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determined using luciferas and RNA immunoprecipitation (RIP) assays.
was significantly upregulated in glioma tissues
ositively associated with the high-grade carcinoma
ed that knockdown of DLEUT1 expression by siRNA led to
igration and invasion and increased apoptosis in human glioma
erase reporter activity and RIP assays confirmed that DLEUI could
genous RNA (ceRNA) for miR-421 that functioned as a tumor
W Moreover, inhibition miR-421 partially restored the effect of DLEU1
on the glioma cells. DLEU1 could regulate myocyte enhancer factor 2D
pression, a known target of miR-421 in glioma cells.

nclusion: Taken together, these findings suggested that DLEU1 regulated MEF2D
sion to promote glioma progression by sponging miR-421 and that DLEU1 might be

a potential therapeutic target for glioma.
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Introduction

Glioblastoma (GBM) is the most malignant form of glioma with high morbidity and
high mortality.! Despite great progress has been made in GBM treatment, including
surgical resection, radio-chemotherapy, or resection combined with postoperative
radio-chemotherapy, patients with GBM remain poor prognosis.>” Therefore, it is
important to understand the pathogenesis of GBM for finding new effective ther-
apeutic targets.

Long noncoding RNAs (IncRNAs), a new member of the noncoding RNA family,
were reported to play critical roles in modulating various biological processes, includ-
ing cellular growth, differentiation, apoptosis and cell cycle progression.*> There is
increasing evidence demonstrating that abnormal alterations of IncRNAs were
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involved in cancer initiation, progression, development and
metastasis.*” Many cancer-specific IncRNAs were found to
implicate in glioma progression and serve as potential ther-
apeutic targets for glioma.®’

The IncRNA deleted in lymphocytic leukemia 1
(DLEU1), located on human chromosomal band 13q14.3,
is frequently upregulated, and function as oncogenic
IncRNA in gastric cancer,lo ovarian cancer,11 colorectal
cancer,'? pancreatic ductal adenocarcinoma,'® endometrial
cancer,' non-small cell lung cancer,'® cervical cancer'®
and oral squamous cell carcinoma.'” However, the accu-
rate expression pattern and functional role of DLEUI in
glioma remain unknown. The present study aimed to
investigate the expression of DLEULI level in glioma tis-
sues and cell lines, elucidate the functional role and under-
lying molecular mechanism of DLEUI in glioma
progression.

Materials and methods

Tissue samples
Forty-two patients with pathologically diagnosed glioma
who underwent surgery at the First Hospital of Jilin
University between March 2017 and March 2018 wg

enrolled in this study. None of these subjects receiV :
\ V' o

sues were immediately obtained from fregj
mens and were then immediately storcgai

and/or their family. T.
Declaration of Helsi

Human astrocyte cel®ine (NHA) and four glioma cell lines
(U87, U251, LN229 and A172) were purchased from the
American Type Culture Collection (ATCC, Rockville, MD,
USA). All cell lines were maintained in DMEM (Gibco,
NY, USA) containing 10% FBS (Gibco) and antibiotics
(100 U/mL penicillin/streptomycin) at 37°C and 5% CO,.
To knockdown DLEU1 expression, three different DLEU1
siRNAs (si-DLEU1#1, si-DLEU1#2 and si-DLEU1#3) were
(Shanghai, China).

synthesized by Genepharma Ltd.

Scrambled siRNA (si-NC) was bought from Genepharma
Ltd., and used as negative control. miR-421 mimics, control
mimics (miR-NC) and miR-421 inhibitor (miR-421 in) were
bought from Genepharma Ltd. U87 cells were seeded into 24-
well plates overnight, and then were transfected with siRNA
(50 nM), mimics (100 nM) or inhibitor (100 nM) using
Lipofectamine 3000 (Invitrogen, Carlsbad, CA, USA) accord-
ing to the guidance of the manufacturer’s instructions. The

transfection efficacy was assessed by quantitative real-time-
PCR at 24 hrs after transfection.

