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Background. Endometrial cancer (EC) is one of the most common gynaecological tumours in the worldwide. Long 
non-coding RNA (lncRNA) nuclear enriched abundant transcript 1 (NEAT1) promotes cell proliferation, migration and 
invasion in EC cells. However, the molecular mechanisms of NEAT1 in EC have not been fully clarified. We conducted 
this study to reveal the function of NEAT1 in EC tissues and cell lines.
Materials and methods. Cancer and adjacent tissues were collected from EC patients. HEC-1A and Ishikawa cells 
were cultured in vitro. NEAT1 expression was downregulated by transfecting small hairpin RNA (shRNA) and miR-144-
3p was overexpressed by transfecting miR-144-3p mimics. Cell proliferation was detected by MTT assay and colony 
formation assay. Cell migration and invasion abilities were assessed by transwell assay. A dual-luciferase reporter assay 
was used to verify the relationship among NEAT1, EZH2, and miR-144-3p. The expression level of EZH2 was measured 
by Western blot and qPCR.
Results. NEAT1 was highly expressed in EC tissues and cells. Knockdown of NEAT1 inhibited the proliferation, migra-
tion and invasion of EC cells. Additionally, NEAT1 acted as a ceRNA of miR-144-3p, leading to EZH2 upregulation. 
Overexpression of miR-144-3p suppressed the proliferation and invasion of EC cells. 
Conclusions. NEAT1 promotes EC cells proliferation and invasion by regulating the miR-144-3p/EZH2 axis.
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Introduction

Endometrial cancer (EC), one of the most com-
mon gynaecological tumours originating in the 
uterus, has increasing incidence rates, as shown 
by American Cancer Society statistics.1 The relative 
5-year survival relative rate for EC is only 77%, and 
approximately 11,350 women died of uterine can-
cer in 2016 in the U.S.2 Consequently, determining 
the molecular mechanisms underlying the devel-
opment of EC is of great importance. 

Long non-coding RNAs (lncRNAs) are defined 
as the RNA transcripts, that are longer than 200 

nucleotides but do not encode proteins. LncRNAs 
play unique regulatory roles in a variety of biologi-
cal pathways, such as cardiovascular, reproduc-
tive, inflammatory, and metabolic functions and 
DNA repair processes.3-5 Emerging evidence has 
confirmed the carcinogenic or anticancer effects 
of lncRNAs in cancer development.6,7 LncRNA 
nuclear enriched abundant transcript 1 (NEAT1) 
is dysregulated in multiple types of malignancies, 
including bladder cancer, lung cancer, breast can-
cer and colorectal cancer.8 It has been reported that 
overexpression of NEAT1 promotes cell prolifera-
tion, migration and invasion in EC and associates 
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with clinical progression.9 In addition, NEAT1 can 
regulate the Wnt/β-catenin signalling pathway by 
targeting miR-214-3p or miR-146b-5p in EC.10,11 The 
results mentioned above reveal the important roles 
of NEAT1 in EC progress. However, its mechanism 
in EC remains largely unknown. 

The histone methyltransferase EZH2 has been 
identified as a clinically relevant biomarker as-
sociated with cancer. Dysregulation of EZH2 was 
found in various cancers. For example, EZH2 can 
promote tumour growth by increasing angiogen-
esis in pituitary adenoma.12 EZH2 expressed is also 
dysregulated in EC and is related to high grade of 
EC.13 It was demonstrated that EZH2 is the target 
of miR-144-3p in osteosarcoma cells and negative-
ly correlates with the expression of miR-144-3p.14

Whether miR-144-3p is involved in the progression 
of EC through EZH2 remains to be explored. In our 
previous work, we predicted that NEAT1 may tar-
get miR-144-3p. Thus, we speculated that NEAT1 
might regulate EC cells proliferation, migration 
and invasion via the miR-144-3p/EZH2 axis. 

In this study, we found that NEAT1 could bind 
to miR-144-3p to suppress its function and subse-
quently upregulate the expression of EZH2, lead-
ing to enhanced EC cells proliferation, migration, 
and invasion. Taken together, our find  ings reveal 
a mechanism in which the NEAT1-miR-144-3p-
EZH2 axis regulates proliferation, migration and 
invasion in EC cells, suggesting that NEAT1 may 
serve as a potential target for EC treatment. 

