-squared test was used. The overall
survival (0S) of EOC patients were analyzed by
the Kaplan-Meier method with the log-rank
test. P values were calculated and those less
than 0.05 were considered significant.

Results

SNHG1 is upregulated in EOC and associated
with poor prognosis

To determine the expression pattern of SNHG1
in the human EOC tissues, we first analyzed its
expression in a cohort of 67 EOC tissues and
five nontumor tissues. As shown in Figure 1A,
SNHG1 expression levels in tumor tissues of
EOC patients were noticeably higher than those
in normal tissues. Then we examined the ex-
pression of SNHG1 in two EOC cell lines, includ-
ing HO-8910 and OVCAR3, and a normal human
ovarian epithelial cell line HOEpiC, by qRT-PCR.
The results showed that SNHG1 expression
was obviously upregulated in EOC cells (Figure
1B).

To assess whether SNHG1 expression was
correlated with the clinicopathological factors
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and prognosis of EOC patients, according
to relative SNHG1 expression in tumor tis-
sues, the 67 EOC patients were classified
into two groups: the high SNHG1 expres-
sion group (n=29); and the low SNHG1
expression group (n=38). As indicated in
Table 1, high SNHG1 expression in gastric
cancer was significantly correlated with
advanced pathological grade (P=0.041)
and advanced clinical stage (P=0.018).
Moreover, Kaplan-Meier survival analysis
revealed that patients with higher SNHG1
levels had shorter OS (P=0.02; Figure 1C)
than those with lower SNHG1 levels.

SNHG1 promotes EOC cell proliferation in
vitro

Next, we inhibited the endogenous expre-
ssion of SNHG1 in HO-8910 cells by siRNA
to further investigate the biological effects
of SNHG1 on EOC. Moreover, SNHG1 was
overexpressed in OVCARS3 cells by transfec-
tion of pcDNA-SNHG1 (Figure 2A). Curves
of the growth in these experiments, as
detected by MTT assays, showed that SNHG1
knockdown impaired HO-8910 cell growth,
while SNHG1 overexpression promoted the pro-
liferation of OVCAR3 cells (Figure 2B). To deter-
mine whether a change in cell cycle progres-
sion was involved in the SNHG1-mediated
regulation of cell proliferation, flow cytometry
analysis was subsequently performed. The
results showed that silencing of SNHG1
increased the proportion of GO/G1 phase cells
and reduced the proportion of S phase cells
(Figure 2C). These findings indicate that SNHG1
could promote the cell cycle progression of EOC
cells.

SNHG1 promotes EOC cell migration and inva-
sion in vitro

To further determine whether SNHG1 is associ-
ated with the progression of EOC, we analyzed
its effect on the migration and invasion of
HO-8910 and OVCAR3 cells. By transwell assay,
we found that the HO-8910 cell migration and
invasion were significantly impaired after the
knockdown of SNHG1 (Figure 3). Conversely,
SNHG1 overexpression in OVCAR3 cells pro-
moted cell migration and invasion. Taken to-
gether, these findings indicate that SNHG1 has
important roles in EOC progression.

Int J Clin Exp Pathol 2017;10(9):9284-9292
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Figure 2. SNHG1 promotes
EOC cell proliferation in vitro.
A. gRT-PCR analysis of SNHG1
expression in si-SNHG1-trans-
fected HO-8910 and pcDNA-
SNHG1-transfected OVCAR3
cells. B. In vitro proliferation
of HO-8910 and OVCARS3 cells
were assessed by MTT assay
for 3 days. C. The cell cycle
progression of HO-8910 and
OVCAR3 cells was evaluated
by flow cytometry by measur-
ing the proportions of the cells
in the GO/G1, S, and G2/M
phases using Pl staining. Data
are presented as mean * SD.
The experiments were all re-
peated at least three times.
P value was assessed by Stu-
dent’s t-test. “P<0.05.
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SNHG1 promotes tumorigenesis of EOC cells
in vivo

To further investigate the tumorigenesis func-
tion of SNHG1 in vivo, we used nude mouse
xenograft model. HO-8910 cells transfected
with si-SNHG1 or si-NC were injected subcuta-
neous of ten nude mice, respectively. As exhib-
ited in Figure 4A, tumor growth in the si-SNHG1
group was evidently slower than that in the
si-NC group. 30 days later, the mice were sacri-
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ficed and the xenografts were collected. As
expected, the si-SNHG1 group exhibited gener-
ally smaller tumors and displayed less weight
compared to the si-NC group (Figure 4B). qRT-
PCR analysis found that the levels of SNHG1 in
tumor tissues formed from si-SNHG1-transfect-
ed cells were obviously lower than in tumors
formed from si-NC-transfected cells (Figure
4C). These results indicate that SNHG1 down-
regulation could inhibit tumorigenesis of EOC
cells in vivo.
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Figure 3. SNHG1 promotes EOC cell migration and invasion in vitro. The migratory and invasive abilities of HO-8910
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all repeated at least three times. P value was assessed by Student’s t-test. “P<0.05.
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pression levels in the excised tumor tissues. Data are presented as mean + SD. The experiments were all repeated
at least three times. P value was assessed by Student’s t-test. “P<0.05.
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Figure 5. SNHG1 promotes Wnt/B-catenin signaling activation in EOC cells.
Western blot analysis of nuclear B-catenin, cyclin D1 and c-myc levels in
HO-8910 and OVCARS3 cells. B-actin or Lamin A was used as loading control.
Data are presented as mean * SD. The experiments were all repeated at
least three times. P value was assessed by Student’s t-test. “P<0.05.