. The TagMan MicroRNA assay Kit
cientific, Inc.) was used to examine

ing to the manufacturer’s instructions. The

guences used in this study were described as
Previously.'®2° The relative expression of miR-421 and

Cell viability assay

Transfected cells were seeded in 96-well plates at density
of 5x10° cells per well and cultured 24-96 hrs. Cell
viability assay was determined at 24, 48 and 72 hrs after
Counting kit-8 (Dojindo,
Kumamoto, Japan) following the manufacturer’s instruc-

incubation using a Cell

tions. The absorbance at 450 nm was measured using a
Benchmark Plus microplate spectrometer (Bio-Rad

Laboratories, Hercules, CA, USA).

Cell apoptosis assay

Cell apoptosis was determined at 48 hrs after transfection
using ApoScreen Annexin V Apoptosis Kit (Southern
Biotech, Birmingham, AL, USA) on a FACSCalibur flow
cytometer (BD Biosciences, Franklin Lakes, NJ, USA)
according to the manufacturers’ instructions. The apoptosis
ratio was analyzed using FlowJo software 3.4 (FlowlJo,
LLC, Ashland, OR, USA).
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Table | Correlation between clinicopathological features and DLEU| expression in 42 patients with glioma
Variables No. of cases DLEUI expression P-value
High (n %) Low (n %)
Age (years) P=0.2118
<60 20 9 I
260 22 15 7
Gender P=0.3483
Male 25 16
Female 17 8
WHO grade P=0.0005%*
-l 30 13 17
-v 12 I |
Tumor size P=0.5168
<5 cm 27 14
25 cm 15 10 5
KPS score P=0.01%*
<80 28 12 16
280 14 12 2

Note: *P<0.05; **P<0.01.

Abbreviations: DLEUI, deleted in lymphocytic leukemia |; KPS, Karnofsky Performan

Cell migration and invasion assays
Cell invasion and migration were examined using

between DLEUI and miR-421 were
predicted using Starbase2.0 (http://starbase.sysu.edu.cn/).
The DLEUI 3'UTR sequence containing the theoretical
binding sites of miR-421 in DLEU1 and its mutant
sequences were synthesized and inserted into the
pmirGLO Vector (Promega Corp., Madison, WI, USA),
and named as WT-DLEU1 or MT-DLEU1. For the repor-
ter assays, U87 cells were cotransfected with luciferase
reporter vector (WT/MT-DLEU1), along with miR-421

The binding sit¥

luct®rase activities. The relative luciferase activity in this

study was normalized to the Renilla luciferase activity.

RNA immunoprecipitation assay (RIP)
Magna RNA-binding protein immunoprecipitation kit
(Millipore, Billerica, MA, USA) was applied to conduct
RIP assay according to manufacturer’s protocols. Briefly,
cells were harvested and lysed in complete RNA lysis
buffer. Then, cell lysate was incubated with human anti-
Ago2 antibody (Millipore) and mouse IgG (as a negative
control; Millipore). Samples were incubated with
Proteinase K buffer (provided by kits) to digest proteins.
Subsequently, immunoprecipitated RNA was isolated and
subjected to quantitative real-time PCR as above-
mentioned.

Western blot analysis

The proteins were extracted and measured from cultured
cells as described previously.”' The mouse anti-human
MEF2D monoclonal antibody, mouse anti-human
GAPDH monoclonal antibody and HRP-conjugated sec-
ondary antibodies were bought from Cell Signaling
Technology (Danvers, MA, USA). The protein bands
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were visualized by enhanced chemiluminescence kit
(Amersham Pharmacia Biotech, Uppsala, Sweden).

