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Abstract. Long non‑coding RNAs (lncRNAs) are identified as 
vital modulators in a number of biological processes, including 
tumorigenesis. However, the role of lncRNAs in endometrial 
carcinoma (EC) remains unknown. In the current study, the 
expression patterns, biological roles and functional mechanism 
of the lncRNA colon cancer associated transcript 1 (CCAT1) 
was examined in EC. The expression level of CCAT1 was 
significantly upregulated in EC tissue samples compared with 
matched adjacent healthy tissue samples from patients with 
endometrial cancer. Similarly, CCAT1 was significantly upreg-
ulated in several EC cell lines (KLE, Ishiwaka and HEC-1-A), 
compared with the normal human endometrial stromal cell 
line T-HESC. Cell counting kit-8 and Transwell migration 
assays demonstrated that CCAT1 knockdown significantly 
decreased EC cell proliferation and migration. In addition, 
CCAT1 was confirmed as a target gene of miR‑181a‑5p in 
EC. Overexpression of miR‑181a‑5p significantly decreased 
CCAT1 expression in EC cells, whilst knockdown of CCAT1 
significantly increased miR‑181a‑5p expression in EC cells. 
Furthermore, miR-181a-5p expression was significantly 
downregulated in EC tissue samples compared with matched 
adjacent healthy tissue samples from patients with endometrial 
cancer. Similarly, miR‑181a‑5p expression was significantly 
downregulated in several EC cell lines (KLE, Ishiwaka and 
HEC-1-A), compared with normal human endometrial stromal 
cell line T-HESC. In addition, rescue experiments demon-
strated that inhibition of miR‑181a‑5p significantly reversed 
the effect of CCAT1 knockdown on EC cell proliferation 
and migration. The results suggest that CCAT1 promotes EC 
progression by acting as a molecular sponge of miR-181a-5p.

Introduction

Endometrial carcinoma (EC) is one of the most common 
malignancies in women, and a leading cause of cancer-asso-
ciated mortality worldwide (1). The most frequently occurring 
subtype of endometrial cancer is endometrioid endometrial 
carcinoma, which accounts for about 90% of all EC cases (2). 
Surgery is the main treatment strategy for patients with EC (3), 
however the effectiveness of primary surgery is generally 
unsatisfactory (3). Although the incidence of EC is increasing, 
the molecular mechanism underlying EC progression remains 
poorly understood (2). It is therefore necessary to explore the 
mechanism and develop novel therapeutic strategies for EC 
intervention.

Long non-coding RNAs (lncRNAs) are a large and diverse 
class of transcribed RNA molecules usually with a length of 
more than 200 nucleotides and limited protein-coding capa-
bility (4). LncRNAs can regulate gene expression via several 
different mechanisms, which include acting as a molecular 
sponge for miRNAs to regulate the expression of its target 
genes (5). Several studies have demonstrated that lncRNAs 
are involved in a number of biological processes, including 
tumor initiation, growth and metastasis (6,7). The lncRNA 
gastric cancer associated transcript 3 promotes colorectal 
cancer cell proliferation, invasion and migration through 
competitive binding to miRNA-149 (8). LncRNA long inter-
genic non-protein coding RNA 1510 promotes colorectal 
cancer cell growth by modulating MET expression (9). 
LncRNA FLVCR1-antisense RNA 1 acts as a miRNA-513c 
sponge to regulate cancer cell proliferation, migration and 
invasion in hepatocellular carcinoma (10). LncRNA long 
intergenic non-protein coding RNA 958 accelerates glio-
magenesis through miRNA-203/cyclin-dependent kinase 2 
regulation (11).

