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This study aimed to investigate the role of long non-coding RNA DLEU1 in endometrial cancer (EC) develop-
ment. The DLEU1 expression in EC tissues and cells (HHUA, KLE, Ishikawa, and ECC-1) were detected. The
expression of DLEU1 was suppressed by transfection with sh-DLEU1 and the effects of DLEU1 suppression
on the malignant behaviors of Ishikawa cells, including cell viability, apoptosis, migration and migration were
then detected. In addition, the interaction of DLEU1 and miR-490 as well as between miR-490 and SP1 in EC
were investigated. Furthermore, the regulatory relationship between DLEU1 and PI3K/AKT/GSK-3p pathway
was explored. DLEU1 was upregulated in EC tissues and cells. Suppression of DLEU1 significantly inhibited
Ishikawa cell viability, promoted cell apoptosis, decreased BCL-2 expression and increased the expression of
Bax, cleaved-caspase-3 and cleaved-caspase-3, suppressed cell migration and invasion, and inhibited EMT
via increasing the expression of E-cadherin and decreasing the expression of N-cadherin, Snail and Vimentin.
In addition, DLEU1 could sponge miR-490 and miR-490 inhibition significantly reversed the effects of DLEU1
suppression on the malignant behaviors of Ishikawa cells. Furthermore, SP1 was verified as a target of miR-490,
and SP1 knockdown could reverse the effects of miR-490 inhibition on the malignant behaviors of Ishikawa
cells. Besides, suppression of DLEU1 inhibited PIBK/AKT/GSK-3p pathway, while miR-490 inhibition activated
this pathway that could be neutralized by SP1 knockdown. Our findings indicate that DLEU1 contributes to EC
development by sponging miR-490 to regulate SP1 expression. DLEU1/miR-490/SP1 axis may provide a new

strategy for EC therapy.

1. Introduction

Endometrial cancer (EC) is a common gynecologic malignancy
with increasing incidence (Burke et al. 2014; Morice et al. 2016).
Despite great advances in the surgical treatment and chemoradio-
therapy, many patients will develop high risk of recurrence and
distal metastasis after treatments (Vale et al. 2012) and the prog-
nosis of these patients is poor (Jurcevic et al. 2014). Therefore, it is
imperative to elucidate the key mechanism underlying EC tumori-
genesis and progression and consequently develop new therapeutic
strategies for EC therapy.

Long non-coding RNAs (IncRNAs) are a spectrum of RNAs with
longer than 200 nucleotides (nt) in length and have been found to
be involved in various fundamental biological and pathophysio-
logical processes (Kornienko et al. 2013; Martin and Chang 2012).
Aberrant expression of some IncRNAs can function as proto-on-
cogenes or tumor suppressor genes in cancer biology (Lheureux
and Oza 2016; Silva et al. 2010; Gutschner and Diederichs 2012).
In EC development, IncRNA colon cancer-associated transcript 2
can promote cancer cell growth and metastasis (Xie et al. 2017).
Moreover, IncRNA growth arrest-specific 5 can act as a tumor
suppressor to inhibit tumor pathogenesis (Guo et al. 2015).
LncRNA HOX transcript antisense RNA (HOTAIR) is found to
regulate autophagy and thus promote the cisplatin-induced resis-
tance in EC cells (Sun et al. 2017). Recently, IncRNA deleted
in lymphocytic leukemia 1 (DLEU1), located on chromosome
13q14.3 (Yin et al. 2013), has been found to be highly expressed
in breast cancer (Wu et al. 2016). Moreover, DLEUI is reported
to play a key role in tumorigenesis and cancer development, such
as ovarian cancer (Zhang et al. 2018) and gastric cancer (Li et al.
2017). However, the roles of DLEU1 in EC development are rarely
reported, let alone the corresponding molecular mechanism.
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The current study investigated the effects of aberrant expression of
DLEUI on the malignant behaviors of EC cells and explored the
regulatory mechanism of DLEU1 by investigating the interaction
between DLEU1 and miR-490 as well as the regulatory relation-
ship between DLEU1 and PI3K/AKT/GSK-3[ pathway. Our study
will provide a new sight for developing novel strategies for the
treatment of EC.

2. Investigations and results

2.1. DLEUI1 was upregulated in EC

As shown in Fig. 1A, DLEU1 expression in EC tissues was higher
than that in non-tumor tissues (P<0.01). Moreover, we found that
DLEUI was also highly expressed in EC cells (HHUA, KLE,
Ishikawa, and ECC-1) compared with that in normal endometrium
(NE) cells (all P<0.01, Fig. 1B). Ishikawa cells were then selected
for subsequent experiments because the expression of DLEU1 was
the highest (Fig. 1B).