Statistical analysis

All results are expressed as the mean = SD from at least
three independent repeats of the experiments. Student’s #-
test was used for comparisons between two groups. One-
way ANOVA was used for comparisons of >2 groups. The
correlation in a data-set was analyzed using Spearman’s
correlation analysis. In all cases, P<0.05 was considered to
be a statistically significant.

Results
DLEUI was upregulated in glioma tissues

and cell lines
To test the biological roles of DLEU1 in glioma, we first
examined the expression of DLEU1 in glioma and adja-
cent normal tissues by quantitative real-time PCR. As
presented in Figure 1A, the median expression of
DLEUI1 was higher in glioma tissues than that in adjacent
normal brain tissues. To explore the clinical significance of
DLEUI in glioma patients, the median expression level of
DLEUI was used as a cutoff point to divide 42 patie
into two groups: high expression of DLEU1 (n=24) a
low expression of DLEU1 (n=18). Chi-square analysi
indicated that high DLEUI expression was 4§ 3
positive associated with advanced WHO gz ﬁ
N

and lower KarnofskyPerformance

(P=0.01). However, no significan
expression was observed with
(all P>0.05, Table 1). We al
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DLEUI in glioma cell lines and found that the expression
of DLEU1 was upregulated in glioma cell lines (U87,
U251, LN229 and A172) compared with human astrocyte
cell line (NHA) (Figure 1B). These results suggested that
DLEUI play a crucial role in glioma progression.

DLEUI knockdown inhibits glioma cell
proliferation and promotes cell apoptosis
To evaluate the functional role of DLEUI in glioma, we

decreased the expression of DLEU1 in U87 cells using
three siRNAs against DLEU1. The

quantitative

down inhibits glioma cell

n and invasion

t was well known that cancer cell metastasis was closely
sociated with cell migration and invasion.?? To investi-
gate whether DLEUI can affect glioma cell metastasis, we
examined the migration and invasion ability in U87 cells
transfected with si-DLEUI or si-NC. The transwell inva-
sion assay revealed that downregulation of DLEUIL

B *%

Relative expression of

RN

Figure | DLEUI was upregulated in glioma tissues and cell lines. (A) The expression of DLEU| was measured in glioma tissues and adjacent normal brain tissues by
quantitative real-time PCR. (B) The expression of DLEUI was examined in glioma cell lines (U87, U251, LN229 and A172) and human astrocyte cell line (NHA) by

quantitative real-time PCR. **P<0.01.
Abbreviation: DLEUI, deleted in lymphocytic leukemia |.
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Figure 2 DLEUI knockdown inhibits glioma cell proliferation and promo
different DLEUI siRNAs (si-DLEU I#]1, si-DLEU |#2 and si-DLEU |#3) or si-|
with si-DLEU| or si-NC by CCK-8 assay. (C) The cell apoptosis was examin}
Abbreviation: DLEUI, deleted in lymphocytic leukemia 1.

1 promoted cell glioma progres-
sion, we StarBase 2.0 to select miRNA that binds to
DLEUI. We {8%d miR-421 with complementary sequences
to the DLEUL transcript (Figure 4A). In order to further
investigate whether DLEUI directly interacts with miR-421,
luciferase reporter vectors containing wild type or mutated
DLEUI1 was constructed, and then luciferase reporter assay
was also conducted. The results demonstrated that overexpres-
sion of miR-421 resulted in a significant reduction in luciferase
activity of WI-DLEU! in U87 cells (Figure 4B), but had no

100 10¢
Annexin-V-FITC

sion of DLEU| was examined in U87 cells transfection with three
CR. (B) The cell proliferation was determined in U87 cells transfected
ected with si-DLEU| or si-NC by flow cytometry assay. *P<0.05, **P<0.01.

