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Long Noncoding RNA CAT104 Promotes Cell Viability, Migration, and Invasion
in Gastric Carcinoma Cells Through Activation of MicroRNA-381-Inhibiting

Zinc Finger E-box-Binding Homeobox 1 (ZEB1) Expression
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Gastric carcinoma (GC) remains the second leading cause of cancer-related deaths worldwide. Good bio-
markers are of paramount importance for GC therapy. This study aimed to assess the role of long noncod-
ing RNA (IncRNA) CAT104 in GC. We found that CAT104 was highly expressed in human GC NCI-N87,
SGC7901, BGC823, BGC803, and AGS cells. Suppression of CAT104 decreased NCI-N87 cell viability,
migration, and invasion, but promoted apoptosis. CAT104 knockdown enhanced the expression of microRNA-
381 (miR-381) expression in NCI-N87 cells. miR-381 participated in the regulatory effects of CAT104 on
NCI-N87 cell viability, migration, invasion, and apoptosis. Zinc finger E-box-binding homeobox 1 (ZEB1)
was identified as a direct target of miR-381. Overexpression of ZEB1 reversed the miR-381 mimic-induced
cell viability, migration, and invasion inhibition. Suppression of ZEB1 reversed the miR-381 inhibitor-induced
activation of the c-Jun N-terminal kinase (JNK) pathway and Wnt/B-catenin signaling pathways in NCI-N87
cells. In conclusion, CAT104 might function as an oncogenic factor in GC cells via regulating the expression

of miR-381 and ZEB1.
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INTRODUCTION

Gastric carcinoma (GC) remains the second leading
cause of cancer-related deaths worldwide. Despite an
overall decline in incidence over the last several decades,
gastric cancer is still the fourth most common type of
malignancy'. Currently, the most effective therapy for
GC is surgical resection with adjuvant chemotherapy or
chemoradiation in appropriate cases’. Unfortunately, the
overall 5-year survival rate for patients with GC who
undergo curative surgical resection only has advanced
little; for example, it was only 29% in the US®. Gastric
cancer is a heterogeneous disease that demands con-
tinued attention and research for prevention, early
detection, and novel therapeutic options®. Despite the
dramatic improvement in treatments in recent years,
invasion and metastasis, the major causes of gastric
cancer-related relapse and death, greatly impeded the
treatment efficiency’. A good marker is of paramount
importance for the guidance of therapy and surveillance
in patients with GC.

Long noncoding RNAs (IncRNAs), a class of non-
protein-coding RNAs with a length of over 200 nucle-
otides (nt), were first regarded as transfection “noise” in
the genome without any biological function®. In the past
decades, accumulating evidence suggested that IncRNAs
are involved in a wide range of biological functions, such
as cell growth, proliferation, regulation of the immune
response, and carcinogenesis via regulating gene expres-
sion’. Aberrant expression of IncRNAs was found to
be involved in diverse diseases including cancers, and
some of them were also identified to be used as diagnos-
tic indicators®’. Interestingly, dysregulation of IncRNAs
was found in GC cells, and it was related with cancer
progression and prognosis, such as IncRNA-AC130710
and IncRNA BANCR'*". However, the significance of
IncRNAs in the diagnosis and treatment of GC is largely
unknown ',

Increasing amounts of evidence indicate that noncod-
ing RNAs (ncRNAs), including microRNAs (miRNAs)
and IncRNAs, have important roles in various biological
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processes'. The influence between miRNAs and IncRNA
function is only now coming into view. The miRNA-
IncRNA regulatory paradigms modulate gene expres-
sion patterns that drive major cellular processes, such as
cell differentiation, proliferation, and cell death, which
are central to mammalian physiologic and pathologic
processes'!. The regulatory effect of ncRNAs in cancer
cells is still not clear. Considering the important function
of miRNAs and IncRNAs in gene expression and cell
processes, establishment of a regulatory network about
IncRNAs-miRNAs-mRNAs might help to understand
the pathogenesis of gastric cancer, as well as the clinical
diagnosis and treatment.

Recently, transcriptome sequencing uncovered a three-
IncRNA signature in predicting breast cancer survival, sug-
gesting that a novel IncRNA, CAT104, was upregulated
and closely correlated with the survival of cancer cells".
In this study, we focused on the expression of CAT104 in
GC cells and the biological function of CAT104 dysregula-
tion, as well as the underlying pathways or mechanisms of
CAT104 and the related miRNA in GC. Our findings might
elucidate the potential role of CAT104 as a biomarker or
therapeutic target in GC therapy.

