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Abstract. The long non-coding RNA small nucleolar RNA
host gene 12 (SNHG12) has recently been reported to have
an oncogenic role in gastric cancer (GC), but the molecular
mechanisms remain largely elusive. In the present study, it
was observed that SNHGI12 was significantly upregulated
in GC tissues and cell lines. High expression of SNHGI12
was associated with GC progression and poor prognosis of
patients. Knockdown of SNHGI12 markedly inhibited the
proliferation and migration of the BGC823 and HGC27 GC
cell lines. MicroRNA (miR)-16 was identified as a target
of SNHGI12, and its expression was negatively regulated
by SNHG12 in BGC823 and HGC27 cells. In addition, the
expression of miR-16 was significantly decreased in GC
tissues and cell lines, and inversely associated with the
expression of SNHGI2 in GC tissues. Furthermore, knock-
down of miR-16 impaired the inhibitory effects on GC cell
proliferation and migration induced by downregulation of
SNHGI12. In conclusion, the present study demonstrates that
inhibition of SNHGI2 suppresses GC cell proliferation and
migration by modulation of miR-16 expression, and thus
suggests that the SNHG12/miR-16 interaction may be used
as a promising target for GC treatment.

Introduction

Gastric cancer (GC) is one of the most common human cancer
types, and the second leading cause of cancer-associated
death worldwide, particularly in East Asia (1,2). Although
great effort has been made to improve its treatment, GC
remains difficult to cure, mainly due to most GC patients
presenting with advanced disease and/or metastasis at the
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time-point of diagnosis (3,4). Therefore, the elucidation of
the exact mechanisms underlying GC growth and metastasis
is urgently required.

Long non-coding RNAs (IncRNAs), a class of non-coding
RNAs comprising >200 nucleotides, may exert their func-
tions through sponging their target microRNAs (miRs),
mRNAs or proteins, and affecting their expression (5-7). In
the last decade, accumulating evidence has indicated that
IncRNAs have important roles in physiological and patho-
logical processes (8-10). Furthermore, the deregulation of
IncRNAs has been implicated in human cancers, including
GC (11,12). For instance, the IncRNA X inactive specific
transcript (XIST) was reported to be significantly upregu-
lated in GC cells, and to promote GC progression through
transforming growth factor-f1 via targeting miR-185 (12).
In addition, the IncRNA nuclear paraspecle assembly tran-
script was indicated to regulate GC development through
modulating the expression of miR-506 and signal transducer
and activator of transcription 3 (13). In addition, the IncRNA
small nucleolar RNA host gene (SNHG)20 promotes GC
progression by inhibiting p21 expression and regulating
the glycogen synthase kinase (GSK)-3f/p-catenin signaling
pathway (11).

The IncRNA SNHGI2 is frequently upregulated in
several common human cancer types and promotes tumori-
genesis by acting as a sponge for certain miRs (14,15). For
instance, SNHGI12 is significantly upregulated in osteosar-
coma tissues and cell lines, and promotes osteosarcoma cell
proliferation, invasion and migration through increasing the
expression of angiomotin, as well as Notch2 by sponging
miR-195-5p (14,15). Wang et al (16) reported that SNHGI12
promotes colorectal cancer cell growth and inhibits cell
apoptosis. In addition, C-Myc-induced upregulation of
SNHGI2 enhanced the proliferation, apoptosis and migra-
tion of triple-negative breast cancer cells (17). In addition,
upregulation of SNHGI12 was identified to contribute to
cervical cancer cell proliferation and invasion by acting as
a sponge for miR-424-5p (18). Recently, Zhang and Lu (19)
reported that SNHGI12 has a promoting role in GC by acting
as a molecular sponge for miR-320. However, whether
SNHGI12 also interacts with other miRs in GC cells still
remains to be elucidated. Therefore, the present study aimed
to explore the regulatory mechanisms of SNHGI12 underlying
GC cell proliferation and migration.
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Materials and methods

Tissue samples. The present study was approved by the Medical
Ethics Committee of Haikou People's Hospital (Haikou,
China) and complied with the Declaration of Helsinki. A total
of 56 primary GC tissues as well as their matched adjacent
non-tumor tissues were obtained from GC patients treated at
Haikou People's Hospital (Haikou, China) between May 2011
and May 2013. The patients included 34 males and 22 females,
between 38-77 years old with mean age of 65.6 years old.
These GC patients did not receive any radiotherapy or chemo-
therapy prior to surgical resection. Written informed consent
had been obtained from all patients. The tissues were frozen in
liquid nitrogen immediately after surgical resection and stored
at -80°C until use.