inhibitory effect on MT-DLEU1. To further verify the direct
binding between miR-421 and DLEUI in glioma cells, RIP
assay was performed in U87 cells using the Ago2 antibody.
The result showed that DLEU1 and miR-421 were specifically
enriched in Ago2 pellets of U87 extracts compared to the IgG
control group (Figure 4C). Moreover, we found that knock-
down of DLEUI led to a significant increase of miR-421
expression in U87 cells (Figure 4D), while overexpression of
miR-421 decreased DLEUI1 expression in U87 cells (Figure
4E). We also investigated the correlation with miR-421 and
DLEUI in glioma tissues and found that miR-421 expression
was markedly downregulated in glioma tissues relative to
adjacent normal brain tissues (Figure 4F). In addition, a nega-
tive correlation between DLEU1 and miR-421 expression was
observed in glioma tissues (Figure 4G).

MEF2D has been reported to be a direct target of miR-421
in glioma.** Growing evidence suggested that IncRNA could
function as competing endogenous RNAs (ceRNAs) of
miRNA, which would regulate their miRNA binding
par‘cne:rs.25 Thus, to test association of DLEU1, miR-421
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Figure 3 DLEUI knockdown inhibits glioma cell migration and invasion. (A and B) The cell

or si-NC by transwell invasion assay. **P<0.01.
Abbreviation: DLEUI, deleted in lymphocytic leukemia 1.

and MEF2D in glioma, we conducted the rescue assays by

pts expression was positively
correlated wit EU1 expression (Figure 4K), and nega-
tively correlated iR-421 expression in glioma tissues
(Figure 4L). Taken together, these findings suggested that
DLEUI could serve as a molecular sponge for miR-421 in

glioma.

miR-421 inhibitor reverses the effects of
DLEUI| knockdown in glioma cells

In order to test whether DLEU1 exerted its functional role
in glioma cells through miR-421, we carried out the rescue

2504

*k

2004 : '

1504

1004

50+

Cell number of migration

300+

200+

1004

Cell number of invasion

ation and invasi ere determined in U87 cells transfected with si-DLEU|

s by transfecting si-DLEU1 plus miR-421 inhi-
oitor into U87 cells. We found that downregulation of
RLEUI significantly impeded cell proliferation, induced
ell apoptosis, and decreased migration and invasion in
U87 cells, while the inhibition of miR-421 partially abro-
gated these effects mediated by DLEU1 knockdown in
U87 cells (Figure SA-D).

These results implied that DLEU1 exerted its func-
tional roles in glioma cells via serving as a ceRNA for
sponge miR-421.

Discussion

Many IncRNAs were reported to participate in the initia-
tion and development of glomal and were considered as
promising diagnostic biomarkers and therapeutic targets
for glioma.>® For example, Meng et al reported that
IncRNA Zinc Finger E-box-binding homeobox 1 antisense
1 (ZEB1-AS1) promoted glioma growth and metastasis by
modulating the miR-200c/141-ZEB1 axis.*® Zhou et al
demonstrated that IncRNAHOXD-AS1 promoted prolif-
eration, migration and invasion and decreased cisplatin
sensitivity of glioma cells by regulating miR-204.2
Zheng et al revealed that IncRNA AGAP2-AS1 drove
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WT-DLEU1 & CGGACCUGGGCUUCCIIIHI/’\U 3

miR-421 3" CGCGGGUUAAUUACA( UA &

MT-DLEU1 5...CGGACCUGGGCUUCCGACAACUU...3'
mutant
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Figure 4 DLEUI functions as a sponge for miR-421 in glioma. (A)
mutagenesis design for the reporter assays. (B) Relative luciferase activity “;:
and miR-421 mimic or miR-NC. (C) RIP assay was performed in U87 cel
expression of miR-421 was examined in U87 cells transfection with si-DLE

was observed in glioma tissues by Spearman’s
correlation analysis. **P<0.01.
Abbreviations: DLEUI, deleted in lym