Materials and methods
Cell culture

The human endometrial cancer cell lines, HEC-1-A, 
HEC-1B, I  shikawa (type I), RL-95-2, and JEC and 
human normal endometrial stromal cells (hESCs) 
were maintained in DMEM (Gibco, USA) with 10% 
foetal bovine serum (FBS, Gibco, USA). The cells 
were cultured at 37ºC with 5% CO2. 

Cancer and adjacent tissue collection

All the EC and adjacent normal endometrial tis-
sues were collected from EC patients at the First 
Hospital of Lanzhou University. The EC tissues 
(n = 36) and tumour adjacent tissues (n = 36) were 
collected during surgery and then rapidly frozen 
with liquid nitrogen and stored at -80°C. This 
study was approved by the Ethics Committee of 
the Reproductive Medicine Special Hospital of the 
First Hospital of Lanzhou University.

Quantitative real-time PCR (qRT-PCR)

Total RNA extraction was performed using Trizol 
reagent (Invitrogen USA), and a TaqMan Reverse 
Transcription Kit (Thermo Fisher, USA) was used 
for reverse transcription into cDNA according to 
the manufacturer’s instructions. Real-time quanti-
tative polymerase chain reaction (qPCR) was used 
to quantify the expression level of NEAT1 in cul-
tured cells using an Applied Biosystems 7500 Fast 
Dx Real-Time PCR instrument (Thermo Fisher, 
USA). SYBR Green reagent was used for qPCR in 
this study. GAPDH was used as an internal refer-
ence to normalize NEAT1 and EZH2 values. U6 
was used as an internal reference to normalize 
miR-144-3p values. The following primers were 
used for analysis:

NEAT1, 5’-TTGGGACAGTFFACGTGTGG-3’ 
(forward), and 5’-TCAAGTCCAGCAGAGCA-3’ 
(reverse);

miR-  144-3p, 
5’-GGCCGGCGTACAGTATAGATGA-3’ 
(forward), and 5’- GTGCAGGGTCCGAGGT-3’ 
(reverse);

EZH2, 5’-AAGCACAGTGCAACACCAAG-3’ 
(forward), and 5’- 
CAGATGGTGCCAGCAATAGA-3’ (reverse);

GAPDH, 5’-TGACGTGCCGCCTGGAGAAC-3’ 
(forward), and 
5’-CCGGCATCGAAGGTGGAAGAG-3’ (reverse);

U6, 5’-CTCGCTTCGGCAGCACA-3’ (for-
ward), and 5’- AACGCTTCACGAATTTGCGT-
3’(reverse). Relative RNA levels were calculated 
using the 2-ΔΔCt method. 

Cell transfection 

Small hairpin RNA (shRNA) for NEAT1 or its re-
spective negative control were designed, synthe-
sized and cloned into the shRNA vector U6/GFP/
Neo plasmid (GenePharma, Shanghai, China). A 
miR-144-3p mimic and its control were designed 
and synthesized by Sangon (Shanghai, China). 
The validated and purified reconstructed vec-
tors were transfected into the indicated cells by 
Lipofectamine 3000 (Thermo Fisher, USA) accord-
ing to the manufacturer’s guidelines. Briefly, 0.2 
µg indicated plasmid and 0.4 µL Lipofectamine 
3000 were mixed with 5 µL Opti-MEM medium 
(Thermo Fisher, USA), and then, Opti-MEM me-
dium containing plasmid was added to the other 
Opti-MEM medium containing Lipofectamine 
3000. Subsequently, this mixture was added to cells 
whose density was approximately 70%. 
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Dual-luciferase reporter assay 

To verify the binding ability of NEAT1 to miR-144-
3p and miR-144-3p to EZH2, we performed a dual-
luciferase reporter assay using a Promega dual-lu-
ciferase reporter assay kit (Madison, USA). Briefly, 
we constructed a pmiR-RB-REPORT™ (Ribobio) 
plasmid containing the exact sites for wild type 
NEAT1 and EZH2 3’-UTRs and the correspond-
ing mutated sequences. The cells seeded in 96-well 
plates were co-transfected with the indicated plas-
mids and miR-144-3p mimic or NC duplex (Gene 
Pharma). After 48 h, the cells were harvested, and 
luciferase activity was measured using a dual-lu-
ciferase reporter assay kit (Promega Corporation) 
and a multi-plate reader (Synergy 2, Bio Tek).

