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Abstract. Metastasis of endometrial cancer (EC) is known to 
be the major cause of relapse and death of patients. However, 
the mechanisms of this process are not well understood. 
Focal adhesion kinase (FAK) is known for its essential role 
in integrin signaling and is highly expressed in many human 
tumors. FAK also plays important roles in a variety of cellular 
processes. Collagen triple helix repeat containing 1 (CTHRC1) 
is a secreted protein that has been detected in many human 
solid cancers. In the present study, CTHRC1 was found to be 
highly expressed in EC tissues when compared with normal 
tissues. In addition, overexpression of CTHRC1 promoted the 
migration of EC cells in vitro. Recombinant CTHRC1 protein 
also promoted the migration of EC cells in vitro. The results 
of the present study suggested that CTHRC1 mediated EC 
cell migration via the FAK signaling pathway. Taken together, 
these data indicated that CTHRC1 and the FAK signaling 
pathway may be potential therapeutic targets for EC metas-
tasis treatment.

Introduction

Endometrial cancer (EC) is the most frequently occurring 
malignant gynecological cancer (1). Globally, it accounts 
for approximately 5% of total cancer cases with a mortality 
rate of over 2% in women. EC can be grossly divided into 
two groups. The majority of cases of EC are type I, estrogen 
and progesterone receptor-positive cancers with chronic 

estrogen exposure and insufficient opposing progesterone 
exposure (2,3). In contrast, poorly differentiated type II ECs 
are primarily uterine serous carcinomas and are correlated 
with poor prognoses (4,5). Although numerous patients 
suffering from EC in a low-grade or early-stage can have a 
good prognosis, the prognosis of metastatic or late-stage EC 
is still poor (6,7). Therefore, valid therapies for advanced EC 
are needed.

Metastasis is an essential process in the progression of 
cancer and can be divided into two steps. First, the cancer 
cells translocate to a distant organ. The translocated cells 
then transform into a metastasis at the organ (8,9). In EC, the 
metastatic process relies on alterations in the extracellular 
matrix (ECM) and cell-cell adhesion (10,11). A potential 
signaling event in the metastasis of EC is the overexpression 
of focal adhesion kinase (FAK) (12). FAK is known for its 
essential role in integrin signaling and is overexpressed in a 
number of human tumors. It is also essential in a variety of 
cell processes such as growth, survival, invasion and migra-
tion (13-15). Furthermore, it has been shown that the migration 
of cancer cells can be blocked after inhibiting activation of the 
FAK signaling pathway (16,17).

It has been reported that collagen triple helix repeat 
containing 1 (CTHRC1) plays an important role in vascular 
remodeling, morphogenesis and bone formation (18-20). 
Furthermore, recent studies have shown that CTHRC1 can be 
detected in human solid cancers, such as lung, breast, thyroid, 
pancreatic and ovarian cancers, and could reduce collagen 
matrix deposition (21-25). Although it has been reported 
that CTHRC1 is overexpressed in a number of human solid 
cancers, the molecular mechanism of CTHRC1 action in 
EC cells is unclear. It has been reported that CTHRC1 may 
promote the migration of pancreatic cancer cells via activa-
tion of the FAK signaling pathway (26). A previous study 
indicated that CTHRC1 is overexpressed in EC (27). However, 
the detailed mechanisms of CTHRC1 in EC remain unknown. 
Therefore, the goal of the current research was to explore the 
role of CTHRC1 in EC.

To the best of our knowledge, the present study is the 
first to indicate that CTHRC1 may promote the migration of 
EC cells. CTHRC1 was seen to be highly expressed in EC 
tissues. In addition, overexpression of CTHRC1 promoted the 
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migration of EC cells in vitro. Recombinant CTHRC1 protein 
also promoted migration of EC cells. The results of the present 
study indicated that CTHRC1 mediated the migration of EC 
cells via the FAK signaling pathway.

Materials and methods

Ethics. The present study was approved by the Human 
Investigation Ethics Committee of the Shanghai First Maternity 
and Infant Hospital (Shanghai, China). Samples were collected 
from patients after receiving their written informed consent.

