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Abstract

Background: Gastric cancer (GC) remains an important cancer worldwide. Further understanding of the molecular
mechanisms of gastric carcinogenesis will enhance the diagnosis and treatment of GC.

Methods: The expression of DLEU2 and ETS2 was analyzed in several GC cell lines using GEPIA online analyze, gRT-
PCR and immunohistochemistry. The biological behavior of GC cells was detected by CCK8, clone formation, tran-
swell, wound healing, western blot, and flow cytometry assay. More in-depth mechanisms were studied.

Results: DLEU2 was significantly up-regulated in GC tissues and cell lines. The expression of DLEU2 was significantly
associated with pathological grading and TNM stage of GC patients. Furthermore, knockdown of DLEUZ inhibited the
proliferation, migration, and invasion of AGS and MKN-45 cells, while overexpression of DLEU2 promoted the prolifera-
tion, migration, and invasion of HGC-27 cells. MiR-30a-5p could directly bind to the 3"UTR region of ETS2. Moreover,
DLEU2 bound to miR-30a-5p through the same binding site, which facilitated the expression of ETS2. Knockdown

of DLEU2 reduced the protein level of intracellular ETS2 and inhibited AKT phosphorylation, while overexpression of
DLEU2 induced the expression of ETS2 and the phosphorylation of AKT. ETS2 was highly expressed in GC tissues. The
expression of ETS2 was significantly associated with age, pathological grading, and TNM stage. ETS2 overexpression
promoted cell proliferation and migration of AGS and MKN-45 cells. Furthermore, ETS2 overexpression rescued cell
proliferation and migration inhibition induced by DLEU2 down-regulation and miR-30a-5p up-regulation in AGS and

MKN-45 cells.

Conclusions: DLEU2 is a potential molecular target for GC treatment.

Background

Gastric cancer (GC) remains an important cancer
worldwide. The 2018 global cancer data released by the
American Cancer Society shows that there are more than
1,000,000 new cases and an estimated 783,000 deaths
(equivalent to 1 in 12 deaths globally) [1]. GC has become
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the fifth most common cancer and the third leading
cause of cancer death [1, 2]. In addition, it is the most
commonly diagnosed cancer among men [1-3]. There-
fore, further revealing the potential molecular mecha-
nisms of gastric carcinogenesis will help the diagnosis
and treatment of GC [3].

Human whole-genome sequencing results show that
about 1.2% of the mammalian genome is used to encode
proteins [4], and most of the genome corresponds to
transcriptional regulatory elements and non-coding
RNAs (ncRNAs) [5]. According to size, sequence, and
function, ncRNAs are divided into various subcategories,

©The Author(s) 2021. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or

other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this
licence, visit http://creativecommons.org/licenses/by/4.0/. The Creative Commons Public Domain Dedication waiver (http://creativeco
mmons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.


http://orcid.org/0000-0001-7791-4837
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12935-021-02074-9&domain=pdf

Han et al. Cancer Cell Int (2021) 21:376

the two most famous of which are long-noncoding
RNAs (IncRNAs) and microRNAs (miRNAs). LncRNAs
are a type of transcript with a length of more than 200
nucleotides that cannot encode proteins [6]. LncRNAs
can interact with proteins, DNA, and RNA through epi-
genetic modification, transcription, and post-transcrip-
tional regulation, thereby playing an indispensable role in
cells [7]. A large number of studies have discovered that
IncRNAs that are dysfunctional play a role in the occur-
rence and progression of cancer [8—10]. LncRNAs can
play the role of competitive endogenous RNAs (ceRNAs),
which regulate the expression of target genes through
competitive binding with miRNAs and are closely related
to tumor progression [11, 12]. LncRNAs are expected to
be biomarkers for the diagnosis and prognosis of GC, but
the underlying mechanism remains to be clarified [13].

The host gene of IncRNA DLEU?2 is located on chromo-
some 13, 4,995,852-50,125,541, which is a common dele-
tion mutation in leukemia and solid tumors [14]. DLEU2
gene encodes an IncRNA (1.0-1.8 kb)—DLEU2, which
is polyadenylated and cleaved [15]. Its sequence has no
homology to any other non-coding RNA. DLEU2 can act
as a ceRNA to accelerate human acute myeloid leukemia
by regulating miR-496/PRKACB expression [16]. Fur-
thermore, our previous study found that DLEU2 is highly
expressed in GC tissues infected with H. pylori [17].

