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Abstract
In previous studies, long non-coding RNA LINC01410 (LINC01410) has been found to promote cells proliferation and 
invasion in colon and gastric cancers. However, the function of LINC01410 in endometrial cancer (EC) is still elusive. The 
expression patterns of LINC01410/miR-23c/Chromodomain Helicase DNA-Binding Protein 7 (CHD7) in EC tissues and 
the prognosis of patients with different expression of LINC01410/miR-23c/CHD7 were determined by consulting TCGA 
database. EC patients with complete clinical data were applied for clinicopathological correlation analysis. The biological 
characteristics of EC cells were analyzed with the support of CCK-8 and transwell assays. CHD7 expression was assessed by 
qRT-PCR and western blot assays. Targeted associations between LINC01410 and miR-23c, as well as miR-23c and CHD7 
were speculated by prediction website and verified by dual-luciferase assay. Rescue assays were performed to explore the 
interrelation among LINC01410, miR-23c and CHD7. Our data illustrated that LINC01410 high expression was presented 
in EC tissues and was positively related to the poor prognosis of patients in EC, as well as the malignant behaviors of EC 
cells. Through bioinformatics analysis, we surmised that LINC01410/miR-23c/CHD7 may play a role through the forma-
tion of competing endogenous RNA (ceRNA) mechanism. CHD7 expression was positively regulated by LINC01410, and 
inversely controlled by miR-23c. Furthermore, the promoting effects of miR-23c inhibitor or CHD7 upregulation on EC 
cell growth and aggressiveness were attenuated by LINC01410 silencing. Our results indicated that high expression of 
LINC01410 promoted EC cell progression through modulating miR-23c/CHD7 axis, providing a new direction for reveal-
ing the molecular mechanism of EC.
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Introduction

Endometrial cancer (EC) is not only one of the most com-
mon gynecological malignancies but also the most common 
cause of hysterectomy [1, 2]. Currently, the incidence of 
EC and mortality from EC has gone up, which may be con-
nected with more common obesity and metabolic syndrome 
[3]. Around the world, about 142,000 women develop EC 
each year, and 42,000 women die from it [4]. The prognosis 
is still worse in patients with EC at the advanced stage or 

with a high risk of recurrence [4]. Therefore, it is essential 
to strengthen the understanding of the molecular mechanism 
of EC pathogenesis, to identify new therapeutic targets, and 
to develop more effective EC treatment strategies.

Long non-coding RNAs (lncRNAs), which belong to 
the family of non-coding RNAs (ncRNAs), account for 
more than 80% of human genomic transcripts [5]. A great 
amount of studies disclosed that lncRNAs possess crucial 
functions in numerous cellular processes, covering cell 
proliferation and cycle, as well as tumor metastasis [6, 7], 
through modulating the expression of protein-coding gene, 
altering epigenetic modulation, as well as serving as bait 
that sponging microRNAs (miRNAs) [8, 9]. Until now, 
several studies have indicated that plenty of lncRNAs, 
including HOTAIR, CCAT2, TDRG1, SNHG16, MEG3, 
were abnormally expressed in EC, and were involved in 
the development, metastasis, and drug resistance of EC 
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cells [10–14]. However, study on LINC01410 in EC 
has not been well done. The reports about the function 
of LINC01410 in tumor were limited in gastric cancer, 
colon cancer, papillary thyroid carcinoma, and pancre-
atic cancer. For example, a earlier study has shown that 
LINC01410 promoted angiogenesis and metastasis of gas-
tric cancer by reducing miR-532 expression [15]. Further-
more, it has been revealed that LINC01410 promoted cell 
growth and invasion in colon cancer via downregulating 
miR-3128 expression [16]. These findings insinuated that 
LINC01410 may play a crucial role in the proliferation and 
invasion of cancer cells. By enquiring TCGA database, 
LINC01410 showed a tendency of high expression, and 
its high expression was positively correlated with worse 
prognosis of patients with EC, suggesting that LINC01410 
was associated with the progression of EC. In light of all 
this, we performed this study to investigate the function 
of LINC01410 in EC.