A recently study revealed that lncRNA colon cancer 
associated transcript 1 (CCAT1) promotes cell proliferation, 
migration and invasion in thyroid carcinoma via downregu-
lation of miRNA-143 (12). Other studies have demonstrated 
that CCAT1 is involved in colorectal cancer (13), ovarian 
cancer (14), gastric cancer (15), myeloma (16) and breast 
cancer (17). The pathophysiological contribution of CCAT1 
to EC progression remains largely unknown. The aim of the 

LncRNA CCAT1 negatively regulates miR‑181a‑5p to promote 
endometrial carcinoma cell proliferation and migration

JING YU1,  LIJUAN JIANG2,  YUTAO GAO3,  QIJIAN SUN3,  BEIBEI LIU3,  YONG HU3  and  XUESONG HAN3

1Department of Gynecology, The Third Affiliated Hospital of Kunming Medical University and Cancer Hospital of 
Yunnan Province, Kunming, Yunnan 650118; 2Department of Scientific Research and Education, 

The First Affiliated Hospital of Yunnan University of Traditional Chinese Medicine, Kunming, Yunnan 650200;  
3Department of Gynecology, The First Affiliated Hospital of Kunming Medical University, Kunming, Yunnan 650032, P.R. China

Received May 29, 2018;  Accepted October 3, 2018

DOI:  10.3892/etm.2019.7422

Correspondence to: Professor Xuesong Han, Department of 
Gynecology, The First Affiliated Hospital of Kunming Medical 
University, 295 Xichang Road, Kunming, Yunnan 650032, P.R. China
E-mail: hanxuesongzg@163.com

Key words: long noncoding RNA, endometrial carcinoma, colon 
cancer associated transcript 1, proliferation, migration



YU et al:  CCAT1 PROMOTES ENDOMETRIAL CARCINOMA CELL PROLIFERATION AND MIGRATION4260

present study was to investigate the biological function of 
CCAT1 in EC. The current study demonstrated that CCAT1 
was significantly upregulated in EC tissue samples and cell 
lines. Knockdown of CCAT1 significantly decreased EC 
cell proliferation and migration. Furthermore, the current 
study demonstrated that CCAT1 acts as a molecular sponge 
of miRNA-181a-5p (miR-181a-5p) in EC cells and inhibition 
of miR‑181a‑5p significantly reversed the effects of CCAT1 
knockdown. Taken together, the current study revealed that the 
CCAT1/miR-181a-5p axis may serve a role in EC progression.

Materials and methods

Patient samples. The present study analyzed tissue samples 
from patients diagnosed with endometrial cancer based on 
histopathological evaluation. A total of 37 EC tissue and 
21 matched adjacent normal tissue samples were collected 
from female patients (mean age, 47.56±15.49 years) who had 
undergone surgical resection at The First Affiliated Hospital 
of Kunming Medical University between January 2010 and 
December 2016. None of the patients received local or systemic 
treatment before the operation. Endometrial cancer tissue and 
adjacent healthy tissue samples were collected and immediately 
frozen in liquid nitrogen, and stored at ‑80˚C until further use. 
The current study was approved by the Ethics Committee of 
The First Affiliated Hospital of Kunming Medical University 
(Yunnan, China). Written informed consent was obtained 
from all patients.

Cell culture and transfection. Human endometrial adeno-
carcinoma cell lines HEC-1-A (ATCC® HTB-112™) and 
KLE (ATCC® CRL-1622™), as well as the human endo-
metrial stromal cell line T-HESC (ATCC® CRL-4003™) 
were from American Type Culture Collection (Manassas, 
VA, USA). Human endometrial adenocarcinoma cell line 
Ishikawa (cat. no. 3111C0001CCC000686) was purchased 
from China Infrastructure of Cell Line Resource (Beijing, 
China; http://www.cellresource.cn/contact.aspx). All cell 
lines were maintained in Dulbeco's modified Eagle medium 
(DMEM; Invitrogen; Thermo Fisher Scientific, Inc., 
Waltham, MA, USA) supplemented with 10% fetal bovine 
serum (FBS; HyClone; GE healthcare, Chicago, IL, USA) 
and 1% penicillin-streptomycin solution and maintained at 
37˚C in a 5% CO2‑humidified incubator. miR‑181a‑5p mimic 
(5'-AAC AUU CAA CGC UGU CGG UGA GU-3'), miR-181a-5p 
inhibitor (5'-ACU CAC CGA CAG CGU UGA AUG UU-3'), 
negative controls miRNA (5'-UCA CAA CCU CCU AGA 
AAG AGU AGA-3'), si-CCAT1 (5'-AGG GAA ACA GGA GCA 
AUC AUC ATT A-3') and control siRNA (5'-UUC UCC GAA 
CGU GUC ACG UTT-3') were chemically synthesized by 
Shanghai Integrated Biotech Solutions Co., Ltd. (Shanghai, 
China). All cell transfection reactions were performed using 
Lipofectamine® 2000 (Invitrogen; Thermo Fisher Scientific, 
Inc.) with 100 nM miRNA or siRNA, according to the manu-
facturer's protocol. Subsequent experiments were performed 
following 48 h transfection.

