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Knockdown of Collagen Triple Helix Repeat Containing-1 Inhibits
the Proliferation and Epithelial-to-Mesenchymal Transition
in Renal Cell Carcinoma Cells

Xue-fei Jin, Hai Li, Shi Zong, and Hong-yan Li

Department of Urology, China—Japan Union Hospital of Jilin University, Changchun, P.R. China

Collagen triple helix repeat containing-1 (CTHRC1), a secreted glycoprotein, is frequently upregulated in
human cancers. However, the functional role of CTHRCI in renal cell carcinoma (RCC) remains unclear. Thus,
the aim of this study was to explore the role of CTHRCI1 in RCC. Our results demonstrated that CTHRC1 was
upregulated in RCC tissues and cell lines. Knockdown of CTHRCT1 significantly inhibits the proliferation in
RCCs. Furthermore, knockdown of CTHRCT1 significantly inhibited the epithelial-to-mesenchymal transition
(EMT) process in RCCs, as well as suppressed RCC cell migration and invasion. Mechanistically, knockdown of
CTHRCI inhibited the expression of B-catenin, c-Myc, and cyclin D1 in RCC cells. In conclusion, the results of
the present study indicated that CTHRC1 downregulation inhibited proliferation, migration, EMT, and -catenin
expression in RCC cells. Therefore, CTHRC1 may be a potential therapeutic target for the treatment of RCC.
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INTRODUCTION

Renal cell carcinoma (RCC) is the most common type
of malignant tumor of the adult kidney in the world.
The incidence of RCC is increasing steadily by a rate
of approximately 2.5% each year (1). Although a mul-
tidisciplinary approach to treating RCC is evolving, the
prognosis of RCC is still very poor (2—4). The prognosis
of RCC is highly associated with the progression of local-
ized primary tumors to advanced stages, which ultimately
metastasize to multiple organs (5). Therefore, dissecting
the molecular mechanism of RCC invasion and metas-
tasis is crucial for developing novel and more effective
therapeutic approaches.

Epithelial-to-mesenchymal transition (EMT) is a criti-
cal step in the development and progression of tumors. It
is defined by the loss of epithelial characteristics and the
acquisition of a motile, invasive, and migratory mesen-
chymal phenotype (6). Increasing lines of evidence sug-
gest that EMT has an important role during RCC invasion
and metastasis (7-9).

Collagen triple helix repeat containing-1 (CTHRC1),
a secreted protein, was first identified in a screen for dif-
ferentially expressed sequences in balloon-injured versus
normal rat arteries (10). There is substantial evidence that

CTHRC1 was implicated in vascular remodeling, bone
formation, and developmental morphogenesis (11-13). In
addition, CTHRCI is highly expressed in most human
solid tumors (14-16). Hou et al. reported that CTHRC1
expression was upregulated in paraffin-embedded epi-
thelial ovarian cancer tissues, and ectopic transfection
of CTHRCI1 promoted the metastasis through induction
of the EMT process in epithelial ovarian cancer (17).
However, the functional role of CTHRC1 in RCC remains
unclear. Thus, the aim of this study was to explore the role
of CTHRC1 in RCC. Our results showed that CTHRC1 is
highly expressed in human RCC tissues and plays a role
in the progression and metastasis of RCC.

MATERIALS AND METHODS
Tissue Collection

Human RCC tissues and their corresponding adjacent
nontumor renal tissues were obtained from the China—
Japan Union Hospital of Jilin University (P.R. China).
The samples were immediately stored in liquid nitrogen in
preparation for use. Informed consent was obtained from
all patients, and the work was approved by the Medical
Ethics Committee of the China—Japan Union Hospital of
Jilin University.
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Cell Culture

Human RCC cell lines (786-0O, Caki-1, A498, and
UMRC-3) and immortalized proximal tubule epithelial
cell line (HK-2) were purchased from the American Type
Culture Collection (ATCC; Manassas, VA, USA) and
were cultured in Dulbecco’s modified Eagle’s medium
(DMEM) (Gibco, Grand Island, NY, USA) containing
10% fetal bovine serum (FBS) (Gibco, Rockville, MD,
USA) and 1% (v/v) penicillin-streptomycin (Sigma-
Aldrich, St. Louis, MO, USA) at 37°C in a humidified
atmosphere containing 5% CO..

RNA Interference and Transfection

CTHRC1 siRNA was constructed by Genechem
Company (Shanghai, PR. China) as follows: 5'-GAAATG
AATTCAACAATTA-3'. For in vitro transfection, 5x 10*
cells were seeded in each well of a 24-well plate, grown for
24 h to reach 30%—-50% confluence, and then transfected
with si-CTHRCI1 or vector using Lipofectamine 2000
Transfection Reagent (Invitrogen, Carlsbad, CA, USA)
according to the manufacturer’s instructions.

