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through activating MAPKSs in gastric cancer
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Abstract

Long non-coding RNAs (IncRNAs) are important regulators of many cellular pro-
cesses, and their aberrant expression and/or function is associated with many differ-
ent diseases, including cancer. However, the identification of functional IncRNAs in
gastric cancer is still a challenge. In this study, we describe a novel functional IncRNA,
linc00483, that is upregulated and associated with tumorigenesis, tumour size, metas-
tasis and poor prognosis in gastric cancer. In our study, linc00483 promoted gastric
cancer cell proliferation, invasiveness and metastasis in vitro and in vivo. Mechanisti-
cally, upregulated expression of [incO0483 in gastric cancer acts as a sponge to
absorb endogenous tumour suppressor miR-30a-3p. Furthermore, it restores SPAGY
expression, which is negatively regulated by miR-30a-3p, and actives MAPK signaling
pathway in gastric cancer cells. Thus, lincO0483 is an oncogenic IncRNA in gastric
cancer and targeting lincO0483 or its pathway can potentially be useful in develop-
ment of targeted therapies for patients with gastric cancer. Our results show that
linc00483 is an important regulator in carcinogenesis and may be a useful biomarker
to predict prognosis of gastric cancer patients. We believe our findings are novel and

will be of interest to scientists working in many areas related to biomarkers in cancer.
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1 | INTRODUCTION

Gastric cancer is a serious health and economic problem worldwide,
and according to the GLOBOCAN 2015 reports, gastric cancer is the
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third leading cause of cancer-related deaths globally, with the
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majority of patients reported in developing countries.! Most gastric
cancer patients are diagnosed at an advanced stage, and thus, the 5-
year survival rate is low.? Improved and early diagnosis as well as
better targeted therapies are required. In line with this is the impor-
tance of identifying genes that contribute to gastric cancer develop-
ment and have clinical predictive value for patients’ diagnosis or
prognosis. Gastric cancer, like most malignant tumours, exhibits com-
mon characteristic hallmarks of cancer including increased prolifera-
tion and inhibition of apoptosis. Currently, many potential
biomarkers have been reported for gastric cancer, such as CEA-
CAM6, HER2, MFSD4 and MET,®® but only modest successes have
been obtained in their translation to the clinical setting.

The human genome encodes more than 10 000-long non-coding
RNAs (IncRNAs) that have no protein-coding capacity.” LncRNAs are
a class of transcripts exceeding 200 nucleotides, and research has
shown frequent deregulation of IncRNAs in various diseases and
multiple functions of IncRNAs in a wide range of biological processes
such as cell proliferation, apoptosis and migration.2* For example,
IncRNA PVT1 expression was reported to be significantly upregu-
lated in non-small cell lung cancer and was significantly correlated
with histological grade and lymph node metastasis. In addition,
knockdown of PVT1 reportedly inhibits non-small cell lung cancer
cell proliferation, migration and invasion.*?> Furthermore, IncRNA
BC200 expression was found to be reduced in ovarian cancer and
its inhibition was shown to promote the proliferation of SKOV3 and
A2780 ovarian cancer cells.'® Another study reported that the
IncRNA PVT1 level in gastric cancer is significantly higher than levels
in adjacent normal tissues and concluded that PVT1 may be a
promising biomarker for early detection and prognosis in this type of
cancer.!* Although a small number of IncRNAs have been function-
ally characterized, most still remain functionally undefined.*>2°

LncRNAs can also act as decoys for microRNAs to regulate the
expression of coding genes by competing endogenous RNAs (ceR-
NAs).21 For instance, in hepatocellular carcinoma, lincO0974 was
shown to enhance the expression of miR-642 target gene KRT19 by
competitively sequestering miR-642 and to promote hepatocellular
carcinoma cell proliferation.?? Furthermore, IncRNA-ATB can upregu-
late the expression of ZEB1 and ZEB2 by competitively acting as a
decoy for the miR-200 family and in this way contribute to epithe-
lial-mesenchymal transition in hepatocellular cancer.?® Despite these
findings, our knowledge on IncRNA expression and function in
tumorigenesis is still limited. More than 65% of IncRNAs are located
less than 10 kb from established regulating protein-coding genes
either in a cis- or trans-regulatory manner.’ LincO0974 has been con-
firmed to be a cis-regulator of the KRT19 gene, promoting prolifera-
tion and metastasis beyond the Flank 10 kb class in hepatocellular
carcinoma.?? In this study, we discovered a novel IncRNA, linc00483,
via Affymetrix microarrays.?