2.2. Suppression of DLEUI inhibited the malignant
behaviors of Ishikawa cells

To investigate the role of DLEU1 in EC development, the expres-
sion of DLEU1 was suppressed by transfection with sh-DLEUI.
As shown in Fig. 2, DLEU1 expression was successfully
suppressed because DLEU1 expression in sh-DLEU1 group was
markedly lower than that in sh-NC group (P<0.01). The effects of
DLEUTL suppression on the malignant behaviors of Ishikawa cells
were then detected. The results showed that suppression of DLEU1
significantly inhibited cell viability (P<0.05, Fig. 2B), promoted
cell apoptosis (P<0.001, Fig. 2C), decreased BCL-2 expression
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Fig. 1: DLEUI expression was upregulated in endometrial cancer (EC). A: DLEU1 expression in EC tissues and non-tumor tissues; B: DLEU1 expression in EC cells (HHUA,
KLE, Ishikawa, and ECC-1) and normal endometrium (NE) cells. Data are presented as the means+standard deviation (SD). ** P<0.01 and *** P<0.001 compared to

control.

and increased the expression of Bax, cleaved-caspase-3 and
cleaved-caspase-3 (Fig. 2D), suppressed cell migration (P<0.05,
Fig. 2E) and invasion (P<0.05, Fig. 2F), and inhibited EMT via
increasing the expression of E-cadherin and decreasing the expres-
sion of N-cadherin, Snail and Vimentin (Fig. 2G).

2.3. DLEUI regulated the malignant behaviors of Ishi-
kawa cells through sponging miR-490

It has been reported that DLEUT plays a key role in ovarian carci-
noma development by sponging miR-490-3p (Wang et al. 2017),
we thus investigated the interaction of DLEU1 and miR-490 in
EC. The results showed that miR-490 expression in sh-DLEU1
group was significantly higher than that in sh-NC group (P<0.001,
Fig. 3A). To confirm this result, we also measured the miR-490
expression in EC tissues and cells. Expected results were obtained
that miR-490 expression was down-regulated in EC tissues and
cells in comparison with that in normal tissues and cells (P<0.05,
Fig. 3B and 3C). To further investigate whether DLEU1 played
a key role in EC development by sponging miR-490, we overex-
pressed and suppressed the expression of miR-490 in Ishikawa
cells (P<0.01, Fig. 3D). The combined effects of DLEU1 suppres-
sion and miR-490 inhibition were then investigated. The results
showed that miR-490 inhibition significantly reversed the effects
of DLEUI suppression on cell viability (P<0.05, Fig. 3E), apop-
tosis (P<0.01, Fig. 3F), the expression changes of apoptosis-re-
lated proteins (Fig. 3G), migration (P<0.05, Fig. 3H) and invasion
(P<0.05, Fig. 3I), and the expression changes of EMT-markers
(Fig. 3)).

2.4. SPI was verified as a target of miR-490

To elucidate the possible mechanism of miR-490, the interaction
between miR-490 and SP1 was investigated. The results of lucif-
erase reporter assay showed that miR-490 could target SP1 3’UTR
(P < 0.05, Fig. 4A), indicating that SP1 was a target of miR-490.
Moreover, we found that the expression levels of SP1 mRNA and
protein in miR-490 mimic group was significantly lower than that
in mimic control group, while SP1 expression in miR-490 inhibitor
group was markedly higher than that in inhibitor control group
(P<0.05, Fig. 4B and 4C). These data indicated that SP1 was a
target of miR-490 and its expression was negatively regulated by
miR-490.
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2.5. miR-490 regulated the malignant behaviors of Ishi-
kawa cells by targeting SP1

In order to explore whether SP1 was a functional target of miR-490
to mediate the role of miR-490 in EC development, SP1 was
successfully knocked down in Ishikawa cells (P<0.001, Fig. 5A).
Moreover, we found that miR-490 inhibition significantly enhanced
cell viability (P<0.05, Fig. 5B), inhibited cell apoptosis (P<0.001,
Fig. 5C), increased the expression of BCL-2 and decreased the
expression of Bax, cleaved-caspase-3 and cleaved-caspase-3
(Fig. 5D), promoted cell migration (P<0.05, Fig. SE) and invasion
(P<0.05, Fig. 5F), and inducing EMT via decreasing the expres-
sion of E-cadherin and increasing the expression of N-cadherin,
Snail and Vimentin (Fig. 5G). Moreover, the above effects were
reversed after miR-490 inhibition and SP1 knockdown at the same
time (Fig. 5B-G), indicating miR-490 regulated the malignant
behaviors of Ishikawa cells by targeting SP1.

