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Abstract. - OBJECTIVE: Growing evidence
has shown that long non-coding RNAs (In-
cRNAs) can serve as prospective markers for
survival in patients with gastric cancer (GC).
In this study, we mainly focused on the poten-
tial roles of LINC00511 in the development pro-
cess of GC.

PATIENTS AND METHODS: RT-PCR was used
to detect the expressions of LINC00511 and
miR-124-3p in GC tumor tissues, adjacent tis-
sues and GC cell lines. Furthermore, correla-
tions between LINC00511 with miR-124-3p, and
miR-124-3p with EZH2, were analyzed by Cor-
relation analysis. Moreover, the overall survival
(OS) of patients was analyzed using Kaplan-Mei-
er method. Additionally, proliferation ability was
measured by CCK-8 assay and invasion ability
of GC cell line was detected by transwell assay.
Besides, Western blot was performed to mea-
sure protein levels of GC tissues and GC cell
lines. Finally, Dual-Luciferase reporter assay
was performed to prove the potential binding
sites between LINC00511 and miR-124-3p, miR-
124-3p and EZH2.

RESULTS: We found that LINC00511 was sig-
nificantly increased in GC tissues and GC cell
lines, which was associated with tumor growth,
metastasis and predicted poor diagnosis of GC
patients. MiR-124-3p was decreased in GC tis-
sues and GC cell lines, which was negatively
correlated with LINC00511 and EZH2. Further-
more, EZH2 was increased in GC tissues and
GC cell lines, which was positively correlat-
ed with LINC00511. Moreover, LINC00511 in-
hibition repressed cell proliferation and inva-
sion in MKN28 cells, the protein levels of Cy-

clin D1, ICAM-1, VCAM-1 and N-cadherin were
repressed, while E-cadherin was increased. Be-
sides, Luciferase gene reporter assay indicat-
ed that LINC00511 could sponge with miR-124-
3p, which could directly target at EZH2, an on-
cogenic gene. We found that miR-124-3p/EZH2
axis regulated cell proliferation and invasion
in MKN28 cells. Finally, the inhibited cell pro-
liferation and invasion abilities were eliminated
following with miR-124-3p inhibition in MKN28
cells with LINC00511 knockdown.

CONCLUSIONS: According to the results, we
found that LINC00511 was increased in GC tis-
sues, which was associated with the poor OS
in patients with GC. We uncovered a previously
unappreciated LINC00511/miR-124-3p/EZH2 sig-
naling axis in promoting cell proliferation and
invasion in GC patients and GC cell lines, which
suggested that it might be a potential target for
treating human GC.
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Introduction

Gastric cancer (GC) is a malignant cancer in
the digestive system. Its incidence and mortality
rank both top five in the world>. Thanks to the
novel therapeutic treatments and diagnosis meth-
ods during past years, the mortality is slowly de-
creasing and future survival is slowly improving
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for GC patients'*. However, the future outcomes
for patients are not yet satisfied, most patients
are suffering with pain and many of them are
in later stage. We need to find new methods for
early-stage diagnosis and develop more novel
therapies and targets for treating with GC.

Long non-coding RNAs (IncRNAs) do not en-
code proteins, but they have the capacity to reg-
ulate different functions in normal development
of human body and in various diseases>®. It has
been found that IncRNAs are critical regulators
in the development of cancers’!!, including GC'*
14, LINCO00511 has been found to be increased and
it was regarded as an oncogene in some human
cancers'>!". Yu et al”” reported it promote tumor
cell proliferation, motility and improve the malig-
nancy in cervical cancer'’. Deng et al”® found that
LINCO00511 could promote the malignant pheno-
type in renal cell carcinoma; Lu et al'® showed
that LINC00511 contributed to tumor formation
and stemness in breast cancer by interacting with
miR-185-3p, etc. However, whether LINCO00511
plays some roles in GC remained unclear.

MicroRNAs (miRNAs) are short RNAs that
also do not encode proteins, but they still have the
capacity to regulate different functions by bind-
ing with 3’ untranslated regions (UTR) of target
genes in various diseases'®?!. Studies revealed
that IncRNAs could function as a competing
endogenous RNA (ceRNA) to interact with miR-
NA??% and regulate the development of different
cancers®*?, MiR-124-3p was reported to be a
tumor suppressor in several human cancers?-%,
such as bladder cancer®®, endometrial cancer?’

and breast cancer®®. MiR-124-3p was reduced in
GC and then promoted tumor growth*-%; howev-
er, the detailed mechanisms in GC remained not
fully understood.

In this study, we investigated the expressions
of LINCO00511 in GC tumor tissues and we found
that it was significantly increased in GC tissues
and GC cell lines; therefore, we explored the
potential functions of LINC00511 in GC patients.

