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Abstract. Centromere coiled‑coil protein 110 (CCP110) 
plays a role in the development of several types of cancer; 
however, its regulatory mechanism and role in endometrial 
cancer is unclear. The present study revealed that CCP110 
is regulated by a signaling pathway involving microRNA 
(miR/miRNA)‑129‑2‑3p and the long non‑coding RNA 
(lncRNA) X‑inactive‑specific transcript (XIST), and plays a 
role in controlling the proliferation, migration and invasion of 
endometrial cancer cells. CCP110 was upregulated in human 
endometrial cancer tissues, as revealed by immunohisto‑
chemistry, and high expression of the protein was related to 
reduced overall survival of the patients. Genetic knockdown 
of CCP110 by small interfering RNA promoted apoptosis and 
suppressed the proliferation, migration, invasion and colony 
formation of endometrial cancer cells significantly in the endo‑
metrial cancer Ishikawa and HEC‑1B cell lines, as assessed 
by flow cytometry, and Cell Counting Kit‑8, Transwell and 
colony formation assays. A bioinformatics analysis and 
luciferase reporter assay revealed that CCP110 is a target of 
miR‑129‑2‑3p. Overexpression of miR‑129‑2‑3p mimic frag‑
ments inhibited the proliferation, migration and invasion of 
endometrial cancer cells significantly, while co‑overexpression 
of CCP110 counteracted these inhibitory effects. The expres‑
sion level of the lncRNA XIST was upregulated significantly 
in endometrial cancer tissues, as assessed by reverse tran‑
scription‑quantitative PCR assay, while that of miR‑129‑2‑3p 
was downregulated significantly. A bioinformatics analysis 
and luciferase reporter assay showed that XIST could inhibit 

miR‑129‑2‑3p via a miRNA sponge effect. Furthermore, 
co‑overexpression of XIST antagonized the inhibitory effect of 
the miR‑129‑2‑3p mimic on the luciferase reporter gene signal 
and protein expression of CCP110. Co‑overexpression of XIST 
also abolished the inhibitory effect of the miR‑129‑2‑3p mimic 
on the proliferation, migration and invasion of endometrial 
cancer cells. Overall, these data identified a novel regulatory 
mechanism of CCP110 involving XIST and miR‑129‑2‑3p, 
which affected the development of endometrial carcinoma. 
CCP110, XIST and miR‑129‑2‑3p could represent novel targets 
for the clinical treatment of endometrial cancer.

Introduction

Endometrial carcinoma/cancer (EC) is a common reproduc‑
tive system malignancy in menopausal and perimenopausal 
women, ranking fourth for incidence among female malignant 
tumors in developed countries (1). The incidence of EC has 
increased in recent years, threatening the health of women 
globally (2,3). Once EC has progressed to an advanced 
stage, the 5‑year survival rate is low (4‑6). Early‑stage EC is 
rarely found by physical examination, as once the uterus or 
its appendages are palpated with abnormal masses, they are 
generally in the advanced stage of EC (7,8). The occurrence 
and development of EC is a result of the interaction of envi‑
ronmental factors and genetic variation, involving a series 
of components such as differential expression of various 
genes and transcription factors, abnormal regulation of cell 
signal transduction pathways and imbalance of the cellular 
microenvironment homeostasis (9,10). Different pathological 
changes and molecular features determine the risk level and 
prognosis of patients with EC (11). To date, the molecular 
mechanisms regulating the tumorigenesis, development and 
metastasis of EC have not been elucidated fully. Identifying 
these mechanisms is important for the identification of key 
therapeutic targets.

Centrosome amplification, resulting in multiple centro‑
somes, occurs frequently in EC cells (12). This process can 
promote the growth of several tumors by inducing chromosome 
mis‑segregation and regulation of the microtubule cytoskel‑
eton, resulting in enhanced directed migration and invasion 
of malignant cells (13). Centromere coiled‑coil protein 110 
(CCP110, also known as CP110) is an evolutionarily conserved 
protein that is important for centrosome function (14,15). 
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Overexpression of CCP110 leads to centrosome expansion and 
increases the invasive phenotype of cells (14,16). CCP110 is 
involved in docetaxel‑induced drug resistance of breast cancer 
cells (17) and mediates metastasis in prostate cancer (18). In 
addition, inhibition of cyclin‑dependent kinase 2 can down‑
regulate CCP110 expression, causing anaphase catastrophe 
and inhibiting lung cancer cell growth (19). However, to the 
best of our knowledge, the role of CCP110 in the tumorigenesis 
and development of EC has not yet been reported. 