2.6. Effects of DLEUI on EC development exerted
through the PI3K/AKT/GSK-3f pathway

To further elucidate the possible mechanism of DLEU1 in EC, we
investigated the regulatory relationship between DLEU1 and the
PI3K/AKT/GSK-3p pathway. The results showed that suppression
of DLEUI resulted in the significant decrease in the expression
levels of p-PI3K, p-AKT and p-GSK-3p, while miR-490 inhibition
had opposite effects (Fig. 6). Moreover, the increased expression
levels of p-PI3K, p-AKT and p-GSK-3p caused by miR-490 inhi-
bition were significantly neutralized by SP1 knockdown (Fig. 6).
These data indicated that the effects of DLEU1 on EC development
might be through regulating PI3K/AKT/GSK-3f3 pathway.

3. Discussion

In the present study, we investigated the effects of DLEU1 on EC
development. DLEU1 was upregulated in EC tissues and cells.
Suppression of DLEUI1 significantly inhibited Ishikawa cell
viability, promoted cell apoptosis, suppressed cell migration and
invasion, and inhibited EMT. In addition, DLEU1 could sponge
miR-490 and miR-490 inhibition significantly reversed the effects
of DLEUI suppression on the malignant behaviors of Ishikawa
cells. Furthermore, SP1 was verified as a target of miR-490, and
SP1 knockdown could reverse the effects of miR-490 inhibition on
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Fig. 2: Suppression of DLEU1 inhibited the malignant behaviors of Ishikawa cells. A: DLEUI expression in Ishikawa cells transfected with sh-DLEU1 and sh-NC; B: Cell
viability of different groups; C: Cell apoptosis of different groups; D: The expression of apoptosis-related proteins; E: Cell migration of different groups; F: Cell invasion
of different groups; G: The expression of epithelial-mesenchymal transition (EMT)-markers. Data are presented as the means+SD. * P<0.05, ** P<0.01 and *** P<0.001
compared to control.
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Fig.3: DLEUI regulated the malignant behaviors of Ishikawa cells through sponging miR-490. A: The miR-490 expression in Ishikawa cells transfected with sh-DLEU1 and
sh-NC; B: The miR-490 expression in EC tissues and non-tumor tissues; C: The miR-490 expression in EC cells (HHUA, KLE, Ishikawa, and ECC-1) and normal en-
dometrium (NE) cells; D: The miR-490 expression in Ishikawa cells transfected with miR-490 mimic, miR-490 inhibitor and their controls. E: Cell viability of different
groups; F: Cell apoptosis of different groups; G: The expression of apoptosis-related proteins; H: Cell migration of different groups; I: Cell invasion of different groups;
J: The expression of EMT-markers. Data are presented as the means+ SD. * P<0.05, ** P<0.01 and *** P<0.001 compared to control.

B
1
*

1.5- @B mimics control
* @ miR-490 mimic

w
1

N
1

o
(3]
1

Relative SP1 expression @

Relative luciferase activity >

o
o
1

@
2
2

Fig. 4: SPI1 was verified as a target of miR-490. A: The results of luciferase reporter assay showed that miR-490 could target SP1 3’UTR. B: The expression of SP1 mRNA in
Ishikawa cells transfected with miR-490 mimic, miR-490 inhibitor and their controls. C: The expression of SP1 protein in Ishikawa cells transfected with miR-490 mimic,
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proteins in different groups.