1 expression was correlated
PS score. We also found that

DLEUI was reported to be frequently knocked down in
multiple myeloma,*® chronic lymphocytic leukemia and
other hematopoietic malignancies,'” and functioned as a
tumor suppressor in these types of cancer. On the contrary,
several studies have shown that DLEU1 functioned as an
oncogenic IncRNA in multiple types of cancer.'®'® The
contradictory role of DLEUI in various tumors indicate
that DLEU1 may exhibit different functional roles depending
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predicted binding sites between miR-421 and DLEUI, and the
otransfected with luciferase reporter vectors containing WT-DLEU| or MT-DLEU
R.42 | expression was measured using quantitative real-time PCR. (D) The
by quaMtitative real-time PCR. (E) The expression of DLEU| was examined in U87

) The expression of miR-421 was measured in glioma tissues and adjacent normal brain
d miR-421 was observed in glioma tissues by Spearman’s correlation analysis. (H and I)

sfected with si-NC, si-DLEUI and si-DLEU | +miR-421 inhibitor (miR-421 in). (J) The

isSues by quantitative real-time PCR. (K) A positive regulation between DLEU| and MEF2D

on various types of cancer. The role and underlying mechan-
ism of DLEU1 in glioma remain obscure. Here, we found
that DLEU1 expression was increased in glioma tissues
compared with adjacent normal tissues. The higher DLEU1
is associated with glioma grade and KPS score. Our results
revealed that that knockdown of DLEU! suppressed the
proliferation, promoted apoptosis, and decreased migration
and invasion abilities of glioma cells. These results implied
that DLEUI1 played an oncogenic role in glioma progression.

Accumulating evidence suggests that IncRNA exhibits
its biological function through competitive inhibition of
miRNAs by serving as a molecular sponge.?***> To explore
the miRNA-related functions of DLEUI in the pathogen-
esis of glioma, Starbase2.0 was used to select miRNAs
that interact with DLEU1. miR-421, a known tumor sup-
pressor, was used as a candidate miRNA for further
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analysis demonstrated
that knockdd
in U87 cells,

reased miR-421 expression
8 overexpression of miR-421 decreased
U87 cells. Furthermore, an inverse
correlation between miR-421 expression and DLEUI1
expression in glioma tissues was observed. Of note, inhi-
bition of miR-421 partially abrogated the functional effect
of DLEU1 knockdown on glioma cell proliferation, apop-
tosis, migration, and invasion. These data provided reliable
evidence suggesting that DLEU1 knockdown exerts an
inhibitory effect on glioma progression, at least in part,
through targeting miR-421.
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D) Cell proliferation, apoptosis, migration and invasion were determined in U87

MEF2D, member of the myocyte enhancer factor 2
(MEF2) family of transcription factors, was reported to
be upregulated and function as an oncogene in multiple
types of cancers, such as lung cancer,’® gastric cancer,’’
osteosarcoma’® and pancreatic cancer.® Previously, a
study reported that MEF2D expression was upregulated
in malignant glioma tissues, and played a tumor-promoting
role in glioma progression.** Importantly, miR-421 inhib-
ited glioma progression by targeting MEF2D.** Here, we
tested association DLEUI1, miR-421 and MEF2D in
glioma by rescue experiment. Our results revealed that
downregulation of DLEUI reduced MEF2D expression
on mRNA and protein levels in glioma cells, while the
transfection with miR-421 inhibitor apparently abolished
this trend. Furthermore, we found that MEF2D expression
was positively correlated with DLEU1 expression and
negatively correlated with miR-421 expression in glioma
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tissues. These results suggested that DLEU1 liberated
MEF2D expression in glioma cells by competitively bind-

ing to miR-421, therapy resulting in promotion glioma

progression.

In summary, the present study found that DLEU1 was

up-regulated and played an oncogenic role in glioma by

acting as a molecular sponge for miR-421 to regulate

MEF2D expression.

These findings suggested that

DLEUI/miR-421/MEF2D molecular network played a
vital role in glioma development and should be considered

as a potential therapeutic target for glioma.
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