In 2011, the competing endogenous RNA (ceRNA) 
hypothesis was proposed by Salmena et  al. which hold 
that any RNA molecules that harbor miRNA-response ele-
ments (MREs) can isolate miRNAs from other targets shar-
ing the same MREs, thus regulating their functions [17]. 
Importantly, this assumption has been confirmed by some 
appended studies, which presented that lncRNAs could 
act as ceRNAs that contend with miRNA-binding sites, 
thus suppressing the expression of mRNAs that targeted 
by miRNA [18, 19]. Interestingly, the ceRNA mechanism 
has been revealed in several human tumors, including EC. 
For example, the lncRNA SNHG16 regulated glycolysis 
and proliferation of EC via miR-490-3p/HK2 axis [13], 
and lncRNA OGFRP1 promoted EC development through 
modulating miR-124-3p/SIRI1 axis [20]. Besides that, miR-
NAs executed crucial roles in numerous cancers. For exam-
ple, a research from Muhammad et al. discovered that anti-
miR-203 suppressed breast cancer growth and stemness by 
targeting SOCS3 [21]. Moreover, miR-23c inhibited tumor 
growth in hepatocellular carcinoma via targeting ERBB2IP 
[22]. All the researches illustrated the importance of miR-
NAs in cancers. By biological analysis, we preliminarily 
constructed “LINC01410/miR-23c/ Chromodomain Heli-
case DNA-Binding Protein 7 (CHD7)” network. However, 
the function of the network and its exact mechanisms in EC 
progression remain poorly understood.

During this study, we expounded the effects and under-
lying mechanism of LINC01410 in EC. We detected the 
expression of LINC01410 in EC samples and evaluated 
the function of LINC01410 aberrant expression on the bio-
logical characteristics of EC cells. More importantly, we 
explored the regulatory mechanisms between LINC01410 
and miR-23c, as well as miR-23c and CHD7. All the conse-
quences might afford a theoretical foundation for projecting 
new biomarkers for remedying EC.

Materials and methods

Bioinformatics analysis

Data from The Cancer Genome Atlas (TCGA) (https ://
cance rgeno me.nih.gov/) database including 552 tumor 
tissues and 35 normal tissues was employed to assess the 
expression of LINC01410 and CHD7, and conduct prog-
nosis analysis. Data from TCGA including 546 tumor tis-
sues and 33 normal tissues was applied to evaluate the 
expression of miR-23c and perform prognosis analysis. 
Patients’ information from TCGA with complete clinical 
data was used for correlation analysis. LncBase website 
was used to speculate the target miRNAs of LINC01410. 
Targetscan website was utilized to predict the target 
mRNAs of miR-23c.

Cell culture and treatment

Human EC cell lines containing RL95-2, HEC-1-A and 
KLE were purchased from ATCC (USA), and the nor-
mal uterine endometrial epithelial cells (NUEEC) were 
obtained from chiscientific.biomart.cn (Jiangyin, Jiangsu, 
China). Cells were incubated in RPMI-1640 medium 
appending with 10% fetal bovine serum, 100 U/mL peni-
cillin, and 0.1 mg/mL streptomycin in 37 °C incubator 
with 5%  CO2.

Sangon (Shanghai, China) provided the sequences 
of si-con (5′-CGA ACT CAC TGG TCT GAC C-3′), si-
LINC01410#1 (5 ′- TTC AAG AAA TGG GAG ATT 
CGACT-3′), si-LINC01410#2 (5′-TTG CTG ATT GAG 
CAA GAA TTAAA-3 ′), si-CHD7 (5 ′-CTA ACG TAC 
CTA ACC TAT TAA-3′), miR-23c mimic/inhibitor/NC/
pcDNA3.1/pcDNA3.1-LINC01410/pcDNA3.1-CHD7. 
All of the sequences were transfected into cells using 
Lipofectamine2000 (11668-027, Invitrogen, USA) based 
on the manufacture’s instruction to down or upregulate 
LINC01410, miR-23c or CHD7 expression.

