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Abstract: Collagen triple helix repeat containing-1 (CTHRC1) is aberrantly overexpressed in a variety of malignant 
human cancers. However, effects of CTHRC1 on endometriosis (EM) remain unclear. Herein, we aimed at exploring 
the effects of CTHRC1 on EM. We found that CTHRC1 protein expression was significantly increased in EM tissues 
compared with normal control as indicated by immunohistochemistry staining and western blot. Then, human endo-
metriotic stromal cells (ESC) were isolated and transfected with siRNA targeting CTHRC1. Cell viability was identified 
by CCK8 and the capacity of cell metastasis was determined by Transwell assay. qRT-PCR and western blot assays 
were used to measure the expression levels of CTHRC1 and several tumor-related genes. Results showed that com-
pared with the mock and negative controls knockdown of CTHRC1 expression significantly inhibited cell proliferation 
at 24 h, 48 h and 72 h in a time-dependent manner; suppressed cell migration, invasion and adhesion of ESC (n=3, 
P<0.01). Further, siRNA-CTHRC1 down-regulated the expression levels of several tumor cellular processes related 
proteins, matrix metallopeptidase 9 (MMP9), matrix metallopeptidase 2 (MMP2), CD44, TGF-β1 and ICAM1, while 
up-regulated E-cadherinexpression. Also, the phosphorylation level of ERK1/2 was inhibited. This study indicated 
that CTHRC1 may promote the progression of EM.
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Introduction

Endometriosis (EM) is a common gynecological 
disorder which may lead to symptoms such as 
dysmenorrheal and even infertility. Histologi- 
cally, EM is defined as stroma outside the uter-
ine cavity and the presence of endometrial 
glands [1]. It is the most common gynecological 
malignancy affecting 8-10% of the total women 
population, mainly postmenopausal women 
[2]. The main clinical problems of EM contain a 
variable severity of pain, recurrence after surgi-
cal or medical treatment and difficulty in preg-
nancy [1, 3, 4]. It have been suggested that 
endometriotic cells are invasive and able to 
metastasize [5, 6], which is similar to the mech-
anisms in the metastasis of malignant tumors.

Collagen triple helix repeat containing-1 
(CTHRC1) is an overexpressed gene screened 
from the process of arterial damage [7]. It is 
reported that CTHRC1 can reduce collagen 
deposition and promote cell migration [8]. 

CTHRC1 may involve in the tissues remediation 
process during vascular remodeling, and 
increasing research has proved that tissues 
remediation is closely associated with tumori-
genesis [9, 10]. There are abundant reports 
about the function of CTHRC1 on various kinds 
of cancers. For instance, overexpression of 
CTHRC1 in hepatocellular carcinoma increases 
tumor cell invasion and predicts poor prognosis 
[11]. In human gastric cancer, CTHRC1 may be 
associated with metastasis and it is up-regu- 
lated by transforming growth factor-β1 or pro-
moter demethylation [12]. CTHRC1 has been 
reported to affect peritoneal carcinomatosis 
and serve as a new predictor of prognosis for 
patients with colorectal cancer [13]. Over- 
expression of CTHRC1 is associated with tumor 
aggressiveness and poor prognosis in human 
non-small cell lung cancer [14]. Although 
CTHRC1 is involved in various cancers, the rela-
tionships between CTHRC1 and EM remain 
unclear. 
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In the current study, we found that CTHRC1  
protein expression was significantly increased 
in EM tissues compared with normal control.
CTHRC1 protein expression was much higher in 
ectopic endometrial tissues than in eutopic 
endometrial tissues. We then isolated endome-
triotic stromal cells (ESC) and knockdown 
CTHRC1 expression by small interfering RNA 
(siRNA) transfection to explore the effects of 
CTHRC1 on the proliferation and invasion of 
ESC. Furthermore, the possible mechanism 
was studied, which may explain the mechanism 
of CTHRC1 promoting the progression of EM. 

