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Upregulated CTHRC1 promotes human epithelial ovarian
cancer invasion through activating EGFR signaling
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Abstract. Epithelial ovarian cancer (EOC) is the major cause
of deaths from gynecologic malignancies, and metastasis is
the main cause of cancer related death. Collagen triple helix
repeat containing-1 (CTHRC]) is a secreted protein that has
the ability to inhibit collagen matrix synthesis. In this study,
we found that high CTHRCI1 expression was associated
with poor prognosis of EOC. In vitro experiments showed
that CTHRCI1 promoted migration and invasion of ovarian
cancer cells. CTHRCI had no effect on ovarian cancer cells
viability. Additionally, EGFR inhibitors reduced the promo-
tion effects of CTHRC1 on EOC cell invasion. After silencing
of CTHRC1, downregulated expression of phosphorylation of
EGFR/ERK1/2/AKT was observed in ovarian cancer cells.
Taken together, our results suggest a role for CTHRCI in the
progression of ovarian cancer and identified CTHRCI as a
potentially important predictor for human ovarian cancer
prognosis.

Introduction
Ovarian cancer is the major cause of deaths from gynecologic

malignancies and the 5th leading cause of cancer-related
deaths among women in the United States. According to the
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National Cancer Institute (NCI) report prediction, ~21,290
new cases would be diagnosed with ovarian cancer in America
in 2015, and 14,180 patients would die of this disease (1).

Most cancer-related deaths result from the formation of
metastases (2), which are difficult to detect and can induce
relapse for years after treatment of the primary tumor (3).
Ovarian cancer patients die of their disease mainly attributed
to metastasis (4). Unfortunately, the mechanism of metastasis
is still unclear.

Collagen triple helix repeat containing-1 (CTHRC1) is a
30-kDa secreted protein that has the ability to inhibit collagen
matrix synthesis. It is highly expressed in cartilage, devel-
oping bones, and myofibroblasts during skin wound healing
(5). A human tumor complementary DNA array analysis has
shown that the CTHRC1 gene is expressed in the majority of
human solid cancers (6). Recent studies reported that CTHRC1
promoted tumor cell metastasis by different signaling pathways
in different cancers. In gastric cancer, CTHRCI has been shown
to be upregulated by promoter demethylation and in response to
TGEF-f signaling (7), while in human non-small cell lung cancer,
CTHRCI1 mediates aggressiveness via GSK-3f3/B-catenin
pathway (8).

Epidermal growth factor receptor (EGFR) has received
considerable attention in ovarian cancer research, because up
to 75% of primary epithelian ovarian cancers (EOC) overex-
press EGFR (9). Overexpression of EGFR is associated with
advanced-stage disease and poor prognosis (10). Furthermore,
EGFR and its family members are the major contributors of a
complex signaling cascade that modulates growth, signaling,
differentiation, adhesion, migration and survival of cancer cells
(11). Published data demonstrates that EGFR plays an impor-
tant role in tumor progression (12). Thus EGFR is considered
as a critical molecular target for therapy in advanced ovarian
cancer.

EGFR is closely related to ovarian cancer metastasis
(13) and a number of cellular signals such as protein kinase
(AKT) and extracellular signal-regulated kinasel/2 (ERK1/2)
(14-16) can be activated due to EGFR activation. Although
recent study showed CTHRC1 may promote EOC metastasis
through Wnt/catinen signal pathway (17), but little is known
about whether CTHRCI1 was involved in EGFR signaling to
modulate EOC cell metastasis.
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Zhou et al reported that microRNA-7 inhibited tumor
metastasis and reversed EMT through AKT and ERK1/2
pathway inactivation by reducing EGFR expression in EOC
cell lines (18), this led us to investigate whether the EGFR
and its downstream signaling pathways were involved in the
effect on ovarian cancer cell migration and invasion induced
by CTHCRI.

In this study, we examined the CTHRCI1 expression in
EOC and found that CTHRCI played an important role in
ovarian cancer cell metastasis. EGFR inhibitors can block
recombinant CTHRC1 induced promotion of ovarian cancer
cell migration and invasion. Silencing of CTHRC1 with siRNA
blocked phosphorylation of EGFR, ERK1/2 and Akt in the
ES-2 cell line. We demonstrated that CTHRC1 may promote
migration and invasion of ovarian cancer cells through acti-
vated signaling of EGFR/ERK1/2/AKT.