According to our findings, lincO0483 displays considerable pre-
dictive value for the diagnosis and prognosis of gastric cancer. Fur-
thermore, 1inc00483 expression strongly correlated with SPAG9
expression, which is a scaffold protein in the MAPK pathway.?®
Bioinformatic analyses revealed that lincO0483 is located at a locus

20 kb upstream of the SPAG9 gene. Here, we report that linc00483
promotes proliferation and inhibits apoptosis through upregulation
of SPAG? and activation of MAPKSs in both an in vitro and in vivo
gastric cancer model. We further demonstrate that lincO0483 acts as
a trap for miR-30a-3p, which targets SPAGY mRNA for degradation.
Based on these findings, we propose a model for lincO0483-

mediated cell proliferation and apoptosis in gastric cancer.

2 | MATERIALS AND METHODS

2.1 | Patient samples

The study included 48 gastric cancer patients recruited between
August 2012 and September 2014 in Guangzhou First People’s
Hospital (Guangzhou, China). A written informed consent was
obtained from all patients prior to surgery, and the study was
approved by our Institutional Ethics Committee. From each patient,
samples of gastric tumour and corresponding normal mucous tissues
were taken, and samples were examined by a trained pathologist for
confirmation of diagnosis. All research was performed in compliance
with government policies and the Declaration of Helsinki.

2.2 | Cell culture

The human gastric cancer cell lines SGC7901, BGC823, MGC803
and MNK28, and the normal gastric epithelial cell line GES-1 were
obtained from Guangzhou Medical University (Guangzhou, China).
Cells were cultured in RPMI1640 Gibco, USA) supplemented with
10% foetal bovine serum (FBS, Gibco, USA) and 1% penicillin/strep-
tomycin in a humidified incubator at 37°C in an atmosphere of 5%
COs,.

2.3 | Cell transfection

For the cell transfection experiments, siRNA and miR-30a-3p mimics
were designed and synthesized by Sangon (Shanghai, China). Dhar-
maFECT™ Duo Transfection Reagent was purchased from Dharma-
con (NY, USA). Cells were seeded in 96-well plates at a
concentration of 1 x 10° cells per well and transfected with siRNA
and miR-30a-3p mimics in RPMI-1640 (Gibco, USA) according to the
manufacturer’s protocol. After 24 hours, transfected cells were col-

lected and used in further experiments.

24 | Cell proliferation assay

Cell proliferation was assayed using the CCK8 test (Roche, Switzer-
land) according to the manufacturer’s protocol.

2.5 | Cell invasion assay

For the invasion assay, Transwell plates with inserts were used. The
inserts were coated with Matrigel (Shanghai, China) and placed in an

incubator to solidify. Next, cells (10° cells per well) were seeded in
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serum-free medium in the upper compartment, and culture medium
with 10% FBS was added to the lower compartment. After 24 hours,
cells from the upper surface of the insert were removed with a cot-
ton swab, and cells on the lower surface of the insert were fixed
with 95% alcohol, stained with 0.1% crystal violet and counted
under an inverted microscope. Each experiment was performed in

triplicate.

2.6 | Wound healing assay

For the wound healing assay, cells (1 x 10°) were seeded in a
monolayer on 96-well plates, and a scratch was made with a new 1-
mL pipette tip across the centre of each well. After 0, 12 and
24 hours, wounds were photographed under an inverted microscope
(Thermo, USA) at a magnification of 200x, and measurements were

taken.

2.7 | Luciferase reporter gene assay

For the luciferase reporter gene assay, cells were plated in 24-well
plates. Previous analysis predicted that miR-30a-3p interacts with
the 3" UTR sequence of SPAGY. The complete length of linc00483
or its mutated variant with predicted target sites was inserted into
the pGL3 promoter vector, and Renilla luciferase vector pRL-SV40
(5 ng) was cotransfected to normalize the differences in transfection
efficiency.