Materials and methods

Patients and tissues

Endometrial tissue samples were obtained 
from 30 patients who underwent surgery 
between January 2013 and December 2013 
for treatment of EM or for other benign gynae-
cological disorders (controls). The expression 
levels of CTHRC1 in normal tissues, eutopic 
and ectopic endometrial tissues were detected 
by immunohistochemical staining and western 
blot assays. Informed and written consent was 
obtained from all patients or their advisers 
according to the ethics committee guidelines of 
Women’s Hospital (Hangzhou, China).

Immunohistochemistry assay

Immunohistochemistry assay was performed 
to measure the protein levels of CTHRC1 in EM 
tissues and adjacent normal tissues. Briefly, 
the formalin-fixed and paraffin-embedded 
(FFPE) 5 μm tissue sections were deparaf-
finized and rehydrated. The rehydrated sections 
were treated with 0.01 M citrate buffer (pH 6) 
to unmask antigen. Then sections were washed 
three times with 0.01 M PBS, incubated with 
5% (w/v) bovine serum albumin (BSA) at 37°C 
for 30 min, and subsequently at 4°C overnight 
with CTHRC1 primary antibody (Ab85739, 
Abcam, 1:50). Then the sections were washed 
three times with PBS and incubated with horse-
radish peroxidase-conjugated secondary anti-
body for 1 hat room temperature. The sections 
were developed with diaminobenzidine tetrahy-
drochloride and then counterstained with 
haematoxylin.

Isolation and culture of human endometriotic 
stromal cells (ESC)

Endometriotic stromal cells (ESC) were isolated 
under sterile conditions as previously reported 

[15]. Then the tissues were washed with PBS to 
remove blood clots mucus, cut into small piec-
es with the size of less than 1 mm3, and incu-
bated with 1% collagenase solution (GIBO, USA) 
at 37°C for 2.5 h. After confirming the glands 
and stoma were separated under microscopic, 
tissues were centrifuged at 800 rpm, washed 
twice with PBS, suspended in Dulbecco’s modi-
fied Eagle’s medium (DMEM, Gibco BRL, 
Rockville, MD, USA), and filtered with a 200 
mesh stainless steel screen to remove the 
undigested tissues. Then the obtained cells 
were cultured in DMEM supplemented with 
100 U/mL penicillin, 100 μg/mL streptomycin 
and 10% fetal bovine serum (FBS, Gibco BRL). 
And the incubator (Thermo, Fisher Scientific 
Inc., Waltham, MA, USA) was set to 37°C, 100% 
humidity and 5% CO2. The purity of the ESC was 
assessed by immunocytochemical staining 
with anti-vimentin (Abcam, ab8978).

Small interfering RNA (siRNA) transfection

Three siRNAs targeting human CTHRC1 mRNA 
(5’-GCGGAGUGUACAUUUACAA-3’; 5’-GCUCAU- 
CUGUGGGAAGUAU-3’; 5’-CUGGGUUGGUACUU- 
GUUCA-3’) and a non-specific scramble siRNA 
sequence (NC: 5’-UUGUACUACACAAAAGUAC- 
UG-3’) were synthesized by Genepharma 
(Shanghai, China). Cells in logarithmic growth 
phase were collected, digested by trypsin, 
counted and added to a 6-well culture plate 
with 1 ml/well containing 5 × 105 cells/mL. And 
then cells were seeded in antibiotic-free medi-
um the day before transfection. After that, cells 
were transfected with 400 nmol/L siRNA-
CTHRC1 or siRNA (negative control) using lipo-
fectamineTM 2000 (Invitrogen, Shanghai, China) 
according to the instructions. After 24 h, 48 h, 
and 72 h, cells were collected respectively, with 
each of the time regarded as one treated group 
and 0h as a control for proliferation assay. The 
transfected cells at 48 h Cells were used for 
the following cell adhesion assay, transwell 
assay, qRT-PCR and western blot assay.