Patients and Methods

Patients

80 patients with GC were included, tumor tis-
sues and their corresponding adjacent non-tumor
tissues were collected by surgical resection in our
hospital from Jul 2013 to Oct 2014. All samples
were frozen at -80°C. Patients age ranged from 40
to 72 years old, 52 cases of male and 28 cases of
female; 43 cases of tumor size < 5 cm, 27 cases
of tumor size > 5 cm; 36 cases with lymph node
metastasis. Clinical parameters in GC patients
were showed in Table I. This investigation was
approved by the Faculty of Medicine’s Ethics
Committee of our hospital and informed consent
was obtained from all patients.

Cell Culture

Human normal gastric epithelial cell (GES-
1) and GC cell lines, including MGC, HGC,
MKN25, MKN28 were purchased from the Amer-
ican Type Culture Collection (ATCC, Manassas,
VA, USA). Cells were cultured in Dulbecco’s

Table I. The relationships between LINC00511 and clinical parameters in GC patients

Parameters Low LINCOO0511 (n = 40) High LINCO0511 (n = 40) p-value

Age 0.335

<60Y 25 30

>60Y 15 10
Sex 0.482
Male 28 24
Female 12 16
Tumor size
<5cm 32 21 0.017
>5cm 8 19
TNM stage
I-I1 29 17 0.012
-1V 11 23
Lymph node metastasis
Yes 13 23 0.042
No 27 17
Distant metastasis
Yes 12 24 0.013
No 28 16
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Modified Eagle’s Medium (DMEM; Invitrogen,
Carlsbad, CA, USA), which were supplemented
with 10% fetal bovine serum (FBS; Gibco, Grand
Island, NY, USA), 100 U/ml penicillin (HyClone,
South Logan, UT, USA) and 100 pg/ml strepto-
mycin (HyClone, South Logan, UT, USA). All
cells were cultured in an appropriate incubator at
the condition of 37°C with 5% CO,.

Construction of Lentivirus and
Cell Transfection

The short hairpin RNA (shRNA) of LINC00511
or shRNA of EZH2 and negative control (NC)
were provided by Invitrogen (Carlsbad, CA,
USA) and were cloned into different lentivirus
(Invitrogen, Carlsbad, CA, USA), which resulted
with LINCO00511 or EZH2 inhibition. LV-sh-
LINCO00511 or LV-shEZH2 and LV-NC were re-
spectively infected into MKN28 cells for 24
hours. Then, a stable cell line of MKN28 with
LINCO00511 inhibition or EZH2 inhibition was
obtained after 1 to 2 weeks. Indicated cells were
seeded in 6-well plates (1x10%/well) until 70%,
miR-124-3p inhibitor or miR- NC was transfected
into MKN28 cells with the transfection reagent
Lipofectamine 2000 (Invitrogen, Carlsbad, CA,
USA) according to its instructions. Cells were
harvested at the indicated time point for further
study.

RNA Extraction and Quantitative
Real-Time PCR

TRIzol reagent (Invitrogen, Carlsbad, CA,
USA) was used for total RNA extraction from
human tissues and cell lines according to the pro-
tocol. PrimeScript™ RT reagent Kit (TaKaRa, Da-
lian, China) was used to perform the reverse tran-
scription according to the protocol. PCR primers
were synthesized by Gene Pharma (Shanghai,
China) and sequences were listed in Table II.

Table II. Primer sequences for RT-PCR.

SYBR Premix Ex Taq II (TaKaRa, Dalian, Chi-
na) was used to detect mRNA expressions, which
were normalized to GAPDH or U6 and 24T
method was used to calculate relative gene ex-
pressions. Three independent experiments were
repeated to get the mean value.

Cell Counting Kit-8 (CCK-8) Assay

Cell proliferation abilities of GC cells were
tested using CCKS8 assay (Dojindo, Kumamoto,
Japan) according to the protocol. 0.25% trypsin
was used to digest MKN28 cells, which were
then seeded on 96-well plates (2 x10° cells/ml)
and cultured in the incubator. For each well, 10 pl
CCK-8 agent was added after cultivating for 1 d,
2 d and 3 d. Finally, the optical density (OD) val-
ue was recorded at 450 nm with microplate reader
(Thermo Fisher Scientific, Waltham, MA, USA)
and cell. Each group was set with three replicate
wells and three independent experiments were
repeated to get the mean value.

Flow Cytometric Analysis of Cell Cycle
MKN28 cells were washed twice by phos-
phate-buffered saline (PBS) and then were digest-
ed with trypsin, cell precipitation was collected
after centrifugation. 75% ethanol was added in-
to the precipitation at 4°C for 4 h, which was
washed twice by PBS, then cell pellet was stained
with FITC-Annexin V and Propidium lodide
(PI) at 25°C for 10 mins. Finally, the stained
cells were subjected to a FACSCalibur system
(BD Pharmingen, Franklin Lakes, NJ, USA) to
measure the cell cycle status. Three independent
experiments were repeated to get the mean value.