Materials and methods

Cell culture. Human ovarian cancer cell line SKOV3, ES2,
CAOV3, HEY, COV318 were obtained as gifts from Shanghai
Cancer Institute. Cells were cultured in Dulbecco's modified
Eagle's medium (DMEM; Invitrogen, USA) supplemented
with 10% (v/v) fetal bovine serum (Invitrogen), 100 U/ml
penicillin and 100 ug/ml streptomycin, at 37°C in an incubator
with 5% CO, condition.

Clinical samples. The studied human ovary tissue microarray
contained 83 cases of ovarian cancer. These tissues were
obtained from Department of Gynecology, Obstetrics and
Gynecology Hospital, Fudan University from 2006 to 2009.
None of them had received chemotherapy, radiotherapy and
other related antitumor therapies before surgery. Eighteen
cases of normal ovarian tissues were selected as the control
group. All human ovary tissues were obtained with informed
consent and all protocols were approved by the ethics review
committee of the World Health Organization Collaborating
Center for Research in Human Production.

Tissue microarray construction. Human ovary tissue micro-
array was constructed by Suzhou Xinxin Biotechnology Co.
Ltd. (Xinxin Biotechnology Co., Suzhou, China). Two 1.6-mm
cores per donor block were transferred into a recipient block
tissue microarray. Three-micron thick sections were cut from
the recipient block and transferred to glass slides with an adhe-
sive tape transfer system for ultraviolet cross linkage.

Immunohistochemical staining. The tissue microarray glass
slides were baked at 55°C for 1 h, and then de-paraffinized
gradually through xylene, 50% xylene, gradient concentrations
of ethanol until immersed in tap water. Tissue sections were
blocked for peroxidase activity with 0.3% hydrogen peroxide
at 37°C for 30 min. Antigen retrieval was carried out by boiling
in 10 mmol/l citrate buffer (pH 6.0) for 15 min. Then the
tissues were incubated with CTHRCI antibody (rabbit, 1:200
dilution, Abcam Biotechnology) overnight at 4°C. The next
day, the tissues were washed with phosphate buffer solution
(PBS) three times and incubated with HRP-labeled anti-rabbit
secondary antibody (1:200 dilution, Dako, Carpinteria, CA,
USA) for 1 h at room temperature. Immunostaining was
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carried out using diaminobenzidine substrate chromogen
method. After immunostaining tissues were immersed into
hematoxylin for nuclear staining. The TMA slides were
then dehydrated through gradient concentrations of ethanol,
cleared with xylene, and coverslipped with neutral balsam.
Five high-power fields were randomly chosen, and =300 cells
were counted per field. Expression score was determined by
staining intensity and immunoreactive cell percentage. Scoring
was conducted according to the ratio and intensity of positive-
staining cells: 0-5% scored 0; 6-35% scored 1; 36-70% scored 2;
>70% scored 3. The final score of CTHCRI1 expression was
designated as low or high expression group as follows: low
expression, score 0-1; high expression, score 2-3. All the scores
of CTHRC1 expression were performed in a blinded manner
and determined independently by two senior pathologists.

RNA interference-based gene silencing experiment. Stably
transfected clones were selected using ES2 cells, and trans-
fection was performed with SuperFectin according to the
manufacturer's instructions. SiIRNA interference plasmid
was purchased from GenePharma and designed to target
the following cDNA sequences: CTHRC1-shRNAI, sense,
5'-CAG CGU UGG UAU UUC ACA UUT-3'"; antisense,
5-AUG UGA AAU ACC AAC GCU GTT-3'. CTHRCI-
shRNA2, sense, 5-GCU UCU ACU GGA UGG AAU UTT-3'
antisense, 5'-AAU UCC AUC CAG UAG AAG CTT-3.
CTHRCl-negative control: sense, 5'-UUC UCC GAA CGU
GUC ACG UTT-3"; antisense, 5'-ACG UGA CAC GUU CGG
AGA ATT-3" Stable shRNA-expressing clones were selected
with 2 pg/ml puromycin (Sangon, Shanghai, China) and the
silencing effects were verified by qRT-PCR and western blot
analysis.