Quantitative real-time PCR (qRT-PCR) assay

Quantitative real-time PCR (qRT-PCR) was used 
to determine the protein levels of CTHRC1 in 
different groups after transduction. Total RNA 
samples were isolated using Trizol Reagent 
(Invitrogen, Japan). cDNA was synthesized from 
approximately 5 μg of RNA using AMV reverse 
transcriptase (Fermentas, USA). qRT-PCR reac-
tions in a 25 μL total volume were performed 
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using SYBR→Green 10 × Supermix (Takara, 
Japan) on Roche Light Cycler→480II System 
(Roche Diagnostics Ltd., Switzerland). The 
Primer Express Software (Applied Biosystems, 
Shanghai, China) were used to design primer 
pairsfor human genes (Primer F: 5’-TTGTTCA- 
GTGGCTCACTTC-3’, Primer R: 5’-TCATTTCAGG- 
GCTTCCTTG-3’) with GAPDH as the internal 
control. The PCR procedure was: 95°C for 10 
min, followed by 40 cycles of 95°C for 15 s, 
60°C for 45 s; one cycle of 95°C for 15 s, 60°C 
for 1 min; one cycle of 95°C for 15 s, 60°C for 
15 s. All PCR reactions were repeated three 
times and the relative expression levels of dif-
ferent groups were calculated by normalizing to 
the mRNA expression level of GAPDH using the 
2-ΔΔCT method [16].

Western blot analysis

The relationship between CTHRC1 and tumor-
regulated genes were explored by western blot 
assays. Transfected cells were harvest, washed 
twice with PBS, lysed in ice-cold radio in ice-
cold radio immunoprecipitation assay buffer 
(RIPA, Beyotime, Shanghai, China) containing 
0.01% protease and phosphatase inhibitor 
(Sigma, Shanghai, China), and incubated on ice 
for 30 min. Then cell lysis was obtained, centri-
fuged 12,000 × g at 4°C for 10 mins. Proteins 
in supernatant were obtained and quantified  
by BCA protein quantitation kit (thermo, 
PICPI23223). About 20-30 μg protein samples 
in each load were separated by 10% SDS-PAGE 
gel, and transferred electrophoretically to a 
polyvinylidene fluoride membrane (Millipore, 
Shanghai, China). The membrane were blocked 
with 5% BSA in PBST and incubated with pri-
mary antibodies against CTHRC1 (Abcam, Ab- 
85739, 1:1000 dilution), MMP2 (Abcam, Ab- 
92536, 1:1000 dilution), MMP9 (Abcam, Ab- 
119906, 1:1000 dilution), CD44 (CST, #5640, 
1:1000 dilution), ICAM1 (Abcam, Ab53013, 
1:500 dilution), E-cadherin (CST, #14472, 
1:1000 dilution), TGFβ1 (Abcam, Ab92486, 
1:500 dilution), ERK1/2 (CST, #4695, 1:500 
dilution), p-ERK1/2 (CST, #4376, 1:500 dilu-
tion) and GAPDH (CST, #5174, 1:1500 dilution). 
Blots were incubated for 1 hour at 37°C with 
goat anti-mouse or anti-rabbit secondary anti-
body (Beyotime, Shanghai, China) and Inten- 
sities were measured using enhanced chemilu-
minescence (ECL, Thermo Scientific, Shanghai, 
China). 

Cell growth and proliferation assay

Cell Counting Kit (CCK)-8 Kit (Tongren, 
Shanghai, China) was used to assess the 
effects of siRNA-CTHRC1 on the viability of 
endometriotic stromal cells in different group 
(control, negative control and siRNA-CTHRC1 
treatment group). Briefly, CCK-8 reagent was 
added to each treated group of wells with 1:10 
(v/v) per 100 μL medium when cells were trans-
fected for 0 h, 12 h, 48 h and 72 h. After the 
endpoint of incubation, optical density (OD) at 
450 nm was determined for the supernatant  
of each well by a microplate reader. Experiments 
were performed at least three times with each 
time in triplicate. 