Unlike IncRNAs, microRNAs (miRNAs) are generally
18-25 nucleotides in length. MiR-30a-5p is considered
to be involved in the development and drug resistance
of GC and is closely related to the recurrence-free and
overall survival rate of GC patients [18, 19]. ETS2 is a
representative member of the transcription factor ETS
family, which has a DNA-binding domain at the C-ter-
minus required for the recognition of the consensus
core sequence GGAA/T [20]. ETS2 is over-expressed in
breast, prostate, and renal cell carcinomas, and its dele-
tion inhibits the survival and metastasis of these cells [16,
21, 22]. However, the roles of ETS2 in GC are not known.
In this study, we aimed to investigate the expression and
functional correlation of DLEU2, miR-30a-5p, and EST2
in GC.

Methods

Tissue collection

75 pairs of GC tissues and matched adjacent normal tis-
sues were collected from patients who were diagnosed
and underwent surgical resection at the Jinan Central
Hospital. None of the patients had other serious diseases
except for GC and did not receive chemotherapy or radi-
otherapy before operation. All collected samples were
immediately snap-frozen in liquid nitrogen and stored
until needed. The Histological grade was staged accord-
ing to the seventh TNM staging of the International
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Union against Cancer/American Joint Committee on
Cancer system. All research complied with the principles
of the Declaration of Helsinki and was approved by the
Medical Ethics Committee of the Jinan Central Hospital.
The enrolled patients gave written informed consent for
publication.

Cell culture and transfections
Human GC cell lines (MKN-45, SGC-7901, HGC-27,
NCI-N87, AGS, BGC823, and MGC-803) and normal
gastric mucosal epithelial cell line (GES-1) were pur-
chased from the American Type Culture Collection
(ATCC, Rockville, MD) and cultured in Dulbecco’s modi-
fied Eagle medium (DMEM; 4.5 g/L D-glucose) supple-
mented with 10% FBS (Invitrogen, Grand Island, NY) and
1% antibiotic/antimycotic in a humidified incubator at
37 °C containing 5% CO,.

siRNAs targeting IncRNA DLEU2 (si-DLEU2) were
designed and synthesized (RiboBio, Guangzhou, China).
The sequence of si-DLEU2 was used as follows: 5-CUC
AUUGAAUACUAUCAAAAAGGAA-3. miR-30a-5p
mimics were purchased from RiboBio (Guangzhou,
China). The cDNA of DLEU2 and ETS2 was synthesized
by GENEWIZ and cloned into the pcDNA3.1 expres-
sion vector, respectively (GenePharma, Shanghai, China).
si-DLEU2, miR-30a-5p mimics, and pcDNA3.1 vectors
were transfected using Lipofectamine 2000 reagent (Inv-
itrogen, Carlsbad, CA), according to the manufacturer’s
instructions.

Isolation of RNA and real-time PCR

Total RNA was extracted from tissue samples or cells
with TRIzol reagent (Invitrogen, Carlsbad, CA) and puri-
fied according to the manufacturer’s instructions. RNA
concentration was measured spectrophotometrically at
an optical density of 260 nm. The Reverse Transcription
Kit (Takara, Dalian, China) was used to generate cDNA.
Real-time PCR was performed using SYBR® Green
(Takara, Dalian, China). PCR primers were used as fol-
lows: DLEU2-Forward, 5-GGCGGCGGGTACTTATCT
C-3’; DLEU2-Reverse, 5- CCAGGGAAGGATGTAGCT
GTG-3"; GAPDH-Forward, 5- GGTGTGAACCATGAG
AAGTATGA-3’; GAPDH-Reverse, 5- GAGTCCTTC
CACGATACCAAAG-3’ Relative fold expression was
calculated by 2744 using GAPDH as an endogenous
control.

CCKa8 cell viability assays

2000 cells were cultured in a 96-well plate for 0, 24, 48,
and 72 h. Then, the medium was replaced with 100 pl
fresh DMEM containing 10 pl CCK8 solution (Dojindo
Molecular Technologies, Japan). Incubate at 37 °C for
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2 h. Absorbance at 450 nm was detected by a microplate
reader (BioTek Instruments, USA).