RNA extraction and quantitative real‑time PCR 
(qRT‑PCR)

We separated the whole RNA from the treated cells with 
the support of TRIzol reagent (15596-026, Invitrogen, 
USA). The quantity and purity of RNA were assessed 
using a SmartSpec Plus spectrophotometer (BioRad, 
USA). qPCR was executed to amplify the target genes 
using a qRT-PCR kit in a 7300HT real-time PCR system. 
To evaluate the expression of miRNA, qPCR was oper-
ated with the support of miScript II RT Kit and miScript 
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SYBR Green PCR kit in a 7300HT real-time PCR system. 
GAPDH and U6 were regarded as the internal standards 
for mRNA and miRNA expression, severally. Relative 
quantification of genes expression was carried out using 
 2−ΔΔCt method. The primer sequences were presented as 
below:

LINC01410 F: 5′-GTG ACA  AGA ATG GCC CAA GC-3′,
R: 5′-ACT GTG CAC CTG  TTA CAC CA-3′;
CHD7 F: 5′-CCT TTC CAT GCT GAA GTT CCTGC-3′,
R: 5′-TCA GGC ATA CCG ACT CGT TCCA-3′;
GAPDH F: 5′-TGT GTC CGT CGT GGA TCT GA-3′,
R: 5′-CCT GCT TCA CCA CCT TCT TGA-3’.

Western blot

Cells from each group were lysed on ice in RIPA buffer, 
and the concentrations of each protein were assessed by 
utilizing BCA methods. After denaturing (5 min, 95 °C), 
the proteins were isolated using SDS-PAGE and transferred 
to a PVDF membrane. After blocking, the proteins on 
PVDF membranes were incubated with primary antibodies 
(Abcam, UK) covering CHD7 (ab176807, 1:5000), Cyclin 
D1 (ab16663, 1:200), CDK6 (ab124821, 1:50,000), Bcl2 
(ab32124,1:1000), Bax (ab32503, 1:5000) and GAPDH 
(ab181602, 1:10,000) for 24 h at 4 °C. Afterwards, the 
proteins were incubated with secondary antibody for 2 h at 
about 25 °C. Finally, ECL was added to develop the signals, 
and Image Quant LAS 500 was applied to capture the image.

Cell proliferation assay

After 24-h post-transfection, the cells were implanted into 
96-well plates with the density of 1000 cells/well for the 
following analysis with the support of Cell Counting Kit-8 
(CCK-8, CK04, Japan). The cell viability was determined at 
0 h, 24 h, 48 h and 72 h. Briefly, 15 μL of CCK-8 solution 
was filled into the well equipped with cells for a 1.5 h incu-
bation at 37 °C. After shaking, the optical density at 450 nm 
was detected using a spectrophotometer (BioRad, USA).

Cell invasion and migration assays

Transwell assay was performed to estimate cell migration 
and invasion. For invasion assay, the transwell chambers 
were pre-coated with Matrigel, which was not needed in the 
migration assay. Afterwards, cells were incubated in serum-
free 1640 medium for 24 h. Then, the cells were implanted 
in the upper chamber and the complete medium RPMI-1640 
was loaded into the lower chamber. After 48-h incubation, 
the migrated and invaded cells were fixed with paraform-
aldehyde, stained with crystal violet and counted under a 
microscope (IX83, Olympus Corporation, Japan).

Dual‑luciferase assay

The associations between LINC01410 and miR-23c, as well 
as miR-23c and CHD7 were identified by dual-luciferase 
assays. First, 3′-UTR of LINC01410 or 3′-UTR of CHD7 
was inserted into pGL3 vector (Promega, Madison, WI) 
to construct the wild type (WT) luciferase reporter vec-
tor pGL3-LINC01410 or pGL3-CHD7. Afterwards, Site-
Directed Mutagenesis Kit (210518, Stratagene, La Jolla, 
USA) was used to synthesis the mutated luciferase reporter 
vector pGL3-LINC01410-MUT or pGL3-CHD7-MUT with 
point mutations in the seed sequence. Then, luciferase vector 
and miR-23c mimic or mimic NC were co-transfected into 
cells. After 48 h of incubation, the cells were lysed and the 
luciferase activity in every group was evaluated using the 
dual-luciferase reporter assay system (Promega, Madison, 
WI).