Transwell migration and invasion assays

Transwell assays were performed to assess the 
cell ability of migration and invasion after the 
cells were transfection with siRNA-CTHRC1. For 
invasion assay, the inserts were pre-coated 
with matrigel (BD Bioscience) and solidified at 
37°C incubator for 30 min. Briefly, cells in dif-
ferent groups were starved with serum-free 
DMEM medium for 24 h. Then, cells were tryp-
sinized, washed with serum-free medium and 
resuspended in medium containing 1% FBS. 
After counting, cells were seeded into Transwell 
at a density of 5 × 104 per well, and the lower 
chamber was added with 0.75 mL complete 
medium containing 10% FBS. After incubation 
for another 48 h, cells that did not migrate were 
completely removed with a cotton swab. 
Migrated cells were fixed for 10 min in 4%  
paraformaldehyde (JRDUN Biotech, Shanghai, 
China), washed by 1 × PBS and stained by 1 mL 
0.5% crystal violet for 30 min. The numbers of 
migrated and invaded cells in five randomly 
selected fields were counted under a micro-
scope (OLYMPUS, Shenzhen, China). 

Adhesion assays

To detect the effect of siRNA-CTHRC1 on cell 
adhesion, 12-well plates was used for deter-
mining the number of adhesive cells. Cell sus-
pension (1 × 105 cells/well) was added to the 
well and incubated for 1 h at 37°C, 5% CO2. 
After centrifugation, the supernatant was dis-
carded and cells were washed with PBS twice. 
Adherent cells were fixed with 4% methanol for 
15 min and stained with crystal violet for 30 
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min. Photographed and counted the number of 
adherent cells from three random selected 200 
× fields of microscope.

Statistical analysis

Experiments were performed with values 
expressed as mean ± SD. All statistical analy-
ses were conducted using the Graphpad Prism 
6.0 software. Data were analyzed by T tests. In 
all statistical comparisons, a P value of less 
than 0.05 was considered to be statistically 
significant.

Results

High expression of CTHRC1 in EM tissues com-
pared with normal tissues

The expression levels of the endogenous 
CTHRC1 in EM tissues and normal tissues were 
detected by immunohistochemistry staining. 
Our results showed that the signal of CTHRC1 
in EM was much stronger than in normal tis-
sues (Figure 1A). Moreover, compared with 
eutopic endometrial tissues, ectopic endome-
trial tissues had an obviously higher expression 
of CTHRC1 (Figure 1B). The results suggested 
that CTHRC1 probably played a role in the 
development of EM.

order to detect whether the siRNA-CTHRC1  
can knockdown CTHRC1 expression, qRT-PCR 
and western blot assays were performed. As 
shown in Figure 2B and 2C, relative mRNA and 
protein expression levels of CTHRC1 in CTHRC1 
siRNA-treated group were decreased notably.
siCTHRC1-3 had the highest knockdown effi-
ciency and was chosen for the following assays. 

siRNA-CTHRC1 inhibited ESC viability

Cell growth (OD/450 nm) and proliferation rates 
were measured by CCK8. Results showed that 
after transfection with siRNA for 24 h, 48 h and 
72 h, cell viability was weakened markedly in 
siRNA-CTHRC1-3 group cells in a time-depen-
dent manner (n=3, P<0.001) (Figure 3). It sug-
gested that siRNA-CTHRC1 inhibited cell 
viability. 

siRNA-CTHRC1 inhibited cellular adhesion, mi-
gration and invasion 

Transwell assays were performed to explore the 
effects of siRNA-CTHRC1-3 on cell migration 
and invasion. As shown in Figure 4, treatment 
with siRNA-CTHRC1-3 obviously suppressed 
the adhesion, migration and invasion ability of 
ESC compared with the NC group and control. 
The number of cell migration in the control, NC 

Figure 1. High expression of CTHRC1 in tumor tissues compared with normal 
tissues. A. The signal distribution of CTHRC1 in EM was much stronger than 
in normal tissues as assessed by immunohistochemistry staining. B. Protein 
expression of CTHRC1 was progressively increased with the increasing grade 
of disease severity. “a” represents normal tissues, “b” represents eutopic 
endometrial tissues and “c” represents ectopic endometrial tissues.