the malignant behaviors of Ishikawa cells. Besides, suppression
of DLEUI inhibited PI3K/AKT/GSK-3f pathway, while miR-490
inhibition activated this pathway that could be neutralized by SP1
knockdown. These data elucidated the roles of DLEU1/miR-490/
SP1 axis in EC development and merit further discussion.
Consistent with previous findings that DLEU1 contributes to cancer
development via sponging miR-490-3p (Wang et al. 2017), we also
found that DLEU1 could sponge miR-490 and miR-490 inhibition
significantly reversed the effects of DLEUI suppression on the
malignant behaviors of Ishikawa cells. Accumulating evidence has
supported that miR-490 contributes to the development of several
cancers: Jia et al. demonstrated that miR-490 could suppress the
tumorigenesis and progression of breast cancer (Jia et al. 2016;
Zhao and Zheng 2016); Li et al. revealed that miR-490 could regu-
late the metastasis of lung cancer cells (Li et al. 2016); Chen et
al. suggested that miR490-5p could inhibit tumor growth in renal
cell carcinoma (Chen et al. 2016); Zhang et al. (2013) confirmed
that miR-490-3p promoted cell growth and EMT of hepatocellular
carcinoma cells; and Chen et al. (2015) indicated that miR-490-3p
inhibited the tumorigenesis and progression of ovarian epithe-
lial carcinoma. Notably, a previous study has confirmed that
miR-490-3p could function as a suppressor to inhibit tumorigen-
esis and progression of EC (Sun et al. 2016). Given the key role
of miR-490 in EC development, we hypothesize that DLEU1 may
promote the development of EC via down-regulating miR-490.
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Furthermore, SP1 was identified as a functional target of miR-490.
Dysregulation of SP1 has been found to be involved in many
cancers (Li and Davie 2010). SP1 inhibition can suppress stem cell
growth and induce apoptosis in colon cancer (Zhao et al. 2013). In
addition, miR-375 is found to suppress cell migration and invasion
in squamous cervical cancer via targeting SP1 (Wang et al. 2011).
miR-330 can suppress cell motility in prostate cancer by targeting
SP1 (Mao et al. 2013). Based on our results, we believe that
miR-490 may regulate the development of EC by targeting SP1.
Obviously, the PI3K/Akt pathway is involved in tumorigenesis
and angiogenesis (Jiang and Liu 2008; Karar and Maity 2011;
Slomovitz and Coleman 2012). Also, overactivation of the PI3K/
AKT/mTOR pathway are found implicated in EC pathogenesis
(Slomovitz and Coleman 2012), and PI3K/AKT/mTOR pathway
has been shown to enhance progestin resistance in EC cells
through inhibiting autophagy (Hua et al. 2017). Besides, Kang et
al. (2012) demonstrated that thioridazine could induce apoptosis of
EC cells by regulating the PI3K/Akt/mTOR pathway. In this study,
suppression of DLEU1 inhibited PI3K/AKT/GSK-3f8 pathway,
while miR-490 inhibition activated this pathway that could be
neutralized by SP1 knockdown. It can therefore be assumed that
the PI3K/AKT/GSK-3p pathway may be a regulatory mechanism
to mediate the role of DLEU1/miR-490/SP1 axis in EC.

Taken together, our findings indicate that DLEU1 may promote
EC cell viability, migration and invasion and induce apoptosis by
sponging miR-490 to regulate SP1 expression. DLEU1/miR-490/
SP1 axis may provide a new strategy for EC therapy.

4. Experimental

4.1. Patients and samples

Between April 2013 and December 2017, 25 EC patients who underwent an initial
hysterectomy were enrolled in this study. The characteristics of EC patients are
summarized in the Table. Following surgical excision, the EC tissues and matched
normal endometrial tissues were obtained from these patients and then stored at
-80 °C after immediately frozen in liquid nitrogen.

Table 1: Characteristics of patients with endometrial cancer

Total no. 25

Median age, years (range) 53.6 (39-75)
Pathological tumor stage

1 13 (52%)

1T 5 (20%)

I 4 (16%)

v 3(12%)
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Total no. 25
Differentiation

Gl 7 (28%)
G2 9 (36%)
G3 9 (36%)
Lymphatic metastasis

(+) 8 (32%)
(-) 16 (64%)
Unknown 1 (4%)

4.2. Cell lines and cell culture

The human EC cell lines HHUA, KLE, Ishikawa, and ECC-1 were acquired from
American Type Culture Collection (ATCC). They were cultured in Minimum Essential
Medium Eagle (Sigma-Aldrich, UK) containing 15 % of fetal bovine serum (Gibco,
Darmstadt, Germany) and then maintained at a 37 °C incubator with a humidified
atmosphere of 5 % CO,.

4.3. Transient transfection and treatment

For the transfection of the short hairpin RNA (shRNA) directed against DLEUI,
miR-490 mimics/inhibitor, small interfering RNA (siRNA) targeting SP1 or their
corresponding controls, Ishikawa cells (2x10°) were seeded in 6-well plates and
cell transfection was then performed using Lipofectamine 2000 Reagent (Life Tech-
nologies). In addition, the medium was added with 10 ng/mL of TGF-B1 (Sigma,
St. Louis, MO) to induce epithelial-mesenchymal transition (EMT).

