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Collagen triple helix repeat containing 1 (CTHRC1), an extracellular matrix-related protein, has been found
to be upregulated in many solid tumors and contributes to tumorigenesis. We found that CTHRCI is over-
expressed in glioblastoma tissues and cells. By using the technique of RNA interference, the expression of
CTHRCT1 in the human glioblastoma U-87MG cell line was downregulated, and the proliferation and migra-
tion of U-87MG cells were examined. The results showed that the knockdown of CTHRCI1 exerts inhibitory
effects on the proliferation and migration ability of U-87MG cells. Knockdown of CTHRC1 expression in
U-87MG cells resulted in upregulation in the expression of E-cadherin and downregulation in the expression
of N-cadherin, SNAIL, and Slug, suggesting that CTHRCI1 inhibits glioblastoma cell migration by suppressing
epithelial-mesenchymal transition (EMT). Knockdown of CTHRCI led to remarkably decreased [-catenin
protein levels in the nucleus. These results indicate that CTHRC1 might play an important role in the develop-
ment of glioblastoma and offer a candidate molecular target for glioblastoma prevention and therapy.
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INTRODUCTION

Glioblastoma, with a median survival of approxi-
mately 1 year, remains one of the most lethal tumors
because of its refractory features against conventional
therapies (1). Glioma tumor cells grow infiltratively via
diffusion; therefore, there are no clear boundaries, lead-
ing to unlimited proliferation and high invasiveness (2).
Unfortunately, glioblastoma is the most common malig-
nancy of all brain tumors, and currently effective treat-
ment options are still lacking (3). Despite advances in
surgical techniques, radiotherapy, and chemotherapy, the
prognosis for glioblastoma patients has not significantly
improved in recent decades (4). Thus, it is crucial to find
an approach in understanding the pathogenesis of glio-
blastoma and the development of more effective thera-
peutic targets for this disease.

Collagen triple helix repeat containing 1 (CTHRCI),
an extracellular matrix-related protein, is a secreted pro-
tein involved in vascular remodeling, bone formation, and
developmental morphogenesis. CTHRCI is aberrantly
overexpressed in multiple malignant tumors, including
gastric cancer, non-small cell lung cancer, breast cancer,
hepatocellular cancer, colorectal cancer, and pancreatic

cancer (5-7). CTHRC1 was initially found in a screen for
differentially expressed genes in balloon-injured versus
normal rat arteries (8). It may contribute to tissue repair
by limiting collagen matrix deposition and promoting cell
migration (9). A previous study showed that the knock-
down of CTHRCI resulted in a decrease in migration
ability of melanoma cancer cells in vitro (10). Currently,
there is little information about the role and mechanism
of CTHRC in glioblastoma cell.

In the present study, we intended to examine CTHRC1
expression in both glioblastoma tissue and glioblastoma
cells by quantitative reverse transcription polymerase
chain reaction (QRT-PCR) and Western blot analysis and
to observe the biological function of U-87MG cells fol-
lowing CTHRC1 knockdown by the RNA interference
technique. These data might provide scientific informa-
tion for prognosis prediction and targeted therapy for
glioblastoma.

MATERIALS AND METHODS

Reagents

Antibodies against CTHRCI1, E-cadherin, N-cadherin,
SNAIL, Slug, and B-catenin were purchased from Abcam

Address correspondence to Hongfa Yang, Department of Neurotrauma, The First Hospital of Jilin University, No. 71 of Xinmin Road, Changchun 130021,
Jilin Province, P.R. China. Tel: 86-0431-88785891; E-mail: hongfayangjilin@sina.com



226

(Cambridge, UK). The antibodies against B-actin and
horseradish peroxidase-conjugated secondary antibodies
were obtained from Santa Cruz Biotechnology Inc. (Santa
Cruz, CA, USA).

Specimens

The pathological diagnosis and grading for each glio-
blastoma were assessed by neuropathologists accord-
ing to the 2007 World Health Organization (WHO)
Classification of Nervous System Tumors (11). Primary
tissue samples were obtained from 46 patients in the
Department of Pathology of the First Hospital of Jilin
University (Changchun, Jilin, PR. China) between Janu-
ary and November 2015. No patients underwent radiation
or chemotherapy prior to surgical therapy. In addition,
16 tissue specimens obtained from the normal cortex of
patients without glioblastoma were used as the negative
control. The patients included 36 (58.06%) males and
26 (41.94%) females, aged 19-60 years, with a median
age of 40 years. Informed consent was obtained from
all patients before entering this study, and the study was
approved by the Clinical Research Ethics Committee of
the First Hospital of Jilin University (12).