Isolation of endometriotic 
stromal cells (ESC)

In order to explore the possi-
ble effects of CTHRC1 on the 
progression of EM, ESC was 
isolated from ectopic endo-
metrial tissues. The purity of 
ESC was determined by im- 
munohistochemistry staining 
with anti-vimentin (Figure 2A). 
The percentages of vimentin-
positive cells were over 90% 
and the cells can be used in 
the following assays.

Detection of CTHRC1 levels 
after treatment with siRNA-
CTHRC1

Three siRNAs targeting hu- 
man CTHRC1 mRNA (siC-
THRC1-1, -2 and -3) and a 
non-specific scramble siRNA 
sequence (NC) were synthe-
sized and transfected ESC. In 
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sis of the endometriotic stromal cells were 
inhibited by siRNA-CTHRC1, the protein levels 
of several tumor-related genes were detected 
western blot. As revealed in Figure 5A, the  
protein levelsof matrix metallopeptidase 9 
(MMP9), matrix metallopeptidase 2 (MMP2), 
CD44, transforming growth factor-β1 (TGF-β1), 
ICAM1 (intercellular cell adhesion molecule-1) 
were all down-regulated by siRNA-CTHRC1, 
while E-cadherin was up-regulated. Moreover, 
treatment with siRNA-CTHRC1 inhibited the 
phosphorylation of ERK1/2 (Figure 5B).

Discussion

Recently, CTHRC1 has been found to be aber-
rantly up-regulated in various human solid 
tumors and may be closely associated with 
migration and invasion of tumors [17, 18]. Also 
it is reported that CTHRC1 could be considered 
as an effective and novel prognostic marker for 
the prediction of recurrence or metastasis of 
colorectal cancer [19]. However, the function 
and regulation of CTHRC1 in EM and the rela-
tionship between EM and CTHRC1 have not 
been reported. In this current study, we demon-
strated for the first time that a higher expres-
sion of CTHRC1 occurs in the endometriosis 
tissues than in normal tissues. Our in vitro 
experiments demonstrated that CTHRC1 inhib-
ited cell proliferation, migration, invasion and 
adhesion of ESC. The present study indicated 
that CTHRC1 may promote the progression of 
EM. 

In exploring the function of CTHRC1 at the 
molecular level, the expression levels of sever-

Figure 2. Detection of CTHRC1 expression after treat-
ment with siRNA-CTHRC1. (A) Identification of ESC by 
immunocytochemical staining with anti-vimentin. 
Magnification: × 200. (B, C) Three siRNAs targeting 
human CTHRC1 mRNA (siCTHRC1-1, -2 and -3) and 
a non-specific scramble siRNA sequence (NC) were 
synthesized and transfected ESC. Relative mRNA 
(B) and protein (C) expression levels of CTHRC1 in 
siRNA-CTHRC-treated group were notably decreased. 
**P<0.01, ***P<0.001 vs Mock, ##P<0.01, ###P<0.001 
vs NC.

Figure 3. siRNA-CTHRC1-3 inhibited ESC viability. 
After transfection with siRNA-CTHRC1-3 or negative 
control (NC) siRNA for 24 h, 48 h and 72 h, cell vi-
ability was markedly weakened in a time-dependent 
manner. n=3, mean ± SD. **P<0.01, ***P<0.001 vs 
Mock, #P<0.05, ###P<0.001 vs NC.

and siRNA-CTHRC1 group was 108 ± 7, 98 ± 8 
and 35 ± 7, respectively. The number of cell 
invasion in the three groups was 60 ± 6, 58 ± 6 
and 17 ± 2, respectively. The number of cell 
adhesion in the three groups was 31 ± 4, 34 ± 
3 and 15 ± 3, respectively. The results indicat-
ed that siRNA-CTHRC1-3 inhibited adhesion, 
migration and invasion of ESC. 