MicroRNAs (miRNAs/miRs) are a class of evolution‑
arily conserved, non‑coding, single‑stranded small RNAs 
(~22 nucleotides) that can degrade or inhibit the translation of 
target mRNAs via specific binding (20,21). MiRNAs regulate 
cell proliferation, differentiation and apoptosis by controlling 
the expression of certain signaling molecules, including tran‑
scription factors, cytokines, growth factors and pro‑apoptotic 
and anti‑apoptotic genes (22). Increasing numbers of miRNAs 
have been shown to play important roles in EC (23‑25). 
Next‑generation sequencing and miRNA screening tech‑
nologies have revealed that several miRNAs are differentially 
expressed between EC and normal endometrial cells (25). For 
example, miR‑103, ‑106a, ‑107, ‑185 and ‑429 are upregulated in 
EC and are involved in tumorigenesis, invasion and metastasis, 
whereas miR‑30c, ‑152, ‑193 and ‑221 are downregulated in 
EC (26,27). These miRNAs participate in various cell signaling 
pathways by targeting downstream genes and play a regulatory 
role in the proliferation, migration, invasion and apoptosis of EC 
cells (28,29). MiR‑129 also reportedly plays a role in EC (30,31). 

Long non‑coding RNAs (lncRNAs) are defined as RNA 
molecules that exceed 200 nucleotides and are not translated 
into proteins (32). These RNAs can regulate the expression of 
target genes by participating in epigenetic, transcriptional and 
post‑transcriptional pathways, and are related to the proliferation, 
migration and invasion of various tumors, such as female repro‑
ductive or gynecological cancers (33,34). Notably, abnormally 
expressed lncRNAs play an important role in the development 
of EC (35‑37). X‑inactive‑specific transcript (XIST), one of the 
first lncRNAs to be discovered, is located at the X inactivation 
center of chromosome Xq13.2 and plays a prominent role in 
X inactivation (38). XIST is involved in the occurrence and 
development of several disorders, including pulmonary fibrosis, 
inflammation, neuropathic pain, cardiomyocyte hypertrophy 
and osteoarthritic chondrocyte differentiation (39). It also 
plays an important regulatory function in various types of 
cancer, and can be used as a diagnostic. It can also function 
as a prognostic biomarker and potential therapeutic target for 
brain tumors, leukemia and lung, breast and liver cancer (40). 
There are few reports of the involvement of XIST in EC and the 
detailed mechanism remains to be determined, and thus, this 
was investigated in the current study.

The present study examined the expression levels of 
CCP110, XIST and miR‑129‑2‑3p in human EC tissues and 
cell lines, and explored the targeting relationship between 
these species and their functional roles in the proliferation, 
migration and invasion of EC cells.

Materials and methods

Ethical statements and tissue samples. A total of 19 female 
patients (age range, 37‑77 years; mean age, 55.58±10.26 years) 

with EC who underwent surgical excision at the First Affiliated 
Hospital of Jinan University (Guangzhou, China) were enrolled 
in the study between March 2006 and May 2008. Inclusion 
criteria: Patients had been admitted to the hospital for the first 
time and did not receive any malignant tumor treatments, such 
as chemotherapy or radiotherapy, before surgery; postopera‑
tive tissues were diagnosed by pathologists as EC with parallel 
International Federation of Gynecology and Obstetrics staging; 
patients were aware of and agreed to the whole process of 
the study; and patient clinical data and follow‑up data were 
complete and available. Exclusion criteria: Patients with other 
malignant tumors; patients with immune system diseases or 
infectious diseases; and patients with severe impairment of 
the heart, liver, kidney and other organ functions. EC tumor 
samples and adjacent non‑tumor tissues (distance from cancer 
tissue >2 cm) were collected immediately after the excision 
and were frozen quickly in liquid nitrogen (‑320˚F). For the 
analysis of overall survival, follow‑up of all patients was 
carried out for at least 8 years. 

Immunohistochemistry (IHC). For IHC assay, tissue sections 
(5‑µm) were deparaffined, rehydrated, and incubated for 1 h at 
80˚C in citrate buffer (10 mM; pH 6.0) with 0.05% Tween 20 
for antigen retrieval. After saturation for 30 min with 1% BSA 
(cat. no. #ST023‑50g; Beyotime Institute of Biotechnology) in 
PBS at room temperature, the sections were incubated with 
CCP110 antibody (1:1,000; cat. no. ab99337; Abcam) overnight 
at 4˚C, followed by incubation with biotin‑linked anti‑rabbit 
IgG (cat. no. #E043201‑6; 1:1,000; Agilent Technologies, Inc.) 
for 1 h at room temperature and then with the ABC complex 
(cat. no. #ab8647; Abcam) at 37˚C for 20 min. IHC scores 
were determined as follows: Cells with <10% staining were 
scored as negative staining (‑, 1); 10‑49% staining as (+, 2); 
50‑74% staining as (++, 3); 75‑100% staining as (+++, 4). The 
staining color was scored as light‑yellow particle (score 1), 
brown‑yellow particle (score 2) and brown particle (score 3). 
Number score times the color score was used as the final 
score (41). A score value ≤5 was grouped as low expression, 
while a score >5 was grouped as high expression.

Cell culture and transfection. The HEC‑1B and Ishikawa 
human EC cell lines were procured from the Cell Bank of Type 
Culture Collection of The Chinese Academy of Sciences. Both 
cell lines were cultured in RPMI 1640 medium (Invitrogen; 
Thermo Fisher Scientific, Inc.), supplemented with 10% FBS 
(cat. no. #10270‑106; Gibco; Thermo Fisher Scientific, Inc.) 
and 100 U/ml penicillin and streptomycin (cat. no. #15140122; 
Gibco; Thermo Fisher Scientific, Inc.) and were maintained at 
37˚C in a humid atmosphere containing 5% CO2. 