RNA Extraction and Quantitative Real Time (qRT)-PCR

Total RNA was extracted from human RCC tissues
and cells using TRIzol reagent according to the manufac-
turer’s instructions (Invitrogen). First-strand cDNA was
synthesized from 5 ug of total RNA using SuperScript II
Reverse Transcriptase (Invitrogen). The following prim-
ers were used: CTHRC1, 5-TGGTATTTCACATTCAA
TGGAGCTG-3’ (sense) and 5-TGGGTAATCTGAAC
AAGTGCCAAC-3’ (antisense); B-actin, 5'-CCGTGA
AAAGATGACCCAGATC-3"(sense)and 5’-CACAGCC
TGGATGGCTACGT-3’ (antisense). Relative gene expres-
sion was quantified by the 244 method.

Protein Extraction and Western Blot Analysis

RCC cells were lysed in lysis buffer containing 1% NP40,
1 mM EDTA, 50 mM Tris—HCI (pH 7.5), 150 mM NaCl,
and complete protease inhibitors cocktail (Roche, Monza,
Italy). Protein concentrations of the lysates were determined
by the BCA kit (Bio-Rad, Hercules, CA, USA). Equal
amounts of protein (30 pg of protein each lane) were sepa-
rated by 10% polyacrylamide-SDS gel electrophoresis and
transferred to nitrocellulose membranes (GE Healthcare,
Milano, Italy) by electroblotting. Membranes were blocked
with 10% defatted milk in PBS at 4°C overnight and then
incubated with the primary antibodies overnight at 4°C.
The antibodies used were as follows: anti-CTHRCI,
anti-E-cadherin, anti-N-cadherin, anti-vimentin, anti-
B-catenin, anti-c-Myc, anti-cyclin D1, and anti-GAPDH
(Santa Cruz Biotechnology, Santa Cruz, CA, USA).
Subsequently, the blots were incubated with horseradish
peroxidase (HRP)-conjugated secondary antibody (Santa
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Cruz Biotechnology) diluted (1:1,500) in the blocking buf-
fer for 1 h at room temperature. Proteins were visualized
using the enhanced ECL detection system (Thermo Fisher
Scientific, Rockford, IL, USA).

Cell Proliferation Assay

For the MTT assay, RCC cells (1x 10° cells per well)
transfected with si-CTHRCI or vector were seeded in
a 96-well plate and then cultured at 24-h intervals for
4 days. The initial culture medium was replaced with
fresh medium containing MTT (5 mg/ml; Sigma-Aldrich)
and incubated for an additional 4 h. The supernatant was
removed, and the crystals were dissolved in dimethyl
sulfoxide (150 pl/well; Sigma-Aldrich). After shaking
at room temperature for 10 min, the absorbance at
570 nm was measured with a microplate reader (Takara
Biotechnology, Dalian, P.R. China).

Migration and Invasion Assays

Transwell migration assays were performed in modi-
fied Boyden chambers with 8-um pore filter inserts in
24-well plates (BD Biosciences, Eugene, OR, USA). In
brief, RCC cells (1x10° cells per well) transfected with
si-CTHRCI1 or vector were added to the upper chamber.
The lower chamber was filled with DMEM containing
10% FBS. The cells were then incubated at 37°C in a
humidified incubator in 5% CO, for 24 h. Nonmigrating
cells on the upper side of the filter were wiped off using
a cotton swab. Migrating cells on the reverse side of the
filter were fixed with 4% formaldehyde in PBS and were
stained with 1% crystal violet in 20% methanol, and
then counted in five random fields per well under a light
microscope (magnification : 100x).

Cell invasion was carried out using Transwell cham-
bers in the presence of Matrigel (BD Biosciences). The
chambers were pretreated with a cold solution containing
serum-free medium and Matrigel (diluted 1:4) to produce
a biologically active matrix. Then the assay was per-
formed as the migratory assay.

Statistical Analysis

Statistical analyses were done using SPSS 13.0 for
Windows (SPSS, Chicago, IL, USA). The statistical sig-
nificance of the difference was analyzed by ANOVA and
post hoc Dunnett’s test. A value of p<0.05 was consid-
ered statistically significant.