CTHRC1 expression and Kaplan‑Meier survival curves 
analysis in data from The Cancer Genome Atlas (TCGA) 
database. Chandrashekar et al (28) reported an analysis plat-
form on (http://ualcan.path.uab.edu/analysis.html) using the 
TCGA database. 546 EC and 35 normal tissue specimens were 
analyzed on the platform, where the mRNA expression levels 
of CTHRC1 were then compared between normal and EC 
groups from the TCGA database on the website, as previously 
described (28). The significance threshold was set at P<0.05 
following t-test. Kaplan-Meier survival curve analysis of 
162 high CTHRC1 expression and 216 low CTHRC1 expres-
sion EC patients was performed using OncoLnc (http://www.
oncolnc.org) (29). To separate patients into high/low expression 
groups, the 30% upper percentile and 40% lower percentile, as 
calculated using ROC, were used as the cut‑off. The signifi-
cance threshold was set at P<0.05 following a Mantel‑Cox test.

Immunohistochemistry (IHC). A total of 18 EC and 
11 adjacent normal endometrial tissues, which were excised 
2 cm from the tumor tissues, were obtained from female 
Chinese patients (Set 1; age range, 50-65 years; mean age, 
59±2.77 years) who had undergone surgical treatment 
between January 2017 and December 2019 at the Shanghai 
First Maternity and Infant Hospital (Shanghai, China). No 
patient had undergone endocrine therapy, radiotherapy or 
chemotherapy prior to surgery. Endometrial tissues were 
sliced into 5‑µm thick sections and embedded in paraffin. 
Next, sections were mounted on poly-L-lysine-coated slides 
and then deparaffinized in xylene and dehydrated with 
gradient ethanol. Antigen retrieval was performed in 10 mM 
citrate buffer (pH 6.0) for 10 min. Endogenous peroxidase 
activity was blocked with 3% hydrogen peroxide for 10 min at 
room temperature. Following blocking with 1% horse serum 
albumin (Beijing Solarbio Science & Technology Co., Ltd.) for 
20 min at room temperature, the sections were incubated with 
rabbit polyclonal antibody against CTHRC1 (cat. no. ab85739; 
1:100; Abcam) overnight at 4˚C and then incubated with rabbit 
polyclonal secondary antibody (cat. no. ab205718; 1:20,000; 
Abcam) at 37˚C for 30 min. The sections were stained with 
DAB for 5 min and re-stained with hematoxylin for 2 min 
both at room temperature. The percentage of positive tumor 
cells was graded as follows: 0, none; 1, 1-25%; 2, 26-50%; 
3, 51-75%; and 4, 76-100%. Immunostaining intensity was 
rated as follows: 0, none; 1, weak; 2, moderate; and 3, intense. 
Specimens were considered immunopositive when ≥1% of the 
tumor cells had clear evidence of immunostaining. An IHC 
score was calculated for each specimen using the ImageJ soft-
ware (version 1.8.0; National Institutes of Health), in which the 

percent positive rating was multiplied by the intensity rating. 
Each component of the tumor was scored independently by 
four investigators who were blinded to the tissue origin and the 
results were summed.

ELISA. Blood samples were obtained from a different set 
of 39 patients with EC and 12 healthy females (Set 2; age 
range, 40-65 years; mean age, 54±6.46 years) who underwent 
surgical treatment between January and December 2018 at 
the Shanghai First Maternity and Infant Hospital. None of 
the patients had undergone radiotherapy, endocrine therapy 
or chemotherapy before surgery. The healthy individuals were 
visiting the hospital for a health examination. The blood was 
obtained from the elbow vein and was centrifuged for 10 min at 
851xg at 4˚C without anticoagulant, following which the serum 
samples were collected. The serum was frozen for storage at 
‑80˚C. The expression level of CTHRC1 was measured using 
a CTHRC1 ELISA kit (cat. no. EK13502; Signalway Antibody 
LLC), following the manufacturer's instructions.

Cell culture and treatment. Human EC cell lines Ishikawa 
and ECC1 were acquired from the Cell Bank of Shanghai 
Institute of Cell Biology, Chinese Academy of Sciences. ECC1 
cells were authenticated by STR profiling and the locations of 
the cell samples were matched with the STR data of ECC-1 
cells found in the databases of the American Type Culture 
Collection, Japanese Collection of Research Bioresources 
Cell Bank and Riken BioResource Research Center. Ishikawa 
and ECC1 cells were cultured in Dulbecco's modified Eagle's 
Medium/Nutrient Mixture F12 (DMEM/F12; Biological 
Industries) and RPMI-1640 medium (1640; Biological 
Industries), respectively, each supplemented with 100 U/ml 
penicillin/streptomycin (Gibco; Thermo Fisher Scientific, Inc.) 
and 10% fetal bovine serum (FBS; Biological Industries). 
The cells were cultured at 37˚C in a 5% CO2 humidified 
incubator. The Parental Cells group was cultured as afore-
mentioned without any treatment for use to show the basal 
expression level of CTHRC1 via western blotting. Ishikawa 
and ECC1 cells cultured in complete medium treated with 
PBS or recombinant protein CTHRC1 (100 µg/ml; Abcam), 
CTHRC1 with the FAK signaling inhibitor defactinib (1 µM; 
cat. no. HY-12289; MedChemExpress) or recombinant protein 
CTHRC1 (100 µg/ml) with the FAK signaling inhibitor Y15 
(1 µM; cat. no. HY-12444; MedChemExpress) were termed 
Control, +CTHRC1, +CTHRC1 +Defactinib or +CTHRC1 
+Y15. All drug treatments were performed at 37˚C. Both cell 
lines were tested negative for mycoplasma.