2.8 | Subcutaneous xenotransplantation model

For the in vivo study, BGC823 cells (1 x 107) were subcutaneously
implanted into the bilateral axilla of 18 BALB/C nude mice. When
xenotransplantation was established, mice were randomly divided
into 3 groups and injected with either lincO0483-siRNA, linc00483-
NC, or NS with Jet-PET every 2 days. After 2 weeks, tumours were
measured every 7 days, and the corresponding volumes were calcu-
lated. Mice were sacrificed after 4 weeks, and tumour tissues were

used to establish implant models as described previously.

2.9 | Quantitative real-time PCR

Quantitative real-time PCR (qPCR) was performed to determine the
expression levels of 1inc00483, miR-30a-3p and SPAG9 mRNAs in
gastric tumours and corresponding normal mucous tissues. Total
RNA was obtained from tissues or cultured cells using TRizol reagent
(Takara, Japan). For extraction of RNA from the cytoplasm and
nucleus, the SurePrep Nuclear or Cytoplasmic RNA Purification Kit
from Thermo Fisher Scientific (Rochester, NY, USA) was used
according to the manufacturer's protocols. For mRNA detection,
total RNA was reverse transcribed using the reverse transcription kit
(Takara, Japan). qPCR was performed with a Light Cycle 480ll
(Roche, Switzerland). The primer sequences used in qPCR are listed
in Table S3. The miR-30a-3p primer was provided by Qiagen (Qia-
gen, Germany). GAPDH and Ué were used as internal controls.
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2.10 | Immunohistochemistry

For immunohistochemistry, tissue sections (5 um) were deparaf-
finized in xylene and rehydrated with a graded ethanol series. Next,
slides were treated with 3% H,O, in methanol for 30 minutes to
block endogenous peroxidase activity. Slides were rinsed in PBS and
incubated with 10% normal goat serum for 30 minutes. After wash-
ing in phosphate-buffered saline (PBS), slides were incubated with
primary anti-rabbit antibodies to SPAG9, c-Jun, p-Jnk, p53 and p-
p38 (Abcam, UK) at 4°C overnight. The next day slides were washed
with PBS and incubated with secondary antibody for 2 hours at
room temperature. Finally, slides were stained with DAB, counter-
stained with haematoxylin, mounted and photographed using a digi-
talized microscope camera (Nikon, Japan).

2.11 | Western blot analysis

For western blot analysis, proteins were extracted from tissues or cul-
tured cells using radioimmunoprecipitation assay (RIPA) buffer (Bey-
otime, China). Total protein extract (40 ug/uL) was loaded onto 12%
polyacrylamide gels and after electrophoretic separation transferred
to a polyvinylidene difluoride membrane (BiYunTian, China). Next,
membranes were blocked with 1 mL TIP and incubated overnight at
4°C with primary polyclonal antibodies against SPAG9, c-Jun, p-Jnk,
p53 and p-p38 (Abcam) at 1:500 dilution. Next day, the membranes
were washed and incubated with secondary antibody (Abcam) for
1 hour at room temperature. Finally, membranes were visualized using
UVP (BioRad, Germany). Equal protein loading in each lane was con-
firmed using the B-actin antibody. The integrated density of each band

was quantified using Proteinsimple Western (Protein Simple, USA).

2.12 | Statistical analysis

Statistical analysis was performed with SPSS 18.0 (SPSS, Inc., Chicago,
IL, USA). The results of gPCR analysis are presented as mean =+ stan-
dard deviation (SD). All data were analysed using the Student’s t test
and analysis of variance as appropriate. Pearson correlation analysis
was used to analyse the relationship between linc00483, SPAG9Y and
miR-30a-3p expression levels in gastric cancer samples. Receiver oper-
ating characteristic (ROC) curve analysis was used to evaluate the
diagnostic potential of 1incO0483 and to find the appropriate cut-off

point. In all cases, P < .05 was considered significant.