siRNA-CTHRC1-1regulated the expression of 
tumor-related protein

In order to further understand the mechanism 
through which cells proliferation and metasta-
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al tumor-related genes were detected in our 
study. It is reported MMPs are associated with 
cancer-cell invasion and metastasis. Activation 
of MMPs, including MMP2 and MMP9, have 
been detected in almost all types of human 
cancer and are closely correlated with advanced 
tumor stage, increased invasion and metasta-
sis, and shortened survival time [20, 21]. Here, 
our results showed that the protein levels of 
MMP2 and MMP9 were inhibited in siRNA-
CTHRC1 treated EM cells. Besides, E-cadherin 
[22] and TGF-β1 signaling [23] play a vital role 
during the EMT (epithelial-mesenchymal transi-
tion) process, which is closely associated with 
tumor cell metastasis [24, 25]. In this study, 
siRNA-CTHRC1 treatment resulted in a signifi-
cant increase in E-cadherin expression and a 
notable decrease in TGF-β1 expression, which 
suggested that CTHRC1 may affect EM cell 
invasion through regulating EMT. CD44 has 
multiple functions and plays vital roles in 
enhancing the integrin-mediated tumor cell 
metastasis [26] and promoting tumor cell inva-
sion by regulating the activity of metalloprotein-
ase [27, 28]. ICAM1 plays an important role in 

Figure 4. siRNA-CTHRC1-3 inhibited cellular adhesion, migration and Invasion. A. Treatment with siRNA-CTHRC1 ob-
viously suppressed the adhesion, migration and invasion ability of EM cells compared with the NC group and control. 
B. Data were presented as mean ± SD from three independent experiments. ***P<0.001 vs Mock, ###P<0.001 vs NC.

Figure 5. siRNA-CTHRC1 regulated the expression of 
tumor related genes. A. The protein levelsof MMP9, 
MMP2, CD44, TGF-β1 and ICAM1 were all down-
regulated by siRNA-CTHRC1, while E-cadherin was 
up-regulated. B. Treatment with siRNA-CTHRC1 in-
hibited the phosphorylation of ERK1/2. 
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embryo development, differentiation, normal 
tissue maintenance, inflammation and immu-
nity response [29]. In this study, both CD44 and 
ICAM1 were down-regulated in siRNA-CTHRC1 
group cells. Our study suggested CTHRC1 may 
affect cell adhesion through regulating CD44 
and ICAM1. Further, we found that the ERK1/2 
phosphorylation status was inhibited by siRNA-
CTHRC1. ERK1/2 are important mediators of 
cell proliferation [30]. It has been reported that 
activation of ERK1/2 was enhanced in various 
kinds of cancers [31]. Our results showed  
that p-ERK1/2 was down-regulated in siRNA-
CTHRC1 treated EM cells. Considering the 
above reports, we inferred that inhibition of 
CTHRC1 resulted in the inhibition of p-ERK1/2, 
thus repressing cell proliferation. 

In conclusion, we first demonstrated the higher 
expression of CTHRC1 in EM tissues than in 
normal tissues. Knockdown of CTHRC1 expres-
sion significantly inhibited cell proliferation, cell 
migration, invasion and adhesion of ESC. 
Further, the expression levels of several tumor 
cellular processes related proteins and phos-
phorylation level of ERK1/2 were affected by 
CTHRC1 knockdown. Our findings have uncov-
ered a novel role of CTHRC1 in regulating the 
pathological processes of EM and suggested a 
novel therapeutic target for EM.

Acknowledgements

This study was supported by Zhejiang Provin- 
ce Natural Science Funds Grant (No. Y13H- 
040003) and National Natural Science Funds 
of Youth Science Foundation Grant (No. 814- 
01181).

Disclosure of conflict of interest

None.