Cell transfection. To overexpress human CTHRC1 
in the Ishikawa and ECC1 EC cell lines, the coding 
se quence  (5 ' -ATG CGACCCCAG G G CCCCG C-3 ' ) 
of CTHRC1 was cloned into a lentiviral vector with 
Ubi-MCS-3FLAG-SV40-puromycin using the Champion™ 
pET160 Gateway™ Expression Kit with Lumio™ Technology 
according to manufacturer's protocols (Invitrogen; Thermo 
Fisher Scientific, Inc.). The Gateway cloning protocols were 
followed. Both cell lines were infected with non-target or 
CTHRC1‑specific lentiviral particles in 12‑well plates with 
polybrene (6 mg/ml; Beijing Solarbio Science & Technology 
Co., Ltd.). Puromycin (1 µg/ml) was added to the cells 
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to generate stable CTHRC1-overexpressing clones. The 
experimental groups were termed negative control (NC) and 
CTHRC1 overexpressing (CTHRC1-OE).

Protein extraction and western blotting. To explore protein 
expression, radioimmunoprecipitation assay buffer (Beyotime 
Institute of Biotechnology) with a 1% dilution of the protease 
inhibitor phenylmethanesulfonyl fluoride (Beyotime Institute 
of Biotechnology) were used to lyse the parental cells, NC, 
CTHRC1-OE, control, +CTHRC1, +CTHRC1+Defactinib and 
+CTHRC1+Y15 cells. The concentration of extracted protein 
was determined using a BCA protein assay kit (Thermo Fisher 
Scientific, Inc.). The protein samples were mixed with loading 
buffer and then boiled for 10 min. A total of 20 µg protein were 
loaded into each lane of an 10% SDS-PAGE gel for protein 
separation and then transferred to polyvinylidene fluoride 
membranes. The membranes were blocked with 5% bovine 
serum albumin (Sangon Biotech Co., Ltd.) for 1 h at room 
temperature and incubated with antibodies against CTHRC1 
(cat. no. ab85739; 1:1,000; Abcam), Phosphorylated (p)-FAKTyr397 
(p-FAKTyr397; cat. no. 8556; 1:1,000; Cell Signaling Technology, 
Inc.) or Total-FAK (T-FAK; cat. no. 3285; 1:1,000; Cell Signaling 
Technology, Inc.) overnight at 4˚C. The membranes were incu-
bated with peroxidase-linked secondary anti-rabbit antibody 
(cat. no. 7074; 1:2,000; Cell Signaling Technology, Inc.) for 1 h 
at room temperature to detect the bound primary antibodies, and 
the blotted proteins were visualized using Immobilon™ Western 
Chemiluminescent HRP Substrate (EMD Millipore). The inten-
sity of the protein bands was quantified using ImageJ software 
(version 1.8.0; National Institutes of Health). The relative expres-
sion of target proteins was described as a ratio relative to the 
expression of GAPDH and statistical data were based on at least 
three experimental replicates.