Reverse transcription‑quantitative polymerase chain reaction 
(RT‑qPCR). Total RNA was isolated from tissues or cultured 
cells using TRIzol® reagent (Invitrogen; Thermo Fisher 

Scientific, Inc.), according to the manufacturer's protocol. 
Total RNA (5 µg) was reverse transcribed into cDNA using 
M-MLV Reverse Transcriptase (Invitrogen; Thermo Fisher 
Scientific, Inc.) and supplemented with Oligo(dT18) RT 
primers (Invitrogen; Thermo Fisher Scientific, Inc.). qPCR was 
subsequently performed using SYBR Premix Ex Taq (Takara 
Bio, Inc., Otsu, Japan) using a Bio-Rad CFX96 real-time PCR 
System (Bio-Rad Laboratories, Inc., Hercules, CA, USA). 
The conditions of qPCR were as follows: 94˚C for 15 min, 
followed by 45 cycles of 94˚C for 10 sec, 60˚C for 30 sec, and 
72˚C for 30 sec. Each sample assayed in triplicate in three 
independent experiments. The mRNA levels were quantified 
using the 2‑∆∆Cq method (18) and normalized to internal refer-
ence gene U6. The sequence of the CCAT1 forward primer 
was 5'-TTT ATG CTT GAG CCT TGA-3' and reverse primer 
was 5'-CTT GCC TGA AAT ACT TGC-3'. The sequence of the 
miR-181a-5p forward primer was 5'-GCC GAA CAT TCA ACG 
CTG TCG-3' and reverse primer was 5'-GTG CAG GGT CCG 
AGG T-3'. The sequence of the miR-181a-5p forward primer 
was 5'-CTC GCT TCG GCA GCA CA-3' and reverse primer was 
5'-AAC GCT TCA CGA ATT TGC GT-3'. The sequence of U6 
forward primer was 5'-CTC GCT TCG GCA GCA CA-3' and 
reverse primer was 5'-AAC GCT TCA CGA ATT TGC GT-3'.

Cell proliferation assay. Cell counting kit-8 (CCK-8; Beyotime 
Institute of Biotechnology, Haimen, China) was used to study 
cell proliferation. KLE cells were seeded into 96-well plates 
at a density of 1x103 cells/well and cultured for 24, 48 or 72 h. 
Cells were subsequently incubated with 10 µl of CCK-8 for 2 h 
at 37˚C. Following incubation with CCK‑8, cell viability was 
determined by measuring the absorbance at a wavelength of 
450 nm.

Cell migration assay. Cell migration assays were performed 
using 8 µm transwell inserts (EMD Millipore, Billerica, 
MA, USA). A total of 2x104 KLE cells were added to the 
top chamber containing 200 ml serum-free DMEM. DMEM 
supplemented with 10% FBS was added to the lower chamber. 
After 48 h incubation, migrated cells in the lower chamber 
were stained with 0.1% crystal violet for 1 h at 25˚C. Using a 
light microscope at x100 magnifications, five visual fields were 
randomly selected to calculate the number of migrated cells.