4.4. MMT assay for assessing cell viability

Cells were plated in 96-well plates at either 10* cells/well after 24 h of transfection.
The cells were then incubated with MTT (0.5 mg/ml, Sigma) for another 4 h at a
37 °C incubator. Next, the medium was removed, and the precipitated formazan was
dissolved in 100 pl of dimethyl sulfoxide (DMSO, Sigma) for 15 min. Finally, the
absorbance at 570 nm (A570) was measured to assess cell viability using a pQuant
universal microplate spectrophotometer (BioTekInstruments, Winooski, VT).

4.5. Flow cytometry for detecting cell apoptosis

To measure apoptosis, cells were collected after 24 h of transfection. After washed
with PBS, cells were stained with fluorescein isothiocyanate (FITC)-labelled annexin
V and propidium iodide (PI) using the Annexin V-FITC kit (Biosea Biotechnology
Co., Beijing, China), and this was followed by flow cytometry analysis on a flow
cytometry (FACSCalibur, Becton-Dickinson, San Jose, CA).

4.6. Transwell assay for measuring cell migration and invasion

Cell migration and invasion were measured by a Transwell assay, but the Transwell
chambers (8-um pore size; Corning co. Ltd., USA) were precoated with Matrigel
(Becton-Dickinson, Bedford, MA) for invasion assays. Briefly, 24 h after transfection,
cells were cultured in serum-free RPMI 1640 medium for 24 h and then added into
the upper layer of Transwell chamber. After that, RPMI 1640 medium mixed with
10% FBS was then added into the lower layer of Transwell chamber. After 48 h of
incubation, Transwell chambers were fixed with methanol, and stained with Giemsa.
The migrated and invaded cells in 10 random fields were counted under a microscope
(IX83, Olympus).

4.7. Luciferase reporter assay

The full-length SP1 3’-UTR containing the miR-490 binding site was amplified and
the inserted into the Xbal-site of pGL3 vector (Promega, WI), which was named as
pGL3-SP1 wide-type (WT) reporter construct. Using a site-directed mutagenesis kit
(Stratagene, CA), the pGL3-SP1-mutated (MUT) reporter construct was synthesized
with point mutations in the seed sequence. After that, cells (I x 10°) were cotrans-
fected with 1 pg of pGL3-SP1-WT (or pGL3-SP1-MUT) reporter constructs, 50 pmol
of miR-490 mimic (or mimic control) , and 1 pg of a Renilla luciferase expression
construct pRL-TK (Promega, WI) using Lipofectamine 2000. Renilla luciferase
activity was used as the internal control. After 36 h of transfection, luciferase activities
of pGL3-SP1-WT and pGL3-SP1-MUT reporter constructs were measured using the
dual luciferase assay system (Promega, WI).

4.8. Quantitative real-time PCR (qRT-PCR) analysis

Using TRIzol Reagent (Life Technologies), total RNA was extracted and its RNA
quantity was then measured with a SmartSpec Plus spectrophotometer (Bio-Rad). The
qRT-PCR analyses for detecting the expression of mRNAs were conducted using a
GoTaq 2-Step RT-qPCR System (Promega, Madison, WI, USA). GAPDH was used
as a control qRT-PCR analyses for detecting the expression of miRNAs was carried
out using miScript II RT Kits (Qiagen, Hilden, Germany), miScript SYBR Green
PCR Kits (Qiagen) and miScript Primer Assays. All these assays were all performed
on a Mx3005P QPCR System (Stratagene, La Jolla, CA, USA). Finally, the relative
expression of targets was quantified by the 2-*“ method.
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4.9. Western blot

Total proteins were extracted from cells by cell lysis buffer (Beyotime, Haimen,
China). Equal amount of protein extracts (30ug per lane) were separated on 12%
SDS-polyacrylamide gels and then transferred onto polyvinylidene fluoride (PVDF)
membranes (Millipore, Billerica, MA, USA). The membranes were then immuno-
blotted by incubation with the primary antibodies to Bcl-2, Bax, cleaved-caspased-3,
cleaved-caspased-9, E-cadherin, N-cadherin, Snail, Vimentin, SP1, PI3K, p-PI3K,
AKT, p-AKT, GSK-3B, p-GSK-3p and B-actin (1:1,000, Abcam, Cambridge, UK).
B-actin was used as the control. After incubation with the recommended secondary
antibodies, the protein signals were revealed using an Odyssey Infrared Imaging
System (LI-COR, Lincoln, NE, USA). B-Actin was used as the control.

4.10. Statistical analysis

The data are presented as the means +standard deviation (SD) and considered to be
statistically significant at P<0.05. Statistical analysis for data was performed with
Student’s t-tests or one-way ANOVA using SPSS Statistics 20.0 software (IBM,
Armonk, NY, USA).

Conflicts of interest: None declared.
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