RNA extraction and reverse transcription‑quantitative PCR 
(RT‑qPCR). Fresh EC and adjacent non-tumor tissues (14 of each) 
were acquired from female patients (Set 3; age range, 40-65 years; 
mean age, 53±6.21 years) who underwent surgical treatment 
between January 2016 and December 2018 at the Shanghai 
First Maternity and Infant Hospital. The patients of Set 3 were 
different from Set 1 and Set 2. None of the patients had undergone 
radiotherapy, endocrine therapy, or chemotherapy before surgery. 
TRIzol® reagent (Thermo Fisher Scientific, Inc.) was used to 
extract the total RNA. RT-qPCR was performed as previously 
described (30). One Step TB Green® PrimeScript™ RT-qPCR kit 
(Takara Bio, Inc.) was used for RT-qPCR assays with the CFX96 
Real Time-PCR Detection System (Bio-Rad Laboratories, Inc.). 
RT-qPCR was performed under the following thermocycling 
conditions: 30 sec at 95˚C followed by 40 cycles of 5 sec at 
95˚C, 20 sec at 60˚C and 10 sec at 72˚C; 1 min at 95˚C, 30 sec 
at 60˚C; and 30 sec at 95˚C. Primer sequences were as follows: 
CTHRC1 forward, 5'-AGGGCTGCTTTTAACTCTGGT-3' 
and reverse, 5'-AGGGCTGCTTTTAACTCTGGT-3'; β-actin 
forward, 5'-AGCCTCGCCTTTGCCGAT-3' and reverse, 
5'-CTTCTGACCCATGCCCACC-3'. All experiments were 
performed at least three times. The relative mRNA expression 
level was measured using the 2-ΔΔCq method (31).

Cell proliferation assay. Cell proliferation was assessed 
by Cell Counting Kit-8 (CCK-8) assay (Dojindo Molecular 

Technologies, Inc.). Ishikawa and ECC1 cells were transfected 
first as aforementioned and then seeded into 96‑well plates 
(4,000 cells/well). For CTHRC1 treatment, Ishikawa and ECC1 
cells were seeded into a 96-well plate (3,000 cells/well) and 
treated with either PBS (Control) or the recombinant protein 
CTHRC1 (100 µg/ml; +CTHRC1) in complete medium. After 
0, 24 and 48 h, 10 µl of CCK-8 solution was added to each 
well, followed by further incubation of the plates at 37˚C for 
4 h. Subsequently, a microplate reader (Molecular Devices, 
LLC) was used to measure the ultraviolet absorbance of all 
samples at 450 nm. All experiments were performed at least 
three times.

Cell migration and invasion assays. For the migration assay, 
Ishikawa and ECC1 cells were transfected first as afore-
mentioned, then harvested and re-suspended in serum-free 
DMEM/F12 and RPMI-1640 medium (4x105 cells/ml), 
respectively, and then were placed into the upper Transwell® 
chamber (8x104 cells/well; pore size, 8 µm; Corning, Inc.). For 
CTHRC1 treatment, Ishikawa and ECC1 cells were harvested, 
re-suspended and then placed into the upper Transwell® 
chambers. PBS (Control) or recombinant protein CTHRC1 
(100 µg/ml; +CTHRC1) or recombinant protein CTHRC1 
(100 µg/ml) with defactinib (1 µM; +CTHRC1+Defactinib) 
or recombinant protein CTHRC1 (100 µg/ml) with Y15 
(1 µM; +CTHRC1+Y15) were added to both the upper and 
bottom chambers. For invasion assay, 50 µl Matrigel matrix 
(1:5; pre‑diluted with serum‑free medium; incubated at 4˚C 
for pre‑coating liquid and at 37˚C for 30 min for gelation; 
BD Biosciences) was put onto the upper chamber and 2x105 
transfected Ishikawa and ECC1 cells were seeded into the 
Matrigel matrix, which was pre‑coated at 37˚C, 2 h later. For 
CTHRC1 treatment, Ishikawa and ECC1 cells were seeded 
into the Matrigel matrix as aforementioned and treated with 
either Control or +CTHRC1. After that, 800 µl DMEM/F12 
and RPMI-1640 medium supplemented with 20% FBS were 
added into the lower chamber. After 16 h (migration assay) 
or 24 h incubation (invasion assay with Matrigel pre-coating) 
at 37˚C, cells were stained with Calcein‑AM (0.2 µg/ml; cat. 
no. C3100MP; Invitrogen; Thermo Fisher Scientific, Inc.) for 
30 min at 37˚C. Leica DMi8 inverted fluorescent microscope 
(magnification, x200; Leica Microsystems GmbH) was used 
to observe cell migration and invasion. The number of cells 
that had migrated or invaded was counted using MetaMorph® 
Microscopy Automation and Image Analysis Software 
(version 2.5; Molecular Devices, LLC). Five fields of view were 
imaged per chamber. Each migration and invasion assay was 
repeated three times on different days with different batches 
of cells. All experiments were performed at least three times.