Western blot analysis. Total protein was extracted from KLE 
cells using radioimmunoprecipitation lysis buffer (Beyotime 
Institute of Biotechnology). Total protein was quantified 
using a bicinchoninic acid assay kit and 40 µg protein/lane 
was separated via SDS-PAGE on a 8-12% gel. The separated 
proteins were subsequently transferred onto polyvinylidene 
fluoride membranes and blocked with 5% non‑fat milk for 
1 h at 37˚C. The membranes were incubated with primary 
antibodies against GAPDH (1:5,000; cat. no. SAB2701826; 
Sigma-Aldrich; Merck KGaA, Darmstadt, Germany) and 
c-MET (1:2,000; cat. no. ab51067; Abcam, Cambridge, 
UK) overnight at 4˚C. Following primary incubation, the 
membranes were incubated with a goat horseradish peroxi-
dase-conjugated secondary antibody (1:5,000; sc-2005; Santa 
Cruz Biotechnology, Inc., Dallas, TX, USA) for 2 h at room 
temperature. Protein bands were visualized using enhanced 
chemiluminescence substrate (EMD Millipore).
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Bioinformatics analysis. The target miRNAs of CCAT1 were 
predicted using miRDB (http://mirdb.org/miRDB/index.html).

Luciferase reporter assay. A luciferase reporter assay was 
performed to determine the direct binding of CCAT1 to 
miR-181a-5p. The wild type (WT) and mutant (Mut) sequence 
of CCAT1 was directly synthesized by Shanghai GenePharma 
Co., Ltd. (Shanghai, China) and then inserted into pGL3 
plasmid (Ambion; Thermo Fisher Scientific, Inc.). Cells 
(2x104) were cultured in 24-well plates, and each well was 
transfected with 0.2 µg WT or Mut pGL3-CCAT1 reporter 
plasmid, and equal amounts of miR-181a-5p (50 nM) and 
NC mimics (50 nM) using Lipofectamine® 2000 (Invitrogen; 
Thermo Fisher Scientific, Inc.). After 24 h, Firefly and Renilla 
luciferase activities were measured using the Dual-Luciferase 
Reporter Assay Kit (Promega Corporation, Madison, WI, 
USA) according to the manufacturer's protocols. Luciferase 
activities were normalized to that of Renilla luciferase.

Statistical analysis. Data are presented as the mean ± standard 
deviation of three independent experiments. All statistical 
analyses were performed using SPSS software (version 20.0; 
IBM Corp., Armonk, NY, USA). Student's t-test was performed 
for comparison analysis between two groups. One-way analysis 
of variance followed by Fisher's least significant difference 
post hoc test was performed for multiple-group comparisons. 
Pearson's correlation coefficient was used to measure the linear 
correlation between CCAT1 and miR-181a-5p expression in 
EC tissues. P<0.05 was considered to indicate a statistically 
significant difference.

Results

Expression patterns of CCAT1 and miR‑181a‑5p in EC 
tissues. To investigate the role of CCAT1 in endometrial 
cancer progression, CCAT1 expression was examined in 
tissue samples from patients with endometrial cancer. The 
expression level of CCAT1 was significantly increased in 
endometrial cancer tissue samples compared with matched 
adjacent healthy tissue samples from patients with endome-
trial cancer (Fig. 1A). Similarly, the expression level of CCAT1 
significantly increased in several endometrial cancer cell lines, 
compared with normal human endometrial stromal cell line 
T-HESC (Fig. 1B). By contrast, miR-181a-5p expression was 
significantly decreased in endometrial cancer tissue samples 
compared with matched adjacent healthy tissue samples from 
patients with endometrial cancer (Fig. 1C). Similarly, the 
expression level of miR-181a-5p significantly decreased in 
several endometrial cancer cell lines, compared with normal 
human endometrial stromal cell line T-HESC (Fig. 1D). These 
results suggest that CCAT1 may regulate miR-181a-5p expres-
sion in EC.