3 | RESULTS

3.1 | Deregulation of IncRNAs in gastric cancer

Six gastric cancer tissues and paired normal tissues were analysed in
our previous study to obtain the IncRNAs profiles using the ArrayS-
tar IncRNA microarray in gastric cancer.?* According to the results,
there were 2541 upregulated and 1281 downregulated IncRNAs
according to criteria of P < .05 and fold change (FC) > 2.0.2 For this
study, we selected 5 upregulated and 5 downregulated IncRNAs
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(P < .01, FC > 45) for further analysis of their expression by RT-
gPCR in a larger cohort of gastric cancer patients (n = 48; Table S1).
The results of this analysis identified lincO0483 upregulation in both
gastric cancer and gastric cancer cell lines (Figures S1 and S2). Nota-
bly, linc00483 was annotated as a long intergenic non-protein coding
RNA in the UCSC genome database, but its function in gastric can-

cer remained unknown (Figure S3).

3.2 | Linc00483 upregulation is associated with
shorter survival in gastric cancer patients

In our study, lincO0483 expression was higher in gastric cancer tis-
sues than in paired normal gastric tissues by RT-qPCR (n = 48; Fig-
ure S4A). In addition, linc00483 expression was further analysed
according to patients’ different clinicopathological features (ie, age,
sex, tumour size, differentiation, invasion depth, TNM stages, lym-
phatic metastasis and distant metastasis). Higher expression of
linc00483 correlated with larger tumour size, tumour cell differentia-
tion, greater invasion depth, more advanced TNM stage, lymphatic
metastasis and distant metastasis, but was not significantly associ-
ated with gender or age (Table S2). According to the mean ratio of
relative expression (C/N) and median count, the 48 gastric cancer
cases were assigned to either high-expression (n = 31, >18.22) and
low-expression (n = 17, <18.22) groups. Kaplan-Meier survival analy-
sis and log-rank tests showed that higher lincO0483 expression was
associated with shorter survival time (P = .0088; Figure S4B). ROC
curves were constructed to evaluate the sensitivity and specificity of
linc00483 for prediction of gastric cancer diagnosis. The area under
the ROC curve for linc00483 was 0.959 (95% confidence inter-
val = 0.937-0.995, P < .01; Figure S4C). Collectively, these findings
indicate that linc00483 is a potential biomarker for diagnosis and

prognosis in gastric cancer.

3.3 | Linc00483 promotes cell proliferation and
inhibits apoptosis in vitro

To examine the biological functions of lincO0483, we first detected
its expression in human gastric cancer cell lines (SGC7901, MGC803,
BGC823 and MKN28) and the human immortalized gastric epithelial
cell line GES-1. LincO0483 expression was upregulated in all gastric
cancer cell lines (P < .01; Figure 1A), and we selected BGC823 for
further study. According to the interference efficiency of candidate
shRNAs for linc00483, linc00483-HOMO-313 was used for further
linc00483 knockdown experiments (Figure S5). The CCK8 assay was
used to determine the role of lincO0483 in cell growth. In BGC832
cells, linc00483 knockdown led to reduced cell proliferation com-
pared with that observed in the non-transfected control (NC) cells
and cells transfected with blank controls (P < .01; Figure 1B,C). Fur-
thermore, annexin V-FITC/Pl was applied to detect apoptosis. Upon
linc00483 silencing, the percentage of apoptotic cells was greater
than that among NC cells (Figure 1D,E). Furthermore, a Transwell
assay revealed that the invasion ability of cells in which linc00483
was silenced was suppressed compared with that of NC and blank

control cells (Figure 1F,G). In the wound healing assay, knockdown

of linc00483 contributed to slower scratch healing (Figure 1H,1).