MATERIALS AND METHODS
Cell Culture

Human GC cell lines NCI-N&87, SGC7901, BGC823,
BGC803, and AGS; human normal gastric epithelium cell
line GES-1; human kidney epithelial cell line HEK293;
human lung fibroblast CCL-153; and human endothelial
cell line EC-304 were all purchased from the American
Type Culture Collection (ATCC; Manassas, VA, USA).
Cells were plated in tissue culture dishes and cultured in
Dulbecco’s modified Eagle’s medium (DMEM; Thermo
Fisher Scientific, Waltham, MA, USA) supplemented with
10% (v/v) heat-inactivated fetal bovine serum (FBS;
Hyclone, Logan, UT, USA) in a humidified 5% CO, incu-
bator (Thermo Fisher Scientific) at 37°C for 2—4 days until
80% confluence was reached. Before experiment treat-
ment, cells were digested using 0.05% trypsin solution
(Ameresco, Framingham, MA, USA) and seeded into
6-well or 96-well tissue culture plates.

Quantitative Real-Time Reverse Transcriptase
Polymerase Chain Reaction (qRT-PCR)

Total RNAs in administrated cells was extracted by
TRIzol reagent (Life Technologies Corporation, Carlsbad,
CA, USA) according to the manufacturer’s instructions,
and all of the samples were purified by the RNeasy Mini
Kit (Qiagen, Germany). The extracted RNA samples were
reversed by TagMan® MicroRNA Reverse Transcription
Kit (Thermo Fisher Scientific). TagMan MicroRNA
Assay supplemented with the TagMan Universal Master
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Mix II (Applied Biosystems, Foster City, CA, USA) was
used for qRT-PCR analysis. For the mRNA measure-
ment, Multiscribe™ Reverse Transcription Kit (Applied
Biosystems) supplemented with random hexamers or
oligo(dT) and FastStart Universal SYBR Green Master
(ROX; Roche, Basel, Switzerland) were used for qRT-
PCR. The qRT-PCR was performed on the ABI PRISM
7500 Real-Time PCR System (Applied Biosystems). All
primers were obtained from the NCBI GeneBank data-
base and synthesized by GenePharma (Shanghai, P.R.
China). The reactions were performed in triplicate for
each sample in at least three independent studies. Data
were analyzed according to the classic 27**Ct method"
and normalized to U6 short nuclear RNA (snRNA) or
glyceraldehyde 3-phosphate dehydrogenase (GAPDH)
expression in each sample group.

Cell Transfection

Short hairpin RNA (shRNA) directed against human
CAT104 was ligated into the U6/GFP/Neo plasmid
(GenePharma) and referred to as sh-CAT104 to down-
regulate the expression of CAT104. The plasmid carrying
nontargeting shRNA sequences was used as negative con-
trol (shNC). The miR-381 mimic, scramble control, miR-
381 inhibitor, and inhibitor control were synthesized by
Life Technologies Corporation. For transfection of zinc
finger E-box-binding homeobox 1 (ZEB1), full-length
ZEB1 sequences were transfected into pEX-2 plasmid
(GenePharma) as pEX-ZEB1 to upregulate the expres-
sion of ZEB1, and ZEB1 siRNA (si-ZEB1; sc38643;
Santa Cruz Biotechnology, Santa Cruz, CA, USA) was
used to downregulate the expression of ZEB1. All of the
cell transfections were performed using Lipofectamine
3000 reagent (Life Technologies Corporation) according
to the manufacturer’s instructions. The stably transfected
cells were selected by the culture medium containing
0.5 mg/ml G418 (Sigma-Aldrich, St. Louis, MO, USA).
After approximately 4 weeks, G418-resistant cell clones
were selected and used as the stable transfected clone.

Cell Viability Assay

Cell viability was determined by trypan blue exclu-
sion assay. In brief, 1x 10° cells were seeded in 60-mm
dishes in duplicate and cultured in DMEM in a humidi-
fied atmosphere with 5% CO, at 37°C. After correspond-
ing administrations, stable cultured cells at the indicated
time periods were selected and washed. Cell viability
was measured by Trypan Blue Staining Cell Viability
Assay Kit (Beyotime Biotechnology, Beijing, P.R. China)
according to the manufacturer’s instructions.