SNHG1 promotes Wnt/[B-catenin signaling
activation in EOC cells

As is known, Wnt/B-catenin signaling pathway
plays a crucial role in the regulation of cell
growth and migration. In the present study,
using western blot assay, we detected the
effect of SNHG1 on nuclear B-catenin expres-
sion and a few of the downstream genes of
Wnt/B-catenin signaling pathway, including
cyclin D1 and c-myc in EOC cells. The results
showed that the expression of nuclear [-
catenin, c-myc and cyclin D1 was significantly
augmented when SNHG1 was overexpressed,
whereas their levels were remarkably redu-
ced in si-SNHG1-transfected cells (Figure 5).
Thus, these data indicated that SNHG1 has an
effect on the biological behavior of EOC cells by
regulating Wnt/B-catenin signaling pathway.

Discussion

In recent years, an increasing number of
IncRNAs have been identified to be linked with
human malignancies, including EOC. Thus,
identification of EOC-associated IncRNAs and
detection of their clinical significance and bio-
logical proprieties might provide promising
therapeutic strategies and accelerate the
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development of IncRNA-based
diagnostic methods for EOC.

SNHG1 has been found to
have close relationships with
multiple tumors. In hepatocel-
lular carcinoma, SNHG1 was
found to be significantly over-
expressed compared to nor-
mal tissue [16, 19]. Moreover,
Cui et al. also reported InNcRNA
SNHG1 could promote the pro-
gression of non-small cell lung
cancer by regulating miR-101-
3p and SOX9 [20]. To our
knowledge, the role and mech-
anism of SNHG1 in EOC have
not been completely under-
stood. In the present study, the
analyses of clinical samples
showed that SNHG1 was upre-
gulated in EOC tissues and
cells in comparison to the con-
trols, and SNHG1 overexpres-
sion was closely associated
with aggressive clinical characteristics and
poor prognosis in EOC patients, revealing that
SNHG1 could be a biomarker for EOC and might
be a prognostic indicator for survival.

As high SNHG1 expression was correlated with
an aggressive tumor phenotype in EOC, we
speculated that SNHG1 might serve a pivotal
role in tumor biology. After siRNA-mediated
silencing of SNHG1, we found that decreased
expression of SNHG1 significantly suppressed
proliferation, cell cycle progression, migration
and invasion, and caused cell cycle arrest at
G1/GO phase. Moreover, xenograft tumor mod-
els revealed that decreased SNHG1 expression
evidently inhibited EOC tumorigenesis in vivo.
This is in line with our clinical data. Taken
together, the observations of this study indicat-
ed that SNHG1 might serve as an oncogene in
EOC progression.

In normal physiological state, Wnt/B-catenin
signaling pathway regulates downstream genes
involved in multiple cellular processes, such as
cell proliferation, differentiation, migration and
cell death, of which B-catenin is one of the key
downstream effectors [21]. It means that Wnt/
B-catenin signaling should be kept in a normal
level to exert normal physiological function.
However, extensive findings have shown that

Int J Clin Exp Pathol 2017;10(9):9284-9292
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Wnt/B-catenin pathway is constitutively acti-
vated in many human cancers, including EOC
[22, 23]. In the present study, we observed that
knockdown SNHG1 expression markedly inhib-
ited nuclear B-catenin, cyclin D1 and c-myc
expression in EOC cells, indicating that in EOC,
oncogenic function of SNHG1 was at least part-
ly mediated by Wnt/B-catenin pathway.

In summary, this study provides the first link
between SNHG1 expression and EOC develop-
ment. We found that SNHG1 was overex-
pressed in EOC tissues and its upregulation
may be correlated with unfavorable prognosis
of EOC patients. The promotion of SNHG1 on
EOC cell growth and tumorigenesis might partly
through Wnt/B-catenin signaling. Accordingly,
the present study may provide a novel perspec-
tive that SNHG1 functions as a non-coding
oncogene in EOC tumorigenesis and a potential
target for early diagnosis and treatment of EOC
in the further. However, the other possible
molecular mechanisms through which SNHG1
participates in EOC cell biological functions
remains to be further explored.
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