The CCP10 and XIST genes were cloned and inserted into 
the pcDNA3.1 vector (cat. no. XY8014; Xinyu Biology) The 
small interfering RNA (siRNA) targeting CCP110 (siCCP110), 
non‑targeting negative control (NC) siRNA, miR‑129‑2‑3p 
mimics, miR‑129‑2‑3p inhibitors, NC mimic, and NC 
inhibitor were synthesized by Shanghai GenePharma Co., Ltd. 
For transfection, Lipofectamine® 2000 (cat. no. #11668027; 
Invitrogen; Thermo Fisher Scientific, Inc.) was used according 
to the manufacturer's instructions with >1.3 µg nucleic acid. 
Cells were harvested 48 h after transfection for total RNA 
or protein isolation. The oligonucleotide sequences were as 
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follows: NC, 5'‑CCC ACC AGU UUG AGA CUC CAC AAA U‑3'; 
siCCP110, 5'‑AAG ACG UUC CAG GAC AUC AUC‑3'; miR‑NC, 
5'‑UUG UCC GAA CGU GUC ACG UTT‑3'; miR‑129‑2‑3p 
mimics, 5'‑AAG CCC UUA CCC CAA AAA GCA U‑3'; 
miR‑NC inhibitor, 5'‑CAC UAC UUU UGU GUA GUA CAA‑3'; 
miR‑129‑2‑3p inhibitors, 5'‑AUG CUU UUU GGG GUA AGG 
GCU U‑3'.

Reverse transcription‑quantitative PCR (RT‑qPCR). Total 
RNA was isolated from tissues or cells using TRIzol® reagent 
(Invitrogen; Thermo Fisher Scientific, Inc.), according to 
the manufacturer's instructions. EasyScript cDNA Synthesis 
SuperMix (cat. no. #AE301‑02; Beijing Transgen Biotech 
Co., Ltd.) was used for reverse transcription of miRNA, 
according to the manufacturer's instructions. The RT‑qPCR 
analysis was performed using the LightCycler FastStart DNA 
MasterPlus SYBR Green I kit (Roche Diagnostics), as per the 
manufacturer's instructions. The following primers were used: 
Human CCP110 (NM_001323570.2; forward, 5'‑AGA GGT 
GGA GTC GGG GTG GCA G‑3'; reverse, 5'‑CCC GCC ATA TTA 
CGG ATC TCA GGC T‑3'); actin (forward, 5'‑TCA CCC ACA 
CTG TGC CCA TCT ACG A‑3'; reverse, 5'‑CAG CGG AAC CGC 
TCA TTG CCA ATG G‑3'), miR‑129‑2‑3p (MIMAT0004605; 
forward, 5'‑TTC CAA GCC CTT ACC CCA‑3'; reverse, 5'‑CAC 
TTC CTC AGC ACT TGT TCC TAT‑3'), XIST (NR_001564; 
forward, 5'‑TCA GCC CAT CAG TCC AAG ATC‑3'; reverse, 
5'‑CCT AGT TCA GGC CTG CTT TTC AT‑3') and U6 (forward, 
5'‑CTC GCT TCG GCA GCA CA‑3'; reverse, 5'‑AAC GCT TCA 
CGA ATT TGC GT‑3'). Conditions for PCR were as follows: 
1 cycle of 94˚C for 3 min and 38 cycles of 94˚C for 20 sec, 
60˚C for 30 sec and 68˚C for 30 sec. The expression level of 
miR‑129‑2‑3p was normalized to that of U6, whereas those of 
XIST and CCP110 were normalized to the expression level of 
actin, using the 2‑ΔΔCq method (42). All PCRs were repeated at 
least three times.

Cell Counting Kit‑8 (CCK‑8) assay. Adherent cells in the 
logarithmic growth phase were trypsinized and counted, and 
an appropriate number of cells were seeded into 96‑well plates 
(in triplicate) and cultured at 37˚C for 24 h. After treatment 
with miR‑129‑2‑3p mimics and inhibitors (or the negative 
controls) for various time points (0, 24, 48, 72 and 96 h), the 
cells were incubated with 10 µl of CCK‑8 reagent (Dojindo 
Molecular Technologies, Inc.) for 1 h, and then the absorbance 
was measured at 450 nm to evaluate cell proliferation. 

Transwell cell migration and invasion assay. Cell migration 
and invasion were examined via a Transwell assay (Corning 
Inc.). Briefly, cells were trypsinized and counted, and then 
1x105 cells were resuspended in serum‑free culture medium 
(RPMI 1640 medium) and seeded into the upper chamber 
of a Transwell plate (6.5‑mm insert with a 8‑µm pore size 
polycarbonate membrane). The lower chamber was loaded 
with culture medium (RPMI 1640 medium) containing 20% 
FBS. After 24 h of culture at 37˚C, cells that had migrated into 
the lower chamber were fixed with 100% methanol for 10 min 
at room temperature and stained with 0.1% crystal violet for 
10 min at room temperature. The cells were then observed 
using an inverted microscope with bright field and five random 
fields were counted. For the invasion assay, the chamber was 

paved with a layer of Matrigel (BD Biosciences) at 2.5 mg/ml 
at room temperature for 4 h before cell culture.