Migration and Invasion Assays

Cell migration and invasion were measured by
Transwell assay. Cell migration was determined by
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a modified two-chamber culture plate with pore size
of 8 um (BD Biosciences, Franklin Lakes, NJ, USA).
BioCoat™ Matrigel™ Invasion Chambers supplemented
with matrix (BD Biosciences) were used for invasion
assay. Briefly, for the Transwell assay, 5x 10" cells after
corresponding transfection were resuspended in 200
ul of serum-free DMEM and then added to the upper
compartment of the chamber; 600 ul of complete cul-
ture medium was added to the lower compartment. Cells
were incubated at 37°C for 48 h, and after that the non-
traversed cells were removed from the upper surface of
the upper compartment carefully with a cotton swab. The
traversed cells were fixed with 100% methanol (Thermo
Fisher Scientific) and then stained by 1% crystal violet
(Sigma-Aldrich) and counted microscopically. The data
were presented as the average number of cells attached
to the bottom surface from five randomly chosen fields.

Apoptosis Assay

Relative cell apoptosis analysis was performed by
Annexin-V-FITC/propidium iodide (PI) apoptosis detec-
tion kit (Shanghai Kaifang Biotechnology, Shanghai, P.R.
China) followed by a flow cytometry assay. In brief, cells
were seeded in six-well plates (1x10° cells/well), and
48 h after corresponding transfections cells were washed
by phosphate-buffered saline (PBS; Sigma-Aldrich) and
fixed with 70% ethanol (Sigma-Aldrich). The fixed cells
were then stained by 100 pl of annexin V and 4 ul of PI,
which was diluted 1:10 in 1x annexin V binding buffer in
the presence of 50 ug/ml RNase A (Sigma-Aldrich). The
stained cells were incubated for 1 h at room temperature in
the dark and washed twice with cold PBS solution. Flow
cytometry assay was performed by FACScan (Beckman
Coulter, Fullerton, CA, USA) to differentiate apoptotic
cells (annexin V* and PI") from necrotic cells (annexin V*
and PI"). Data were analyzed using FlowJo software 10.

Reporter Vector Construction and Luciferase
Reporter Assay

The fragment of CAT104 or 3’-untranslated region
(3’-UTR) of ZEBI that contains the predicted miR-381
binding sites was amplified by PCR, respectively. The
fragments were cloned into a pmirGlO Dual-Luciferase
miRNA Target expression vectors (Promega, Madison,
WI, USA) to form the reporter vector CAT104-wild
type (CAT104-wt) or ZEB-wt. The putative binding
sites of miR-381 in the CAT104 or ZEB1 3’-UTR were
replaced to form the mutated reporter vector referred to
as CAT104-mutated type (CAT104-mt) or ZEB1-mt. The
reporter vectors were cotransfected in cells with miR-
381 mimic or scramble control, respectively. The Dual-
Luciferase Reporter Assay System (Promega) was used
to assess the luciferase activity according to the manufac-
turer’s instructions.
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Western Blot

The proteins were extracted from cells after corre-
sponding administrations by RIPA lysis buffer (Beyotime
Biotechnology, Shanghai, P.R. China) supplemented with
protease inhibitors (Roche). All of the protein sam-
ples were quantified by the BCA™ Protein Assay Kit
(Pierce, Appleton, WI, USA). Western blot system was
established using the Bio-Rad Bis-Tris Gel System
(Bio-Rad Laboratories, Hercules, CA, USA) accord-
ing to the manufacturer’s instructions. Primary antibod-
ies were prepared in 5% blocking buffer at a dilution of
1:1,000 as follows: B-cell lymphoma 2 (Bcl-2; sc509),
Bcl-2-associated X protein (Bax; sc20067), pro-caspase
3 (sc7272), pro-caspase 9 (sc17784), ZEB1 (sc81428),
c-Jun N-terminal kinase (JNK; sc7345), phosphorylated
INK (p-JNK; sc293136), c-Jun (sc166540), p-c-Jun
(sc53182), wingless-related integration site 3a (Wnt3a;
sc136136), Wnt5a (sc365370), and B-catenin (sc65480)
(all from Santa Cruz Biotechnology), cleaved caspase 3
(ab2302), cleaved caspase 9 (ab2324), and GAPDH as an
internal control (ab8245) (all from Abcam, Cambridge,
MA, USA). The polyvinylidene difluoride (PVDF) mem-
branes were incubated with corresponding primary anti-
bodies at 4°C overnight, followed by washing and incu-
bation with secondary antibodies that were marked by
horseradish peroxidase (Santa Cruz Biotechnology) for
1 h at room temperature. Then the membranes were trans-
ferred into the Bio-Rad ChemiDoc™ XRS System (Bio-
Rad Laboratories), and 200 pl of Immobilon Western
Chemiluminescent HRP Substrate (Millipore, Bedford,
MA, USA) was added to cover the membrane surface.
Protein signals were captured using Image Lab™ Soft-
ware (Bio-Rad Laboratories).