Western blot analysis. Cells were lysed in lysis buffer (50 mM
Tris-HCI, 150 mM NaCl, 1% Triton-X 100, 1 mM each MgCl,,
MnCl, and CaCl,, I mM PMSF and 10 mM sodium fluoride)
and protease inhibitor cocktail. Proteins were separated by
SDS-PAGE under reducing condition, followed by immunob-
lotting with specific primary antibodies and species-specific
secondary antibodies. Bound secondary antibodies were
revealed by Odyssey imaging system (LI-COR Biosciences,
Lincoln, NE, USA). Quantification was analyzed using ImageJ
software. The antibodies used in this study included: anti-
CTHRCI (rabbit, 1:1,000, Abcam Biotechnology), anti-EGFR
and anti-pEGFR (Tyr1148) (rabbit, 1:1,000, Cell Signaling
Technology), anti-AKT and anti-pAKT (S473) (rabbit, 1:1,000,
Cell Signaling Technology), anti-ERK1/2 and anti-pERK1/2
(Thr202/Tyr204) (rabbit, 1:1,000, Cell Signaling Technology),
anti-B-actin (rabbit, 1:1,000, Sigma Biotechnology).

Quantitative real-time PCR. Total cellular RNA was extracted
using TRIzol reagent (Takara) and reversely transcribed
through PrimeScript RT-PCR kit (Takara) according to the
protocol. The CTHRC1 mRNA expression was determined by
real-time PCR using SYBR Premix Ex Taq (Takara) on a 7500
real-time PCR system (Applied Biosystems) at the following
cycling settings: one initial cycle at 95°C for 10 sec followed
by 40 cycles of 5 sec at 95°C and 31 sec at 60°C. Primers
were CTHRCI: (sense) 5'-TGG ACA CCC AAC TAC AAG
CA-3'" and (antisense) 5'-GAA CAA GTG CCA ACC CAG
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Normal ovarian tissue

Figure 1. Immunohistochemical staining reveals CTHRCI expression in paraffin-embedded ovarian cancer tissues. (A) Normal ovarian tissues showed low
CTHRC1 expression. (B) Cancer tissues showed high CTHRCI expression. The photos on the right are magnified images from the boxed region of the left
image. Arrowhead, intracellular staining; arrow, extracellular staining. Scale bar, 100 ym.

AT-3". 18S (primers: sense 5'-TGC GAG TAC TCA ACA CCA
ACA-3, antisense 5'-GCA TAT CTT CGG CCC ACA-3") was
used as an internal reference.

Cell viability assay (CCKS8 assay). Cell viability was detected
using a standard Cell Counting Kit-8 assay. Ovarian cancer
cells were plated in 96-well plates at a density of 3x10* cells
per well with 100 ul of complete culture medium. We
added 10 ul of reagent from Cell Counting Kit-8 (Dojindo,
Kumamoto, Japan) to each well for detection at days 1,2, 3,4
and 5. After 1 h of incubation at 37°C, the optical density was
measured using microplate reader at a wavelength of 450 nm.
The experiment was repeated three times.

In vitro migration and invasion assays. For the in vitro
Transwell migration assay, 4x10* ovarian cancer cells were
suspended in DMEM medium and added to the upper
chamber of each insert with the non-coated membrane. In
the lower chamber 700 ul DMEM medium with 5% FBS was
added. After incubation for 24 h at 37°C, 5% CO,, cells that
migrated through the membrane filter were fixed and stained
with crystal violet. The number of migrating cells was counted
and imaged through an IX71 inverted microscope (Olympus
Corp., Tokyo, Japan). Transwell invasion assay was carried
out by adding 100 pl Matrigel (BD Bioscience, Franklin
Lakes, NJ, USA) into the upper chamber of the Transwell
and placing 6x10* cells onto the Matrigel; 48 h later, cells that
invaded through the membrane filter were fixed, stained with
crystal violet, counted and imaged. At least five grids per

field were counted. All assays were independently repeated
three times.

Agent. AG1478; erlotinib (EGFR inhibitor, effective dose:
100 nmol/l, MedChem Express, USA). CTHRCI recombinant
protein (rCTHRC1) was obtained as a gift from Shanghai
Cancer Institute.

Statistical analysis. The data were analyzed as the mean +
standard deviation (SD). Statistical analyses were conducted
using SPSS 14.0 software (SPSS Inc). We performed Pearson's
test in cross tables to assess the relationships between expres-
sion levels of CTHRCI1 and clinicopathological factors.
Overall survival (OS) was calculated using Kaplan-Meier
method. Student's t-test has been performed for calculating
statistical significance between groups. Difference in P-value
<0.05 is referred to as statistically significant. All statistical
tests were two-sided.