Cell Culture

Human malignant glioma cell lines U-118MG,
U-373MG, and U-87MG and the normal human astro-
cyte cell line 1800 were obtained from the Cell Library
of the Chinese Academy of Sciences (Shanghai, P.R.
China) and cultured as described. Cells were cultured in
DMEM supplemented with 10% (v/v) heat-inactivated
FBS, 100 pg/ml streptomycin, and 100 U/ml penicillin
at 37°C under a humidified atmosphere of 5% CO, and
95% air.

CTHRC1 Knockdown by siRNA

U-87MG cells were divided into three groups: the
CTHRCI1-siRNA group (treated with CTHRCI1-siRNA
and Lipofectamine® 2000), the vector group (treated
with control siRNA and Lipofectamine® 2000), and the
control group (treated with Lipofectamine® 2000 only).
The sequence of the human CTHRCI-siRNA was
GAAATGAATTCAACAATTA (sense) (Genechem Co.,
Shanghai, P.R. China) (13). Cells were transfected with
CTHRCI1-siRNA, vector siRNA, and control siRNA
using the X-tremeGENE siRNA transfection reagent
(Invitrogen, Carlsbad, CA, USA) according to the manu-
facturer’s instructions (14).

Cell Proliferation

Cells were plated in 96-well plates (1x 10’ cells per
well) in 100 pl of complete medium and allowed to
attach overnight. After incubation for 24, 48, or 72 h,
20 ul of MTT (Sigma-Aldrich, St. Louis, MO, USA)
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was added and then incubated for 4 h. The supernatant
was discarded, the precipitate was dissolved in 200 ul of
dimethyl sulfoxide (DMSO), and plates were read with
a microplate reader at 570 nm (15).

Cell Migration

In vitro Transwell migration assays were performed in
Boyden chambers with 8-mm pore filter inserts in 24-well
plates (Pierce, Rockford, IL, USA). Briefly, the lower
chamber was filled with complete medium. Cells were
collected after trypsinization, resuspended in 200 ml of
DMEM, and transferred to the upper chamber at a den-
sity of 1x10° cells/well in 100 ul of migration buffer.
After 24 h of incubation, the filter was gently removed
from the chamber and the cells on the upper surface were
trypsinized and counted with a CASY 1 counter (Merek,
Whitehouse Station, NJ, USA). Cells that had migrated
to the lower surface of the filter were also trypsinized and
counted. The migration rate was obtained by dividing the
cell number in the lower chamber by the sum of the cell
numbers found in both the lower chamber and the upper
chamber x 100. Three independent experiments were per-
formed (16).

Quantitative Reverse Transcription Polymerase
Chain Reaction (qRT-PCR)

Total RNA from tissues and cells was extracted using
the TRIzol reagent (Invitrogen) and reverse transcribed
using the First-Strand Synthesis Kit (Gibco BRL, Carls-
bad, CA, USA). The primer sequences used for qRT-
PCR were as follows: CTHRC1, 5-TGGACACCCAA
CTACAAGCA-3’ (sense) and 5-GAACAAGTGCCAA
CCCAGAT-3’ (antisense) (17); E-cadherin, 5-GCTCG
GCCTGAAGTGACTCG-3’ (sense) and 5-CCGCTTC
CTTCATAGTCAAACAC-3’ (antisense) (7); N-cadherin,
5’-CTCCATGTGCCGGATAGC-3’ (sense) and 5-CGA
TTTCACCAGAAGCCTCTAC-3" (antisense); SNAIL,
5-GCTGCAGGACTCTAATCCAGA-3’ (sense) and 5’
ATCTCCGGAGGTGGGATG-3’ (antisense); Slug, 5-T
GGTTGCTTCAAGGACACAT-3’ (sense) and 5'-GTTG
CAGTGAGGGCAAGAA-3’ (antisense) (18). The gene-
specific primers were amplified with a denaturation step
(95°C for 2 min), followed by 35 cycles of denaturation
(95°C for 30 s), annealing (55°C for 30 s), and extension
(72°C for 50 s). Samples from three separate experiments
were analyzed in duplicate. The results from the RT-PCR
were expressed using B-actin as a reference (17).