Transwell Assay

Cell invasion ability was evaluated by tran-
swell assay and transwell chambers (BD Bio-
sciences, Franklin Lakes, NJ, USA) were pur-

Genes Primer sequences
LINCO00511 Forward: 5>-CGCAAGGACCCTCTGTTAGG-3’
Reverse: 5-GAAGGCGGATCGTCTCTCAG-3’
miR-124-3p Forward: 5-TGTGATGAAAGACGGCACAC-3’
Reverse: 5-CTTCCTTTGGGTATTGTTTGG-3’
EZH2 Forward: 5>~ AACACCAAACAGTGTCCATGCT-3’
Reverse: 5-CTAAGGCAGCTGTTTCAGAGAG-3’
GAPDH Forward: 5-GGAGTCCACTGGTGTCTTCA-3’
Forward: 5>-GGGAACTGAGCAATTGGTGG-3’
U6 Forward: 5>-CGCTTCGGCAGCACATATACT-3’

Forward: 5>-CGCTTCACGAATTTGCGTGTC-3
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chased. Cells (4x10* cell/well) of each group
were added into the top of chamber on the
non-coated membrane, and 20% fetal bovine se-
rum (FBS) was added into lower chamber. Then,
indicated cells were put in the upper chamber
for 24 h. The cells which still remained on the
upper chamber were wiped out using cotton
swabs, while the invasive cells on the other side
were fixed and stained with 95% methanol for
10 mins and stained with 0.5% crystal violet
(Beyotime, Shanghai, China). Finally, light mi-
croscope (Olympus Corporation, Tokyo, Japan)
was used to observe the invaded cells. Three
independent experiments were repeated to get
the mean value.

Protein Extraction and Western Blot

Tissue samples and cells were extracted using
a radioimmunoprecipitation assay (RIPA) protein
extraction reagent buffer (Sigma-Aldrich, St. Lou-
is, MO, USA) with a protease inhibitor (Roche,
Basel, Switzerland), followed by detection of
protein concentrations using a bicinchoninic acid
assay (BCA) kit (Pierce Chemical Co., Rockford,
IL, USA). 30 mg protein of each sample was
added onto 10% sodium dodecyl sulphate-poly-
acrylamide gel electrophoresis (SDS-PAGE) and
the separated proteins were transferred onto poly-
vinylidene difluoride (PVDF) membranes, which
were blocked with skim milk at room temperature
for 1 h. Then, membranes were incubated with
primary antibodies overnight at 4°C. Primary
antibodies were obtained from Abcam (Abcam,
Cambridge, MA, USA), EZH2 (1:2000, 85 kDa),
Cyclin D1 (1:2000, 33 kDa), ICAM-1 (1:3000,
95 kDa), VCAM-1 (1:3000, 100 kDa), N-cad-
herin (1:1000, 100 kDa), E-cadherin (1:1000, 110
kDa) and GAPDH (1:5000, 36 kDa). Then, mem-
branes were incubated with matched secondary
antibodies (1:5000) for 1 h. Finally, protein bands
were visualized by adding SuperSignal® ECL Kit
(Thermo Fisher Scientific, Waltham, MA, USA)
in enhanced chemiluminescence (ECL) detection
system (Thermo Fisher Scientific, Waltham, MA,
USA).

Luciferase Assay

The wild type potential binding sequences
and mutant sequences of LINC00511 or EZH2
were synthesized into pmiR-GLO (Promega,
Madison, WI, USA), named wt-LINCO00511, mut-
LINCO00511, mt-EZH2 and mut-EZH?2. Cells were
seeded in 48-well plates and cultured for 12 h
and then cells were transfected with 4 ng Renilla

Luciferase vector and 200 ng firefly Luciferase
plasmids for 24 h. Next, they were respectively
co-transfected with 200 ng plasmids with wt-
LINCO00511, mut-LINC00511, mt-EZH2 or mut-
EZH2. After 24 h, miR-124-3p mimic or miR-
NC was respectively transfected into wild type
plasmids and mutant plasmids for another 24 h.
Finally, cells were lysed, and Luciferase activities
were measured using Dual-Luciferase Reporter
Assay System (Promega, Madison, WI, USA).
Data were normalized to Renilla Luciferase ac-
tivity and the relative activities of Luciferase
were calculated.

Statistical Analysis

All data were analyzed by SPSS 18.0 (SPSS
Inc., Chicago, IL, USA) and GraphPad Prism 6.0
(La Jolla, CA, USA). Statistical significance be-
tween groups was analyzed by Student’s ¢-test or
one-way ANOVA and SNK method. Count data
were analyzed by chi-square test. Correlations
in human GC tissues and adjacent tissues were
analyzed using Pearson’s correlation analysis.
Overall survival of GC patients was analyzed
by Kaplan-Meier survival test. Three indepen-
dent experiments were repeated to get the mean
value. If p<0.05, it was considered statistically
significant.