CCAT1 is a target of miR‑181a‑5p. To investigate the 
correlation between CCAT1 and miR-181a-5p, bioin-
formatics analysis was per formed using sta rBase 
(starbase.sysu.edu.cn) to identify potential targets of 
miR‑181a‑5p. starBase identified a potential miR‑181a‑5p 
binding site in CCAT1 (Fig. 2A). Luciferase reporter gene 
assay was performed to confirm the potential association 

between CCAT1 and miR-181a-5p. Following transfection 
with miR-181a-5p mimic, the overexpression of miR-181a-5p 
was confirmed by RT‑qPCR (Fig. 2B). Overexpression of 
miR‑181a‑5p significantly reduced the luciferase reporter 
activity of CCAT1-WT compared with CCAT1-Mut in KLE 
cells (Fig. 2B). Following transfection with siCCAT1, knock-
down of CCAT1 expression was confirmed by RT‑qPCR 
(Fig. 2C). Knockdown of CCAT1 significantly increased 
miR-181a-5p expression in KLE cells (Fig. 2D) By contrast, 
overexpression of miR‑181a‑5p significantly reduced CCAT1 
expression in KLE cells (Fig. 2E). Furthermore, an inverse 
correlation was observed between miR-181a-5p and CCAT1 
expression in EC tissues (Fig. 2F). These results suggest that 
CCAT1 can act as a molecular sponge of miR-181a-5p in EC 
cells.

CCAT1 knockdown inhibits EC cell proliferation and 
migration. The physiological functions of CCAT1 in EC 
were further investigated. CCK-8 assays demonstrated that 
knockdown of CCAT1 significantly inhibited the proliferation 
of KLE cells (Fig. 3A). The association between CCAT1 and 
migration was examined by Transwell migration assays. The 
results from the migration assays demonstrated that knock-
down of CCAT1 significantly decreased the migration ability 
of KLE cells (Fig. 3B).

miR‑181a‑5p overexpression inhibits EC cell proliferation 
and migration. The present study demonstrated that CCAT1 
regulates miR-181a-5p expression in EC cells. To determine 
the physiological function of miR-181a-5p in EC, KLE cells 
were transfected with miR-181a-5p mimic and subsequent 
CCK-8 and transwell assays were performed. Overexpression 
of miR‑181a‑5p significantly reduced EC cell proliferation and 
migration (Fig. 4A and B), suggesting that miR-181a-5p may 
function as a tumor suppressor in EC.

miR‑181a‑5p inhibition significantly reverses the effects 
of CCAT1 knockdown in EC cells. To determine whether 
CCAT1 functions in EC progression through the inhibition 
of miR-181a-5p, rescue experiments were performed in EC 
cells. Following transfection with miR-181a-5p inhibitor 
alone, the relative expression level of miR-181a-5p in KLE 
cells was confirmed by RT-qPCR (Fig. 5A). CCK-8 and 
Transwell migration assays demonstrated that CCAT1 
knockdown significantly inhibits the proliferation and migra-
tion of KLE cells, however these effects were reversed by 
the inhibition of miR-181a-5p (Fig. 5B and C). These results 
suggest that CCAT1 may act as a sponge of miR-181a-5p to 
exert oncogenic roles by regulating EC cell proliferation and 
migration.