Cell culture. The AGS, HGC27, BGC823 and SGC7901
human GC cell lines and the GES-1 normal gastric mucosa
epithelial cell line and were obtained from the Cell Bank of
the Chinese Academy of Sciences (Shanghai, China). The
cells were cultured in Dulbecco's modified Eagle's medium
(DMEM; Thermo Fisher Scientific, Inc., Waltham, MA, USA)
with 10% fetal bovine serum (FBS; Thermo Fisher Scientific,
Inc.) at 37°C in a humidified atmosphere with 5% CO,. The
cells were harvested during the logarithmic growth phase for
use in the subsequent experiments.

Cell transfection. BGC823 and HGC27 cells were transfected
with two SNHGI12 small interfering (si)RNAs that have
different targets (100 #M; cat. nos. AM16708 and 1299001),
negative control (NC) siRNA (cat. no. 4457289; all Thermo
Fisher Scientific, Inc.), pcDNA-SNHGI2 expression plasmid
(cat. no. E2425; Hunan Nanhua Aishi Pulin Biotechnology;
NanHua Bio-medicine Co., Ltd., Changsha, China), a
pcDNA3.1 vector (cat. no. V79020), or were co-transfected
with SNHG12 siRNA and miR-16 inhibitor (cat. no. 4464084)
or SNHGI12 siRNA and NC inhibitor (cat. no. AM17010)
using Lipofectamine 2000 (all Thermo Fisher Scientific,
Inc.) according to the manufacturer's protocol. At 48 h after
transfection, the cells were used for the subsequent experi-
ments.

Reverse transcription-quantitative polymerase chain
reaction (RT-qPCR). TRIzol reagent (Thermo Fisher
Scientific, Inc.) was used to extract total RNA from tissues
and cells. For detection of SNHGI12 expression, 2 ug total
RNA was used to synthesize complementary DNA using
SuperScript III Reverse Transcriptase (Thermo Fisher
Scientific, Inc.) according to the manufacturer's protocol.
gPCR was then performed using Fast SYBR™ Green
Master Mix (cat. no. 4385610; Applied Biosystems; Thermo
Fisher Scientific, Inc.), according to the manufacturer's
protocol. For detection of miR-16 expression, the Mir-X™
miRNA gRT-PCR SYBR® kit (Clontech Laboratories,
Inc., Mountainview, CA, USA) was applied for RT-qPCR
according to the manufacturer's protocol. GAPDH and U6
were used as internal references. The reaction conditions
were 95°C for 3 min, followed by 40 cycles of 95°C for 15 sec
and 60°C for 30 sec. The relative expression was analyzed
using the 222 method (20).
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Cell Counting Kit (CKK)-8 assay. BGC823 and HGC27 cells
were re-suspended with DMEM and placed into 96-well plates
(5,000 cells in 200 pl per well). After incubation at 37°C for
0, 24, 48 or 72 h, 10 ul CCK-8 reagent (Beyotime Institute of
Biotechnology, Haimen, China) was added to each well. After
incubation at 37°C for 2 h, the absorbance at 450 nm was quan-
titated using a Synergy™ LX Multi-Mode microplate reader
(BioTek Instruments, Inc., Winooski, VT, USA).

Cell migration assay. A wound healing assay was used to assess
cell migration. In brief, transfected BGC823 and HGC27 cells
(500,000 cells per well) were seeded into 6-well plates and
cultured for 24 h. A wound was scratched in the cell monolayer
using a 200-ul pipette tip (cat. no. 94052320; Thermo Fisher
Scientific, Inc.). Cells were washed with Dulbecco's PBS
(Thermo Fisher Scientific, Inc.) and DMEM was then added to
the 6-well plates. Images of the scraped area were captured at 0
and 24 h using an inverted microscope (Olympus, Tokyo, Japan).