Results

LINCO0511 Was Highly Expressed
In GC Tissues and GC Cell Lines

To investigate the roles of LINC00511 in GC,
RT-PCR was used to detect mRNA expressions of
LINCO00511 in 80 paired GC tissues and non-tu-
mor tissues. Results showed that LINC00511 was
significantly increased in GC tissues, compared
with non-tumor tissues (Figure 1A) (p<0.001).
Furthermore, we analyzed the correlation be-
tween LINCO0511 expression and clinicopath-
ological features in patients with GC. Results
showed that the LINCO0511 upregulation was
correlated with advanced TNM stage, metastasis
and tumor size (Table I) (p<0.05). Moreover,
LINCO00511 in patients of stage III-IV was sig-
nificantly increased, compared to that of stage
I-II (Figure 1B) (p<0.001). We also found that
LINCO00565 expression in GC tissues larger than
5 cm was much higher than those less than 5 cm
(Figure 1C) (p<0.001). Besides, LINC00511 in
patients with metastasis was much higher than
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Figure 1. LINCO00511 was highly expressed in GC tissues and GC cell lines. A, RT-qPCR was used to detect LINC00511
expressions in GC tissues (n=80) and adjacent non-tumor tissues (n=80). B, LINC00511 expressions in GC patients of stage
[-II (n=46) and stage I1II-IV (n=34) were analyzed. C, LINC00511 expressions in GC tissues larger than 5 cm (n=53) and
less than 5 cm (n=26) were analyzed. D, LINC00511 expressions in GC patients with metastasis (n=37) and non-metastasis
(n=43) were analyzed. E, Kaplan-Meier survival analysis was performed to analyze the OS in LINC00511 low expression
and high expression group. F, RT-qPCR was used to detect LINCO00511 expressions in GC cell lines. *p<0.05; **p<0.01,

##5p<0.001.

those without metastasis (Figure 1D) (p<0.001).
In addition, Kaplan-Meier survival analysis re-
vealed that GC patients with LINCO00511 upreg-
ulation had a lower overall survival (OS) than
the low expression group (Figure 1E) (p<0.05).
Additionally, we found that LINC00511 expres-
sions were significantly increased (Figure 1F)
(p<0.05). Collectively, these data suggested that
LINCO00511 was increased in GC tissues, which
was correlated with metastasis, tumor size and
the poor diagnosis of GC patients. However, the
roles and mechanism of LINCO00511 in GC re-
mained unknown.

LINCOO0511 Knockdown Inhibited
Cell Proliferation and Invasion In
MKNZ28 Cells

To explore the functions of LINCO00511 in
GC, LINCO00511 sh-RNA was constructed and
cloned into a lentiviral (LV-sh LINCO00511),
resulted with LINCO00511 inhibition. LV-sh
LINCO00511 was infected into MKN28 cells,
and the results showed that LINCO00511 was
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significantly repressed (Figure 2A) (p<0.001).
Then, CCK-8 assay showed that LINCO00511
inhibition repressed cell proliferation ability
after 3 days, compared with LV-NC (Figure 2B)
(p<0.01). Furthermore, flow cytometry (FACS)
illustrated that LINC00511 inhibition repressed
cell growth by improving cell distribution in
GO0/G1 phase and reducing cell distribution in S
phase (Figure 2C) (p<0.01). Besides, transwell
assay demonstrated that LINC0O0511 inhibition
could repress cell invasion ability, compared
with p-NC (Figure 2D) (p<0.01). Additionally,
WB was performed to detect protein expres-
sions of proliferation associated gene Cyclin
D1 and invasion associated genes, including
ICAM-1, VCAM-1, N-cadherin and E-cadherin.
Results showed that protein levels of Cyclin D1,
ICAM-1, VCAM-1 and N-cadherin were re-
pressed, while E-cadherin was promoted (Fig-
ure 2E, F) (p<0.01), which indicated that the
proliferation and invasion abilities were both re-
pressed. These data suggested that LINC00511
knockdown inhibited cell proliferation and in-
vasion in MKN28 cells.
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Figure 2. LINCO00511 knockdown inhibited cell proliferation and invasion in MKN28 cells. A, LINC00511 mRNA expressions
were detected after LV-sh LINC00511 or LV-NC infection into MKN28 cells. B, Proliferation abilities of indicated cells were
measured by CCKS8 assay. C, Cell cycle distribution was evaluated by FACS. D, Invasion abilities were detected by transwell
assay. E, F, Protein levels of Cyclin D1, ICAM-1, VCAM-1, N-cadherin and E-cadherin were detected by WB (magnifications

x 0.8). #:p<0.01, ***<0.00].

LINCOO0511 Could Directly Sponge With
Mir-124-3p In MKNZ28 Cells

To further explore the mechanism that
LINCO00511 participated in cell proliferation and
invasion in GC, we used bioinformatics analysis
to predict the target miRNAs of LINC00511 and
we found that miR-124-3p might be a potential
target miRNA of LINCO00511, which played im-
portant roles in biological functions of various
cancers?, Then, we detected the expressions
of miR-124-3p in GC tissues and non-tumor
tissues. Results revealed that miR-124-3p was
significantly repressed in GC tissues (Figure 3A)
(»<0.001). Furthermore, miR-124-3p expression
in patients at stage III-IV was much lower than
patients at stage I-II (Figure 3B) (p<0.001).
Moreover, miR-124-3p expression in GC tissues
larger than 5 cm was much lower than patients
less than 5 cm (Figure 3C) (p<0.001). Besides,
miR-124-3p in patients with metastasis was low-
er than patients with non-metastasis (Figure