3.4 | Linc00483 expression correlates with SPAG9
mRNA expression

As IncRNAs regulate neighbouring protein-coding genes in a cis- or
trans-regulatory manner, we examined mRNAs for which expression
correlates with lincO0483 expression. For this purpose, BGC823 cells
with 1inc00483 knock down, NC and blank control cells were anal-
ysed to obtain mRNA profiles using microarray (Figure Sé). The
results and bioinformatic analyses showed that lincO0483 expression
correlated with SPAG9 mRNA expression and the linc00483 locus
was located 20 kb upstream of SPAG9 (Figure S7A). Next, we exam-
ined SPAG9 expression in gastric cancer tissues and paired normal
gastric tissues by RT-gPCR (n = 48), and SPAG9 mRNA expression
was higher in gastric cancer tissues than in the corresponding normal
gastric tissues (P < .01; Figure S7B). In addition, Kaplan-Meier sur-
vival analysis and log-rank tests showed that patients with higher
SPAGY expression had a poorer prognosis than those with low
SPAG9 expression (P =.0027; Figure S7C). The Moreso, Pearson
correlation assay showed that lincO0483 and SPAG9 expression
were strongly positively correlated in gastric cancer tissues
(R=.6170, P < .01; Figure S7D). Therefore, we suggested that
linc00483 may regulate SPAG? mRNA expression.

3.5 | MAPK signalling activation in gastric cancer

To investigate whether MAPK signalling is deregulated in gastric
cancer, we examined the expression of SPAG9 and downstream
effectors of MAPKSs, such as c-Jun, phosphorylated (p)-Jnk, p-p38
and p53, by immunohistochemistry in gastric cancer tissues and
paired normal gastric tissues (n = 48). SPAG9, c-Jun and p53 protein
expression was higher in gastric cancer tissues than in paired normal
gastric tissues (P < .001, P = .003 and P = .000 respectively). p-Jnk
protein expression was lower in gastric cancer tissues than in paired
normal gastric tissues (P = .004). p-p38 expression did not differ
between gastric cancer tissues and paired normal gastric tissues
(P = .195; Figure 2). Thus, based on these results it can be con-

cluded that MAPK signalling is activated in gastric cancer.

3.6 | Linc00483 regulates SPAG9 and MAPK
expression in vitro

To explore whether 1inc00483 regulates SPAGY and MAPK expres-
sion, we silenced 1inc00483 in BGC823 cells and monitored the
effects on SPAGY, c-Jun, p-Jnk, p53 and p-p38 mRNA expression.
Linc00483 knockdown substantially decreased SPAG9 mRNA
expression as determined by RT-qPCR (Figure 3A). Consistently,
knockdown of [inc00483 also decreased SPAGY and c-Jun protein
expression; however, it did not impair p-Jnk, p53 and p-p38 protein
levels as determined by western blotting (Figure 3B-H; P =.001,
P =.004, P = .09, P = .39 and P = .21 respectively).
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FIGURE 1 LincO0483 can promote proliferation and inhibit apoptosis of BGC823 cells in vitro. A, Relative expression of linc00483 in
human gastric cancer cells and the human immortalized gastric epithelial cell line GES-1 (P < .01). B, C, CCK8 test showed that knockdown of
linc00483 results in decreased proliferation of BGC823 cells (P < .01). D, E, Flow cytometric analysis showed that linc00483 knockdown
increases apoptosis among BGC823 cells (P < .01). F, G, Transwell assay indicated that linc00483 silencing can inhibit invasion ability of
BGC823 cells (P < .01). **P < .01



PO 151 154 104 P=.004

104 P=.195 151 P =003
§ s g o0 5 — s 5 8
» D 8- @ in & » 2.c
] @ =101 & 2104 8 101 o2
554 83 5% £5 2 S 6
x » x O x o x 2 x o
) 1G] @ E. D L a Q
2%, 23, 22 25 254
59 < 28 v © 2 5 8357 & &
2 5, 2% 2%s 23 252,

0- 0- 0 0 0-

Normal Cancer Normal Cancer Normal Cancer Normal  Cancer Normal Cancer

FIGURE 2 MAPK expression in gastric cancer and normal gastric tissues. The protein expression of SPAG9, p53, p-p38, p-Jnk and c-Jun
was examined by immunohistochemistry in 48 paired gastric cancer tissues and normal gastric tissues. SPAG9, p53, c-Jun and p-p38 protein
expression was significantly higher in gastric cancer tissues than in normal gastric tissues (P = 0, P = .003 and P = 0, respectively), whereas p-
Jnk protein expression was significantly lower in gastric cancer tissues than in normal gastric tissues (P = .004). No difference was observed
for p-p38 protein expression (P = .195)