Cell colony formation assay. Ishikawa and HEC‑1B cells were 
trypsinized and resuspended, then 2,000 cells were seeded into 
six‑well plates in triplicate and cultured in a humidified atmo‑
sphere containing 5% CO2 at 37˚C for 14 days. Subsequently, 
the cell colonies were washed with PBS, fixed for 30 min with 
100% methanol, and stained for 20 min with 0.1% crystal 
violet (1 mg/ml; Beyotime Institute of Biotechnology) at room 
temperature. One colony means a visible staining spot counted 
by the naked eye. The mean colony numbers were then calcu‑
lated. A colony was a staining spot visible to the naked eye.

Flow cytometry assay. To detect apoptosis, EC cells were 
stained with the Annexin V‑FITC/PI Dual Staining kit 
(cat. no. #640914; Biolegend, Inc.) and then subjected to flow 
cytometric analysis. Briefly, cells were digested by 0.5% 
trypsin at 37˚C for 2 min and then a 100 µl aliquot of the cell 
suspension was transferred to a microcentrifuge tube and 
mixed with 5 µl of Annexin V‑FITC (1 mg/ml) and 5 µl of 
propidium iodide (2.5 mg/ml). The sample was then vortexed 
for 10 sec at room temperature and incubated for 15 min at 
room temperature in the dark. Subsequently, binding buffer 
(400 µl) was added and the samples were analyzed using BD 
FACSDiva software 7.0 (BD Biosciences). 

Western blotting. Tissues or cells were lysed with RIPA lysis 
buffer (cat. no. #P0013C; Beyotime Institute of Biotechnology). 
The concentration of proteins was determined by BCA kit 
(cat. no. #P0012; Beyotime Institute of Biotechnology). 
The proteins (30 µg in each lane) were separated using 
10% SDS‑PAGE and transferred to PVDF membranes 
(cat. no. #IPVH00010; MilliporeSigma). The membranes were 
blocked with 5% skimmed milk solution at room temperature 
for 1 h and then incubated with the following primary antibodies 
at 4˚C overnight: Anti‑CCP110 (1:1,000; cat. no. ab99337; 
Abcam) and anti‑GAPDH (1:2,000; cat. no. ab8245; Abcam). 
Subsequently, the membranes were incubated with goat 
anti‑rabbit (cat. no. #A0208) and anti‑mouse (cat. no. #A0216) 
HRP‑conjugated secondary antibodies (1:1,000; Beyotime 
Institute of Biotechnology) at room temperature for 1 h, and 
blots were visualized using an ECL kit (cat. no. #P0018S; 
Beyotime Institute of Biotechnology). The gray density was 
determined by ImageJ Version 1.50 (National Institutes of 
Health) and the CCP110 signal was normalized to that of the 
loading control (GAPDH). Each experiment was performed at 
least three times. 

Bioinformatics analysis and dual‑luciferase reporter assay. 
Potential binding sites for miR‑129‑2‑3p and CCP110/XIST 
were predicted using the TargetScan (43), miRDB (44), 
StarBase (45) and picTar (46) online software packages. The 
3' UTR fragments of CCP110 and XIST containing potential 
binding sites for miR‑129‑2‑3p were cloned into the pGL3 
vector (Promega Corporation) to construct wild‑type (WT) 
and mutant (MUT) reporter vectors. The vectors were then 
co‑transfected by Lipofectamine 2000 (Thermo Fisher 
Scientific, Inc.) with the miR‑129‑2‑3p mimics or miR‑NCs 
(as aforementioned) into EC cells. Cells were collected 48 h 
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later and the luciferase activity was determined using a 
dual‑luciferase reporter assay system (Promega Corporation). 
The activity of firefly luciferase was normalized to that of 
Renilla luciferase.

Statistical analysis. The data are presented as the mean ± stan‑
dard deviation and the statistical analysis was performed using 
SPSS version 16 (SPSS Inc.). Kaplan‑Meier survival curves 
were used to analyze the relationship between the expression 
levels of miRNA‑129‑2‑3p and the overall survival of the 
patients. Differences between two groups or among multiple 
groups were analyzed using Student's t‑test (paired for tissue 
analysis and unpaired for the others) or one‑way ANOVA 
(with Tukey's post hoc test where appropriate), respectively. 
The expression between cancer tissue and adjacent normal 
tissue was compared using a non‑parametric Wilcoxon signed 
rank test. Spearman's rank correlation coefficient was used 
to measure the statistical dependence between two variables. 
Kaplan‑Meier and log rank tests were used to analyze the 
survival curve. P<0.05 was considered to indicate a statisti‑
cally significant difference.