Statistical analysis

All experiments in this study were acquired in tripli-
cate independently. The values were exhibited as the 
means ± standard deviation (SD). Statistical analyses were 
assessed by using SPSS 22.0 and GraphPad Prism 5.0. The 
significant differences among groups were measured by 
student’s t test or one-way ANOVA accompanied by Bon-
ferroni’s post hoc analysis. Low and high expression of 
LINC01410, miR-23c, and CHD7 in the EC samples were 
defined according to the median, and those above the median 
were defined as high expression and those under the median 
were defined as low expression. And the prognosis was ana-
lyzed by Kaplan–Meier Plotter. Clinical correlation analysis 
was performed using chi-square test. P value less than 0.05 
revealed a statistically significance.

Results

LINC01410 expression was connected 
with the survival of EC patients and biological 
characteristics of EC cells

To search for the function of LINC01410 in EC develop-
ment, we first assessed the expression of LINC01410 in 
EC tissues from TCGA database. The data indicated that 
LINC01410 expression was obviously increased in EC tis-
sues (n = 552) in contrast with that of the control (n = 35, 
Fig. 1a, P < 0.0001), and high expression of LINC01410 
resulted in lower survival of EC patients (Fig.  1b, 
P < 0.01). Moreover, LINC01410 expression was closely 
related to age, grade, histological type, stage and death of 
EC patients (Table 1). Afterwards, we detected the expres-
sion of LINC01410 in EC cell lines including HEC-1-A, 
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Fig. 1  High expression of LINC01410 was related to poor prog-
nosis of EC patients and the growth, cycle, apoptosis, invasion and 
migration of EC cells. a LINC01410 was highly expressed in EC tis-
sues (n = 552) compared with that of the normal tissues (n = 35). b 
EC patients with LINC01410 upregulation presented worse overall 
survival. c The LINC01410 expression was upregulated in EC cell 
lines. d LINC01410 expression was significantly reduced after si-
LINC01410 treatment in KLE cells. e LINC01410 expression was 

obviously elevated after pcDNA3.1-LINC01410 transfection in HEC-
1-A cells. f The viability of KLE cells was decreased after knock-
down of LINC01410. g The viability of HEC-1-A was upregulated 
after LINC01410 overexpression. h Depletion of LINC01410 reduced 
the numbers of invaded and migrated KLE cells. i Upregulation of 
LINC01410 increased the number of invaded and migrated HEC-1-A 
cells. j Expression of cycle-related proteins and apoptosis-related pro-
teins was detected after LINC01410 knockdown. P < 0.01 vs. control
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RL95-2 and KLE. The data revealed that LINC01410 
expression was elevated to varying degrees in EC cells 
compared to that of the normal cell NUEEC (Fig. 1c, 
P < 0.01). HEC-1-A and KLE cells were employed to 
perform loss or gain of function experiments. After si-
LINC01410#1 or si-LINC01410#2 treatment, the expres-
sion of LINC01410 was reduced significantly in KLE 
cells (Fig. 1d, P < 0.01). In the subsequent loss of func-
tion experiments, si-LINC01410#2 with higher interfer-
ence efficiency was selected. Besides, LINC01410 expres-
sion was obviously increased after pcDNA3.1-LINC01410 
treatment in HEC-1-A cells (Fig. 1e, P < 0.01). And the 
data from cell proliferation assays exhibited that knock-
down of LINC01410 decreased the viability of KLE cells, 
and upregulation of LINC01410 increased the viability 
of HEC-1-A cells (Fig. 1f, g, P < 0.01). Furthermore, the 
number of invaded and migrated KLE cells were signifi-
cantly decreased after LINC01410 depletion, but overex-
pression of LINC01410 elevated the number of invaded 
and migrated HEC-1-A cells (Fig. 1h, i, P < 0.01). Besides, 
the expression of proteins associated with cell cycle and 
apoptosis was also detected by western blot. The data pre-
sented that depletion of LINC01410 reduced the expres-
sion of Cyclin D1, CDK6 and Bcl-2, and elevated the Bax 
expression, indicating that knockdown of LINC01410 
blocked the cell cycle and promoted cell apoptosis (Fig. 1j, 

P < 0.01). All these phenomena suggested that LINC01410 
possessed a crucial role in EC development.