RESULTS
CTHRCI Is Upregulated in Human RCC
Tissues and Cell Lines

First, we used qRT-PCR to detect the CTHRC1 mRNA
level in seven primary RCC tissues and seven nontumor
normal tissues and found that the expression levels of
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CTHRC1 mRNA were significantly upregulated in RCC
tissues compared to that in nontumor normal tissues
(Fig. 1A). We further used Western blot to detect the
expression of CTHRC1 and found a similar change with
the CTHRC1 mRNA level (Fig. 1B). We observed that the
expression levels of CTHRCI1 for both mRNA (Fig. 1C)
and protein (Fig. 1D) in four RCC cell lines (786-0,
Caki-1, A498, and UMRC-3) were also increased com-
pared to that in HK-2 cells.
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CTHRC1 Downregulation Inhibits the Proliferation of
RCC Cells

To generate stable CTHRC1 knockdown cells, Caki-1
cells were infected with si-CTHRCI1. As shown in
Figure 2A and B, transfection with the CTHRC1-specific
siRNA, but not with vector, dramatically downregulated
CTHRCI1 expression in Caki-1 cells. Also, the effect of
CTHRCI on cell proliferation was observed. The results
indicated that CTHRC1 downregulation significantly
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Figure 1. CTHRCI is upregulated in human RCC tissues and cell lines. (A) qRT-PCR analysis of CTHRC1 mRNA expression in
seven primary RCC tissues and seven nontumor normal tissues. (B) Western blot analysis of CTHRCI protein expression in primary
RCC tissues and nontumor normal tissues. GAPDH was used as a loading control. (C) gqRT-PCR analysis shows that CTHRC1 mRNA
expression is increased in RCC cell lines (786-0O, Caki-1, A498, and UMRC-3) compared with the normal proximal tubule epithelial
cell line (HK-2). (D) Western blot analysis shows that CTHRC1 protein expression is increased in RCC cell lines (786-0, Caki-1,
A498, and UMRC-3) compared with the normal proximal tubule epithelial cell line (HK-2). All values shown are mean=+SD of three

independent experiments. *p <0.05 relative to relevant control.
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Figure 2. CTHRCI1 downregulation inhibits the proliferation of RCC cells. (A, B) The expression levels of CTHRC1 expression
for both mRNA and protein were detected in Caki-1 cells stably transfected with si-CTHRC1, respectively. (C) Effect of CTHRCI
knockdown on cell proliferation by MTT assay. All values shown are mean+SD of three independent experiments. *p <0.05 relative
to relevant control.
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inhibited the proliferation of Caki-1 cells, in comparison
to the vector (Fig. 2C).

CTHRC1 Downregulation Inhibits EMT in RCC Cells

We then investigated the effect of CTHRC1 on EMT
phenotype in RCC cells. Western blotting results showed
knockdown of CTHRCI1 markedly upregulated the expres-
sion of E-cadherin and downregulated the expression
levels of N-cadherin and vimentin in Caki-1 cells, when
compared with the cells transfected with vector (Fig. 3A).
Quantification analysis of E-cadherin, N-cadherin, and
vimentin is shown in Figure 3B.

CTHRC1 Downregulation Inhibits Migration and

Invasion of RCC Cells

Previous studies have demonstrated that tumor cells
show enhanced migration and invasion capabilities
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following EMT. Transwell migration assays indicated
that the number of Caki-1 cells in the high-power lens
of each field of vision in the si-CTRHC]1-transfected
group was less than that in the vector-transfected group
(Fig. 4A). Invasion assay results demonstrated that the
invasive capacity of Caki-1 cells was significantly
suppressed by transfection with si-CTRHCI, when
compared with the vector group (Fig. 4B).

Knockdown of CTHRC1 Suppresses the Activation of
Wnt/B-Catenin Signaling in RCC Cells

Recent studies have suggested that activation of Wnt/
B-catenin signaling induces the EMT process. We were
therefore interested in exploring the role of the Wnt/
[B-catenin signaling in CTHRCI-mediated EMT. As shown
in Figure 5A, knockdown of CTHRCI significantly
decreased the expression of B-catenin, c-Myc, and cyclin
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Figure 3. CTHRC1 downregulation inhibits EMT in RCC cells. Caki-1 cells were transfected with si-CTHRC1 or vector for 24 h.
(A) Western blot analysis of E-cadherin, N-cadherin, and vimentin on the depletion of CTHRC1, respectively, in Caki-1 cells. GAPDH
was used as a loading control. (B) Quantification analysis was performed using Gel-Pro Analyzer version 4.0 software. All values
shown are mean +SD of three independent experiments. *p <0.05 versus vector group.
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Figure 4. CTHRC1 downregulation inhibits migration and invasion of RCC cells. (A) Caki-1 cells were transfected with si-CTHRC1
or vector, and transfected cells were subject to Transwell cell migration assay and observed under a light microscope. (B) Knockdown
of CTHRC1 suppressed the invasive capacity of Caki-1 cells. All values shown are mean+SD of three independent experiments.