Results

CCP110 is upregulated in EC. Cancerous and paracan‑
cerous tissues were collected from 19 patients with EC 
and the expression level of CCP110 was detected using 

immunohistochemistry. CCP110 expression was significantly 
upregulated in cancer tissues compared with adjacent tissues 
(Fig. 1A and B), and the overall survival of patients with high 
CCP110 expression was significantly shorter compared with 
that of patients with low CCP110 expression (Fig. 1C). These 
findings suggested that CCP110 was a carcinogenic factor that 
affected the prognosis of patients with EC.

Genetic knockdown of CCP110 induces apoptosis and 
suppresses the development of EC cells. To examine the 
role of CCP110 in EC further, the Ishikawa and HEC‑1B 
EC cell lines were transfected with a NC siRNA or a siRNA 
targeting CCP110 (siCCP110). The expression of the protein 
was measured using western blotting. Compared with the NC, 
treatment of both cell lines with siCCP110 inhibited expres‑
sion of the CCP110 protein significantly (Fig. 2A and B and 
Fig. S1). CCK‑8 and Transwell assays showed that knockdown 
of CCP110 significantly suppressed the proliferation, migra‑
tion and invasion of both cell lines (Fig. 2C‑G). In addition, a 
colony formation assay revealed that treatment with siCCP110 
significantly inhibited the colony formation ability of both cell 
lines (Fig. 2H and I). Next, flow cytometry assay was used to 
examine apoptosis, which revealed that silencing of CCP110 
significantly upregulated the apoptosis rate in both cell lines 
(Fig. 2J and K). Overall, these results indicated that genetic 
knockdown of CCP110 induced apoptosis and suppressed the 
growth, migration and invasion of EC cells. 

Figure 1. CCP110 is upregulated in EC tissues and is associated with a poor prognosis of patients with EC. (A) EC tissues and paracancerous tissues were 
collected from 19 patients and immunohistochemical experiments were performed to detect CCP110. Scale bar, 100 µm. (B) Quantified immunohistochem‑
istry data. (C) Kaplan‑Meier survival analysis according to the expression level of CCP110 in EC. ***P<0.001. CCP110, centromere coiled‑coil protein 110; EC, 
endometrial carcinoma/cancer.



EXPERIMENTAL AND THERAPEUTIC MEDICINE  25:  159,  2023 5

MiR129‑2‑3p attenuates EC cell growth and migration by 
targeting CCP110. Next, the present study attempted to 
elucidate the molecular mechanism underlying the role of 

CCP110 in EC. A bioinformatics analysis identified two 
potential binding sites for miR‑129‑2‑3p in the 3' UTR region 
of CCP110 (Fig. 3A). Consequently, CCP110 luciferase 

Figure 2. Inhibition of CCP110 suppresses the development of EC cells. Ishikawa and HEC‑1B EC cell lines were transfected with a NC siRNA or a 
CCP110‑specific siRNA (siCCP110) and lysed 24 h later. (A) Expression levels of CCP110 and GAPDH were detected using western blotting and then 
(B) quantified. Growth rates of the transfected (C) Ishikawa and (D) HEC‑1B cells were determined using a Cell Counting Kit‑8 assay. (E) A Transwell assay to 
detect migration and invasion of the transfected cells (scale bar, 20 µm); the results of the Transwell assay (F) migration and (G) invasion were then quantified. 
(H) Colony formation assay of the transfected cells, which was then (I) quantified. (J) Flow cytometry analysis to detect apoptosis of the transfected cells, 
which was then (K) quantified. *P<0.05, **P<0.01, ***P<0.001. CCP110, centromere coiled‑coil protein 110; EC, endometrial carcinoma/cancer; NC, negative 
control; si‑, short interfering; OD, optical density. 
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reporter plasmids containing WT or MUT versions of the 
miR‑129‑2‑3p binding sequences were constructed (Fig. 3A). 

The WT and MUT reporter constructs were co‑transfected 
into Ishikawa and HEC‑1B cells with a miR‑129‑2‑3p mimic 

Figure 3. MiR‑129‑2‑3p targets CCP110 and regulates EC cell development. (A) Bioinformatic prediction of miR‑129‑2‑3p binding sites in the CCP110 3’ 
UTR. Luciferase reporter gene analysis of (B) Ishiwaka and (C) HEC‑1B EC cell lines expressing a WT or MUT CCP110 reporter plasmid and a miR‑129‑2‑3p 
mimic or NC mimic. (D) Western blotting analysis of CCP110 expression in EC cell lines transfected with a miR‑129‑2‑3p mimic or inhibitor, (E) which 
was then quantified. A Cell Counting Kit‑8 assay to measure the growth rates of (F) Ishiwaka and (G) HEC‑1B EC cell lines transfected with a NC mimic, 
miR‑129‑2‑3p mimic, miR‑129‑2‑3p mimic + empty vector or miR‑129‑2‑3p mimic + CCP110‑expressing vector. (H) Colony formation and (I) quantification; 
(J) Transwell (scale bar, 20 µm) (K) migration and (L) invasion assays using the cells described in panels F and G. *P<0.05, **P<0.01. miR, microRNA; CCP110, 
centromere coiled‑coil protein 110; EC, endometrial carcinoma/cancer; UTR, untranslated region; WT, wild‑type; MUT, mutant; NC, negative control; OD, 
optical density. 
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or NC mimic. The expression levels of miR‑129‑2‑3p were first 
verified using RT‑qPCR (Fig. S2). In both cell lines, compared 
with the NC mimic group, the relative luciferase activity of the 
WT CCP110 reporter plasmid was significantly reduced after 
co‑transfection with the miR‑129‑2‑3p mimic compared with 
the mimic NC, whereas co‑transfection with the miR‑129‑2‑3p 
mimic had no significant effect on the relative luciferase 
activity of the MUT reporter (Fig. 3B and C). 