3D) (p<0.001). In addition, correlation analysis
was performed, and the results revealed that
LINCO00511 was negatively correlated with miR-
124-3p in GC patients (Figure 3E) (p<0.05),
especially in patients at the stage of III-1V,
patients with tumor size larger than 5 cm and
patients with metastasis (Figure 3F-H) (p<0.01).
Additionally, we found that the expressions of
miR-124-3p were significantly repressed in GC
cell lines, especially in MKN28 cells (Fig-
ure 3I) (p<0.001) and it was upregulated fol-
lowing with LINCO00511 inhibition (Figure 3J)
(p<0.001). Collectively, these data illustrated
that LINCO00511 was negatively interacted with
miR-124-3p and it was predicted to be a target
for LINCO00511 by bioinformatics analysis. To
verify whether LINC00511 could competitively
bind with miR-124-3p, wild type and mutant
sequences of LINCO00511 were constructed into
GLO vectors (Figure 3K) and the Luciferase
reporter assay was performed. Results showed
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Figure 3. LINCO00511 could directly sponge with miR-124-3p in MKN28 cells. A, MiR-124-3p expressions in GC tissues (n=80) and adjacent non-tumor tissues (n=80) were
detected. B, MiR-124-3p expressions in patients with stage I-II (n=46) and stage III-IV (n=34) were analyzed. C, MiR-124-3p expressions in GC tissues larger than 5 cm (n=53)
and less than 5 cm (n=26) were analyzed. D, MiR-124-3p expressions in GC patients with metastasis (n=37) and non-metastasis (n=43) were analyzed. E-H, Correlations between
LINCO00511 and miR-124-3p were analyzed in GC patients, patients at stage III-I'V, tumor size larger than 5 cm and patients with metastasis. I, J, MiR-124-3p expressions in GC
cell lines and MKN28 infected with LV-sh LINC00511 or LV-NC were detected. K, Potential wild type and mutant sequences of LINC00511 were constructed. L, Luciferase
gene reporter assay was performed to verify the binding site in MKN28 cells. *p<0.05, **p<0.01, ***p<0.001.
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that relative Luciferase activity in MKN28
cells co-transfected with wt-LINCO00511 and
miR-124-3p mimic was significantly repressed,
while Luciferase activity was reversed in cells
co-transfected with mut-LINC00511 and miR-
124-3p mimic (Figure 3L) (p<0.01). These data
demonstrated that LINC00511 was negatively
related with miR-124-3p in GC and it could
directly bind with miR-124-3p in MKN2§ cells.

MiR-124-3p Could Directly Bind With
EZH2 In MKN28 Cells

To further investigate how miR-124-3p regu-
lated cell proliferation and invasion in GC, we
used Targetscan database to predict target genes
of miR-124-3p. EZH2 was predicted as a potential
target, which was found to be an oncogenic gene
to promote tumorigenesis in some cancers®' .
Then, we detected protein expressions of EZH2
in GC tissues and non-tumor tissues. Results
revealed that EZH2 was increased in GC tissues
(Figure 4A) (p<0.001). Furthermore, EZH2 lev-
els in patients at stage I1I-IV were much higher
than patients at stage I-11 (Figure 4B) (p<0.001).
Moreover, EZH?2 levels in GC tissues larger than
5 cm were much higher than patients less than 5
cm (Figure 4C) (p<0.001) and EZH2 was much
higher in patients with metastasis than patients
with non-metastasis (Figure 4D) (»<0.001). Be-
sides, correlation analysis revealed that EZH2
was negatively correlated with miR-124-3p in
GC patients (Figure 4E) (p<0.05), especially
in patients at the stage of III-IV, patients with
tumor size larger than 5 cm and patients with
metastasis (Figure 4F-H) (p<0.01). Additionally,
we found that the protein expressions of EZH2
were upregulated in GC cell lines, especially
in MKN28 cells (Figure 4I) (p<0.001). Above
all, the data showed that EZH2 was negatively
interacted with miR-124-3p and it was predicted
to be a target for miR-124-3p by Targetscan da-
tabase. To verify that miR-124-3p could directly
bind to EZH2, we synthesized and constructed
wild type and mutant binding sequences of
EZH2 (Figure 4J). Luciferase reporter assay
illustrated that relative Luciferase activity in
MKN28 cells co-transfected with wt-EZH?2 and
miR-124-3p mimic was significantly repressed,
while it was reversed in cells co-transfected
with mut-LINC00511 and miR-124-3p mimic
(Figure 4K) (p<0.01). Collectively, these data
demonstrated that miR-124-3p could directly
bind with EZH2 and repress protein expression
in MKN28 cells.