Luciferase reporter gene assay. A bioinformatics analysis was
performed to determine potential target miRs of SNHGI12 by
using an online prediction tool (Starbase version 1.0; http://star-
base.sysu.edu.cn/mirLncRNA.php). To construct a luciferase
reporter vector, the 3'untranslated region (UTR) fragment of
SNHGI2 containing the putative binding site for miR-16 was
amplified by PCR, which was then inserted into the multiple
cloning region located downstream of the Renilla translational
stop codon in the psi-CHECK?2 Luciferase reporter vector
(Promega Corp., Madison, WI, USA), named as wild-type
(WT) SNHGI2 3'UTR. In addition, the mutant (MT) 3'UTR
fragment of SNHGI12 without the putative binding sites
for miR-16 was generated, which was also inserted into the
multiple cloning region of psi-CHECK?2 Luciferase vector,
and named as MT SNHGI12 3'UTR. BGC823 and HGC27
cells were co-transfected with 0.5 yg WT SNHG12 3'UTR or
MT SNHGI2 3'UTR and miR-16 mimics or miR-NC using
Lipofectamine 2000 according to the manufacturer's protocol.
At 48 h after transfection, a Dual-luciferase Reporter Assay
kit (cat. no. E1910; Promega Corp.) was used to examine the
luciferase activity according to the manufacturer's protocol.

Statistical analysis. Values are expressed as the mean + stan-
dard deviation. Student's t-test was used for analyzing the
difference between two groups. For comparison of more than
two groups, one-way analysis of variance was used followed
by Tukey's post-hoc test. The correlation between the SNHG12
and miR-16 expression in GC tissues was analyzed using
Pearson's correlation analysis. Kaplan-Meier analysis with a
log-rank test was performed to assess patient survival. The
chi-square test was employed to analyze the associations
between SNHGI12 expression and clinicopathological char-
acteristics of GC patients. GraphPad Prism 6.0 software
(GraphPad Software Inc., La Jolla, CA, USA) was used to
perform statistical analyses. P<0.05 was considered to indicate
statistical significance.

Results

Upregulation of SNHGI?2 is associated with GC progression.
First, the expression of SNHGI2 in GC tissues and their



EXPERIMENTAL AND THERAPEUTIC MEDICINE

>

B

18: 199-208, 2019

201

N sk S
D) Q
L 44 =
=
2 d
b — =}
o
5 1 5
.G %
& o}
g 24 S
x e%e S
@
e G0g_° e o
2 11 o0 ) B
T i
) ]
X g r x
Adjacent Gastric cancer
C 1004
©
2
S |
7 —— Low SNHG12 expression
§ 50+ ~+- High SNHG12 expression
o
o
0 L] L} 1 1
0 20 40 60 80

Months elapsed

Figure 1. Upregulation of SNHGI2 is associated with GC progression. (A) SNHG12 is significantly upregulated in GC tissues compared with adjacent
non-tumor tissues. (B) SNHGI2 is significantly upregulated in GC cell lines compared with the normal gastric mucosa epithelial cell line GES-1. “P<0.01 vs.
adjacent or GES-1. (C) The follow-up time for these patients was 60 months. Kaplan-Meier curves indicating that GC patients with high SNHG12 expression
has a shorter survival time when compared with those with low SNHG12 expression. SNHG12, small nucleolar RNA host gene 12; GC, gastric cancer.

matched adjacent normal tissues was examined by using
RT-qPCR. As shown in Fig. 1A, the expression of SNHGI2
was significantly higher in GC tissues when compared to the
adjacent tissues. Consistently, SNHG12 was also upregulated in
GC cell lines, including AGS, BGC823 HGC27 and SGC7901,
when compared with that in the normal gastric mucosa epithe-
lial cell line GES-1 (Fig. 1B). Thus, SNHGI2 was generally
upregulated in GC. Subsequently, the clinical significance of
SNHGI12 expression in GC was assessed. The GC patients
were divided into a high and a low SNHGI12 expression group,
based on its mean expression value in GC tissues. The results
suggested that high SNHGI12 expression was significantly
associated with a larger tumor size, advanced clinical stage
and lymph node metastasis (Table I). Furthermore, those
patients with high SNHGI12 expression had a shorter survival
time when compared with those with low SNHGI12 expression
(Fig. 1C). Therefore, upregulation of SNHGI12 is associated
with GC progression.