Statistical Analysis

All samples were run in triplicate, and experiments
were repeated at least three times. Data were expressed
as meanztstandard deviation (SD). Statistical analyses
were performed using GraphPad statistical software 6.0
(GraphPad Software, La Jolla, CA, USA). The p values
were calculated using Student’s 7-test for two groups or
one-way ANOVA followed by Duncan’s test for more
than two groups. A value of p<0.05 was considered to
indicate statistical significance.

RESULTS

CATI104 Was Highly Expressed in Human GC
Cell Lines

The qPCR analysis results in Figure 1 showed that
the expression levels of CAT104 in the human GC cell
lines NCI-N87, SGC7901, BGC823, BGC803, and AGS
were higher than that in the other tested cells including
the human normal gastric epithelium GES-1, the human
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Figure 1. Relative expression of CAT104 was higher in sev-
eral human gastric carcinoma cell lines. Quantitative real-time
reverse transcriptase polymerase chain reaction (QRT-PCR) was
performed to detect the expression of CAT104 in human gastric
carcinoma cell lines NCI-N87, SGC7901, BGC823, BGC803,
and AGS; human normal gastric cell line GES-1; human kidney
epithelial cell line HEK293; human lung fibroblast CCL-153;
and human endothelial cell line EC-304. *p<0.05, **p<0.01.

kidney epithelial cell line HEK293, the human lung
fibroblast CCL-153, and the human endothelial cell line
EC-304, which were used as negative controls (p <0.05 or
p<0.01). The results suggested that CAT104 was highly
expressed in GC cells.

YUAN ETAL.

CAT104 Suppression Inhibited Cell Viability,
Migration, and Invasion, but Promoted
Apoptosis of NCI-N87 Cells

To investigate the effect of CAT104 on GC cells,
NCI-N87 cells were transfected with sh-CAT104 to
downregulate the expression of CAT104. The results in
Figure 2A showed that expression of CAT104 was sig-
nificantly decreased in sh-CAT104#1 and sh-CAT104#2
transfection groups, compared with the shRNA negative
control (shNC; p<0.01 or p<0.001), suggesting that the
expression of CAT104 was suppressed by sh-CAT104
transfection. According to this result, S\ICAT104#2 was
selected for the following tests in this study and is referred
to as sh-CAT104. Cell viability assay results in Figure 2B
showed that in the sh-CAT104 transfection group, cell
viability was inhibited compared with control (» <0.05).
Migration assay (Fig. 2C) and invasion assay (Fig. 2D)
showed that sh-CAT104 transfection significantly inhib-
ited migration and invasion of NCI-N87 cells compared
with the shNC group (p<0.05). Flow cytometry analysis
results in Figure 2E showed that sh-CAT104 transfec-
tion promoted cell apoptosis compared with the shNC
group (p<0.05). In Figure 2F, results of the Western
blot showed that expression of Bcl-2 was decreased

A K B 50 "® Control M shNC o
s | & sh-caT104 —
Q > X
c = ~
) = 1.59 c
3 E L
@ 2 ®
53 8 1.04 ki 2
< 0 £
Z s * 2
x < 0.51 =
£ [v4 I
[ [}
2 | 4
s 0.0 : : : x
5 o 2
& o™ & o¥ ,‘.\ef*% 1 2 3 4 « N AOH

o Time after treatment (days) of o p."
R o v &
S
D E u F BCi-2 | M—————
1507 E
_ % 6 Bax  e— ——
X * o
< ) Caspase 3 il sl S
S 1004 S 44 cleaved
§ 3 Caspase 3 ——
£ s i sl Caspase 9 = il s s
> 504 o
2 g cleaved —
% s Caspase 9
“ & GAPDH = # S s
0- T
N O (3 N O B o\ ] ok
00“00 o P"\“ c.°°“° ot o"“'\“ ” RSP oﬁ\
S o
o o S