Bioinformatics analysis predicted and constructed 
the ceRNA network related to LINC01410

Next, we analyzed LINC01410 localization in cells 
through long non-coding RNA subcellular localization 
predictor (lnclocator) website, and found that LINC01410 
was widely distributed in cytoplasm, which was specu-
lated to be related to ceRNA mechanism (Fig. 2a). Then, 
lncBase website was applied to predict the miRNAs related 
to LINC01410, and 823 miRNAs were obtained. The pre-
dicted miRNAs were intermingled with the downregulated 
miRNAs with prognostic significance, and 6 miRNAs 
were captured, namely miR-23c, miR-4424, miR-47045, 
miR-4770, miR-548ax, and miR-578 (Fig. 2b). Based on 
the literature review, miR-23c was further analyzed as a 
downstream miRNA of LINC01410. The information from 
TCGA revealed that miR-23c was lower expressed in EC 
tissues (n = 546) compared with that of the normal tissues 
(n = 33), and its underexpression easily led to unfavora-
ble prognosis (Fig. 2c, d, P < 0.01). In addition, miR-23c 
expression was associated with the age, grade, histological 
type, stage and death of EC patients (Table 2). Afterwards, 
the downstream target of miR-23c was investigated. Tar-
getScan website was used to predict the target genes of 
miR-23c, and 1343 genes were acquired. The predicted tar-
get genes were intersected with mRNAs that were upregu-
lated and had significant prognostic values, and 24 genes 
were obtained (Fig. 2e). The 24 target genes of miR-23c 
were intersected with the LINC01410 co-expressed genes, 
and 5 genes were acquired, namely SOX11, LIN28B, 
EPHB2, STON2 and CHD7 (Fig. 2f). Through the lit-
erature review, CHD7 was selected for further research, 
which has relatively few literature studies. The data from 
TCGA suggested that CHD7 was highly expressed in EC 
tissues (n = 552) compared with that of the normal tissues 
(n = 35), and high expression of CHD7 caused worse over-
all survival in patients with EC (Fig. 2g, h). And CHD7 
expression was connected with the age, grade, histologi-
cal type, and death of EC patients (Table 3). Considering 
the relationship among LINC01410, miR-23c and CHD7, 
the effects of LINC01410/miR-23c/CHD7 combination on 
survival were performed. The data showed that patients 
with high-LINC01410/CHD7 expression and low-miR-
23c expression had worse prognosis than other patients 
(Fig. 2i). However, patients with low-LINC01410/CHD7 
expression and high-miR-23c expression had better prog-
nosis than other patients (Fig. 2j). These results insinu-
ated that LINC01410/miR-23c/CHD7 may form a ceRNA 
network to affect the biological behaviors of EC samples.

Table 1  Relationship between LINC01410 expression and clinico-
pathologic features of patients with endometrial cancer

Data from TCGA database
*P < 0.05

Characteristics Expres-
sion of 
LINC01410

P value

Low High

Age 0.009*
 < 60 79 54
 ≥ 60 128 153

Grade 0.001*
 G1 + G2 97 65
 G3 110 142

Histological type 0.000*
 Endometrioid endometrial adenocarcinoma 179 132
 Mixed serous and endometrioid 6 10
 Serous endometrial adenocarcinoma 22 65

Stage 0.016*
 I + II 160 138
 III + IV 47 69

Death 0.048*
 No 180 165
 Yes 27 42
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LINC01410 promoted CHD expression, at least 
in part, by regulating miR‑23c expression in EC cells

To further identify the associations among LINC01410, 
miR-23c and CHD7, dual-luciferase assays were carried 
out. The binding sites between LINC01410 and miR-23c, 
as well as miR-23c and CHD7 were presented in Fig. 3a, 
b. The luciferase activity in WT LINC01410 group was 
decreased or increased after treatment with miR-23c 
mimic or inhibitor, but the activity in MUT LINC01410 
group was almost the same (Fig. 3c, P < 0.01). And the 
luciferase activity in WT CHD7 group was reduced or 
elevated after up or downregulation of miR-23c, but the 
activity in MUT CHD7 group was almost not change 