A = B Blank group  NC linc00483-siRNA C D
e gpul Pl PR Blankgroup  NC linc00483-siRNA 0031 P=24 P=109
3 p-Jnk - - g
a0 P53 —_— .
o A a £ 4 VU
x O L5
O c-Jun- 55 2
25 —t . B
@ s - 2
o N -
oo
W
E g5 F a H el
.z pP=36 P=.004 e E & S _3
S B S o k=] 253
25 g. % Ea 8 = o 2 <.
=) 52e 53 gs53
[ — >
58 Y e 282
S=s= =205 =] T4
JEE SEE s $5 5
£°g £ g e = <000
‘Q\)Q ‘\G Q‘ﬁv
%\gﬁ\‘(‘g %’5’5\
e
A

FIGURE 3 LincO0483 regulates activation of MAPKs in vitro. A, Knockdown of lincO0483 can decrease SPAGY9 mRNA expression in
BGC823 cells (P < .05). B, E, F, Suppression of linc00483 can decrease protein expression of SPAG9 and c-Jun in BGC823 cells (P = .004 and
P = .001, respectively). C, D, H, Suppression of linc00483 does not influence the expression the proteins p53, p-Jnk and p-p38 (P = .39,

P = .09 and P = .21, respectively)

3.7 | Linc00483 regulates SPAGY by acting as a cytoplasm along with the mature microRNAs and RNA-induced
ceRNA and interacting with miR-30a-3p

silencing complex.?! Therefore, we examined lincO0483 and SPAG9
mMRNA subcellular localization. First, we separated cytoplasmic RNA
ceRNAs have microRNA response elements (MREs) that can bind from nuclear RNA and then examined their expression in both frac-
miRNAs, leading to their impairment. ceRNAs are located in the tions. The results showed that both 1incO0483 and SPAGY are
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present in the cytoplasm (Figure 4A,B), confirming that linc00483 regulation of [inc0O0483 and SPAG? mRNA. MiR-30a-3p was

may regulate SPAG9 mRNA activity as a ceRNA. selected as a candidate, as it can bind to both lincO0483 and the
After detailed examination of the IncRNA regulatory mechanisms, SPAG9 3’ untranslated region (UTR) (Figure 4C,D). RT-gPCR analysis
we conducted a bioinformatic analysis to explore the possible co- showed that miR-30a-3p levels were lower in gastric cancer tissues
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Survival time after surgery was compared between patients with high and low miR-30a-3p expression by Mantel-Cox test, and the survival
time of patients with high miR-30a-3p expression was significantly longer (P = .0398). H, Pearson correlation analysis of miR-30a-3p and
linc00483 expression showed that miR-30a-3p expression was negatively correlated with linc00483 in gastric cancer tissue (R = —.6488,

P < .01). I, Pearson correlation analysis of miR-30a-3p and SPAG9 mRNA expression showed that miR-30a-3p expression negatively correlated
with SPAG9 mRNA expression in gastric cancer tissue (R = —.6133, P < .01)
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than in paired normal gastric tissues (n = 48) and also in gastric can-
cer cell lines compared with the GES-1 cell line (Figure 4E,F). Fur-
thermore, Kaplan-Meier survival analysis and log-rank tests showed
that patients with higher miR-30a-3p expression had longer survival

times than those with lower miR-30-3p expression (P = .0398; Fig-

linc00483 and SPAG? mRNA were strongly negatively correlated in
gastric cancer tissues (R = —.6488, P < .0001, R = —.6133, P < .001;
Figure 4H,]). Collectively, these results demonstrated that miR-30a-
3p acts as an anti-oncogene and plays an important biological
function that may correlate with 1inc00483 and SPAG9 in gastric

ure 4G). Pearson correlation assay confirmed that miR-30a-3p, cancer.
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cells (P < .01). G, H, Wound healing assay demonstrated that upregulation of miR-30a-3p can inhibit migration of BGC823 cells (P < .01)
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Interestingly, transfecting BGC823 cells with miR-30a-3p mimics
resulted in the inhibition of cell proliferation (Figure 5A,B). Further-
more, upregulation of miR-30a-3p promoted apoptosis in BGC823
cells (Figure 5C,D) as well as suppressed their migration ability (Fig-
ure 5E,F). In the wound healing assay, upregulation of miR-30a-3p
contributed to slower scratch healing (Figure 5G,H). These results
further confirmed that miR-30a-3p has a role in gastric cancer cell
proliferation, apoptosis and invasion.