Figure 2. CAT104 suppression inhibited cell viability, migration, and invasion and promoted apoptosis of NCI-N87 cells. Cells
were transfected with CAT104 short hairpin RNA (shRNA) (sh-CAT104) or shRNA negative control (shNC). (A) Relative CAT104
expression was detected by qRT-PCR. (B) Cell viability was detected by trypan blue exclusion. Relative migration (C) and invasion
(D) of transfected cells were assessed by Transwell assay. (E) Relative numbers of apoptotic cells were analyzed by flow cytometry.
(F) Western blot was performed to measure the expression of apoptosis-related factors. Glyceraldehyde 3-phosphate dehydrogenase
(GAPDH) acted as internal control. *p<0.05; **p<0.01; ***p< 0.001 compared to shNC.
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in sh-CAT104-transfected cells, while expressions of
Bax, cleaved caspase 3, and cleaved caspase 9 were
increased after sh-CAT104 transfection, suggesting that
sh-CAT104 transfection promoted NCI-N87 cell apo-
ptosis via regulating apoptosis-related factors. All these
results suggested that CAT104 knockdown might inhibit
GC cell viability, metastasis, and promote apoptosis.

CAT104 Regulated the Expression of miR-381
in NCI-N87 Cells

Bioinformatics analysis found that CAT104 was nega-
tively bound to miR-381. The potential binding sequence
is shown in Figure 3A. Moreover, after sh-CAT 104 trans-
fection in NCI-N87 cells, qPCR analysis results showed
that the expression of miR-381 was increased compared
with that in the shNC group (p<0.001) (Fig. 3B). Dual-
Luciferase Activity Assay results showed that cotransfec-
tion with the miR-381 mimic significantly decreased the
luciferase signal intensity of the CAT104-wt group com-
pared with the negative control (p<0.05) (Fig. 3C). These
results suggested that CAT104 regulated the expression of
miR-381 in NCI-N87 cells.

In order to further confirm whether the role of
CAT104 in GC cells was related to miR-381, NCI-N87
cells were transfected with sh-CAT104 and/or miR-
381 inhibitor. Cell viability assay results showed that
miR-381 inhibitor transfection significantly reversed
the sh-CAT104 transfection-induced NCI-N87 cell via-
bility loss (p<0.05) (Fig. 4A). In addition, migration
assay (Fig. 4B) and invasion assay (Fig. 4C) also
showed that miR-381 inhibitor transfection reversed the
decreased migration and invasion compared with the
sh-CAT104 transfection-alone group (p<0.05). Cell apo-
ptosis results showed that compared with the sh-CAT104
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transfection-alone group, the relative apoptotic cells
were significantly decreased in cotransfection with the
sh-CAT104 and miR-381 inhibitor group (p<0.001)
(Fig. 4D). The Western blot results in Figure 4E showed
that sh-CAT104 transfection increased expressions of
Bax, cleaved caspase 3, and cleaved caspase 9, while
miR-381 inhibitor transfection markedly decreased the
expression of these factors. Based on the above results,
we inferred that the effect of CAT104 on gastric cancer
cells might be related with miR-381 in vitro.

miR-381 Affects NCI-N87 Cell Viability, Migration,
Invasion, and Apoptosis via Regulating its Target ZEBI