Colony formation assays

2000 cells were plated into 6-well plates and cultured for
10 days. Then, cells were fixed with methanol and stained
with 0.1% crystal violet solution. Colonies were counted
and images were obtained. Colonies with at least 50 cells
were considered significant.

Transwell migration assays

1 x 10° cells in 200 pl of FBS-free DMEM were seeded
into the upper chamber of transwells precoated with
Matrigel (BD Bioscience), and 600 ul of DMEM con-
taining 10% FBS was added to the lower chamber. After
24 h of incubation, non-migrating or non-invasive cells
remaining on the upper surface were removed with a cot-
ton swab. Then the membranes were fixed with 4% para-
formaldehyde for 30 min and stained with 0.1% crystal
violet for 15 min. Three random fields were counted in
each chamber using an inverted microscope (Olympus).

Wound healing assays

A sterile plastic was used to create a wound in a single
cell layer. After washing with PBS, the cells were cultured
in FBS-free medium for 24 h. Five random fields of each
wound were measured for quantification and images
were obtained.

Western blot

Extraction of proteins from tissue samples or cells using
RIPA buffer and protein concentration was measured by
the BCA method (Tiangen, Beijing, China). 15 ug pro-
teins were separated by SDS—-PAGE and transferred to
PVDF membranes (Millipore). Membranes were blocked
with 5% skim milk and immunoblotted with primary
antibodies, followed by incubation with matched sec-
ondary antibodies. Then blots were visualized using an
enhanced chemiluminescence kit (Amersham, Little
Chalfont, UK) and detected using the GelCapture version
software (DNR Bio-Imaging Systems, Jerusalem, Israel).
GAPDH was employed as an endogenous control.

Apoptosis assay

1x10° cells were harvested after transfection for 24 h
and resuspended in Annexin V binding buffer. 5 pl
FITC-Annexin V and 5 pl PI were added to stain using
the Apoptosis Detection Kit (BD Biosciences, San Jose,
CA). Then, 400 pl PBS was added to the cells, which were
analyzed using a FACScan flow cytometry system (BD
Biosciences, San Jose, CA). Cell apoptosis was analyzed
using FlowJo V7 software (Tree Star, Ashland, OR).
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Luciferase reporter assay

Luciferase reporter assay was performed using
psiCHECK2 vector (Promega). To construct the
psiCHECK2-ETS2 recombinant vector, the complete
3JUTR of human ETS2 mRNA containing the puta-
tive or mutative miR-30a-5p binding sites was amplified
and cloned into the psiCHECK2 vector. For the IncR-
NAs, wild or mutative full-length sequences of IncRNA
DLEU2 were amplified and cloned into the psiCHECK2
vector. AGS cells were co-transfected with one of the
psiCHECK2 recombinant vectors and miR-30-5p mim-
ics, or miR-NC by Lipofectamine 2000 according to the
manufacturer’s guidelines. The relative luciferase activ-
ity was valued using the Dual-Luciferase Reporter Assay
System (Promega) and Infinate M200 PRO microplate
reader (Tecan, Shanghai, China).

Immunohistochemistry staining

Tissue samples were fixed in formalin for 24 h at 4 °C
and embedded in paraffin. The paraffin block was cut
into 4 um sections. Tissue sections were deparaffinized
in Van-Clear (Hongci., Shanghai, China) and concentra-
tion gradient ethanol, then microwaved in 0.01 M citrate
buffer for 10 min. After blocking with 5% goat serum for
1 h at room temperature, the sections were incubated
with the primary antibody and then incubated with
enzyme-labeled goat anti-mouse/rabbit IgG polymer
(160101405L, Maixin., Shanghai, China). The immune
response was visualized by the enhanced DAB chromo-
genic kit (1,705,252,031, Maixin., Shanghai, China), and
hematoxylin was used for counterstaining. The immu-
nostaining score was evaluated blindly by two independ-
ent investigators as the product of positive staining cell
ratio (R) and staining intensity score (S). R was divided
into four levels: 0 (<5%, negative), 1 (5-25%, sporadic), 2
(25-50%, focus), 3 (> 51%, diffuse). S was also divided into
four levels: 0 (negative), 1 (weak), 2 (middle), 3 (strong).
A total of 0-3 was considered to be low expression, while
4-9 was considered to be high expression. Finally, images
were collected by a vertical microscope system (Nikon,

Japan).