MiR-124-3p/EZHZ2 Axis Regulated Cell
Proliferation and Invasion In MKNZ28 Cells
To confirm that miR-124-3p/EZH2 axis con-
tributed to regulate cell proliferation and inva-
sion of GC, LV-sh EZH2 was synthesized and
constructed, resulting with EZH2 inhibition. LV-
sh EZH2 or LV-NC was respectively transfect-
ed into MKN28 cells and stable MKN28 cells
were selected. Then, miR-124-3p inhibitor and
miR-NC were respectively transfected into stable
MKN28 cells. Results revealed that mRNA ex-
pressions of EZH2 were significantly repressed
following with LV-sh EZH?2 infection (Figure 5A)
(p<0.001), while it was improved following with
miR-124-3p inhibition (Figure 5A) (p<0.001).
Furthermore, miR-124-3p was promoted follow-
ing with EZH2 inhibition, while it was repressed
following with miR-124-3p inhibition (Figure 5A)
(p<0.001). Moreover, CCK-8 assay illustrated that
EZH?2 inhibition repressed cell proliferation abil-
ity, while it was repressed following with miR-
124-3p inhibition (Figure 5B) (p<0.01). FACS
assay showed that EZH2 inhibition repressed cell
growth by improving cell distribution in G0/G1
phase and reducing cell distribution in S phase,
while it was reversed following with miR-124-3p
inhibition (Figure 5C) (p<0.01). Transwell as-
say demonstrated that EZH2 inhibition repressed
cell invasion ability, while it was promoted fol-
lowing with miR-124-3p inhibition (Figure 5D)
(p<0.01). Additionally, WB showed that EZH2
inhibition repressed protein expressions of Cyclin
D1, ICAM-1, VCAM-1 and N-cadherin, while
they were reversed following with miR-124-3p
inhibition (Figure 5E,F) (p<0.01). These data
suggested that miR-124-3p/EZH2 axis regulated
cell proliferation and invasion in MKN28 cells.

LINCOO0511 Was Positively Interacted
With EZHZ2?

We have demonstrated that miR-124-3p was a
target for LINC00511 and it could directly bind
with EZH2. To further understand the relationship
between LINC00511 and EZH2, correlation anal-
ysis was performed. Results showed that EZH2
was positively correlated with LINC00511 in GC
patients (Figure 6A) (p<0.05), as well as positively
correlated with LINC00511 in GC patients at stage
of III-IV, patients with tumor size larger than 5
cm and patients with metastasis (Figure 6B-D)
(p<0.01). Furthermore, we found that EZH2 was
repressed following with LINCO00511 inhibition
in EZH2 cells (Figure 6E) (p<0.01). These data
indicated that LINCO00511 was positively inter-
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detected. J, Potential wild type and mutant binding sequences of EZH2 were constructed. K, Luciferase gene reporter assay was performed to verify the binding site in MKN28
cells. *p<0.05, **p<0.01, ***p<0.001.

4240



LNcRNA LINCOO511 in gastric cancer via miR-124-3p/EZH2 axis

mm LV-NC
A Ve EzH B 4y = Lvac i c ~ 1501 =mm GO/G1
34 LV-sh EZH2 +miR-NC ==~ LV-sh EZH2 9 mm S
" LV-sh EZH2+ _ LV-sh EZH2+miR-NC p-g = G2/M
® miR-124-3p |r’|'tl:b|tor € 3 LV-sh EZH2+ )
3 o g S miR-124-3p inhibitor 5 100+ e e
< 27 ¢ - D
Z 2 2] B
E R % T
214 = ¥ 3 504
® o 14 =
K o 2
o °
0- T T 0 T T T T 2 0-
EZH2 miR-124-3p 0 1 2 3 «“o Q¥ 53% 433“155"
Time (days) v PN “;o \Q.* ""\Q-"&‘O\‘é
5 c R AR
== LV-NC F 3 mm Lvac
100 == LV-sh EZH2 EZH2 | s s w = t\\;s: :§:§+ e
= LV-sh EZH2 +miR-NC ) D -s| miR-|
0 _. LV-sh EZH2+miR-124-3p Cyclin D1 E > LV-sh EZH2 +miR-124-3p inhibitor e
1 inhibitor —
é 75 . ICAM-1 [ e o £
| — |
2 ] VCAM-1 [ e wwm| O
£ 50 o
3 N-cadherin — — g
- -
i 254 E-cadherin I- — -| %
o o
>
2 ul GAPDH b‘.d
o v D Vo O & & e
& Koeiie S
£ & 4 & <
N é@? NS “,@i}*‘*

Figure 5. MiR-124-3p/EZH?2 axis regulated cell proliferation and invasion in MKN28 cells. A, The mRNA expressions of EZH2
and miR-124-3p were detected by RT-PCR. B, CCK8 assay was used to measure cell proliferation abilities. C, FACS was used to
measure cell cycle distribution. D, Transwell assay was used to detect cell invasion abilities. E, F, Protein expressions of Cyclin
DI, ICAM-1, VCAM-1, N-cadherin and E-cadherin were detected by WB (magnifications x 0.8). **p<0.01, ***p<0.001.