miR-381 was predicted to reversely bind to the 3’-UTR
of ZEB1 (Fig. 5A). After miR-381 mimic or inhibitor
transfection in NCI-N87 cells, the qPCR analysis results
shown in Figure 5B suggested that miR-381 mimic trans-
fection decreased the expression of ZEB1 (p<0.05),
while miR-381 inhibitor transfection increased the expres-
sion of ZEBI compared with the corresponding negative
control (p<0.01). Additionally, the Western blot assay
results shown in Figure 5C also suggested that in the
miR-381 mimic transfection group, protein expression of
ZEB1 was decreased, while it was increased after miR-
381 inhibitor transfection. Dual-Luciferase Reporter Activ-
ity Assay results showed that miR-381 mimic transfec-
tion significantly decreased luciferase signal intensity of
the ZEB1-wt group compared with negative control
(p<0.05) (Fig. 5D), while the mutated ZEB1 luciferase
activity was not affected, suggesting that miR-381 could
directly bind the 3’-UTR of ZEB1 promoter. These results
imply that ZEB1 might be a direct target gene of miR-
381, and miR-381 could negatively regulate the expres-
sion of ZEB1 in NCI-N87 cells.
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Figure 3. CAT104 negatively regulated the expression of microRNA-381 (miR-381). (A) Bioinformatics analysis was used to predict
the potential binding sequences between CAT104 and miR-381. (B) Relative miR-381 expression after sh-CAT104 or shNC transfec-
tions was detected by qRT-PCR. (C) Relative luciferase activity after cotransfection with CAT104-wild type (wt)/mutant type (mt) and
miR-381 mimic was measured by Dual-Luciferase Reporter Activity Assay. *p<0.05; ***p<0.001.
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Figure 4. miR-381 was involved in the effects of CAT104 on NCI-N87 cells. NCI-N87 cells were transfected with CAT104 shRNA
(sh-CAT104) and/or miR-381 inhibitor. The shNC and miR-381 inhibitor control acted as negative control. (A) Cell viability was
detected by trypan blue exclusion. Relative migration (B) and invasion (C) of transfected cells were assessed by Transwell assay.
(D) Relative numbers of apoptotic cells were analyzed by flow cytometry. (E) Western blot was performed to measure the expression
of apoptosis-related factors. GAPDH acted as internal control. *p<0.05; **p<0.01 compared to sh-CAT104 +inhibitor control.
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Figure 5. Zinc finger E-box-binding homeobox 1 (ZEB1) was a direct target of miR-381. (A) Bioinformatics analysis was used to
predict the potential binding sequences between miR-381 and ZEB1. (B) Relative mRNA expression of ZEB1 was detected by qRT-
PCR after miR-381 mimic, scramble control, miR-381 inhibitor, or inhibitor control transfection. (C) Western blot was performed to
measure protein expression of ZEB1 after miR-381 mimic or inhibitor transfection. GAPDH acted as internal control. (D) Relative
luciferase activity after cotransfection with ZEB1-wt/mt and miR-381 mimic was measured by Dual-Luciferase Reporter Activity
Assay. *p<0.05; **p<0.01.
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To evaluate the regulatory effect of miR-381 and
ZEB1 on gastric cancer cells, NCI-N87 cells were
transfected with the miR-381 mimic and/or pEX-ZEB1
overexpression vector. Figure 6A demonstrates that pEX-
ZEB1 transfection upregulated the expression of ZEB1 in
NCI-N87 cells. Cotransfection with miR-381 mimic and
pEX-ZEBI1 effectively enhanced the expression of ZEB1
in NCI-N87 cells compared with miR-381 mimic alone
(»<0.01) (Fig. 6B). The results in Figure 6C showed
that miR-381 mimic transfection suppressed cell viabil-
ity compared with negative control, while transfection
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with pEX-ZEBI in miR-381 mimic-transfected cells
significantly increased cell viability compared with the
miR-381 mimic-alone group. Similar results were found
in the migration and invasion assays in that the miR-381
mimic decreased cell migration (p<0.05) (Fig. 6D) and
invasion (p<0.05) (Fig. 6E), while overexpression of
ZEB1 in miR-381 mimic-transfected cells significantly
increased cell migration and invasion compared with
miR-381 transfection (p<0.05) (Fig. 6D and E). Cell
apoptosis results showed that miR-381 mimic transfec-
tion increased the relative number of apoptotic cells, while
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Figure 6. Overexpression of ZEB1 reversed the effect of miR-381 mimic on NCI-N87 cells. NCI-N87 cells were transfected with
miR-381 mimic and/or pEX-ZEB1 overexpression vector, respectively. (A) Western blot was performed to analyze the expression
levels of ZEB1. (B) Relative mRNA expression level of ZEB1 was detected by qRT-PCR. (C) Cell viability was detected by trypan
blue exclusion. Relative migration (D) and invasion (E) of transfected cells were assessed by Transwell assay. (F) Relative number of
apoptotic cells was analyzed by flow cytometry. (G) Western blot was performed to measure the expression of apoptosis-related fac-
tors. GAPDH acted as internal control. *p<0.05; **p<0.01 compared to miR-381 mimic +pEX (empty vector).