MTT assay 

An MTT assay was performed to measure cell pro-
liferation. Cells were cultured in 96-well plates (1 
× 104 per well). MTT (0.5 mg/mL, Gibco, USA) was 
added to the medium. Then, the plate was incubat-
ed at 37°C for 4 h and the supernatant was discard-
ed. Next, 150 µL DMSO (Thermo Fisher, USA) was 
added to each well and the OD490 nm value was 
measured immediately using a microplate reader 
(3100, Thermo Fisher, USA).

Colony formation assay

A colony formation assay was used to determine 
cell proliferation. HEC-1-A and Ishikawa cells 

in logarithmic growth were digested by trypsin 
(Gibco, USA) and then resuspended in DMEM 
containing 10% FBS. Cells were seeded in culture 
dishes at a density of 500 cells per dish. Then, the 
cells were cultured at 37°C and 5% CO2 until visi-
ble colonies were formed. The culture medium was 
discarded, and the cells were fixed using methanol 
and stained with a crystal violet solution (Gibco, 
USA). The number of colonies was counted.

Transwell assay 

The migration and invasion assays were per-
formed using transwells. For this assay, 24-well 
plates with 8-µm pore polycarbonate membranes 
(BD Biosciences, USA) were used. The upper side 
of the membranes was coated with Matrigel (20 µg/
well, BD Biosciences, USA) and then air-dried for 
1 h at 37°C. EC cells (2×105) in 200 µL of FBS-free 
medium were placed in the upper chamber, which 
was uncoated (migration assay) or coated (inva-
sion assay). The lower chamber was filled with me-
dium with 10% FBS as a chemoattractant. After 48 
h of incubation, the cells on the upper   surface of 
the membrane were removed by gentle scrubbing 
with a cotton swab. The membranes were fixed in a 
stationary liquid of 95% ethanol and 5% acetic acid 
for 30 min and stained with a crystal violet solu-
tion. The number of cells on the lower surface of 
the membrane in 5 random visual fields (magni-
fication, ×200) was then counted using an Eclipse 
TE2000-U inverted microscope. 

Western blot analysis

A protein detection kit (Thermo Fisher, USA) was 
used to measure the amount of protein. Equivalent 
amounts of protein samples were separated on 
8-10% SDS-PAGE and transferred to polyvi-
nylidene difluoride membranes (PVDF, Thermo 
Fisher, USA). After blocking with 0.1% Tween 20 
and 5% skimmed milk, the protein-containing 
PVDF membranes were incubated for 12 h in so-
lutions containing primary antibodies obtained 
from Abcam (anti-EZH2, ab186006; anti-GAPDH, 
ab9485) at 4°C. Then, secondary antibodies were 
incubated for 2 h. A western blotting kit (Thermo 
Fisher Scientific, USA) was used to detect the sig-
nals. 

Statistical analysis

Statistical analysis was performed using GraphPad 
Prism. The continuous variables are shown as the 

A B

FIGURE 1. NEAT1 was highly expressed in EC tissues and cells. (A) NEAT1 was highly 
expressed in EC tissues. The transcription level of the NEAT1 gene in EC tissues was 
measured by qRT-PCR. Cancer tissues and adjacent tissues were from human EC 
patients. (B) The transcription of NEAT1 was upregulated in various EC cell lines. qRT-
PCR was used to examine the expression of NEAT1 in various EC cell lines (HEC-1A, 
HEC-1B, Ishikawa, RL-95-2, and JEC), and hESCs, which were used as a control group.

*  indicates P < 0.05; ** indicates P < 0.01; ***indicates P < 0.001. The Data are presented as the 
mean ± SD.



Radiol Oncol 2019; 53(4): 434-442.

Wei W et al. / LncRNA NEAT1 in endometrial cancer 437

Results
NEAT1 is highly expressed in EC tissues 
and cells 

We first evaluated the expression of NEAT1 in can-
cer tissues and adjacent tissues derived from EC 

mean ± standard deviation (SD), and their differ-
ences were analysed by Student’s t test or ANOVA. 
P values less than 0.05 predicted the statistical sig-
nificance of the results. Each assay was performed 
in triplicate.