Wound healing assay. Ishikawa and ECC1 cells were 
transfected first as aforementioned and seeded into 6‑well 
plates at a concentration of 1x106 cells/well until they 
reached ≥90% confluence. The monolayer was scratched 
with a sterile 200 µl pipette tip and then cell debris was 
removed using PBS three times, followed by incubation in 
serum-free medium. For CTHRC1 treatment, Ishikawa and 
ECC1 cells were seeded as aforementioned and treated with 
PBS (Control) or recombinant protein CTHRC1 (100 µg/ml; 
+CTHRC1) or recombinant protein CTHRC1 (100 µg/ml) 
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with defactinib (1 µM; +CTHRC1+Defactinib) or recom-
binant protein CTHRC1 (100 µg/ml) with Y15 (1 µM; 
+CTHRC1+Y15) in complete medium until they reached ≥90% 
confluence. The cells were incubated in serum‑free medium 
treated with Control or +CTHRC1 or +CTHRC1+Defactinib 
or +CTHRC1+Y15 after scratching. The margin of the wound 
was detected using a Leica DMi8 inverted light microscope 
(magnification, x50; Leica Microsystems GmbH) at 0 and 
24 h. In total, four fields of view were imaged for every well. 
All experiments were repeated at least three times.

Cell immunofluorescence. Ishikawa and ECC1 cells were 
transfected first as aforementioned, following which they were 
seeded into 35 mm confocal dishes and cultured in complete 
medium overnight. For CTHRC1 treatment, Ishikawa and 
ECC1 cells were seeded as above and cultured in complete 
medium treated with PBS (Control) or recombinant protein 
CTHRC1 (100 µg/ml; +CTHRC1) overnight. Cells were then 
fixed with 4% paraformaldehyde for 10 min at room tempera-
ture , permeabilized with 0.1% Triton X-100 for 10 min at 
room temperature and blocked with 5% goat serum (Beijing 
Solarbio Science & Technology Co., Ltd.) for 30 min at room 
temperature before incubation with antibody against vinculin 
(cat. no. ab129002; 1:100; Abcam) at 4˚C overnight. The cells 
were then incubated with Alexa Fluor® 555 secondary antibody 
(cat. no. P0179; 1:1,000; Beyotime Institute of Biotechnology) 
for 1 h at room temperature and then phalloidin-FITC (cat. 
no. C1033; 1:100; Beyotime Institute of Biotechnology) for 

30 min at room temperature. Cells were counterstained 
with DAPI (cat. no. C1002; 1:500; Beyotime Institute of 
Biotechnology) for 2 min at room temperature before being 
analyzed using a confocal microscope (magnification, x100; 
Leica TCS SP8; Leica Microsystems GmbH).

Statistical analysis. SPSS version 23.0 (IBM Corp.) was used 
for statistical analysis and graphs were edited using GraphPad 
Prism version 6.0 (GraphPad Software, Inc.). Measurement 
data were analyzed using unpaired or paired Student's t-test, 
or one-way analysis of variance, as appropriate. Multiple 
comparisons with equal variances assumed were performed 
by Tukey's post hoc test. Each experiment was performed in 
triplicate. All data are presented as the mean ± SD. Differences 
were considered statistically significant at P<0.05.

Results

CTHRC1 is expressed in EC tissues. To verify CTHRC1 
expression patterns, IHC analysis was performed on samples 
from EC (n=18) and normal endometrium (n=11) tissues. 
IHC results showed stronger CTHRC1 staining in the repre-
sentative EC tissues than in the normal endometrial tissues 
(P<0.001; Fig. 1A). To explore the expression of CTHRC1 
in EC, the relative RNA expression levels of CTHRC1 were 
compared in adjacent normal tissues (n=14) and EC tissues 
(n=14) using RT‑qPCR. CTHRC1 expression was significantly 
increased in EC tissues compared with normal tissues (P<0.05; 