1044

cotransfection with pEX-ZEB1 inhibited apoptosis of
cells compared with the miR-381 mimic alone (p<0.05)
(Fig. 6F). Western blot results (Fig. 6G) show that in
miR-381 mimic-transfected cells, expression of Bcl-2
was decreased, but this was reversed in miR-381 mimic-
and pEX-ZEB I-cotransfected cells. Expression of Bax,
cleaved caspase 3, and cleaved caspase 9 was increased
after miR-381 mimic transfection and was significantly
decreased in miR-381 mimic- and pEX-ZEB1-cotrans-
fected cells. These results suggested that overexpression
of miR-381 might inhibit cell viability, migration, and
invasion, while promoting cell apoptosis of NCI-N87
cells via the regulation of ZEB1 expression in GC cells.

Suppression of ZEBI Reversed the miR-381
Inhibitor-Induced Activation of JNK and Wnt/
B-Catenin Signaling Pathways in NCI-N87 Cells

NCI-N87 cells were transfected with the miR-381
mimic, miR-381 inhibitor, or miR-381 inhibitor+si-ZEB1,
respectively. Western blot assay was performed to mea-
sure the expression of factors in the JNK and Wnt/B-
catenin pathways. Expression levels of phosphorylated
JNK and phosphorylated c-Jun were decreased in miR-
381 mimic-transfected cells, while they were increased
in miR-381 inhibitor-transfected cells compared with
negative control (Fig. 7A). Additionally, the miR-381
inhibitor +si-ZEB 1-transfected group showed decreased
expression of p-JNK and p-c-Jun compared with miR-
381 inhibitor alone. In Figure 7B, the results showed
that the expression of Wnt3a, Wnt5a, and -catenin was
decreased by miR-381 mimic transfection, while expres-
sion was increased after miR-381 inhibitor transfection.
Transfection with the miR-381 inhibitor and si-ZEB1
decreased their expression compared with miR-381
inhibitor transfection alone. These results suggested that
miR-381 might regulate the activation of the JNK and
Whnt/B-catenin signaling pathways via ZEBI.

DISCUSSION

Despite advances in surgery and other treatment
modalities, the prognosis of GC patients remains poor
because of the advanced stage of the disease at the time
of diagnosis'’. Therefore, elucidation of the regulatory
network underlying gastric carcinogenesis has very
important clinical significance in the development of
novel biomarkers for diagnosis and targeted therapy'®.
Following the development of sequencing technique and
bioinformatics, more novel IncRNAs have been discov-
ered and identified, many of which are dysregulated in
several human cancers, including GC". However, the
underlying molecular regulatory mechanisms are not well
documented. Studies reported that CAT104 upregulation
was highly correlated with the survival of breast cancer

YUAN ETAL.

INK i ot ot ot S S—
p-JNK A —— - _— ) —
C-Jun - S
P-C-JUN  ——— O — . S—
GAPDH i s S S o s

Wnt3a S S e -
Wnt5a SR ———
B-Catenin = WSS N Sn—— -
GAPDH "R SR i s S S

Figure 7. Suppression of ZEB1 revealed the miR-381 inhibitor-
induced activation of the JINK and Wnt/B-catenin signaling path-
ways in NCI-N87 cells. NCI-N87 cells were transfected with
miR-381 mimic, miR-381 inhibitor, and/or si-ZEB1, respectively.
Scramble control and inhibitor control were used as correspond-
ing negative control. Western blot was performed to measure the
expressions of JNK, phosphorylated (p-) JNK, c-Jun, p-c-Jun
(A) and Wnt3a, Wnt5a, and B-catenin (B) in NCI-N87 cells.
GAPDH acted as internal control.

cells”. The underlying role and mechanism of CAT104
involvement in GC remain unclear. In the present study,
we investigated the role of CAT104 in GC. First, we
tested the expression of CAT104 in the GC cell line. The
results suggested that CAT104 was highly expressed in
several human GC cell lines compared with other normal
gastric cells, suggesting that CAT104 might be involved
in the development of GC.