FIGURE 2. NEAT1 promoted EC cell proliferation, migration, and invasion. (A) Effects of NEAT1-shRNA on NEAT1 expression. The 
transcription of NEAT1 was measured by qRT-PCR after sh-NEAT1 and sh-NC were transfected into HEC-1A and Ishikawa cells for 
48 h respectively. (B, C) Effects of NEAT1 knockdown on the proliferation of EC cells (HEC-1A and Ishikawa). The MTT assay results 
showed the effects on cell growth as measured by cell vitality on three consecutive days. (D, E) Effects of NEAT1 knockdown on 
the cell proliferation of EC cells. A colony formation assay was used to detect cell proliferation. Figure 2D is one representative 
result of the colony formation assay and Figure 2E shows one quantitative result repeated at least three times. (F, G) Effects of 
NEAT1 knockdown on the migration of EC cells. A transwell assay was used to measure the cell migration ability. Figure 2F is a 
representative result from the transwell assays, and Figure 2G shows one quantitative result with at least three replicates. (H, I)
Effects of NEAT1 knockdown on the invasion of EC cells. A transwell assay was used to measure the cell invasion ability. Figure 2H is 
a representative result from the transwell assays and Figure 2I shows one quantitative result with at least three replicates.  

* indicates P < 0.05; ** indicates P < 0.01. The data are presented as the mean ± SD.
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patients by qRT-PCR. As shown in Figure 1A, we 
found that the expression of NEAT1 was promi-
nently higher in EC tissues than in adjacent tis-
sues (P<0.05, indicated a significant difference). To 
determine whether NEAT1 is highly expressed in 
various EC-related cell lines, we performed qRT-
PCR to detect its expression in hESCs and endo-
metrial cancer cell lines. Interestingly, we found 
that the transcription levels of NEAT1 were sig-
nificantly higher in EC cell lines, including HEC-
1A, HEC-1B, Ishikawa, RL-95-2, and JEC, than in 
hESCs (Figure 1B). Among these cell lines, HEC-
1A and Ishikawa cells had the highest and lowest 
expression of NEAT1, respectively, and they were 
selected for the following experiments. 

NEAT1 promotes EC cell proliferation, 
migration, and invasion

To investigate whether endogenous NEAT1 plays 
a role in EC, we constructed a NEAT1-shRNA plas-
mid that efficiently downregulated NEAT1 expres-
sion after transfection into HEC-1A and Ishikawa 
cells (Figure 2A). MTT and colony formation as-
says were performed to measure the EC cell prolif-
eration ability. According to the MTT assay, knock-
down of NEAT1 significantly inhibited cell growth 
compared with the NC and control conditions in 

HEC-1A (Figure 2 B) and Ishikawa cells (Figure 2 
C). Furthermore, colony formation assays indicat-
ed that the suppression of NEAT1 reduced colony 
formation in HEC-1A and Ishikawa cells (Figure 2 
D, E). Taken together, the MTT assay and colony 
formation assays results indicated that knockdown 
of NEAT1 inhibited EC cell proliferation.

To determine whether endogenous NEAT1 af-
fects EC cell migration and invasion, we performed 
a transwell assay to detect cell migration and inva-
sion abilities. We found that knockdown of NEAT1 
attenuated the migration of HEC-1A and Ishikawa 
cells (Figure 2 F, G). Consistently, we also found 
that knockdown of NEAT1 inhibited the invasion 
of HEC-1A and Ishikawa cells (Figure 2 H, I). Taken 
together, these data suggest that NEAT1 promotes 
EC cell proliferation, migration, and invasion.