Results

CTHRCI protein expression level is excessively elevated in
epithelial ovarian cancer tissues. We performed an immu-
nohistochemical (IHC) analysis of a tissue microarray that
contained 83 epithelial ovarian cancer (EOC) tissue samples
and 18 normal ovarian tissues. As shown in Fig. 1, the result
showed strong CTHRC1 staining was detected in the majority
of EOC samples (55.4%, 46/83) while rarely detected in the
normal ovarian tissues (11.1%, 2/18). CTHRCI1 was detected
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Figure 2. Cumulative survival curves according to CTHRCI expression.
On the basis of score of CTHRCI, patients were divided into high CTHRC1
(score =2) and low CTHRCI (score <2). Patients in the high-expression
CTHRCI1 group had significantly shortened overall survival.

Table I. Correlation between CTHRC1 expression and clinico-
pathologic parameters in 83 ovarian cancer patients.

CTHRC1
Parameters Total Score <2, Score =2, P-value
n (%) n (%)
Ovarian cancer group 83 38 (45.6) 46(554) 0.000*
Control group 18 16(88.9) 2(11.1)
Histologic subgroups
Serous 60 12(20.0) 48(80.0) 0.104
Endometrioid 11 554) 6(54.6)
Clear cell 12 3(1250) 9(75.0)
FIGO stage
I-11 39 17(43.6) 22(564) 0.000°
II-1v 44 3 (6.8) 41(93.2)
Lymph node status
Negative 23 10(434) 13(56.6) 0.000°
Positive 60 7(11.6) 51(894)
Tumor size (cm)
<2 32 15(46.8) 16(53.2) 0.000°
>2 51 11(21.5) 40(78.6)

Statistical analyses were performed by Pearson y? test; “The P-value
in bold emphasized statistical significance (P<0.001).

both as intracellular and extracellular expression of the ovarian
cancer cell as marked by arrowhead and arrow in the images.
Using the Kaplan-Meier analysis, we found that patients with
higher expression of CTHRC1 were significantly associated
with shorter overall survival (Fig. 2).
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We further analyzed the relevance of CTHRCI expression
with patient clinicopathological parameters and found that
high expression of CTHRCI was closely related with adverse
clinicopathological parameters of EOC, including FIGO stage,
lymph node status and tumor size. No correlation with histologic
subgroups of epithelian ovarian cancer was found (Table I).

The expression of CTHRCI in ES2 cells transfected with Lenti-
shCTHRCI. To determine the optimal cell lines for further
study, we measured the expression of CTHRCI in five ovarian
cell lines (HEY, CAOV3, ES2, COV318 and SKOV3). Our data
showed that the expression of CTHRC1 was the highest in the
ES2 cell line (Fig. 3A and B), an EOC cell line with highly
metastatic potential (17). Therefore, ES2 cells were transfected
with Lenti-shCTHRCI1-(1, 2), designated as shl and sh2, or
a mock vector, which was labeled as control. The silencing
effects of the Lenti-shRNAs in the cell line were validated by
RT-PCR and western blotting (Fig. 3C-E). The results showed
that CTHRCI expression levels were significantly decreased
by Lenti-shCTHRCI1-(1, 2).

Silencing of CTHRCI or rCTHRCI has no effects on ovarian
cancer cell proliferation in vitro. To explore the effect of
CTHRCI1 on ovarian cancer cell growth, ES2 transfected
with shl and sh2 were used to detect cell proliferation by
Cell Counting Kit-8 (CCKS) assay. The results showed that
silencing of CTHRCI could not suppress the proliferation of
the ES2 cells (Fig. 4A).

Next we set out to investigate the effect of purified recom-
binant CTHRC1 (tfCTHRC1) on EOC cell viability. SKOV3
cells were seeded into 96-well plates at the same density and
treated with gradient doses of CTHRC1. Compared to the
control group, SKOV3 cell proliferation was not obviously
enhanced by rCTHRCI protein (Fig. 4B), which was consis-
tent with the effect of shRNA interference.