IncRNAs, one kind of ncRNAs with limited protein-
coding capacity, are often aberrantly expressed in a
disease, tissue, or developmental stage-specific man-
ner”’. The specific expression of IncRNAs indicates
their potential function in the development of diseases
and thus makes IncRNAs an attractive therapeutic tar-
get’'. Therefore, we identified the function of CAT104
in GC cells by loss-of-function approaches and found
that CAT104 suppression inhibited viability, migration,
and invasion of GC cells, and promoted apoptosis of GC
cells. It suggested that CAT104 played an oncogenic role
in GC progression, indicating that CAT104 could serve
as a potential biomarker for GC treatment.



ROLE OF IncRNA CAT104 IN GASTRIC CARCINOMA

A growing number of recent studies have revealed
that IncRNAs could compete with miRNAs and thus
affect target gene expression. IncRNAs can act as miRNA
decoys with the sequestration of miRNAs, favoring the
expression of repressed target mMRNAs. Some IncRNAs
could also produce miRNAs, leading to the repression of
target mRNAs'. Exploration of the IncRNAs—miRNAs—
mRNA interactions will facilitate the development of
miRNA/IncRNA-based diagnostics and therapeutics against
cancers. However, the exact interaction between miRNA
and CAT104 in the tumorigenesis of GC remains sub-
stantially unknown. In the present study, we found that
miR-381 expression was upregulated in GC cells when
CAT104 expression was downregulated. Luciferase
activity analysis showed a significant inverse correla-
tion between CAT104 and miR-381. This may mean that
upregulation of CAT104 could contribute to the progres-
sion of GC via suppressed miR-381.

The expression of miR-381 is dysregulated in various
cancer types, and miR-381 was reported to play suppres-
sive or promoting roles in different malignancy types. For
example, miR-381 was downregulated and suppressed
the malignancy of lung adenocarcinoma, epithelial ovar-
ian cancer, colon cancer, hepatocellular carcinoma, and
pituitary tumors™’, suggesting that miR-381 might have
a potential role as a tumor suppressor. On the contrary,
miR-381 expression was elevated in glioma and osteo-
sarcoma, and silencing miR-381 inhibited the glioma
growth or increased the sensitivity of osteosarcoma cells
to chemotherapeutic drugs®™*. However, little informa-
tion is available about the precise molecular mechanisms
by which miR-381 exerted its function in GC. A recent
study showed that miR-381 might function as a tumor
suppressor in the progression of GC™. All these findings
support the complexity of miR-381 in cancers and sug-
gest that therapies targeting miRNAs must consider their
potential dual roles in cancers.

ZEB/1 is a crucial regulator of epithelial-mesenchymal
transition (EMT), and a study of epithelial ovarian can-
cer suggested that expression of ZEB1 was negatively
regulated by miR-205, which acted as an oncogenic
miRNA to enhance the cellular motility in vitro®'. It has
been demonstrated that miR-381 downregulated the EMT
phenotype in GC development™, suggesting the relation-
ship between miR-381 and ZEBI. In the present study,
after identifying ZEB1 as a direct target of miR-381, we
showed that miR-381 interacted with the JNK and Wnt/
B-catenin signaling pathways. Indeed, several signaling
pathways were reported to be involved in the functional
role of miR-381. For example, in epithelial ovarian can-
cer, miR-381 targeted YY1 and regulated p53 and Wnt/
B-catenin signaling™. In glioma, the action of miR-381
was associated with inducing MEK/ERK and AKT sig-
naling™. These studies indicated that the complicated role
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and mechanism of miR-381 may vary between different
cancer types and molecular targets, and so the underly-
ing mechanisms linking miR-381 and signaling pathways
should be further investigated.

In conclusion, the present study demonstrated that
CAT104 was highly expressed in GC cells. Experiments
in vitro demonstrated that suppression of CAT104
impeded the proliferative and metastatic behaviors of
GC cells via negatively regulating miR-381 expres-
sion. Mechanistically, we confirmed that miR-381 was
negatively regulated by CAT104 and suppressed GC cell
proliferation via targeting ZEB1 through the JNK and
Whnt/B-catenin signaling pathway. Thus, the regulatory
network of CAT104-miR-381-ZEB1 was established
initially in GC. Collectively, CAT104 might serve as a
novel potential therapeutic target for treating GC.
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