NEAT1 is a molecular sponge of 
miR-144-3p 

LncRNAs may act as sponges for direct binding 
to miRNA. In our previous work, we predicted 
that NEAT1 may target miR-144-3p using Starbase 
(http://starbase.sysu.edu.cn/) for bioinformatics 
prediction (Figure 3 A). The miR-144-3p level was 
much lower in EC tissues than in adjacent tissues 
according to qRT-PCR. MiR-144-3p was also ex-

FIGURE 3. NEAT1 is a molecular sponge of miR-144-3p. (A) Sequences of miR-144-3p and wild-type NEAT1 (NEAT1 WT) and its 
mutant (NEAT1 MUT). NEAT1 WT can target miR-144-3p, whereas NEAT1 MUT lost this ability. (B) miR-144-3p was downregulated in 
EC tissues. The transcription level of miR-144-3p in EC tissues was measured by qRT-PCR. Cancer tissues and adjacent tissues were 
from human EC patients. (C) The transcription of miR-144-3p was upregulated in various EC cell lines. qRT-PCR was used to examine 
the expression of miR-144-3p in various EC cell lines (HEC-1A, HEC-1B, Ishikawa, RL-95-2 and JEC), and hESCs, which were used as 
a control group. (D) Effects of NEAT1 knockdown on miR-144-3p expression. The transcription of miR-144-3p was measured by qRT-
PCR after sh-NEAT1 and sh-NC were transfected into HEC-1A and Ishikawa cells for 48 h. (E) NEAT1 targeted miR-144-3p. A dual 
luciferase activity assay was used to evaluate the binding ability of NEAT1 WT and NEAT1 MUT to miR-144-3p. 

* indicates P < 0.05; ** indicates P < 0.01. The data are presented as the mean ± SD.
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FIGURE 4. miR-144-3p inhibited EC cell proliferation, migration, and invasion. (A) Effects of the miR-144-3p mimic on miR-144-3p 
expression. The transcription of miR-144-3p was measured by qRT-PCR after miR-144-3p mimics or mimic NC transfection into HEC-
1A and Ishikawa cells for 24 h. (B, C) Effects of the miR-144-3p mimic on the proliferation of EC cells. MTT assay results showed effects 
on cell growth as measured by cell vitality on three consecutive days. (D, E) Effects of the miR-144-3p mimic on the proliferation 
of EC cells. A colony formation assay was used to detect cell proliferation. Figure 4D is a representative result from the colony 
formation assay and Figure 4E shows one quantitative result repeated at least three times. (F, G) Effects of the miR-144-3p mimic 
on the migration of EC cells. A transwell assay was used to measure the cell migration ability. Figure 4F is a representative result 
from the transwell assays and Figure 4G shows one quantitative result with at least three replicates. (H, I) Effects of the miR-144-3p 
mimic on the invasion of EC cells. A transwell assay was used to measure the cell invasion ability. Figure 4H is a representative result 
from the transwell assays, and Figure 4I shows one quantitative result with at least three replicates. 

** indicates P < 0.01. The data are presented as the mean ± SD.
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pressed at lower level in EC cells than in hESCs 
(Figure 3 B, C). Next, we performed qRT-PCR 
to detect whether NEAT1 targets miR-144-3p to 
promote EC progression. As shown in Figure 3D, 
we found that knockdown of NEAT1 increased 
the level of miR-144-3p. To determine whether 
NEAT1 binds directly to miR-144-3p, we per-
formed a dual luciferase activity assay to evaluate 
the binding ability by designing wild-type NEAT1 

(WT-NEAT1) and a mutant (MUT-NEAT1). The 
luciferase signal will decrease when the lncRNA 
binds to its target miRNA. We found that the lu-
ciferase activity was decreased in the WT-NEAT1 
and miR-144-3p mimic co-transfected group, while 
no significant difference was observed between 
the MUT-NEAT1 group and he mimic NC group 
(Figure 3E). These data suggested that NEAT1 
could bind to miR-144-3p.