A 2 B _ 2
3 61 R?=0.078, p=0.012 S 61 R%=0.211, p=0. 006
@ ]
-— ° - L ]
sl . E or
B 44 ° o % 5 4
— . —
o ® °
2 t ° e % o =
i *as z
o2 * ., * w 2
S ..r‘ ﬁ. "y S
® % %o ot =
Z | Vet £
] T T 1 ] T T 1
0 2 4 6 0 2 4 6
Relative LINC00511 level Relative LINC00511 level
C E
T 6 R?=0.446, p<0.001 D 3 6 R%=0.264, p=0.002 5 157 == Lvne
< 2 : mm LV-sh LINC00511
[ = )
§ s s
il B 2 104
o Q. | 4
o~ o~ S
I I o~
N N T
w 24 w 2 m *%
2 g F 0.5
& E 2
] D ©
x o T T 1 @x o T T 1 @
0 2 4 6 0 2 4 6 ol
Relative LINC00511 level Relative LINC00511 level LV-NC LV-sh LINC00511

Figure 6. LINC00511 was positively interacted with EZH2. A, Correlation between LINC00511 and EZH2 was analyzed in
GC patients. B, Correlation between LINC00511 and EZH2 was analyzed in GC patients at stage III-IV. C, Correlation between
LINCO00511 and EZH2 was analyzed in tumor size larger than 5 cm. D, Correlation between LINC00511 and EZH2 was analyzed
in patients with metastasis. E, EZH2 protein expressions in LV-sh EZH2 and LV-NC were detected by WB. **p<0.01, ***p<0.001.

4241



H.-G. Huang, X.-L. Tang, X.-S. Huang, L. Zhou, Y.-G. Hao, Y.-F. Zheng

acted with EZH2 and we might conclude that
LINCO00511 could sponge with miR-124-3p, which
might then target at repressing EZH2 expression.

LINC00511 Regulated Cell
Proliferation and Invasion Via
MiR-124-3p/ EZH2 Pathway In GC

To verify our assumption, we added miR-124-
3p inhibitor or miR-NC into MKN28 cells with
LV-shLINCO00511 or LV-NC. Results showed that
LINCO00511 was reduced in LV-shLINCO00511
and it was reversed following with miR-124-
3p inhibition (Figure 7A) (p<0.001), miR-124-3p
was promoted in LV-shLINCO00511 and it was
reversed following with miR-124-3p inhibition
(Figure 7A) (p<0.001). Furthermore, CCK-8 as-
says revealed that cell proliferation ability was
inhibited in LV-shLINCO00511, while it was pro-
moted following with miR-124-3p inhibitor trans-
fection (Figure 7B) (p<0.01). Moreover, FACS as-
say showed that LINCO00511 inhibition repressed
cell growth by increasing cell distribution in

GO0/G1 phase and reducing cell distribution in
S phase, while it was reversed following with
miR-124-3p inhibition (Figure 7C) (p<0.01). Be-
sides, transwell assay illustrated that LINCO00511
inhibition repressed cell invasion ability, while
it was reversed following with miR-124-3p inhi-
bition (Figure 7D) (p<0.001). Additionally, WB
showed that LINC00511 inhibition repressed pro-
tein expressions of EZH2, Cyclin D1, ICAM-1,
VCAM-1, N-cadherin and increased N-cadher-
in expression, while they were reversed follow-
ing with miR-124-3p inhibition (Figure 7E, F)
(p<0.01). Collectively, these results indicated that
LINCO00511 regulated proliferation and invasion
via miR-124-3p/EZH?2 axis in GC patients.

Discussion
GC is a malignant cancer with high incidence

and mortality in the world'?. Most patients have
been diagnosed at later stage or metastasis stage,
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Figure 7. LINCO00511 regulated cell proliferation and invasion via miR-124-3p/ EZH2 pathway in GC. A, The mRNA expressions
of LINC00511 and miR-124-3p were detected. B, CCKS assay was used to measure cell proliferation abilities. C, FACS was used
to measure cell cycle distribution. D, Transwell assay was used to detect cell invasion abilities. E, F, Protein expressions of EZH2,
Cyclin D1, ICAM-1, VCAM-1, N-cadherin and E-cadherin were detected by WB (magnifications x 0.8). **p<0.01, ***p<0.001.
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although new surgical treatments, chemothera-
py and advanced diagnosis methods have been
applied for GC patients, which have already
improved the future outcome for patients'*. How-
ever, these treatments have limited effects and
more novel biomarkers and treatments should be
developed to improve the poor future outcome
for patients.

LncRNAs have been found to regulate biolog-
ical features in various diseases and they play
important roles in the development of different
cancers’!, including GC'"". LINCO00511 was
reported to be an oncogene to promote tumor
formation and development in some cancers'>".
However, whether LINCO00511 plays some roles
in GC remained unclear. In this study, for
the first time, we detected the expressions of
LINCO00511 in GC tissues and adjacent nor-
mal tissues. We found that LINCO00511 was
significantly increased in GC tissues, which
was correlated with metastasis, tumor size and
the poor future diagnosis of GC patients. Fur-
thermore, we also revealed the expressions of
LINCO00511 in GC cell lines. Results illustrated
that LINC00511 was increased in GC cell lines,
especially in MKN28 cells. However, the func-
tions and potential mechanisms of LINCO00511
in GC remained unknown.