miR‑181a‑5p targets c‑MET in KLE cells. miR-181a-5p was 
previously reported to target c-MET in liver cancer (19). 
Therefore, the effect of miR-181a-5p on c-MET expression in 
KLE cells was evaluated. Western blotting demonstrated that 
miR-181a-5p mimic transfection suppressed c-MET expres-
sion in KLE cells (Fig. 6A). Furthermore, CCAT1 knockdown 
led to decreased expression of c-MET (Fig. 6B), indicating that 
the CCAT1/miR-181a-5p axis may regulate c-MET to exert 
roles in EC progression.
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Figure 2. CCAT1 is a target gene of miR-181a-5p. (A) Bioinformatics analysis was used to identify miR-181a-5p binding sites in CCAT1. (B) Following 
miR-181a-5p overexpression, the expression level was detected by RT-qPCR and the relative luciferase activity was measured. (C) Following transfection with 
si‑CCAT1 or control, the mRNA expression level of CCAT1 was determined by RT‑qPCR in human EC cell line, KLE. (D) CCAT1 knockdown significantly 
enhanced miR‑181a‑5p expression in KLE cells. (E) Overexpression of miR‑181a‑5p significantly reduced the mRNA expression level of CCAT1 in KLE 
cells. (F) An inverse correlation between CCAT1 and miR‑181a‑5p expression in EC tissue samples was identified (r=‑0.371; P=0.024). *P<0.05 vs. control 
group. RT-qPCR, reverse transcription-quantitative polymerase chain reaction; CCAT1, colon cancer-associated transcript 1; EC, endometrial cancer; miR, 
microRNA; KLE, human endometrial stromal cell line; miR-NC, endometrial cancer cell line KLE transfected with scramble miR; miR-181a-5p, endometrial 
cancer cell line KLE transfected with miR-181a-5p mimic; si-control, endometrial cancer cell line KLE transfected with siRNA negative control; si-CCAT1, 
endometrial cancer cell line KLE transfected with siRNA targeting CCAT1; siRNA, small interfering RNA; CCAT1 (WT), wild-type 3'UTR of CCAT1 cloned 
into luciferase reporter plasmid; CCAT1 (Mut), mutant 3'UTR of CCAT1 cloned into luciferase reporter plasmid.

Figure 1. Expression patterns of CCAT1 and miR-181a-5p in EC tissues. (A) The mRNA expression level of CCAT1 was determined by RT-qPCR using tissue 
samples from patients with endometrial cancer. (B) The relative mRNA expression of CCAT1 was determined by RT-qPCR in human endometrial stromal cell 
line ESC as well as several human endometrial adenocarcinoma cell lines (HEC-1 A, Ishiwaka and KLE). (C) The mRNA expression level of miR-181a-5p 
was determined by RT-qPCR using tissue samples from patients with endometrial cancer. (D) The relative mRNA expression of miR-181a-5p was determined 
by RT-qPCR in human endometrial stromal cell line ESC as well as several human endometrial adenocarcinoma cell lines (HEC-1 A, Ishiwaka and KLE). 
*P<0.05 as indicated. RT-qPCR, reverse transcription-quantitative polymerase chain reaction; CCAT1, colon cancer-associated transcript 1; EC, endometrial 
cancer; miR, microRNA; ESC, human endometrial stromal cell line; HEC-1-A, Ishiwaka and KLE, human endometrial adenocarcinoma cell lines.
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Discussion

Endometrial cancer is one of the most common malignan-
cies in women, and a leading cause of cancer-associated 
mortality worldwide (3). Dysregulated expression of lncRNAs 
is closely associated with tumor development and progres-
sion (20). In addition, lncRNAs have been identified as 
promising biomarkers for assessing cancer diagnosis and 
prognosis (21). Wang et al (22) reported that upregulation of 
lncRNA HNF1A-antisense RNA 1 is associated with poor 
prognosis in bladder cancer. Yang et al (23) demonstrated 
that lncRNA small nucleolar RNA host gene 1 can predict 
a poor prognosis and promote colon cancer tumorigenesis. 
LncRNA BDNF-antisense RNA has functional role in human 
prostate cancer and is associated with clinical outcomes (24). 
Xiao et al (25) revealed that lncRNA HOX transcript anti-
sense RNA can be used as a prognostic biomarker for the 
proliferation and chemoresistance of colorectal cancer via 
miRNA-203a-3p-mediated Wnt/β-catenin signaling pathway.