Address correspondence to: Dr. Kaihong Xu, De- 
partment of Gynecology, Women’s Hospital, School 
of Medicine, Zhejiang University, Xueshi Road, 
Hangzhou 310006, China. E-mail: khxuhz@sina.com 

References

[1] Amant F, Moerman P, Neven P, Timmerman D, 
Van Limbergen E and Vergote I. Endometrial 
cancer. Lancet 2005; 366: 491-505.

[2] Strathy JH, Molgaard CA, Coulam CB and 
Melton LJ 3rd. Endometriosis and infertility: a 
laparoscopic study of endometriosis among 

fertile and infertile women. Fertil Steril 1982; 
38: 667-672.

[3] Khan KN, Kitajima M, Hiraki K, Fujishita A, 
Sekine I, Ishimaru T and Masuzaki H. 
Immunopathogenesis of pelvic endometriosis: 
role of hepatocyte growth factor, macrophages 
and ovarian steroids. Am J Reprod Immunol 
2008; 60: 383-404.

[4] Stratton P and Berkley KJ. Chronic pelvic pain 
and endometriosis: translational evidence of 
the relationship and implications. Hum Reprod 
Update 2011; 17: 327-346.

[5] Jiang HQ, Li YL and Zou J. Effect of recombi-
nant human endostatin on endometriosis in 
mice. Chin Med J (Engl) 2007; 120: 1241-
1246.

[6] Banu SK, Lee J, Speights VO Jr, Starzinski-
Powitz A and Arosh JA. Cyclooxygenase-2 regu-
lates survival, migration, and invasion of hu-
man endometriotic cells through multiple me- 
chanisms. Endocrinology 2008; 149: 1180-
1189.

[7] Pyagay P, Heroult M, Wang Q, Lehnert W, 
Belden J, Liaw L, Friesel RE and Lindner V. 
Collagen triple helix repeat containing 1, a 
novel secreted protein in injured and diseased 
arteries, inhibits collagen expression and pro-
motes cell migration. Circ Res 2005; 96: 261-
268.

[8] Leclair RJ, Wang Q, Benson MA, Prudovsky I 
and Lindner V. Intracellular localization of 
Cthrc1 characterizes differentiated smooth 
muscle. Arterioscler Thromb Vasc Biol 2008; 
28: 1332-1338.

[9] Dvorak HF. Tumors: wounds that do not heal. 
Similarities between tumor stroma generation 
and wound healing. N Engl J Med 1986; 315: 
1650-1659.

[10] Beachy PA, Karhadkar SS and Berman DM. 
Tissue repair and stem cell renewal in carcino-
genesis. Nature 2004; 432: 324-331.

[11] Chen YL, Wang TH, Hsu HC, Yuan RH and Jeng 
YM. Overexpression of CTHRC1 in hepatocel-
lular carcinoma promotes tumor invasion and 
predicts poor prognosis. PLoS One 2013; 8: 
e70324.

[12] Wang P, Wang YC, Chen XY, Shen ZY, Cao H, 
Zhang YJ, Yu J, Zhu JD, Lu YY and Fang JY. 
CTHRC1 is upregulated by promoter demethyl-
ation and transforming growth factor-beta1 
and may be associated with metastasis in hu-
man gastric cancer. Cancer Sci 2012; 103: 
1327-1333.

[13] Tan F, Liu F, Liu H, Hu Y, Liu D and Li G. CTHRC1 
is associated with peritoneal carcinomatosis in 
colorectal cancer: a new predictor for progno-
sis. Med Oncol 2013; 30: 473.

[14] Ke Z, He W, Lai Y, Guo X, Chen S, Li S, Wang Y 
and Wang L. Overexpression of collagen triple 
helix repeat containing 1 (CTHRC1) is associ-

mailto:khxuhz@sina.com


Effects of CTHRC1 on endometriosis

10035 Int J Clin Exp Pathol 2016;9(10):10028-10035

ated with tumour aggressiveness and poor 
prognosis in human non-small cell lung cancer. 
Oncotarget 2014; 5: 9410-9424.