Silencing of CTHRCI suppresses ovarian cancer cell invasion
and migration in vitro. To further investigate the functional
role of CTHRCI in ovarian cancer, we examined the effects
of CTHRC1 on ovarian cancer cell migration and invasion
in vitro. Compared to the control group, silencing of CTHRCI
significantly inhibited ES2 cell migration and invasion in vitro
(Fig. 5A and B). These data indicate that CTHRC1 has a potent
role in EOC cancer metastasis.

rCTHRCI promotes ovarian cancer cell invasion and migra-
tion in vitro. As a secreted protein, we explored the biological
functions of CTHRC1, so the rtCTHRCI protein was applied to
SKOV3 cells in a migration and Matrigel invasion assay. Gradient
doses of 0, 20, 50 and 100 nM rCTHRCI, respectively, were
added into the lower chamber and cells were added in the upper
chamber. Compared to the control group, SKOV3 cell migration
and invasion were significantly enhanced by rCTHRCI protein
at doses of 50 and 100 nM (Fig. 5C and D). At a dose of 50 nM,
the promotion effect of cell motility by the rCTHRCI1 protein
was the strongest. Our data indicate that CTHRCI1 contributes
greatly to the development of ovarian cancer metastasis.

EGFR inhibitors suppress ovarian cancer cell invasion and
migration induced by rCTHRCI in vitro. Previous studies
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Figure 3. (A) Protein expression of CTHRCI in five ovarian cancer cell lines. (B) mRNA expression of CTHRC]1 in five ovarian cancer cell lines. (C) The
expression level of CTHRCI in ES2 cells transfected with Lenti-shCTHRC1-(1, 2) or control vector was analyzed by qRT-PCR. The data are mean + SD,
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Figure 4. CTHRC1 has no effects on ovarian cancer cell proliferation in vitro.
(A) ES2 cells transfected with Lenti-shCTHRC1 had no effect on cell prolif-
eration. (B) rCTHRC1 did not promote SKOV3 cell proliferation. Values are
means = SD, P>0.05.

have demonstrated clear effects of EGFR signaling on ovarian
cancer cell invasion (13,19), but whether CTHRCI regulate
EGFR signaling in ovarian cancer cells has not been reported.
Thus, we further determined EGFR signaling in CTHRC1
induced ovarian cancer cell migration and invasion. AG1478
and erlotinib, two inhibitors of EGFR signaling, were applied
in the Transwell assay. The results indicated that AG1478 or
erlotinib partially reversed rCTHRCI induced cell migration
and invasion (Fig. 5E and F). This result demonstrates that
CTHRCI promotes EOC cell migration and invasion through
EGFR signaling.

CTHRCI activates EGFR/EKRI1/2/AKT signaling in ovarian
cancer cells. We further investigated whether EGFR
signaling was affected by CTHRCI1. We found that the level
of phosphorylated EGFR was clearly downregulated after
CTHRCI knockdown in ES2 cells (Fig. 6A). Existing data
indicated that the effects of EGFR signaling on cell migra-
tion and invasion are mediated by PI3K/AKT and ERK1/2
signaling pathways in EOC (14,20), therefore, we next
investigated whether ERK1/2 and AKT were also involved
in EGFR signal induced by CTHRCI in EOC. We explored
the pERK1/2 and pAKT expression after CTHRC1 knock-
down in ES2 cells. The results showed that the expression of
pEKR1/2 and pAKT was markedly decreased by CTHRCI1
knockdown (Fig. 6B and C). We also detected ERK/MMP9,
Src and MEK/ERK signaling pathways and found that MMP9
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Figure 6. The expression of EGFR and phosphorylated EGFR (A), ERK1/2 and phosphorylated ERK1/2 (B), and AKT and phosphorylated AKT (C) in ES2
cells transfected with Lenti-shCTHRCI1-(1, 2) or control vector detected by western blotting. The expression of MMP9 (D), Src and phosphorylated Src (E),
and MEK and phosphorylated MEK (F) in ES2 cells transfected with Lenti-shCTHRCI1-(1, 2) or control vector detected by western blotting. Representative
images are shown in the upper lane, and quantitative analysis of densitometry for p-ERK1/2/total EGFR, p-ERK1/2/total EGFR, p-AKT/total AKT, MMPY9/
tubulin, p-Src/total Src and p-MEK/total MEK by ImageJ software are shown below. B-actin was used as an internal control. ‘P<0.05, “P<0.01.

expression and phosphorylated Src or MEK were not altered
by CTHRCI silencing (Fig. 6D-F).