Knockdown of SNHGI2 inhibits GC cell proliferation and
migration. As SNHGI12 was markedly upregulated in GC,
the effects of SNHGI12 downregulation on the behavior of
GC cells were then assessed in vitro. BGC823 and HGC27
cells were selected for the subsequent experiments, as these
cell lines had the highest expression levels of SNHG12. Two

SNHGI2 siRNAs were used to knock down the expression of
SNHGI12 in GC cells. As presented in Fig. 2A, transfection
with SNHGI12 siRNA and siRNAZ2 significantly reduced the
SNHGI2 expression levels in BGC823 and HGC27 cells,
when compared with those in the NC siRNA group. SNHGI12
siRNA was then selected for the subsequent experiments, as it
demonstrated a better knockdown efficiency. A CKK-8 assay
and a wound healing assay then indicated that knockdown of
SNHGI2 significantly reduced the proliferation and migration,
respectively, of BGC823 and HGC27 cells (Fig. 2B-E). Based
on these results, SNHG12 may have a promoting role in GC
growth and metastasis.

SNHGI?2 directly targets miR-16 in GC cells. A Bioinformatics
analysis was performed to determine potential target miRs of
SNHGI2 by using an online prediction tool. As presented in
Fig.3A,miR-16 was predicted to be a potential target of SNHGI12.
To verify this prediction, the luciferase reporter plasmids
containing the WT and MT miR-16 binding sites in SNHG12
were generated (Fig. 3A). GC cells were first transfected with
miR-16 mimics or miR-NC mimics, and it was confirmed that
after transfection, the miR-16 levels were significantly upregu-
lated in the miR-16 group compared with those in the miR-NC
group (Fig. 3B). Subsequently, a luciferase reporter gene assay
was performed to verify the targeting association between
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Table I. Association between SNHG12 expression and clinicopathological characteristics of gastric cancer patients.

SNHGI12 levels
Parameter Cases (n=56) Low (n=31) High (n=25) P-value
Age (years) 1.000
<60 19 11 8
>60 37 20 17
Sex 0.278
Male 34 21 13
Female 22 10 12
Tumor size (cm) 0.035
<5 27 19 8
>5 29 12 17
Differentiation 0.057
Well and moderately 33 22 11
Poor 23 9 14
Node metastasis 0.006
Present 48 23 25
Absent 8 8 0
Clinical stage 0.045
I-11 17 13 4
II-1v 39 18 21

SNHG12, small nucleolar RNA host gene 12.

miR-16 and SNHGI2. The results indicated that overexpression
of miR-16 markedly inhibited the luciferase activity of WT
SNHG12 in BGC823 and HGC27 cells, but had no effect on the
luciferase activity of MT SNHGI2 (Fig. 3C and D), suggesting
that SNHG12 directly targets miR-16 in GC cells. The effects
of SNHGI2 on the expression of miR-16 in GC cells was then
assessed. As presented in Fig. 3E, downregulation of SNHGI12
significantly increased the miR-16 expression in BGC823 and
HGC27 cells, suggesting that SNHGI12 negatively regulates
the expression of miR-16 in GC cells. To further confirm
these results, BGC823 and HGC27 cells were transfected
with SNHGI12 expression plasmid to increase its expression.
As presented in Fig. 3F, transfection with SNHGI2 expression
plasmid significantly enhanced its expression in GC cells, when
compared with that in the blank group. Indeed, upregulation
of SNHGI2 led to a significant reduction in the expression of
miR-16 in GC cells (Fig. 3G). Thus, SNHGI2 negatively regu-
lates the miR-16 expression in GC cells.

miR-16 is downregulated in GC tissues and cell lines. The
expression of miR-16 in GC tissues and cell lines was then
assessed using RT-qPCR. The results indicated that miR-16 was
markedly downregulated in GC tissues compared with that in
adjacent non-tumor tissues (Fig. 4A). In addition, it was also
downregulated in GC cell lines compared with that in GES-1
cells (Fig. 4B). Therefore, miR-16 is downregulated in GC.
Subsequently, a Pearson correlation analysis was performed to
determine the correlation between SNHG12 and miR-16 expres-
sion in GC tissues. As provided in Fig. 4C, an inverse association

was identified between SNHG12 and miR-16 expression in GC
tissues, suggesting that upregulation of SNHG12 may contribute
to the downregulation of miR-16 in GC tissues.