Figure 1. CTHRC1 is commonly upregulated in EC. (A) Immunohistochemical analysis of CTHRC1 expression in adjacent normal endometrium (n=11) 
and EC (n=18) tissues. Magnification, x200. No or weak expression of CTHRC1 was observed in normal endometrium tissues. Strong cell membrane and 
cytoplasmic expression of CTHRC1 was observed in most EC tissues. (B) Relative RNA expression levels of CTHRC1 in EC tissues (n=14) and adjacent 
normal tissues (n=14) were assessed by reverse transcription-quantitative PCR analysis. (C) ELISA analysis of levels of secreted CTHRC1 in the plasma of 
EC patients or normal females (EC group, n=39; normal group, n=12). (D) Relative mRNA expression of CTHRC1 in the normal and EC groups in TCGA 
Uterine Corpus Endometrial Cancer database (EC tissues, n=546; normal tissues, n=35). (E) Kaplan-Meier curves of survival for EC patients with high or low 
CTHRC1 expression (high CTHRC1 expression, n=162; low CTHRC1 expression, n=216). Experiments were repeated in triplicate. Data are presented as the 
mean ± SD. *P<0.05, ***P<0.001. CTHRC1, collagen triple helix repeat containing 1; EC, endometrial cancer; TCGA, The Cancer Genome Atlas.
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Fig. 1B). ELISA was performed to determine the concentra-
tion of secreted CTHRC1 in plasma. CTHRC1 release was 
significantly increased in the EC group (n=39) compared to 
the normal group (n=12) (P<0.05; Fig. 1C). The results indi-
cated that the expression levels of CTHRC1 in EC tissues 
were also significantly increased compared to normal tissues 
(P<0.001; Fig. 1D). Furthermore, patients where EC samples 
had high CTHRC1 expression had worse survival rates than 
patients where EC samples had low CTHRC1 expression 
(P<0.05; log‑rank; Fig. 1E).Taken together, these results indi-
cated that CTHRC1 was significantly increased in EC.

Overexpression of CTHRC1 enhances the migration of 
EC cells in vitro. To explore the effect of CTHRC1 on 
EC, CTHRC1 was overexpressed in Ishikawa and ECC1 
cells. CTHRC1 expression was analyzed by western blot-
ting (Fig. 2A). CCK-8 assay was performed to investigate the 
proliferative ability of Ishikawa and ECC1 cells. There was 
no significant difference in proliferation between the NC 
cells and CTHRC1-OE cells in both Ishikawa and ECC1 cell 
lines (Fig. 2B). To explore the role of CTHRC1 on the migra-
tion of Ishikawa and ECC1 cells, Transwell migration assays 
were performed. As shown in Fig. 2C, compared with cells 
transfected with the empty vector, migration was significantly 
increased in the CTHRC1-OE cells. In addition, the relation-
ship between CTHRC1 and cell migration was investigated 
by wound healing assays. The results demonstrated that cells 
in the CTHRC1-OE group showed more rapid wound closure 
ability compared with the NC group (Fig. 2D). Transwell inva-
sion assays revealed that invasion was significantly increased 
in the CTHRC1-OE cells compared to the NC cells (Fig. 2E). 
Cells were stained for vinculin, a focal adhesion protein, and 
with phalloidin, a cytoskeletal protein dye, to display the 
focal adhesion and cytoactin remodeling. Confocal immuno-
fluorescence staining revealed weaker vinculin and stronger 
phalloidin staining in CTHRC1-OE cells compared with the 
NC (Fig. 2F). These results indicated that overexpression of 
CTHRC1 could promote the migration of EC cells. However, 
there was no significant influence on cell proliferation in vitro.

Recombinant CTHRC1 promotes EC cell migration in vitro. 
Ishikawa and ECC1 cells were treated with recombinant 
CTHRC1 protein to investigate the effect of CTHRC1 on EC. 
CCK-8 assays were performed to investigate the proliferation 
ability of Ishikawa and ECC1 cells. There was no significant 
difference in proliferation after treatment with CTHRC1 protein 
in either Ishikawa or ECC1 cells (Fig. 3A). To investigate the 
effect of CTHRC1 on Ishikawa and ECC1 migration, Transwell 
migration assays were performed. Following CTHRC1 treat-
ment, migration was significantly enhanced in both ECC1 and 
Ishikawa cells (Fig. 3B). Furthermore, wound healing assays 
were performed to investigate the migration of EC cells. Cells in 
the +CTHRC1 group showed more rapid wound closure ability 
compared with that in the Control group (Fig. 3C). Transwell 
invasion assays showed that invasion was significantly increased 
in +CTHRC1 compared with Control (Fig. 3D). Confocal immu-
nofluorescence staining revealed weaker vinculin and stronger 
phalloidin staining in +CTHRC1 than that in Control (Fig. 3E). 
These results indicated that CTHRC1 treatment could enhance 
the migration of EC cells in vitro.