*p<0.05 versus vector group.

D1 in Caki-1 cells, compared with the vector group. Quan-
tification analysis of B-catenin, c-Myc, and cyclin D1 is
shown in Figure 5B.

DISCUSSION

To our knowledge, this study is the first to describe the
role of CTHRCI in RCC. Our results demonstrated that
CTHRC1 was upregulated in RCC tissues and cell lines.
Knockdown of CTHRCI significantly inhibits the prolif-
eration in RCCs. Furthermore, knockdown of CTHRCI1
significantly inhibited the EMT process in RCCs, as well
as suppressed RCC cell migration and invasion. Mechanis-
tically, knockdown of CTHRCI inhibited the expres-
sion of B-catenin, c-Myc, and cyclin D1 in RCC cells.

CTHRCI was reported to be amplified and overex-
pressed in many types of cancer. For example, Ke et al.

confirmed that CTHRCI1 was obviously overexpressed in
human non-small cell lung cancer (NSCLC) tissues and
NSCLC cell lines at both mRNA and protein levels; over-
expression of CTHRC1 markedly promoted the prolifera-
tion in NSCLC cells, which was attenuated by the specific
CTHRC1 siRNA (18). Another study showed that CTHRC1
was overexpressed in HCC tissues compared with the sur-
rounding nontumor tissues, and CTHRC1 deletion caused
reduced cell proliferation and motility in hepatocellular
carcinoma (HCC) cells (19). Consistent with these dis-
coveries, herein we observed that CTHRC1 expression
is highly elevated in human RCC tissues and cell lines.
Knockdown of CTHRCT significantly inhibits the prolif-
eration in RCCs. These results suggest that CTHRC1 may
function as an oncogene in the development of RCC.
EMT is a vital reversible process by which fully dif-
ferentiated cells lose their epithelial features and acquire
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Figure 5. Knockdown of CTHRCI1 suppresses the activation of Wnt/B-catenin signaling in RCC cells. Caki-1 cells were transfected
with si-CTHRCI or vector for 24 h. (A) Western blot analysis of -catenin, c-Myc, and cyclin D1 on the depletion of CTHRCI in
Caki-1 cells. GAPDH was used as a loading control. (B) Quantification analysis was performed using Gel-Pro Analyzer version 4.0
software. All values shown are mean +SD of three independent experiments. *p <0.05 versus vector group.

a migratory mesenchymal phenotype. It contributes to the
metastatic potential of RCC (20). Snail, a major regulator of
EMT, is predominantly expressed in high-grade RCC (21).
The current study showed that downregulation of CTHRC1
dramatically upregulated the expression of E-cadherin and
downregulated the expression of N-cadherin and vimentin
in RCC cells. Moreover, knockdown of CTHRC]1 inhib-
ited the migration and invasion of RCC cells. These results
suggest that CTHRC1 downregulation in RCC cells might
be an important suppressor to EMT progression, thus
inhibiting the migration and invasion of RCC cells.

A growing body of evidence suggests that Wnt/B-
catenin signaling pathway plays a crucial role in car-
cinogenesis and progression of several types of cancers,
including RCC (22-24). Thus, influencing Wnt/B-catenin
signaling pathway might represent a promising target in
RCC treatment. The activation of the Wnt/B-catenin sig-
naling pathway leads to the stabilization and accumulation

of B-catenin in the cytoplasm, which translocates into the
nucleus and induces the transcription of downstream tar-
get genes, such as c-Myc and cyclin D1 (25). Activation of
these genes increased cell proliferation, reduced decreased
cell—cell adhesion, and promoted EMT and cell migration
(26-28). Previous studies reported that the expression of
B-catenin is higher in RCC tissues than in normal kidney
tissues, and B-catenin overexpression in RCC is related
with the tumor stage and poor prognosis (29-31). Most
recently, it was reported that CTHRCI increased the
invasive capabilities of EOC cells in vitro by activating
the Wnt/B-catenin signaling pathway. Consistent with the
results of a prior study, in the current study we observed
that knockdown of CTHRCI inhibited the expression of
B-catenin, c-Myc, and cyclin D1 in RCC cells.

In conclusion, the results of the present study indi-
cated that CTHRC1 downregulation inhibits prolifera-
tion, migration, EMT, and B-catenin expression in RCC
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cells. Therefore, CTHRC1 may be a potential therapeutic
target for the treatment of RCC.
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