(Fig. 3d, P < 0.01). And the data from PCR and west-
ern blot exhibited that CHD7 expression was decreased 
or increased after LINC01410 or miR-23c depletion, but 
knockdown of LINC01410 and miR-23c together attenu-
ated the effects of si-LINC01410 or miR-23c inhibitor on 
CHD7 expression (Fig. 3e–g, P < 0.01). Moreover, upregu-
lation of LINC01410 or miR-23c elevated or reduced the 
expression of CHD7, but simultaneous overexpression 
of LINC01410 and miR-23c suppressed the effects of 
LINC01410-OE or miR-23c mimic on CHD7 expression 
(Fig. 3h–j, P < 0.01). These data illustrated that CHD7 
expression was positively modulated by LINC01410, and 
inversely regulated by miR-23c, affording basis for further 
exploration.

Fig. 2  Associations among LINC01410, miR-23c and CHD7 were 
predicted by bioinformatics analysis. a The lnclocator website was 
used to detect the location of LINC01410 in cells. b MiRNAs, related 
to LINC01410, were obtained. c The expression of miR-23c in EC 
tissues (n = 546) were presented by analysis of TCGA database. d 
The overall survival of EC patients with miR-23c downregulation 
became shorter. e, f The mRNAs, related to miR-23c, were acquired. 

g The expression of CHD7 was significantly upregulated in GC tis-
sues (n = 552) compared with that of the normal tissues (n = 35). h 
Patients with CHD7 upregulation presented poor overall survival. i 
Patients with high-LINC01410/CHD7 expression and low miR-23c 
expression exhibited worse prognosis than other patients. j Patients 
with low-LINC01410/CHD7 expression and high miR-23c expression 
showed better prognosis than other patients. P < 0.01 vs. normal
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LINC01410 regulated the activity, invasion 
and migration of EC cells via interacting 
with miR‑23c/CHD7

Based on the above research, the regulation of LINC01410/
miR-23c/CHD7 axis on the activity, invasion and migra-
tion of EC cells was further detected. We observed that 
the activity of KLE cells was increased significantly after 
miR-23c depletion or CHD7 upregulation. But depletion of 
LINC01410 suppressed the promoting effects of miR-23c 
inhibitor or CHD7-OE on cells viability. Together overex-
pression of CHD7 and silencing of miR-23c enhanced the 
promoting effects of miR-23c inhibitor or CHD7-OE on 
KLE cells viability (Fig. 4a, P < 0.01). On the other side, 
overexpression of miR-23c or depletion of CHD7 reduced 
the viability of HEC-1-A cells. However, upregulation of 
LINC01410 limited the inhibitory effects of miR-23c mimic 
or si-CHD7 on cell viability. Moreover, simultaneous upreg-
ulation of miR-23c and silencing of CHD7 strengthened the 
inhibitory effects of miR-23c mimic or si-CHD7 on HEC-
1-A cells vitality (Fig. 4b, P < 0.01). The transwell assays 
stated that knockdown of miR-23c or upregulation of CHD7 
increased the numbers of invaded and migrated KLE cells. 
But knockdown of LINC01410 limited the promoting effects 
of miR-23c inhibitor or CHD7-OE on invasion and migra-
tion of KLE cells. Upregulation of CHD7 and depletion of 
miR-23c strengthened the promoting effects of miR-23c 
inhibitor or CHD7-OE on KLE cells invasion and migra-
tion (Fig. 4c, P < 0.01). Whilst, overexpression of miR-23c 
or depletion of CHD7 decreased the invasion and migra-
tion numbers of HEC-1-A cells. However, overexpression 
of LINC01410 suppressed the inhibitory effects of miR-23c 
mimic or si-CHD7 on HEC-1-A cells invasion and migra-
tion. In addition, upregulation of miR-23c and knockdown of 
CHD7 enhanced the inhibitory effects of miR-23c mimic or 
si-CHD7 on HEC-1-A cells invasion and migration (Fig. 4d, 
P < 0.01). These data indicated that LINC01410/miR-23c/
CHD7 formed a ceRNA network to regulate the prolifera-
tion, invasion and migration of EC cells.