CTHRC1 mediates the migration of EC cells via the FAK 
signaling pathway. To explore the molecular mechanisms 
underlying CTHRC1 activity, the signaling pathways respon-
sible for CTHRC1-mediated cell migration were investigated. 
P-FAK and T-FAK are both important factors in the FAK 
signaling pathway. The protein levels of P-FAK and T-FAK 
were examined by western blot analysis. Overexpression of 
CTHRC1 led to significantly increased expression of P‑FAK 
compared to the NC cells (Fig. 4A). In addition, treatment 
with recombinant protein CTHRC1 also led to increased 
expression of P-FAK, however treatments on the +CTHRC1 
cells with two FAK signaling inhibitors, defactinib and Y15, 
respectively, led to decreased expression of P-FAK compared 
to the +CTHRC1 group (Fig. 4B). Transwell migration assays 
and wound healing assays revealed that the two inhibitors 
of the FAK signaling pathway led to reduced cell migration 
compared with the +CTHRC1 group (Fig. 4C and D). These 
results suggested that CTHRC1 mediated the migration of EC 
cells via the FAK signaling pathway (Fig. 4E).

Discussion

EC is one of the most common cancers in women. In addi-
tion, the incidence and mortality rates of EC are expected 
to rise both in developed and developing countries with the 
increasing aging population and prevalence of obesity (32). 
Treatment for metastatic EC is ineffective and metastasis is 
the major reason for relapse and death, since there is no effec-
tive therapy for this condition (33). Therefore, identifying the 
molecular mechanisms of the peritoneal metastatic process is 
crucial for developing novel preventive strategies. CTHRC1 
has been reported to be involved in bone formation, vascular 
remodeling and morphogenesis (18-20). Previous studies indi-
cated that CTHRC1 was overexpressed in human pancreatic 
cancer tissues, hepatocellular carcinoma, colorectal cancer 
and gastrointestinal stromal tumors (34-37). Overexpression 
of CTHRC1 is reported during tumor invasion and metas-
tasis (27). where it can promote migration by activating FAK 
signaling in pancreatic cancer (16). However, the role of 
CTHRC1 in EC is still unknown. The results of the present 
study suggest that CTHRC1 is highly expressed in EC and can 
promote the migration of EC cells in vitro. The present study 
also indicated that CTHRC1 mediates the migration of EC 
cells via the FAK signaling pathway.

Expression levels of CTHRC1 were compared between EC 
tissues and normal tissues and it was observed that CTHRC1 
levels were significantly higher in EC tissues than in normal 
and precancerous tissues. Meanwhile, secreted CTHRC1 in 
plasma was significantly increased in EC patients compared 
with controls. Data from the TCGA database were consistent 
with these findings and indicated that high CTHRC1 expres-
sion predicted a poor prognosis in EC. To investigate the role 
of CTHRC1 in EC, CTHRC1 was overexpressed in Ishikawa 
and ECC1 cells, two standard cellular models of EC. The 
effects of CTHRC1 were examined via Transwell migration 
assays, wound healing assays and Transwell invasion assays 
with Matrigel. The results indicated that CTHRC1 could 
promote cell migration in vitro. However, CCK-8 assays 
showed that there was no significant effect of CTHRC1 
on cell proliferation. It has been shown that as carcinomas 
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arising from epithelial tissues progress to higher pathological 
grades of malignancy, reflected in local invasion and distant 

metastasis, the associated cancer cells typically develop 
alterations in their shape as well as in their attachment to 