Knockdown of miR-16 impairs the suppressive effects of
SNHG12 downregulation on GC cell proliferation and migra-
tion. Based on the above results, it was speculated that miR-16
may be important for the biological effects of SNHGI2 on
GC cells. To test this hypothesis, GC cells were transfected
with NC inhibitor or miR-16 inhibitor. After transfection, the
miR-16 levels were significantly reduced in the anti-miR-16
group compared with those in the anti-NC group (Fig. 5A).
Subsequently, the SNHGI12 siRNA-transfected GC cells
were transfected with miR-16 inhibitor or NC inhibitor.
As provided in Fig. 5B, the miR-16 levels were markedly
reduced in the siSNHGI12+anti-miR-16 group compared with
those in the siSNHGI2+anti-NC group. A CKK-8 assay and
a wound healing assay were then performed. As indicated in
Fig. 5C-F, the proliferation and migration of GC cells were
significantly upregulated in the siSNHGI12+anti-miR-16 group
when compared with those in the siSNHG12+anti-NC group.
These results suggest that inhibition of miR-16 impairs the
suppressive effects of SNHG12 downregulation on GC cell
proliferation and migration.

Discussion

The mechanisms of the effect of SNHG12 to promote GC
progression remains largely elusive. The present study
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Figure 2. Knockdown of SNHGI?2 inhibits gastric cancer cell proliferation and migration. BGC823 and HGC27 cells were transfected with SNHG12 siRNA,
SNHGI12 siRNA2 or NC siRNA. (A) Reverse transcription-quantitative polymerase chain reaction analysis was used to determine the expression of SNHG12.
(B and C) A Cell Counting Kit-8 assay was performed to study cell proliferation and (D and E) a wound healing assay was performed to assess cell migration.

Magnification, x40. “P<0.01 vs. NC siRNA. SNHG12, small nucleolar RNA host gene 12; siRNA, small interfering RNA; NC, negative control; OD, optical
density.
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Figure 3. SNHGI2 directly targets miR-16 in GC cells. (A) miR-16 was predicted as a potential target of SNHGI12, and luciferase reporter plasmids containing
the WT and MT miR-16 binding sites in SNHGI2 were generated. (B) RT-qPCR analysis was performed to examine the miR-16 expression in GC cells after
transfection with miR-NC or miR-16 mimics. (C and D) The luciferase reporter gene assay indicated that miR-16 mimics markedly inhibited the luciferase
activity of the reporter plasmid containing WT SNHGI12 in BGC823 and HGC27 cells, but had no effect on the luciferase activity of the reporter plasmid
containing MT SNHGI12. (E) Transfection with SNHGI2 siRNA caused a significant upregulation of the expression of miR-16 in BGC823 and HGC27 cells.
(F and G) BGC823 and HGC27 cells were transfected with SNHG12 expression plasmid or blank vector. RT-qPCR was performed to examine the expression of
(F) SNHGI12 and (G) miR-16. “P<0.01 vs. miR-NC, NC siRNA or Blank. SNHG12, small nucleolar RNA host gene 12; WT, wild-type; MT, mutated type; miR,
microRNA; siRNA, small interfering RNA; NC, negative control; GC, gastric cancer; RT-qPCR, reverse transcription-quantitative polymerase chain reaction.
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polymerase chain reaction; miR, microRNA.

reported that SNHGI12 was significantly upregulated in GC
tissues and cell lines, and high SNHGI12 expression was asso-
ciated with GC progression and poor prognosis. Knockdown
of SNHGI12 markedly inhibited the proliferation and migra-
tion of the BGC823 and HGC27 GC cell lines. miR-16 was
identified as a target of SNHGI2, and its expression was
negatively regulated by SNHGI12 in BGC823 and HGC27
cells. Furthermore, the expression of miR-16 was signifi-
cantly decreased in GC tissues and cell lines, and inversely
associated with the expression of SNHGI12 in GC tissues.
In addition, knockdown of miR-16 impaired the inhibitory
effects on GC cell proliferation and migration induced by
SNHGI12 knockdown.