Overexpression of miR-30a-3p resulted in decreased expression
of 1inc00483 and both SPAGY mRNA and protein (P = .04, P = .04,
P = .03; Figure 6A-D). By using the luciferase reporter gene assay,
we showed that miR-30a-3p can significantly decrease the signal of
both wild-type 1inc00483 and SPAG9 3’ UTR, while it had no effect
on mutant linc00483 and SPAGY9 3’ UTR (P < .01; Figure 6EF).
These results show that miR-30a-3p can specifically bind and nega-
tively regulate linc00483 and SPAG9Y.

3.8 | Linc00483, as a ceRNA, upregulates SPAG9
and activates MAPK to contribute to tumour growth
in vivo

To determine the effect of linc00483 on tumorigenesis in vivo, we
generated a xenograft model by subcutaneously implanting BGC823
cells in nude mice. Nude mice were randomly divided into 3 groups
with 6 mice in each group (linc00483-siRNA, blank group and NC)
and injected, respectively, with linc00483-shRNA, control vector and
NS, and one nude mouse of each group was used for fluorescence
intensity analysis of the xenograft model. We observed that suppres-

sion of 1inc00483 resulted in significantly decreased tumour growth

P=

95

compared with the blank group and NC, but no difference in mice
(Figure 7A,B,D).
showed that knockdown of lincO0483 resulted in lower cell numbers

weight was observed Histological examination
in tumour tissue compared to those in the other groups (Figure 7C).
Intriguingly, RT-gPCR showed that knockdown of lincO0483 can
markedly decrease SPAG9 mRNA and increase miR-30a-3p (P = .01,
P = .02 and P = .03, respectively; Figure 7E,F,G). Furthermore, west-
ern blotting analysis showed that knockdown of linc00483 dramati-
cally downregulated SPAG9 and c-Jun protein (P = .001, P = .007),
without significantly affecting p53, p-Jnk and p-p38 protein expres-
sion (P=.13, P=.06, P = .92, respectively; Figure 7H-N). These
results further confirmed that linc00483 bound miR-30a-3p and
upregulated SPAG9, which resulted in the activation of MAPKs,

leading to proliferation and inhibition of apoptosis.

4 | DISCUSSION

Although much attention has been given to cancer-related IncRNAs
recently, only a few IncRNAs have been characterized in terms of
their exact roles in malignant tumours.2¢?® The IncRNAs GClnc1,
HOTAIR, RMRP and GAPLINC have been characterized in gastric
cancer.2%27-31 However, these IncRNAs represent the tip of the ice-
berg, and the possible roles of many IncRNAs have yet to be deter-
mined in gastric cancer.

In our previous study, we reported aberrant expression IncRNAs
via an ArrayStar microarray in gastric cancer.?* From these IncRNAs,
we selected a new upregulated linc00483 for examination of its role
in gastric cancer models in vitro and in vivo. In this study, a higher
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FIGURE 6 MiR-30a-3p can regulate the expression of linc00483 and SPAG9. A, Upregulation of miR-30a-3p decreased the expression of
linc00483 in BGC823 cells (P = .004). B, C, D, Upregulation of miR-30a-3p decreased the expression of SPAG9 mRNA and protein in BGC823
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FIGURE 7 LincO0483 can promote proliferation, inhibit apoptosis and regulate activation of MAPKs in vivo. A, Knockdown of linc00483 can
inhibit growth of xenografts in nude mice (**P < .01). B, Knockdown of linc00483 does not impair growth of weight in nude mice *P > .05).C,
Knockdown of lincO0483 can inhibit cell proliferation as examined by haematoxylin-eosin staining in nude mice. D, Knockdown of lincO0483 can
inhibit growth of xenograft as demonstrated by fluorescence intensity analysis in nude mice. E, Suppression of lincO0483 can decrease the
expression of linc00483 in the xenograft (P = .01). F, Suppression of linc00483 can decrease the expression of SPAG9 mRNA in the xenograft