The pathophysiological function of lncRNAs in EC 
requires further investigation. Previous studies have revealed 
that CCAT1 may serve important roles in the progres-
sion and metastasis of cancer. For example, Cao et al (26) 
indicated that CCAT1 promotes metastasis and poor 
prognosis in epithelial ovarian cancer. Zhang et al (27) 
demonstrated that the CCAT1/miRNA-218/zinc finger 

protein X-linked axis regulates the progression of laryngeal 
squamous cell cancer. In addition, the CCAT1 promotes 
osteosarcoma proliferation and migration via regulating the 
miRNA-148a/phosphoinositide-3-kinase interacting protein 
1 signal pathway (28). Arunkumar et al (29) revealed that 
CCAT1 is overexpressed in oral squamous cell carcinoma 
and as CCAT1 overexpression may sponge miRNA15-5p and 
let7b-5b, CCAT1 overexpression may predict poor prognosis. 
The role of CCAT1 has not been defined in EC progression. 
The present study demonstrated that CCAT1 expression was 
significantly upregulated in endometrial cancer tissue samples 
compared with matched adjacent healthy tissue samples from 
patients with endometrial cancer. Similarly, CCAT1 expres-
sion was significantly upregulated in several EC cell lines 
(KLE, Ishiwaka and HEC-1-A), compared with normal human 
endometrial stromal cell line T-HESC. CCK-8 and Transwell 
migration assays verified that CCAT1 knockdown significantly 
decreased EC cell proliferation and migration, suggesting that 
CCAT1 may contribute to EC progression.

Growing evidence has suggested that lncRNAs could act 
as miRNA sponges to exert a physiological function (30). 
Xu et al (31) demonstrated that lncRNA differentiation antago-
nizing non-protein coding RNA acts as a sponge of miRNA-634 
to regulate Ras-related protein Rab-1A expression in glioma. 
Zhu et al (32) revealed that lncRNA taurine up-regulated 1 acts 
as a sponge of miRNA-138-5p to regulate sirtuin 1 expression 

Figure 3. CCAT1 knockdown inhibits EC cell proliferation and migration. (A) The effect of CCAT1 knockdown on KLE cell proliferation was analyzed by 
CCK‑8 assay. (B) The effect of CCAT1 knockdown on KLE cell migration was analyzed using the Transwell migration assay (original magnification, x100). 
*P<0.05 vs. control group. CCK-8, cell counting kit-8; CCAT1, colon cancer-associated transcript 1; EC, endometrial cancer; miR, microRNA; KLE, human 
endometrial stromal cell line; si-control, endometrial cancer cell line KLE transfected with siRNA negative control; si-CCAT1, endometrial cancer cell line 
KLE transfected with siRNA targeting CCAT1; siRNA, small interfering RNA.

Figure 4. miR-181a-5p overexpression inhibits EC cell proliferation and migration. (A) The effect of miR-181a-5p overexpression on KLE cell proliferation was 
analyzed by CCK-8 assay. (B) The effect of miR-181a-5p overexpression on KLE cell migration was analyzed using the Transwell migration assay. *P<0.05 
vs. control group. CCK-8, Cell Counting Kit-8; KLE, human endometrial stromal cell line; miR, microRNA; miR-NC, endometrial cancer cell line KLE 
transfected with scramble miR; miR-181a-5p, endometrial cancer cell line KLE transfected with miR-181a-5p mimic.
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and cervical cancer progression. Chen et al (16) revealed that 
CCAT1 can promote multiple myeloma progression by acting 
as a molecular sponge of miR-181a-5p and thereby regulating 
homeobox A1 expression. Additionally, previous studies have 
demonstrated that lncRNA expression may be regulated by the 
binding of sponged miRNAs (33,34). Consistent with previous 