[15] Ryan IP, Schriock ED and Taylor RN. Isolation, 
characterization, and comparison of human 
endometrial and endometriosis cells in vitro. J 
Clin Endocrinol Metab 1994; 78: 642-649.

[16] Livak KJ and Schmittgen TD. Analysis of rela-
tive gene expression data using real-time 
quantitative PCR and the 2(-Delta Delta C(T)) 
Method. Methods 2001; 25: 402-408.

[17] Kharaishvili G, Cizkova M, Bouchalova K, 
Mgebrishvili G, Kolar Z and Bouchal J. Collagen 
triple helix repeat containing 1 protein, perios-
tin and versican in primary and metastatic 
breast cancer: an immunohistochemical study. 
J Clin Pathol 2011; 64: 977-982.

[18] Tang L, Dai DL, Su M, Martinka M, Li G and 
Zhou Y. Aberrant expression of collagen triple 
helix repeat containing 1 in human solid can-
cers. Clin Cancer Res 2006; 12: 3716-3722.

[19] Kim HC, Kim YS, Oh HW, Kim K, Oh SS, Kim JT, 
Kim BY, Lee SJ, Choe YK, Kim DH, Kim SH, 
Chae SW, Kim KD and Lee HG. Collagen triple 
helix repeat containing 1 (CTHRC1) acts via 
ERK-dependent induction of MMP9 to promote 
invasion of colorectal cancer cells. Oncotarget 
2014; 5: 519-529.

[20] Roy R, Yang J and Moses MA. Matrix metallo-
proteinases as novel biomarkers and potential 
therapeutic targets in human cancer. J Clin 
Oncol 2009; 27: 5287-5297.

[21] Vihinen P and Kahari VM. Matrix metallopro-
teinases in cancer: prognostic markers and 
therapeutic targets. Int J Cancer 2002; 99: 
157-166.

[22] Thiery JP, Acloque H, Huang RY and Nieto MA. 
Epithelial-mesenchymal transitions in develop-
ment and disease. Cell 2009; 139: 871-890.

[23] Rahimi RA and Leof EB. TGF-beta signaling: a 
tale of two responses. J Cell Biochem 2007; 
102: 593-608.

[24] Huber MA, Kraut N and Beug H. Molecular re-
quirements for epithelial-mesenchymal transi-
tion during tumor progression. Curr Opin Cell 
Biol 2005; 17: 548-558.

[25] Thompson EW, Newgreen DF and Tarin D. 
Carcinoma invasion and metastasis: a role  
for epithelial-mesenchymal transition? Cancer 
Res 2005; 65: 5991-5995; discussion 5995.

[26] Fujisaki T, Tanaka Y, Fujii K, Mine S, Saito K, 
Yamada S, Yamashita U, Irimura T and Eto S. 
CD44 stimulation induces integrin-mediated 
adhesion of colon cancer cell lines to endothe-
lial cells by up-regulation of integrins and c-
Met and activation of integrins. Cancer Res 
1999; 59: 4427-4434.

[27] Takahashi K, Eto H and Tanabe KK. Involvement 
of CD44 in matrix metalloproteinase-2 regula-
tion in human melanoma cells. Int J Cancer 
1999; 80: 387-395.

[28] Isacke CM and Yarwood H. The hyaluronan re-
ceptor, CD44. Int J Biochem Cell Biol 2002; 34: 
718-721.

[29] van de Stolpe A and van der Saag PT. Inter- 
cellular adhesion molecule-1. J Mol Med (Berl) 
1996; 74: 13-33.

[30] Zhang W and Liu HT. MAPK signal pathways in 
the regulation of cell proliferation in mammali-
an cells. Cell Res 2002; 12: 9-18.

[31] Hilger RA, Scheulen ME and Strumberg D. The 
Ras-Raf-MEK-ERK pathway in the treatment of 
cancer. Onkologie 2002; 25: 511-518.