To examine the regulatory relationship between 
miR‑129‑2‑3p and CCP110 further, both EC cell lines were 
transfected with a NC mimic, miR‑129‑2‑3p mimic, NC 
inhibitor or a miR‑129‑2‑3p inhibitor. Cells were collected 
after 24 h, lysed and subjected to western blotting to detect 
CCP110 expression. The miR‑129‑2‑3p mimic inhibited the 
expression of CCP110 significantly in both Ishikawa and 
HEC‑1B cells compared with the mimic NC, whereas the 
miR‑129‑2‑3p inhibitor significantly increased the protein 
expression compared with the inhibitor NC (Fig. 3D and E). 

Next, the impact of miR‑129‑2‑3p‑regulated CCP110 
expression was examined in endometrial cell function. 
The expression levels of CCP110 by overexpression of 
pcDNA3.1‑CCP110 encoding plasmids in two cell lines were 
verified and shown in Fig. S3A and B. A CCK‑8 assay revealed 
that transfection with the miR‑129‑2‑3p mimic suppressed the 

growth of both EC cell lines significantly compared with the 
mimic NC, and co‑overexpression of CCP110 rescued this 
inhibitory effect (Fig. 3F and G). Moreover, the colony forma‑
tion abilities (Fig. 3H and I) and Transwell migratory activities 
(Figs. 3J‑L and S3C) of both cell lines were suppressed by 
transfection with the miR‑129‑2‑3p mimic, and these effects 
were neutralized by co‑overexpression of CCP110. Taken 
together, these data suggested that miR‑129‑2‑3p regulated the 
development of EC by modulating CCP110 expression. 

LncRNA XIST targets miR‑129‑2‑3p in EC cells. Given its 
role in controlling CCP110 expression and the development 
of EC, the present study examined the mechanism by which 
miR‑129‑2‑3p was regulated. lncRNAs can act as miRNA 
sponges, reducing their regulatory effect on mRNAs (47). XIST, 
the first lncRNA identified in mammals (48), was investigated 
because, to the best of our knowledge, there are few reports 
of its involvement in EC and the detailed mechanism remains 
to be determined. Thus, RT‑qPCR was used to examine the 
expression levels of XIST and miR‑129‑2‑3p in cancerous and 
paracancerous tissues collected from 19 patients with EC. 
Compared with those in paracancerous tissues, the expression 
levels of XIST (Fig. 4A) and miR‑129‑2‑3p (Fig. 4B) were, 
significantly upregulated and downregulated, respectively, in 

Figure 4. LncRNA XIST targets miR‑129‑2‑3p. EC tissues and paracancerous tissues from 19 patients were subjected to reverse transcription‑quantitative PCR 
assays to detect the expression levels of (A) XIST and (B) miR‑129‑2‑3p. (C) Linear correlation analysis of the expression levels of XIST and miR‑129‑2‑3p in 
EC tissues. (D) Bioinformatical analysis of binding sites for miR‑129‑2‑3p and XIST. Luciferase reporter gene analysis of (E) Ishiwaka and (F) HEC‑1B EC 
cell lines transfected with a WT or MUT XIST reporter and a miR‑129‑2‑3p mimic or NC mimic. *P<0.05, ***P<0.001. LncRNA, long non‑coding RNA; XIST, 
X‑inactive‑specific transcript; miR, microRNA; EC, endometrial carcinoma/cancer; WT, wild‑type; MUT, mutant; NC, negative control.
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cancer tissues. In addition, the expression levels of XIST and 
miR‑129‑2‑3p were negatively correlated [Rho value (r)=0.608; 
Fig. 4C]. A bioinformatics prediction revealed the existence of 
interaction sites between XIST and miR‑129‑2‑3p (Fig. 4D), 
suggesting a potential targeting relationship between the two. 

Next, XIST luciferase reporter plasmids containing a WT 
or MUT version of the predicted miR‑129‑2‑3p binding site 
were created and co‑transfected into Ishikawa and HEC‑1B 
cells with a miR‑129‑2‑3p mimic or NC mimic. Co‑transfection 
of the miR‑129‑2‑3p mimic significantly reduced the relative 
luciferase activity of the XIST WT reporter compared with 
the NC group, but had no such effect on that of the XIST MUT 
reporter (Fig. 4E and F). Overall, these data indicated the 
lncRNA XIST targeted miR‑129‑2‑3p in EC cells.