Discussion

The crucial roles of non-coding RNAs have become a 
focus of study on EC tumorigenic mechanisms. Non-
coding RNAs, as upstream regulators of protein function, 
structure, and signaling pathways related to human dis-
ease and organ development, were also widely regarded as 
important targets for EC therapy [23]. Numerous lncRNAs 
have been identified as oncogenes or tumor-suppressive 
genes involved in the development of EC. Interestingly, 
we observed that LINC01410 was highly expressed in 
EC tissues, and related to the worse prognosis of EC 

Table 2  Relationship between miR-23c expression and clinicopatho-
logic features of patients with endometrial cancer

Data from TCGA database
*P < 0.05

Characteristics Expression 
of miR-23c

P value

Low High

Age 0.015*
 < 60 55 78
 ≥ 60 152 129

Grade 0.001*
 G1 + G2 65 97
 G3 142 110

Histological type 0.030*
 Endometrioid endometrial adenocarcinoma 147 164
 Mixed serous and endometrioid 6 10
 Serous endometrial adenocarcinoma 54 33

Stage 0.049*
 I + II 140 158
 III + IV 67 49

Death 0.048*
 No 165 180
 Yes 42 27

Table 3  Relationship between CHD7 expression and clinicopatho-
logic features of patients with endometrial cancer

Data from TCGA database
*P < 0.05

Charactristics Expression 
of CHD7

P value

Low High

Age 0.002*
 < 60 81 52
 ≥ 60 126 155

Grade 0.000*
 G1 + G2 102 60
 G3 105 147

Histological_type 0.001*
 Endometrioid endometrial adenocarcinoma 172 139
 Mixed serous and endometrioid 7 9
 Serous endometrial adenocarcinoma 28 59

Stage 0.189
 I + II 155 143
 III + IV 52 64

Death 0.012*
 No 182 163
 Yes 25 44
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patients. And clinical correlation analysis exhibited that 
LINC01410 expression was correlated with age, histologi-
cal grade, pathological type, clinical stage and death of 
EC patients. In addition, we used LINC01410 to construct 
a ceRNA network, and discovered that LINC01410 pro-
moted the malignant behaviors of EC cells by regulating 
miR-23c/CHD7 axis.

In cancer research, lncRNAs and miRNAs are the most 
common non-coding RNAs, which are important compo-
nents of tumor biology [24]. It has been appreciated that 
lncRNAs conduce to the development and progression of 
numerous types of tumors [25], including EC. For example, 
the following lncRNAs including LOC134466, OGFRP1, 
PVT1, and NEAT1 have been discovered to be upregulated 

Fig. 3  Associations among LINC01410, miR-23c and CHD7 were 
identified by biological experiments. a, b The sequences of WT 3′ 
UTR of LINC01410, MUT 3′ UTR of LINC01410, miR-23c, WT 3′ 
UTR of CHD7, MUT 3′ UTR of CHD7 were presented. c The lucif-
erase activity in WT LINC01410 was altered after miR-23c mimic 
or inhibitor treatment, **P < 0.01 vs. NC. d The luciferase activity 
in WT CHD7 was altered after miR-23c mimic or inhibitor treat-

ment, **P < 0.01 vs. control. e–g. The mRNA and protein expres-
sion of CHD7 in KLE cells were assessed after different treatment, 
**P < 0.01 vs. control, ##P < 0.01 vs. si-LINC01410+ inhibitor. h–j 
The mRNA and protein expression of CHD7 in HEC-1-A cells were 
assessed after different treatment, **P < 0.01 vs. control, ##P < 0.01 
vs. LINC01410-OE+ mimic
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in EC and promoted the progression of EC [4, 20, 26, 27]. 
By exploring TCGA database, LINC01410 was selected 
for further research due to its high expression in EC. 
LINC01410 was reported to possess crucial roles in numer-
ous biological behaviors, covering cell cycle, apoptosis, 
propagation, migration. For example, LINC01410 depletion 
suppressed the proliferation and migration of colon cancer 
cells, and blocked the cells in G0/G1 phase [16]. In addi-
tion, LINC01410 silencing blocked cells growth and pro-
moted apoptosis in papillary thyroid carcinoma [28]. Impor-
tantly, our present study found that LINC01410, which was 
highly expressed in EC samples, may act as an oncogene in 
EC through promoting cell cycle, growth and invasion, as 
well as suppressing cell apoptosis, and that suppression of 
LINC01410 might hold a post of the promising therapeutic 
approach in EC treatment. To discover the potential pro-
oncogenic mechanism of LINC01410, we identified miR-23c 
as a novel target of LINC01410. MiR-23c, emerged as a can-
cer-associated miRNA, has been demonstrated to suppress 
tumor growth of hepatocellular carcinoma [22]. Moreover, 