Statistical analysis

Statistical analyses were performed with SPSS software
version 22.0 (IBM Corp., Armonk, NY). The experimen-
tal results were expressed as mean + standard deviation.
The differences between groups were calculated using
the Student’s t-test or one-way ANOVA. The correlation
among IncRNAs, miRNAs, and mRNAs was analyzed by
Pearson’s correlation analysis. A statistically significant
threshold was defined as 2<0.05.
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Results

DLEU2 is up-regulated in GC tissues and cell lines

GEPIA collected the RNA expression information of 408
stomach adenocarcinoma (STAD) and 211 normal tis-
sues. The analysis results of GEPIA showed that DLEU2
was highly expressed in STAD tissues compared with
normal tissues (Fig. 1A). In addition, the expression of
DLEU2 in 75 pairs of GC tissues and matched normal
tissues was examined using qRT-PCR, and the results
showed that expression of DLEU2 was significantly up-
regulated in GC tissues (Fig. 1B). Statistical analysis
showed that the expression of DLEU2 was significantly
associated with the pathological grading (P=0.0087)
and TNM stage (P=0.0382) of GC patients (Table 1).
No significant correlation with other characteristics
was observed, such as age, gender, and tumor diameter.
Subsequently, the expression levels of DLEU2 in GC cell
lines (MKN-45, SGC-7901, HGC-27, NCI-N87, AGS,
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BGC823, and MGC-803) and normal gastric mucosal
epithelial cell line (GES-1) were detected using qRT-
PCR. The results were shown in Fig. 1C, the expression of
DLEU2 in all GC cell lines was significantly higher than
that in a normal gastric mucosal epithelial cell line. In
summary, DLEU2 was significantly up-regulated in GC
tissues and cell lines.

DLEU2 promotes the malignant phenotype of GC cells

DLEU2 was expressed at higher levels in AGS and MKN-
45 cells compared with other GC cell lines. Therefore,
the expression of DLEU2 in AGS and MKN-45 cells
was down-regulated using siRNA to explore the roles of
DLEU2 in GC cells. After transfection of siRNA targeting
DLEU?2 (si-DLEU?2), the expression of DLEU2 was down-
regulated by approximately 60% compared with the nega-
tive control (NC) (Fig. 1D). Furthermore, the expression
level of DLEU2 in the HGC-27 cell line was lower than
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Table 1 DLEU2 expression associated with the

clinicopathological parameters in GC

Clinicopathological n DLEU2 expression P

parameters

Gender
Male 55 1437 £0.0617 0.5541
Female 20 1.5004+0.0764

Age (years)
<60 33 1.507£0.0731 0.8911
>60 42 1.493+0.0549

Tumor diameter (cm)
<5 31 14734+0.0727 0.1748
>5 44 1.623 +0.0549

Pathological grading
l 23 1.406+0.0632 0.0087*
-V 52 2.067 £0.1004

TNM staging
T1-T2 15 1.997 £0.1695 0.0382*
T3-T4 60 1417 £0.0869

*P <0.05

other GC cell lines. Therefore, the pcDNA3.1 plasmid
was used to over-express DLEU2 in the HGC-27 cells
(Fig. 1D). After transfection of overexpression plasmid
(DLEU2-OE), the expression of DLEU2 was up-regulated
compared with the NC group (Fig. 1D).

Knockdown of DLEU?2 significantly inhibited the prolif-
eration of AGS and MKN-45 cells, as evaluated by CCK-8
assays (Fig. 2A). In parallel, the results of the colony for-
mation assay showed that compared with the NC group,
the colony formation ability of AGS and MKN-45 cells
transfected with si-DLEU2 was significantly suppressed
(Fig. 2B). In addition, the overexpression of DLEU2 sig-
nificantly promoted the proliferation and clone forma-
tion of HGC-27 cells (Fig. 2A, B).