Collectively, our data demonstrate that CTHRCI is upreg-
ulated in human ovarian cancers and predicts poor prognosis.
CTHRCI functions as a pro-migration and pro-invasion factor
in ovarian cancer, which is dependent on the EGFR/ERK1/2/
AKT signaling pathway.

Discussion
Metastasis remains the leading cause of relapse and death from

ovarian cancer. Most women are diagnosed at the advanced
stages of disease (FIGO stages III/IV) with disseminated

intraperitoneal carcinomatosis (20). Although studies have
identified components of signaling pathways whose aberrant
expression and/or activity has been linked to ovarian cancer
metastasis, the mechanisms are poorly understood. There is a
critical need for better understanding of the molecular events
that drive metastasis development and progression in ovarian
cancer. CTHRC1 was found to be aberrantly upregulated in
several malignant tumors, including melanoma, and cancers of
the gastrointestinal tract, breast, thyroid, liver and the pancreas
(6,21).

Our study showed that the CTHRC1 was upregulated in
malignant epithelial ovarian tumors and associated with FIGO
stage, lymph node status and tumor size. Importantly, high
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CTHRCI expression predicts poor survival of EOC patients,
indicating that CTHRCI1 is of value in EOC prognosis. It
is noteworthy that the CTHRCI-positive rate is especially
higher in advanced FIGO stage ovarian cancer patients,
indicating that CTHRCI expression may be involved in the
metastasis of ovarian cancer. Further in vivo studies are
needed to clarify whether CTHRCI is a critical factor in
EOC cancer metastasis.

Upregulation of CTHRC is a feature of many aggres-
sive human cancers, being linked to tumor cell migration
and invasion. In this study, we found that CTHRC]1 silencing
significantly inhibited migration and invasion of the ovarian
cancer cell line ES2. Furthermore, as a secreted protein,
recombinant CTHRCI1 protein promoted ovarian cancer cell
invasion in SKOV3. One possible reason why 50 nM CTHRC1
was more efficient than 100 nM CTHRCI is that 50 nM
may be the nearest concentration to CTHRCI content in the
ovarian cancer microenvironment and very high concentra-
tion of CTHRC1 may trigger different intracellular signaling
pathways that counteracts the cancer cell invasion.

Although the functional roles of CTHRCI in tumor cell
invasion and metastasis have been well established, the under-
lying mechanisms of how CTHRCI1 promotes cancer cell
invasion is not fully understood. Several studies demonstrated
that CTHRCI can promote tumor cells migration and invasion
by activating some signal pathways, such as Wnt/PCP-Rho,
ERK/MMP9, Src/focal adhesion kinase and MEK/ERK
signaling (22-24). In ovarian cancer cells, Hou et al demon-
strated that CTHRCI increased the invasive capabilities by
activating the Wnt/f3-catenin signaling pathway (17). However,
no report revealed the association of CTHRC1 with EGFR
signaling.

Approximately 70% of epithelial ovarian cancer express
activated EGFR (25). EGFR overexpression and activation
result in increased proliferation and migration of solid tumors
including ovarian cancer (12,26,27). In this study, we showed
that CTHRCI1 promotes ovarian cancer cell invasion by acti-
vating EGFR signaling. The following evidence supported our
finding. Western blotting showed that the phosphorylation of
EGFR expression was significantly decreased after CTHRC1
knockdown, and the pro-invasion activity of the rCTHRC1
protein was blocked by inhibitors of EGFR. Existing data
indicated that the effects of EGFR signaling on cell migra-
tion and invasion are mediated by PI3K/AKT and ERK1/2
signaling pathways in epithelial ovarian cancer (14,28,29). In
this study both expression of Akt and ERK1/2 phosphoryla-
tion were decreased after CTHRC1 knockdown in the same
ovarian cancer cell line. Our results provide a novel mecha-
nism mediated by CTHRCI to induce ovarian cancer cell
migration. Further deep mechanism investigations are needed
to find a binding receptor of CTHRCI in EOCs, a linker
between secreted CTHRCI expression and intracellular EGFR
signaling activation.

Taken together, our results indicate CTHRCI contribute
to the progression of ovarian cancer through activating EGFR
signaling and identified CTHRCI as a potentially important
molecule for human ovarian cancer prognosis. CTHRCI1
together with EGFR can be considered as targets for treatment
of epithelian ovarian cancer.
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