XIST/miR‑129‑2‑3p axis regulates the development of EC cells. 
To examine the role of the lncRNA XIST/miR‑129‑2‑3p axis 
in EC further, Ishikawa and HEC‑1B cells were transfected 
with vector only, a NC mimic, a miR‑129‑2‑3p mimic + vector 
or a miR‑129‑2‑3p mimic + XIST vector. The expression levels 
of XIST by overexpression of pcDNA3.1‑XIST encoding plas‑
mids in two cell lines were verified using RT‑qPCR and shown 
in Fig. S4A. A CCK‑8 assay showed that the miR‑129‑2‑3p 
mimic inhibited EC cell proliferation (compared to the vector 
group), while overexpression of XIST antagonized this effect 
in both cell lines (Fig. 5A and B). Furthermore, in both cell 
lines, overexpression of XIST significantly antagonized 
the miR‑129‑2‑3p mimic‑induced inhibition of cell colony 
formation (Fig. 5C and D) and migration and invasion ability 

Figure 5. Development of EC cells is regulated by the XIST/miR‑129‑2‑3p axis. CCK‑8 assay of (A) Ishikawa and (B) HEC‑1B EC cell lines transfected with 
vector only, a NC mimic, a miR‑129‑2‑3p mimic + vector or a miR‑129‑2‑3p mimic + XIST vector. (C) Colony formation and (D) quantification; (E) Transwell 
assays and quantification of (F) migration and (G) invasion of the cells (scale bar, 20 µm) described in panels A and B. *P<0.05. EC, endometrial carci‑
noma/cancer; XIST, X‑inactive‑specific transcript; miR, microRNA; NC, negative control. 
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(Figs. 5E‑G and S4). These data suggested that the lncRNA 
XIST functions via miR‑129‑2‑3p to regulate the proliferation, 
migration and invasion of EC cells. 

XIST/miR‑129‑2‑3p axis modulates the expression of CCP110. 
Given its targeting relationship with miR‑129‑2‑3p, the present 
study examined whether XIST could regulate the expression 
of CCP110 through miR‑129‑2‑3p. Ishikawa and HEC‑1B cells 
were co‑transfected with a WT CCP110 reporter and either 
vector only, a NC mimic, a miR‑129‑2‑3p mimic + vector or 
a miR‑129‑2‑3p mimic + XIST vector, and then subjected to a 
luciferase reporter assay. Compared with the control group, the 
miR‑129‑2‑3p mimic + vector group displayed a significantly 
decreased relative luciferase activity in both cell lines, while 
overexpression of XIST abolished the inhibitory effect of 
miR‑129‑2‑3p (Fig. 6A). Furthermore, the miR‑129‑2‑3p mimic 
suppressed the mRNA (Fig. 6B) and protein (Fig. 6C and D) 
levels of CCP110 significantly in both cell lines, and these 
effects were alleviated by overexpression of XIST. Overall, 
these data suggested that the XIST/miR‑129‑2‑3p axis 
regulated the development of EC cells by modulating CCP110 
expression. 

Discussion

EC endangers the physical and mental health of women and 
occurs most frequently in menopausal women (49). At present, 

there are no specific markers of EC in laboratory tests, 
resulting in delayed detection of the disease (50). CCP110 is 
involved in the interaction of several protein complexes that 
regulate centrosome replication and segregation, chromosome 
segregation and cilia formation, and it structurally regulates 
microtubule growth and centriole length (51,52). High expres‑
sion levels of CCP110 induce centrosome expansion, which 
subsequently delays centrosome segregation and promotes 
centrosome aggregation (14). Thus, CCP110 is closely associ‑
ated with tumor development and its inhibition suppresses the 
development of several types of cancer (53,54). However, the 
role of CCP110 in EC has previously been unclear.

The current study investigated the role of CCP110 in 
regulating the proliferation, migration, invasion and colony 
formation ability of EC cells, and identified miR‑129‑2‑3p and 
the lncRNA XIST as upstream signals. CCP110 expression 
was upregulated in EC tissues and was closely related to the 
prognosis of patients. Genetic knockdown of CCP110 increased 
apoptosis and suppressed the proliferation, migration, inva‑
sion and colony formation ability of EC cells significantly. A 
bioinformatics analysis and luciferase reporter assay identified 
CCP110 as a direct target of miR‑129‑2‑3p. Overexpression of 
miR‑129‑2‑3p suppressed the proliferation, migration, invasion 
and colony formation ability of EC cells, and these effects were 
counteracted by overexpression of CCP110. The expression 
level of the lncRNA XIST was upregulated in EC tissues, while 
that of miR‑129‑2‑3p was downregulated, and the expression 

Figure 6. Expression of CCP110 is directly modulated by the XIST/miR‑129‑2‑3p axis. (A) Luciferase reporter gene analysis of Ishikawa and HEC‑1B EC 
cell lines co‑transfected with a CCP110 reporter plasmid and either vector only, a NC mimic, a miR‑129‑2‑3p mimic + vector or a miR‑129‑2‑3p mimic + 
XIST vector. The effects of overexpression of miR‑129‑2‑3p and XIST on CCP110 gene and protein levels in EC cell lines, as determined using (B) reverse 
transcription‑quantitative PCR (B) and (C) western blotting (D) quantification analyses. *P<0.05. CCP110, centromere coiled‑coil protein 110; EC, endometrial 
carcinoma/cancer; XIST, X‑inactive‑specific transcript; miR, microRNA; NC, negative control. 
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levels of these two species were negatively correlated. Overall, 
the present study identified a novel regulatory pathway in 
which XIST acted as a sponge to inhibit miR‑129‑2‑3p, leading 
to upregulation of CCP110 and a subsequent increase in the 
proliferation, migration, invasion and colony formation ability 
of EC cells. These findings identified CCP110, miR‑129‑2‑3p 
and XIST as potential targets for the clinical treatment of EC.