Moreover, the migration and invasion of GC cells were
evaluated using transwell and wound healing assays.
We observed that si-DLEU2 transfection inhibited the
migration and invasion of AGS and MKN-45 cells, and
the overexpression of DLEU2 significantly promoted the
migration and invasion of HGC-27 cells (Fig. 2C, D). Fur-
thermore, the expression of E-cadherin was up-regulated,
while the protein levels of N-cadherin, Vimentin, Snail,
and Slug were down-regulated in AGS and MKN-45 cells
transfected with si-DLEU2 (Fig. 3A). In contrast, the
expression of E-cadherin was downregulated, while the
expression of N-cadherin, Vimentin, Snail, and Slug was
up-regulated in HGC-27 cells that overexpressed DLEU2
(Fig. 3A).

Apoptosis analysis revealed that the down-regulation
of DLEU2 induced the apoptosis of AGS and MKN-45
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cells (Fig. 3B), while the up-regulation of DLEU2 inhib-
ited the apoptosis of HGC-27 cells. Western blot analysis
showed that in AGS and MKN-45 cells transfected with
si-DLEU2, the expression of Bax increased, caspase 3
and caspase 9 were cleaved, and the expression of Bcl2
decreased (Fig. 3C). In HGC-27 cells that overexpressed
DLEU2, the expression of apoptosis-related proteins was
contrary to the above description (Fig. 3C).

DLEU2 acts as a tumor promoter through the AKT
signaling pathway

To comprehensively elucidate the mechanisms of DLEU2
in regulating GC cell proliferation, migration, invasion,
and apoptosis, we studied the activation of the AKT
signaling pathway. We found that after transfection of
si-DLEU2, the phosphorylation of AKT was reduced,
and the expression of AKT did not change significantly
in AGS and MKN-45 cells (Fig. 3D). Moreover, after
overexpression of DLEU2, the phosphorylation of AKT
increased in HGC-27 cells (Fig. 3D). In summary, DLEU2
upregulated the activation of AKT signaling pathway in
GC cells.

DLEU2 acts as a ceRNA targeting ETS2 via miR-30a-5p
Starbase, an online databse of miRNA-target interac-
tions (http://starbase.sysu.edu.cn/) predicted that DLEU2
could act as a ceRNA to target ETS2 via miR-30a-5p.
We verified this in AGS cells (Fig. 4A-D). As shown in
Fig. 4A, AGS cells co-transfected with miR-30a-5p mim-
ics and DLEU2-WT showed less luciferase activity than
other groups. In parallel, AGS cells co-transfected with
miR-30a-5p mimics and ETS2-WT revealed lower lucif-
erase activity than the other groups (Fig. 4B). In addi-
tion, the expression of ETS2 was down-regulated in AGS
and MKN-45 cells transfected with si-DLEU2, and its
expression was up-regulated in HGC-27 cells that over-
expressed DLEU2 (Fig. 4C).

We then verified the expression of ETS2 in GC tis-
sues. As shown in Fig. 4D and Table 2, ETS2 was highly
expressed in GC tissues (58/75, 77.3%), compared to
normal tissues (15/75, 20%, P<0.001). In addition, the
association between ETS2 expression and clinical char-
acteristics of patients was analyzed. As shown in Table 3,
the expression of ETS2 was significantly correlated with
age (P=0.041), pathological grading (P<0.001) and
TNM stage (P=0.023). No significant correlation with
other characteristics was observed, such as gender and
tumor diameter.

DLEU2 exerts its role by regulating the miR-30a-5p/ETS2
axis

Finally, to test whether DLEU2 exerted its role by regu-
lating the miR-30a-5p/ETS2 axis, cells were transfected
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Fig.2 DLEU2 promotes the malignant phenotype of GC cells. The siRNA targeting DLEU2 (si-DLEU2) was transfected into AGS and MKN-45
cells, and the pcDNA3.1-DLEU2 plasmid (DLEU2-OE) was transfected into HGC-27 cells. A The proliferation was determined via CCK8 assay. B The
clonogenicity was detected by colony formation assay. C The invasion was determined by transwell assay. D The migration was determined by
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with pcDNA3.1-ETS2 overexpression plasmid (ETS2),
pcDNA3.1-ETS2 plasmid and miR-30a-5p mimics
(ETS2 + miR-30a-5p), pcDNA3.1-ETS2 plasmid, and
si-DLEU2 (ETS2 + si-DLEU2), respectively. The results
showed that the overexpression of ETS2 promoted the
proliferation (Fig. 5A) and invasion (Fig. 5B) of AGS
and MKN-45 cells. Furthermore, ETS2 overexpression
rescued the inhibition of proliferation (Fig. 5A) and
invasion (Fig. 5B) induced by DLEU2 down-regulation
and miR-30a-5p up-regulation in AGS and MKN-45
cells. These results indicated that DLEU2 may regulate

the process of GC cells through the miR-30a-5p/ETS2
axis.