Cyclin D1 is a protein encoded by CCNDI
gene, which is indispensable for transiting cells
from Gl to S phase and it is associated with
cell proliferation in various cancers**~. Inter-
cellular cell adhesion molecule-1 (ICAM-1) and
vascular cell adhesion molecule-1 (VCAM-1) are
important adhesion molecules to promote cell
adhesion and invasion in cancers®’*. N-cadherin
and E-cadherin are from the cadherin family,
which are from the Ca*" dependent cell adhesion
molecule family and can promote cell invasion
in various cancers***. Epithelial-mesenchymal
transition (EMT) is a biological process by which
epithelial cells are transformed into cells with
mesenchymal phenotype, the cell adhesion mol-
ecules are decreased, such as E-cadherin and
the cytokeratin cytoskeleton is transformed into
Vimentin-based cytoskeleton***. Epithelial cells
have lost their cell polarity and acquired the abil-
ity to migrate and invade during EMT, which is
of great significance in the development and me-
tastasis of malignant tumors*#, including gastric
cancer**®,

To find whether LINC00511 could affect cell
proliferation and other biological functions,
LINCO00511 sh-RNA was constructed and infect-

ed into MKN28 cells, resulted with LINC00511
inhibition. Results showed that LINC00511 in-
hibition repressed cell proliferation and invasion
abilities, protein levels of Cyclin D1, ICAM-1,
VCAM-1 and N-cadherin were repressed as well.
These data suggested that LINCO00511 knock-
down inhibited cell proliferation and invasion in
MKN28 cells. However, the detailed mechanism
remained unknown.

LncRNAs could function as a competing en-
dogenous RNA (ceRNA) to interact with miR-
NA and regulate the development of different
cancers?®?, MiR-124-3p was reported to be a
tumor suppressor in several human cancers**2
and bioinformatics analysis revealed that miR-
124-3p might be a target miRNA for LINCO0511.
We aimed to verify that LINCO00511 regulated
cell proliferation and invasion by interacting with
miR-124-3p. We detected expressions of miR-
124-3p in GC tissues and non-tumor tissues,
which revealed that miR-124-3p was repressed in
GC tissues, especially in patients at stage I11-1V,
GC tissues larger than 5 cm and patients with
metastasis, which was negatively related with
LINCOO0511. Luciferase reporter assay further
proved that LINCO00511 could directly bind to
miR-124-3p in MKN28 cells.

It was reported that EZH2 was an oncogenic
gene to promote tumorigenesis and development
in various cancers* ¥, EZH2 was predicted as
a potential target gene by Targetscan database.
Then, we detected protein expressions of EZH2
in GC tissues and non-tumor tissues, which re-
vealed that EZH2 was increased in GC tissues,
especially in patients at stage III-IV, GC tissues
larger than 5 cm and patients with metastasis,
which were negatively related with miR-124-3p
and positively related with LINC00511. Lucifer-
ase reporter assay further proved that miR-124-3p
could directly bind to EZH2 in MKN28 cells and
regulate cell proliferation and invasion.

To detect that miR-124-3p/EZH2 axis contrib-
uted to regulate cell proliferation and invasion of
GC, miR-124-3p inhibitor was transfected into
MKN2S8 cells with LV-sh EZH2. Results showed
that EZH2 was repressed and miR-124-3p was
increased following with LV-sh EZH2 infection,
while they were reversed following with miR-
124-3p inhibition. We illustrated that EZH2 in-
hibition repressed cell proliferation and invasion
capacities, while they were reversed following
with miR-124-3p inhibition. These data suggest-
ed that miR-124-3p/EZH2 axis regulated cell
proliferation and invasion in MKN28 cells.
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We might conclude that LINC00511 could
sponge with miR-124-3p, which would then target
at repressing EZH2 expression and regulate the
biological functions of GC. To verify our assump-
tion, we added miR-124-3p inhibitor or miR-NC
into MKN28 cells with LV-shLINCO00511 or LV-
NC. Results showed that LINC00511 inhibition
repressed cell proliferation and invasion capacities,
while they were reversed following with miR-124-
3p inhibition. Taken together, these data suggested
that LINCO00511 regulated cell proliferation and
invasion via miR-124-3p/EZH2 axis in GC.

In this work, for the first time, we found
that LINC00511 was upregulated in human GC
tissues, which might be used as a marker for
GC. Moreover, we demonstrated that LINC00511
had the capacities of promoting cell proliferation
and invasion through sponging with miR-124-3p/
EZH2 axis, which was a novel signaling pathway
in GC so far. This study might provide a new
insight for the development and treatment of GC.

Conclusions

Above all, this investigation demonstrated that
LINCO00511 was increased in GC tissues, which
was associated with the poor OS in patients with
GC. We uncovered a previously unappreciated
LINCO00511/miR-124-3p/EZH?2 signaling axis in
promoting cell proliferation and invasion in GC
patients and GC cell lines, which suggested that
it might be a potential target for treating human
GC.
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