Figure 2. Overexpression of CTHRC1 promotes the migration of EC cells in vitro. (A) Western blot analysis of the expression levels of CTHRC1 in Ishikawa 
and ECC1 cells. (B) Proliferation of Ishikawa and ECC1 cells with CTHRC1‑OE was confirmed by CCK‑8 assays. (C) Migration of Ishikawa and ECC1 cells 
with CTHRC1‑OE confirmed by Transwell assays. Magnification, x200. (D) Migration of Ishikawa and ECC1 cells with CTHRC1‑OE confirmed by wound 
healing assays. Magnification, x50. (E) Invasion of Ishikawa and ECC1 cells with CTHRC1‑OE confirmed by Transwell assays with Matrigel. Magnification, 
x200). (F) Focal adhesion and actin remodeling were analyzed by immunofluorescence. Magnification, x100. Vinculin was marked by red fluorescence and 
phalloidin, an actin stain, was marked by green fluorescence, while the nucleus was stained with DAPI (blue). The results were determined in triplicate. Data 
are presented as the mean ± SD. *P<0.05, **P<0.01. CTHRC1, Collagen triple helix repeat containing 1; EC, endometrial cancer; CCK‑8, Cell Counting Kit‑8; 
OE, overexpression.
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Figure 3. Recombinant CTHRC1-mediated promotion of EC cell migration in vitro. (A) Proliferation of +CTHRC1 Ishikawa and ECC1 cells confirmed by 
CCK‑8 assays. (B) Migration of Ishikawa and ECC1 cells with +CTHRC1 confirmed by Transwell assays. Magnification, x200. (C) Migration of Ishikawa 
and ECC1 cells with +CTHRC1 confirmed by wound healing assays. Magnification, x50. (D) Invasion of Ishikawa and ECC1 cells with +CTHRC1 con-
firmed by Transwell assays with Matrigel. Magnification, x200. (E) Focal adhesion and cyto‑actin remodeling were analyzed by immunofluorescence. 
Magnification, x100. Vinculin was marked by red fluorescence and phalloidin was marked by green fluorescence, while the nucleus was stained with DAPI 
(blue). The experiments were performed in triplicate, data are presented as the mean ± SD. *P<0.05. CTHRC1, Collagen triple helix repeat containing 1; EC, 
endometrial cancer; CCK-8, cell counting kit-8; +CTHRC1, cells with recombinant CTHRC1 protein treatment.
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other cells and to the ECM (38). Expression of genes encoding 
cell-cell and cell-ECM adhesion molecules is demonstrably 
altered in certain highly aggressive carcinomas, with those 
favoring cytostasis typically being downregulated (39). To 
investigate the focal adhesion and cytoactin remodeling of the 

CTHRC1‑OE group, immunofluorescence was performed to 
stain for vinculin, a focal adhesion protein, and for filamen-
tous actin, using cytoskeletal protein dye phalloidin. The 
results indicated downregulated focal adhesion protein and 
an altered cytoskeleton. Furthermore, the effect of CTHRC1 

Figure 4. CTHRC1 mediates the migration of EC cells via the FAK signaling pathway. (A) Western blot analysis of P-FAKTyr397 and T-FAK in cells with 
CTHRC1-OE. (B) Western blot analysis of P-FAKTyr397 and T‑FAK in the +CTHRC1 group or +CTHRC1 cells with defactinib or Y15. Migration confirmed 
by (C) Transwell assays, magnification, x200; and (D) wound healing assays. Magnification, x50. (E) The high expression of CTHRC1 in EC cells and plasma 
promoted EC cell migration by activating the FAK signaling pathway. The FAK signaling inhibitors, defactinib and Y15, could reverse the enhanced migration 
mediated by CTHRC1. The experiments were performed in triplicate. Data are presented as the mean ± SD. *P<0.05, **P<0.01, ***P<0.001. CTHRC1, collagen 
triple helix repeat containing 1; EC, endometrial cancer; FAK, focal adhesion kinase; P-FAK, phospho-FAK; T-FAK, Total-FAK; OE, overexpression.
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was demonstrated via CTHRC1 protein treatment. CTHRC1 
protein could promote migration in vitro, but had no effect 
on cell proliferation. Immunofluorescence showed analogous 
changes in the +CTHRC1 group. Evidence to date supports the 
notion that CTHRC1 integrates multiple aggressive signaling 
pathways (40,41). The FAK signaling pathway is known for its 
essential role in integrin signaling and overexpressed in many 
human tumors. It is also important in a variety of cellular func-
tions such as growth, survival, invasion and migration (13-15). 
Furthermore, in previous studies, it was shown that migration 
of cancer cells was decreased after inhibiting the activation of 
FAK signaling (16,17). Overexpression of FAK has a potential 
role in the initiation of metastatic signaling events (12). To 
further demonstrate the underlying molecular mechanism of 
CTHRC1 in EC migration, the FAK signaling pathway was 
investigated. Overexpression or treatment with CTHRC1 could 
promote an increase in the levels of P-FAK. Furthermore, the 
two FAK signaling inhibitors, defactinib and Y15, reversed the 
enhanced migration and the increased P-FAK levels mediated 
by CTHRC1, respectively, indicating that CTHRC1 mediated 
the migration of EC cells via the FAK signaling pathway. 
Therefore, the present findings are the first to suggest a role for 
CTHRC1 in affecting the migration of EC cells through the 
FAK signaling pathway.

In conclusion, the results of the present study indicated that 
CTHRC1 was expressed at a higher level in EC tissues than in 
normal tissues. Additionally, they suggested that CTHRC1 may 
promote the migration of EC cells in vitro via the FAK signaling 
pathway. Therefore, the CTHRC1/FAK signaling pathway may 
be a potential therapeutic target for the treatment of EC.
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