Discussion

This study revealed for the first time the expression
pattern of DLEU2 in GC and its regulation of GC cell
processes. We found that DLEU2 was significantly up-
regulated in GC tissues and cell lines. Its high expression
was significantly associated with the pathological grading
and TNM stage of GC patients. This result is consistent
with previous research reports that also used RT-qPCR
to detect the expression pattern of DLEU2 in other types
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Fig. 3 DLEU2 promotes the EMT process and inhibits apoptosis of GC cells. The siRNA targeting DLEU2 (si-DLEU2) was transfected into AGS and
MKN-45 cells, and the pcDNA3.1-DLEU2 plasmid (DLEU2-OE) was transfected into HGC-27 cells. A The expression of EMT-related proteins was
detected by western blot. B The apoptosis was detected by flow cytometry. C The expression of apoptosis-related proteins was detected by
western blot. D The activation of the AKT signaling pathway was detected by western blot. *P<0.05

of tumor tissues and cell lines. DLEU2 also is found to
be highly expressed in other types of tumors, such as
non-small cell lung cancer [23], glioma [24], esophageal
cancer [25, 26], osteosarcoma [27], and hepatocellular
carcinoma [28, 29] tissues and cell lines.

Furthermore, we used siRNA and pcDNA3.1 plasmid
transfection to knock down and exogenously express
DLEU2 in GC cells respectively, and found that knock-
down of DLEU2 inhibited the proliferation of AGS and
MKN-45 cells, and induced cell apoptosis. Overexpres-
sion of DLEU2 promoted the proliferation of HGC-27
cells and inhibited cell apoptosis. Other studies using the
same method to knock down and exogenously express
DLEU2 in other types of tumor cells resulted in similar
conclusions that DLEU2 promotes the malignant prolif-
eration of tumor cells [23, 24].

The epithelial-mesenchymal transition (EMT) is a
critical step in tumor progression, which increases cell
infiltration and promotes the occurrence of distant
metastases [30]. It is characterized by the loss of epi-
thelial markers and the acquisition of mesenchymal
markers [31]. In this study, we found that down-regu-
lation of DLEU2 inhibited the migration and invasion
of AGS and MKN-45 cells, while the up-regulation of

DLEU2 promoted the migration and invasion of HGC-
27 cells. Furthermore, increased E-cadherin expression,
and decreased N-cadherin, Vimentin, Snail, and Slug
expression were observed in si-DLEU2 transfected cells,
and decreased E-cadherin expression, and increased
N-cadherin, Vimentin, Snail, and Slug expression were
observed in DLEU2-OE transfected cells, which suggests
that DLEU2 can promote the aggressiveness and motility
of tumor cells by regulating the EMT of GC cells. Zhou
et al. also used western blot to detect the effect of DLEU2
expression changes on the expression level of EMT mark-
ers and find that DLEU2 accelerated the EMT of non-
small cell lung cancer cells [23].

In the present study, we found that miR-30a-5p could
directly bind to the 3’ UTR region of ETS2, thereby inhib-
iting the translation and protein stability of ETS2. More-
over, DLEU2 bound to miR-30a-5p through the same
binding site, which facilitated the expression of ETS2.
Knockdown of DLEU2 reduced the protein level of intra-
cellular ETS2. The ETS2 gene is located on chromosome
21q22.1-q22.3 with a span of 17.6 kb, which has no TATA
box or CAAT box in its promoter and has a major CpG
island at its 5" untranslated region [32]. The ETS2 pro-
tein consists of 469 amino acids and has an N-terminal
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Fig.4 DLEU2 acts as a ceRNA targeting ETS2 via miR-30a-5p. A Up: The sequences of miR-30a-5p, wide type of DLEU2 (WT), and mutated INncRNA
DLEU2 (Mut). Down: The expression levels of luciferase in AGS cells transfected with wild-type (WT) or mutated (Mut) DLEU2 reporters plus
miR-30a-5p mimic or miR-NC were determined. B Up: The sequences of miR-30a-5p, wide type of ETS2 (WT), and mutated ETS2 (Mut). Down: The
expression levels of luciferase in AGS cells transfected with wild-type (WT) or mutated (Mut) ETS2 reporters plus miR-30a-5p mimic or miR-NC were
determined. C The expression of ETS2 in AGS and MKN-45 cells transfected with si-DLEU2, and in HGC-27 cells transfected DLEU2 overexpression
plasmid (DLEU-OE). D The expression of ETS2 in GC tissues and adjacent normal ovarian tissues was evaluated via immunohistochemistry. *P <0.05