findings, the present study identified that CCAT1 acts as a 
molecular sponge of miR-181a-5p to suppress miR-181a-5p 
expression in EC cells. Previous studies have revealed that 
miR-181a-5p regulates the progression of several types of 
cancer. Li et al (35) demonstrated that nuclear paraspeckle 
assembly transcript 1 promotes proliferation and invasion 
via targeting of miR-181a-5p in non-small cell lung cancer. 
Additionally, miR-181a-5p promotes the proliferation and 
migration of gastric cancer cells through regulation of protein 
tyrosine phosphatase, non-receptor type 9 (36). Yang et al (37) 
indicated that miR-181a-5p promotes proliferation and inva-
sion, and inhibits apoptosis of cervical cancer cells via 
targeting of inositol polyphosphate-5-phosphatase A. The role 
of miR-181a-5p in EC has not been previously investigated. 
The present study demonstrated that miR-181a-5p expression 
was significantly downregulated in endometrial cancer tissue 
samples compared with matched adjacent healthy tissue samples 
from patients with endometrial cancer. Similarly, miR-181a-5p 
expression was significantly downregulated in several EC cell 
lines (KLE, Ishiwaka and HEC-1-A), compared with normal 
human endometrial stromal cell line T-HESC. CCK-8 and 
Transwell migration assays demonstrated that miR-181a-5p 
overexpression inhibited EC cell proliferation and migration. 
Furthermore, rescue experiments revealed that inhibition of 
miR-181a-5p significantly reversed the effects of CCAT1 
knockdown on EC cell proliferation and migration. A previous 
study demonstrated that miR-181a-5p was downregulated and 
suppressed motility, invasion and branching-morphogenesis 

Figure 6. miR-181a-5p targets c-MET in KLE cells. (A) Following 
miR-181a-5p overexpression in KLE cells, the protein expression level of 
c-MET was determined by western blotting. (B) Following CCAT1 knock-
down in KLE cells, the protein expression level of c-MET was determined 
by western blotting. CCAT1, colon cancer-associated transcript 1; miR, 
microRNA; KLE, human endometrial stromal cell line; miR-NC, endome-
trial cancer cell line KLE transfected with scramble miR; miR-181a-5p, 
endometrial cancer cell line KLE transfected with miR-181a-5p mimic; 
si-control, endometrial cancer cell line KLE transfected with siRNA nega-
tive control; si-CCAT1, endometrial cancer cell line KLE transfected with 
siRNA targeting CCAT1; siRNA, small interfering RNA; c-MET, MET 
proto-oncogene, receptor tyrosine kinase.

Figure 5. miR‑181a‑5p inhibition significantly reverses the effects of CCAT1 knockdown in EC cells. (A) Following miR‑181a‑5p inhibition, the relative 
expression level of miR‑181a‑5p was detected in KLE cells by reverse transcription‑quantification polymerase chain reaction. (B) The CCK‑8 assay was used 
to analyze the effect of CCAT1 knockdown and miR-181a-5p inhibition on KLE cell proliferation. (C) The Transwell migration assay was used to analyze the 
effect of CCAT1 knockdown and miR-181a-5p inhibition on KLE cell migration. *P<0.05 as indicated. CCAT1, colon cancer-associated transcript 1; EC, endo-
metrial cancer; miR, microRNA; KLE, human endometrial stromal cell line; NC, negative control; NC inhibitor, endometrial cancer cell line KLE transfected 
with negative control inhibitor; miR-181a-5p inhibitor, endometrial cancer cell line KLE transfected with miR-181a-5p inhibitor; si-control, endometrial cancer 
cell line KLE transfected with siRNA negative control; si-CCAT1, endometrial cancer cell line KLE transfected with siRNA targeting CCAT1; siRNA, small 
interfering RNA; si-CCAT1 + inhibitor, endometrial cancer cell line KLE transfected with siRNA targeting CCAT1 and miR-181a-5p inhibitor.
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by directly targeting c-MET in liver cancer (19). Additinally, 
c-MET signaling is crucial in the development of EC (38). The 
present study revealed that either miR-181a-5p overexpression 
or CCAT1 knockdown decreased c-MET expression in EC 
cells, suggesting CCAT1 may be involved in EC progression 
via c-MET signaling. Furthermore, miR-181a-5p may also be 
sponged by other lncRNAs, including NEAT1 (35). CCAT1 
may function with other lncRNAs to sponge miR-181a-5p and 
regulate EC progression, however this requires futher investi-
gation.

In conclusion, the current study demonstrated that CCAT1 
may function as an oncogene in EC by acting as a molecular 
sponge of miR-181a-5p. These results suggest a potential 
molecular mechanism underlying tumorigenesis in EC and the 
CCAT1/miR-181a-5p axis may be a promising target for EC 
therapy.
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