As a member of the miR‑129 family, miR‑129‑2‑3p occu‑
pies an important position in cancer development and other 
diseases (55). For example, miR‑129‑3p expression is decreased 
in rheumatoid arthritis, and its overexpression suppresses 
expression of the inflammatory cytokine IL‑17 to abolish 
rheumatoid arthritis (56). In one study, during the pathogen‑
esis of osteoarthritis, overexpression of miR‑129‑3p has been 
shown to significantly improve articular chondrocyte viability 
and reduce apoptosis (57). In the cardiovascular system, 
overexpression of miR‑129‑3p ameliorates cardiomyocyte 
inflammation and apoptosis (58). In the nervous system, down‑
regulation of miR‑129‑3p increases calcium overload, reactive 
oxygen species production, MMP‑2 expression and apoptosis, 
leading to changes in neuronal function (59). In addition, 
miR‑129‑2‑3p plays a notable role in cancer development, with 
altered expression in various tumors. For example, miR‑129‑3p 
expression is downregulated in prostate cancer, and its over‑
expression inhibits the proliferation and invasion of prostate 
cancer cells, promotes cell regulation, increases expression of 
the pro‑apoptotic protein Bax and decreases expression of the 
anti‑apoptotic protein Bcl‑2 (60). Furthermore, overexpres‑
sion of miR‑129‑3p reduces CCP110 levels in prostate cancer 
cells and prevents the production of excess centrosomes (18), 
which is line with the current findings in EC cells. MiR‑129‑3p 
expression is also reduced in gastric cancer tissues and its over‑
expression inhibits the proliferation, migration and invasion of 
gastric cancer cells (54). The antitumor effects of miR‑129‑3p 
in gastric cancer cells include repression of SUMO‑activating 
enzyme subunit 1 expression by direct targeting of the 3'UTR 
and suppression of the SUMOylation of X‑ray repair cross 
complementing 4, which disrupts the nuclear localization of 
the protein (61). Overexpression of miR‑129‑3p also inhibits 
the metastasis and invasion of hepatocellular carcinoma cells 
by inducing inactivation of the PI3K/Akt and p38‑MAPK 
signaling pathways (62‑64). Low expression of miR‑129‑2‑3p 
is significantly correlated with the malignant clinical features 
of patients with intrahepatic cholangiocarcinoma (65).

The lncRNA XIST plays an important role in the progres‑
sion of cancer, acting as a sponge to target miRNAs and 
affect the biological function of tumors (66). In non‑small 
cell lung cancer, overexpression of XIST promotes the prolif‑
eration, invasion and metastasis of cancer cells, acting as 
an oncogene regulating a variety of miRNAs and signaling 
pathways, such as miR‑186‑5p, miR‑374a, miR‑744/RING 
and CXCR4 (67‑70). In esophageal cancer, XIST activates the 
miR‑494/CDK6/JAK2/STAT3 signaling pathway to induce 
carcinogenesis (71), and knockdown of XIST inhibits the 
malignant behavior of esophageal cancer cells by antagonizing 
miR‑129‑5p/CCND1 signaling (72). XIST also has an oncogenic 
role in lung cancer and affects tumor progression by regulating 
the miR‑140/iASPP axis and TCF‑4 expression (73). XIST 
expression also predicts poor prognosis and promotes malig‑
nant phenotypes in osteosarcoma (74). Furthermore, XIST 

regulates osteosarcoma cell proliferation, migration, invasion, 
epithelial‑mesenchymal transition and apoptosis, participating 
in gene regulation through multiple mechanisms (75‑79). In 
the present study, XIST was upregulated in EC tissues and 
its expression level was negatively correlated with that of 
miR‑129‑2‑3p. The present study revealed that the inhibitory 
effect of miR‑129‑2‑3p on the proliferation, metastasis and 
invasion of EC cells was abolished by overexpression of XIST, 
which suggested a direct relationship between the two species. 
Thus, as in other types of cancer, XIST appeared to act as an 
oncogene in EC by modulating the activity of miR‑129‑2‑3p, 
leading to upregulation of CCP110. This proposed regulatory 
mechanism should be explored further in nude mice or other 
animal models. 

To summarize, the present study reported the upregula‑
tion of CCP110 in EC tissues and characterized its regulation 
by a novel signal pathway involving miR‑129‑2‑3p and the 
lncRNA XIST. The current study identified a novel role for the 
XIST/miR‑129‑2‑3p/CCP110 axis in regulating endometrial 
cell growth, colony formation, migration and invasion, which 
could provide new insights into the clinical management of 
EC.
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