pointed domain and a C-terminal DNA-binding domain.

Table 2 ETS2 expression in GC compared with para-carcinoma It also has a MAPK phosphorylation site at Thr72, which
tissue may mediate transcriptional regulation [33]. As a tran-
p scription factor, ETS2 is responsible for the transcrip-
tional regulation of a variety of tumor-associated genes,

Group n ETS2 expression

Low (n%) High (n%) such as Cyclin D1 [22]. In addition, mutations in the core
GC 75 17 (22.7) 58 (77.3) 0001  promoter of the telomerase reverse transcriptase (TERT)
Para-carcinoma 75 60 (80.0) 15 (20.0) gene create a de novo binding site for ETS2, providing a

*P <0.05
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Table 3 ETS2 expression associated with the clinicopathological
parameters in GC

Clinicopathological n ETS2 Low (n%) ETS2High (n%) P

parameters

Gender
Male 55 11(20.0) 44 (80.0) 0.800
Female 20 6(30.0) 14 (70.0)

Age (years)
<60 33 11(333) 22 (66.7) 0.0417
>60 42 50119 37(88.1)

Tumor diameter (cm)
<5 31 29.0) 22(71.0) 0409
>5 44 8(182) 36 (81.8)

Pathological grading
N 23 12(522) 11(47.8) 0.001”
-V 52 5(9.6) 47 (90.4)

TNM staging
T1-T2 15 7(46.7) 8(53.3) 0.023"
T3-T4 60 10(16.7) 50(83.3)

*P < 0.05

mechanism for cancer-specific telomerase reactivation
[34, 35]. In most cancer cells, telomerase reactivation
is a ubiquitous process and one of the main features of
carcinogenesis [36]. In human cancers, TERT promoter
mutations have been shown to define a subpopulation
of patients with a poor prognosis [34, 35]. Moreover, the
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preferential binding of ETS2 to gain-of-function mutant
p53 (mut-p53) improves the tumor-promoting role of
mut-p53[37]. The above results indicated that ETS2 is
involved in the malignant progression of tumor cells
through a variety of mechanisms. Furthermore, DLEU2
exerts a cancer-promoting function by regulating the
expression of ETS2.

In addition to affecting ETS2, DLEU2 is used as ceRNA
to regulate the expression of SOX9, PDK3, E2F7, and
other target proteins [23, 24]. ETS2 is a representative
member of the ETS family and plays crucial roles in cell
proliferation, differentiation, development, and trans-
formation. In the present study, we found that ETS2 was
highly expressed in GC, which was consistent with the
expression of ETS2 in esophageal squamous cell cancer
[38]. The down-regulation of ETS2 significantly reduces
the level of p-AKT in renal cell carcinoma cells [16]. Con-
sistent with our results, knockdown of DLEU2 inhibited
the AKT phosphorylation. We speculate that DLEU2
may affect the phosphorylation of AKT by regulating the
expression of ETS2. Further studies are needed to eluci-
date this mechanism.

Conclusions

In conclusion, our data revealed that DLEU2 was highly
expressed in GC tissues and its expression was statisti-
cally correlcated with the clinicopathological characteris-
tics of GC patients. DLEU2 promoted the proliferation,
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migration, and invasion of GC cell as well as induced the
EMT process and inhibited apoptosis. We found that
DLEU?2 acted as a ceRNA targeting ETS2 via miR-30a-5p.
Furthermore, the AKT signaling pathway was required.
Taken together, we suggested that DLEU2 is a potential
molecular target for GC treatment.
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