(P = .02). G, Suppression of linc00483 can increase the expression of miR-30a-3p in the xenograft (P = .003). H, J, L, Suppression of linc00483 can
decrease the protein expression of SPAG9 and c-Jun in nude mice (P = .001 and P = .007 respectively). H, I, K, M, N, Suppression of linc00483 did
not impair the protein expression of p53, p-Jnk and p-p38 in nude mice (P = .13, P = .06 and P = .92 respectively)

linc00483 level was associated with greater tumour size and tumour
invasion and was inversely correlated with survival time in patients
with gastric cancer. Furthermore, ROC analysis showed that
linc00483 may be a potential gastric cancer biomarker. Indeed, our
results showed that [incO0483 possesses oncogenic activity with
multiple effects on gastric cancer cell proliferation, apoptosis, migra-
tion and invasion.

The relationships between IncRNAs and protein-coding RNAs
identified via the microarray study suggest that lincO0483 is associ-

ated with SPAG9 in gastric cancer. SPAG? is a scaffold protein in

the MAPK pathway that activates this pathway in tumorigenesis.3?
Our results indicated that SPAG9 mRNA expression was upregulated
in gastric cancer tissues, and higher levels of SPAG9 mRNA were
associated with shorter survival time and increased migration and
invasion in gastric cancer patients, which was consistent with the
previously described role of SPAGY in renal cell carcinoma migration,
invasion and poor prognosis.>?> Moreover, in our study, SPAG9 pro-
tein and the downstream effectors of MAPKs c-Jun and p53 were
upregulated, which further confirmed that the MAPK pathway is
activated in gastric cancer.®® Furthermore, knockdown of lincO0483
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inhibited proliferation and promoted apoptosis among gastric cancer
cells, while decreasing SPAG9 and c-Jun protein expression in vitro
and in vivo. Therefore, we can conclude that lincO0483 mediates the
function of SPAGY and MAPKs in promoting proliferation and
inhibiting apoptosis in gastric cancer.

Bioinformatic analysis revealed that lincO0483 shares miR-30a-
3p MREs with SPAG9 3’ UTR. Promisingly, we found miR-30a-3p
was downregulated in gastric cancer tissues, and higher levels of
miR-30a-3p were associated with longer survival time in gastric
cancer patients, which was consistent with its previously reported
function in hepatocellular carcinoma.>* Consistently, ectopic expres-
sion of miR-30a-3p inhibited proliferation and promoted apoptosis,
while decreasing 1inc00483 and SPAGY9 mRNA and protein expres-
sion in vitro. We further determined that miR-30a-3p can specifi-
cally bind to lincO0483 and the SPAG9 3 UTR. Therefore, our
results confirm that lincO0483 regulates SPAG9 mRNA expression
by competing for miR-30a-3p, which targets SPAG? mRNA for
degradation.

Furthermore, we found that lincO0483 promoted proliferation
and inhibited apoptosis in xenograft tumour model in nude mice.
Our results showed that knockdown of 1inc00483 inhibited tumour
growth, increased miR-30a-3p levels, and decreased both SPAG9
and c-Jun protein levels in the xenograft model. These findings fur-
ther confirm that lincO0483 can act as a ceRNA sponge for miR-
30a-3p, which then leads to upregulation of SPAGY and to MAPK
signaling activation, contributing to tumour cell proliferation and
apoptosis inhibition in gastric cancer.

In conclusion, in this study we have identified a novel linc0O0483
that is upregulated in gastric cancer and correlates with patients’
prognosis. Our results revealed cross-talk between lincO0483 and
SPAG9 mRNA via competition for miR-30a-3p, thus enhancing the
expression of the miR-30a-3p target gene SPAGY, and then activat-
ing MAPKs to promote proliferation and inhibit apoptosis among
gastric cancer cells. Based on these findings, lincO0483 may be con-
sidered a potential biomarker and therapeutic target in future gastric
cancer studies.
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