miR-23c, as a downstream target of hsa_circ_0018069, 
played crucial roles in bladder cancer [29]. Besides, the 
presence of low rate of miR-23c/DMBX1 in EC may have a 
better prediction value through bioinformatics analysis from 
Xu et al. [30]. Given this, we speculated that miR-23c may 
play an important role in EC development. Through analysis, 
miR-23c was demonstrated to be lower expressed in EC tis-
sues, which was associated with poor prognosis and clinical 
correlation. Furthermore, the inhibitory effects of miR-23c 
mimic on EC cells growth and aggressiveness were rescued 
by LINC01410 upregulation.

As bioformatics analysis and luciferase assays suggested, 
CHD7 was verified as a target of miR-23c that influenced 
EC malignancy. CHD7, as an ATP-dependent chromatin 
remodeler, is necessary for neural differentiation based 
on its transcriptional modulation in progenitor cells [31]. 
Besides, several studies revealed that CHD7 deficiency 
delays leukemogenesis in mice caused by Cbfb-MYH11 
[32], and CHD7, which higher expression was associated 
with poor prognosis of patients in pancreatic cancer, was 

Fig. 4  LINC01410, miR-23c and CHD7 formed a ceRNA network 
to regulate EC cells biological characteristics. a The activity of 
KLE cells was assessed by CCK-8 assay after different treatment, 
**P < 0.01 vs. control, ##P < 0.01 vs. miR-23c inhibitor, &&P < 0.01 
vs. CHD7-OE. b The activity of HEC-1-A cells was evaluated 
by CCK-8 assay after different treatment, **P < 0.01 vs. control, 

##P < 0.01 vs. miR-23c mimic, &&P < 0.01 vs. si-CHD7. c The inva-
sion and migration of KLE cells were changed after different treat-
ment, **P < 0.01 vs. control, ##P < 0.01 vs. miR-23c inhibitor, 
&&P < 0.01 vs. CHD7-OE. d The invasion and migration of HEC-1-A 
cells were changed after different treatment, **P < 0.01 vs. control, 
##P < 0.01 vs. miR-23c mimic, &&P < 0.01 vs. si-CHD7
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also dysregulated in some cases of pancreatic cancer [33]. 
In medulloblastoma, CHD7 lower expression is a signature 
of patients with worse overall survival [34]. In line with 
previous study in pancreatic cancer, our research discov-
ered that CHD7 was highly expressed in EC tissues, and its 
high expression was related to poor prognosis of EC patients 
and clinical significance. CHD7 expression was regulated 
by miR-23c and LINC01410. And the promoting effects of 
CHD7 on EC cells growth and aggressiveness were strength-
ened by LINC01410 and limited by miR-23c. These findings 
insinuated that LINC01410, miR-23c and CHD7 formed a 
ceRNA network to regulate the growth and aggressiveness 
of EC cells. Although some results were acquired from the 
research, the shortcoming of the study should be clarified. 
First, the results lack evidence for in vivo experiments. 
Second, not enough markers of malignant behaviors were 
detected.

In summary, our research discovered that LINC01410 
functioned as a positive regulator in EC progression through 
sponging miR-23c to upregulate CHD7, providing novel 
molecules for EC-targeted therapy and prognosis. Based on 
our results, we proposed a new molecular mechanism of 
LINC01410 in regulation of EC cells growth and invasion 
(Fig. 5).
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