FIGURE 5. NEAT1 promoted the expression of EZH2 by miR-144-3p. (A) Effects of NEAT1 knockdown on the transcription of EZH2 in 
EC cells. The transcription of the EZH2 gene was measured by qRT-PCR after sh-NEAT1 and sh-NC were transfected into HEC-1A 
and Ishikawa cells for 48 h. (B, C) Effects of NEAT1 knockdown on the EZH2 protein level of in EC cells. The protein level of EZH2 was 
measured by Western blot after sh-NEAT1 and sh-NC transfection into HEC-1A and Ishikawa cells for 48 h. The indicated antibodies 
were used for Western blot analysis. Quantitative Western blot results are shown in Figure 5B with GAPDH as a control. Figure 4C 
shows one representative result and the right part shows one quantitative result repeated at least three times. (D) Effects of miR-
144-3p mimic on the transcription of EZH2 in EC cells. The transcription of the EZH2 gene was measured by qPCR after miR-144-3p 
mimic and mimic NC transfection into HEC-1A and Ishikawa cells for 48 h. (E) Effects of the miR-144-3p mimic on the EZH2 protein 
level in EC cells. The EZH2 protein level was measured by Western blot after miR-144-3p mimics or mimic NC transfection into HEC-1A 
and Ishikawa cells for 48 h. The indicated antibodies were used for Western blot analysis. (F) Sequences of miR-144-3p and wild-
type EZH2 (EZH2 3’-UTR WT) and its mutant (EZH2 3’-UTR MUT). EZH2 3’-UTR WT can be targeted by miR-144-3p, whereas miR-144-3p 
cannot bind to EZH2 3’-UTR MUT. (G) miR-144-3p directly targeted the 3’-UTR region of EZH2. A dual luciferase activity assay was 
used to evaluate the binding ability of miR-144-3p to EZH2 3’-UTR WT and EZH2 3’-UTR MUT. 

* indicates P < 0.05, ** indicates P < 0.01. The data are presented as the mean ± SD.
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miR-144-3p inhibits EC cell proliferation, 
migration, and invasion

We designed experiments to reveal the function 
of miR-144-3p in EC cells. First, miR-144-3p was 
overexpressed in EC cell lines by miR-144-3p 
mimic transfection (Figure 4 A). Next, EC cell pro-
liferation was examined via MTT and colony for-
mation methods. In HEC-1A and Ishikawa cells, 
the MTT assay showed that cell proliferation was 
significantly inhibited in the miR-144-3p mimic 
group compared with that in the control and NC 
groups (Figure 4 B, C). Furthermore, colony for-
mation assays showed that the miR-144-3p mimic 
markedly attenuated the cell proliferation of HEC-
1A and Ishikawa cells compared with the control 
and NC groups (Figure 4 D, E). Finally, to deter-
mine whether miR-144-3p affects EC cell invasion 
and migration, we performed transwell assays to 
measure the migration and invasion abilities of EC 
cells. We found that the miR-144-3p mimic inhib-
ited the migration of HEC-1A and Ishikawa cells 
(Figure 4 F, G). Consistently, we also found that the 
miR-144-3p mimic attenuated invasion of HEC-1A 
and Ishikawa cells (Figure 4 H, I). Taken together, 
these data indicated that miR-144-3p inhibited EC 
cell proliferation, migration, and invasion.

NEAT1 promotes the expression of EZH2 
via miR-144-3p

We found that knockdown of NEAT1 suppressed 
the transcription of the EZH2 gene in HEC-1A and 
Ishikawa cells (Figure 5 A). Consistently, Western 
blot analysis showed that knockdown of NEAT1 
decreased the expression of EZH2 in HEC-1A and 
Ishikawa cells (Figure 5 B, C). However, whether 
miR-144-3p regulates EZH2 in EC cells was un-
known. To verify the relationship between miR-
144-3p and EZH2 in EC cells, we overexpressed 
miR-144-3p in HEC-1A and Ishikawa cells by 
miR-144-3p mimic transfection and evaluated the 
expression of EZH2 by qRT-PCR and Western 
blotting. The qRT-PCR results showed that the 
transcription of the EZH2 gene was significantly 
lower in the miR-144-3p mimic group than in the 
control and NC groups in HEC-1A and Ishikawa 
cells (Figure 5 D). Consistently, Western blot analy-
sis showed that the miR-144-3p mimic decreased 
the expression of EZH2 in HEC-1A and Ishikawa 
cells (Figure 5 E). To verify whether miR-144-3p 
decreases EZH2 expression by binding to its 3’-
UTR site, we performed a dual luciferase activity 
assay to evaluate the binding ability and designed 

wild-type EZH2 (WT-EZH2) and its mutant (MUT-
EZH2) sequences (Figure 5 F). The dual-luciferase 
activity assay results showed that the luciferase 
activity was lower in the miR-144-3p mimic group 
than in the NC WT-EZH2 group, while there was 
no difference in the MUT-EZH2 groups (Figure 5 
G). Taken together, these data suggested that miR-
144-3p could directly target the 3’-UTR region of 
EZH2. These data suggested that NEAT1 may act 
as a ceRNA of miR-144-3p, leading to increased the 
expression of EZH2 which is a target gene of miR-
144-3p.