SNHGI12 has been reported to be frequently upregulated
and to have a promoting role in various common human
cancer types (14,15,18). For instance, SNHGI12 was signifi-
cantly upregulated in liver cancer tissues compared with that
in the adjacent normal tissues, and knockdown of SNHGI12
effectively reduced cancer cell proliferation, migration and
invasion (21). Ding et al (22) reported that SNHGI12 exerted
promoting effects on the proliferation, migration and inva-
sion of papillary thyroid carcinoma cells through regulating
the Wnt/B-catenin signaling pathway. The results of the

present study indicated that SNHG12 was markedly upregu-
lated in GC tissues and cells compared with that in adjacent
normal tissues and GES-1 cells, respectively. It was further
observed that the expression of SNHG12 was associated with
a larger tumor size, tumor metastasis and advanced clinical
stage, as well as poor prognosis of GC patients; this was
consistent with the results of a previous study by Zhang and
Lu (19), which also demonstrated that inhibition of SNHG12
suppressed the proliferation, colony formation and invasion
of GC SGC-7901 and AGS cells. In the present study, in vitro
experiments revealed that knockdown of SNHGI2 inhibited
the proliferation and migration of the BGC823 and HGC27
GC cell lines. These present results expand the understanding
of the function of SNHG12 in GC cells.

It has been well established that IncRNAs negatively
regulate the expression of miRs through acting as sponges
for them in GC cells (7). For instance, the IncRNA SNHG20
promotes GC progression by inhibition of p21 expression
and regulating the GSK-3f/p-catenin signaling pathway (11).
The IncRNA XIST promotes GC progression via targeting
miR-185 (12). Thus, a Bioinformatics analysis and a lucif-
erase reporter gene assay were then performed to study
the potential target miRs of SNGHI12, and the results
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demonstrated that miR-16 was a potential target of SNHG12.
A further experiment confirmed that SNHGI12 negatively
regulated the expression of miR-16 in BGC823 and HGC27
cells. Subsequently, the correlation between the expression
of miR-16 and SNHGI2 in GC tissues was examined. The
results indicated that the expression of miR-16 was signifi-
cantly reduced in GC tissues and cell lines, and inversely
correlated with the expression of SNHGI2 in GC tissues,
suggesting that the increased expression of SNHG12 may
contribute to the reduced expression of miR-16 in GC.

miR-16 has been reported to have a tumor suppressive
role in several common cancer types, including GC (23-25).
For instance, miR-16 may inhibit glioma cell growth and
invasion through suppressing B-cell lymphoma 2 as well as
the nuclear factor-kBl/matrix metallopeptidase 9 signaling
pathway (23). In GC, high expression of miR-16 predi-
cates a favorable prognosis for patients (24). Furthermore,
Wang et al (25) reported that miR-16 negatively regulated
Twistl to repress GC cell invasion and metastasis. In addi-
tion, Li e al (26) reported that overexpression of miR-16
significantly suppressed GC cell proliferation and migration
by inhibition of the hepatocyte growth factor/c-Met pathway.
However, the molecular mechanisms by which miR-16
regulates GC cell proliferation and migration still remain
to be fully elucidated. The results of the present study indi-
cated that knockdown of miR-16 impaired the suppressive
effects on GC cell proliferation and migration induced by
SNHGI2 silencing, suggesting that miR-16 is involved in the
SNHG12-induced effects on GC cells. In addition to miR-16,
several other miRs targeted by SNGH12 have also been iden-
tified, including miR-125 (27), miR-138 (28), miR-150 (29),
miR-181 (30), miR-195 (15), miR-199 (31), miR-101 (32),
miR-320 (19) and miR-195 (21). Therefore, the present study
expands the current knowledge of regulatory SNHG12/miR
interactions in human cancers.

In conclusion, the present study demonstrated that inhibi-
tion of SNHG12 suppresses GC cell proliferation and migration
by modulation of miR-16 expression, and thus suggests that
the SNHG12/miR-16 interaction may be used as a promising
target for GC treatment.
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