Discussion

It is well known that lncRNAs play critical roles in 
various biological functions and disease processes. 
In cancer, lncRNAs could regulate gene expression 
and mediate cell signalling pathways such as p53, 
NF-κB, PI3K/AKT and Notch signalling.15

NEAT1 is a novel lncRNA that is localized in 
nuclear paraspeckles. The gene that transcribes 
NEAT1 is located on the familial tumour syndrome 
multiple endocrine neoplasia type 1 locus.16 In re-
cent studies, high expression of NEAT1 has been 
found in various types of cancers, and it has been 
shown to serve as an oncogene. For examples, 
Chakravarty et al. found that NEAT1 is the most 
markedly overexpressed lncRNA in prostate can-
cer and that its expression is related to prostate 
cancer progression.17 Dong et al. reported that the 
expression levels of NEAT1 are significantly in-
creased in early-stage EC tissue samples, and high 
expression levels of NEAT1 predict a poor progno-
sis.18 In this study, we found that NEAT1 was high-
ly expressed in EC tissues and cell lines and that 
downregulation of NEAT1 in EC cells inhibited 
cancer cell proliferation, migration and invasion, 
which are consistent with of the results of Dong et 
al. These results suggested that NEAT1 may play 
carcinogenic roles in the progression of EC. 

Acting as a competitive endogenous RNAs, 
lncRNAs regulate protein expression by binding to 
miRNAs. For example, NEAT1 inhibits glioma cell 
migration and invasion via modulating SOX2 by 
targeting miR-132.19 In acute lymphoblastic leukae-
mia, NEAT1 can regulate miR-335-3p expression, 
and the dysregulation of miR-335-3p is associated 
with poor prognosis.20 In colorectal cancer, NEAT1 
could promote the tumourigenesis by sponging 
miR-193a-3p.21 NEAT1 regulates the Wnt/β-catenin 
signalling pathway via the miR-214-3p-HMGA1 
axis, leading to the promotion of cell growth, mi-



Radiol Oncol 2019; 53(4): 434-442.

Wei W et al. / LncRNA NEAT1 in endometrial cancer442

gration and invasion in EC cells.11 In this study, we 
first revealed that NEAT1 directly targets miR-144-
3p and that knockdown of NEAT1 promotes the 
expression of miR-144-3p. However, the function 
of miR-144-3p is still unknown. Through func-
tional experiments, we found that overexpression 
of miR-144-3p can inhibit EC cell proliferation, 
migration and invasion. These results suggest that 
NEAT1 may act as an oncogene by targeting miR-
144-3p in EC cells.

EZH2 participates in histone methylation, which 
regulates transcriptional repression.22 Emerging 
evidence has shown that EZH2 is associated with 
EC cell pr  oliferation. Eskander et al. found that 
inhibition of EZH2 expression in EC cells signifi-
cantly attenuates cell proliferation, migration, and 
invasion by increasing the expression of the Wnt 
pathway inhibitors sFRP1 and DKK3.23 Wang et al.
reported that knockdown of EZH2 inhibits the pro-
liferation of EC cells in vitro and induces apoptosis 
in EC cells via upregulating the expression of cas-
pase 3/9 and downregulating the expression of Bcl-
2.24 Ihira et al. reported that knockdown of EZH2 
suppresses EC progression via the miR-361/Twist 
axis.25 In this study, we first confirmed that NEAT1 
could upregulate the expression of EZH2 and pro-
mote the proliferation, migration and invasion of 
EC cells by targeting miR-144-3p, which further 
confirmed the function of EZH2 in the progression 
of EC.

In conclusion, we demonstrated that NEAT1, 
as an oncogene, regulates miR-144-3p-EZH2 axis, 
which promotes the proliferation, migration and 
invasion of EC cells, providing a promising thera-
peutic target for EC.
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