Western Blot

Western blot analysis was performed as previously
described (19). Protein concentrations of tissue sample or
cell lysates were measured by the BCA protein assay kit
(Gibco, Rockville, MD, USA), and proteins were electro-
phoresed on SDS-PAGE gels. Separated proteins were then
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transferred onto PVDF membranes (Millipore, Boston, MA,
USA) followed by the incubation with specific antibodies
against CTHRC1, E-cadherin, N-cadherin, SNAIL, Slug,
and [B-catenin, and immunoblotting with the appropriate
secondary antibody. Chemiluminescence detection was per-
formed using an ECL system (Sigma-Aldrich).

Luciferase Reporter Gene Assay

For the reporter gene assay, cells seeded in 24-well
plates were transfected with the firefly luciferase reporter
gene construct (TOP 200 ng) and 1 ng of pRL-SV40
Renilla luciferase (as an internal control). Cell extracts
were prepared 24 h after transfection, and luciferase
activity was measured using the Dual Luciferase Reporter
Assay System (Promega, Madison, WI, USA) (6).

Statistical Analysis

The SPSS 19.0 software was used to analyze the
related data with a t-test. A value of p<0.05 was consid-
ered to be statistically significant.
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RESULTS

CTHRCI mRNA and Protein Expression in
Glioblastoma Tissues and Glioblastoma Cells

To confirm the expression of CTHRCI in glioblas-
toma, we determined the mRNA and protein levels of
CTHRCI in glioblastoma tissues and in a human glio-
blastoma cell line array. As indicated in Figure 1A and B,
the mRNA and protein expression levels of CTHRCI in
glioblastoma tissues were significantly higher than in
normal cortex tissues (p<0.05). Next we investigated the
mRNA and protein expression in U-118MG, U-373MG,
U-87MG, and the normal human astrocyte cell line
1800 using qRT-PCR and Western blot. Our results indi-
cated that the CTHRC1 mRNA and protein expression
levels were higher in the glioblastoma cells U-118MG,
U-373MG, and U-87MG than in the normal human
astrocyte cell line 1800 (Fig. 1C and D). These results
demonstrate that CTHRC1 might be a critical molecule
in glioblastoma.

Relative mRNA level
of CTHRC1

Figure 1. CTHRCI1 is overexpressed in glioblastoma tissues and glioblastoma cells. (A, C) Western blot analysis was performed to
examine CTHRCI1 expression in glioblastoma tissues, normal cortex tissues, several glioblastoma cell lines, and normal human astro-
cyte cells 1800. B-Actin was used as a loading control. (B, D) CTHRC1 mRNA expression was determined in glioblastoma tissues,
normal cortex tissues, several glioblastoma cell lines, and normal human astrocyte cells 1800. *p <0.05 versus control. All experiments

were repeated at least three times.
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Figure 2. The expression of CTHRCI1 in U-87MG cells.
(A) Western blot analysis of CTHRCI1 expression 48 h after
transfection with CTHRC1-siRNA and control siRNA. B-Actin
was used as a loading control. (B) CTHRC1 mRNA expression
was detected by qRT-PCR 48 h after transfection with CTHRC1-
siRNA and control siRNA. All experiments were repeated at
least three times, and all data are reported as means+SD (n=3)
(*p<0.05 vs. control).

Determination of Transfection Effects

On the basis of our observations, we hypothesized that
CTHRC1 may affect the tumorigenic properties in glio-
blastoma cells. Therefore, we generated the stable knock-
down CTHRCI1 U-87MG line. To explore the efficiency
of CTHRCI transfection, qRT-PCR and Western blot
were employed to determine the expression levels of the
mRNA and protein. As shown in Figure 2, the mRNA and
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protein expression levels of CTHRC1 were significantly
decreased in the CTHRCI-siRNA-transfected group.
There was no significant difference in the expression
level of CTHRC1 mRNA and protein between the vector
group and the control groups.

Effect of CTHRCI on U-87MG Cell Viability

The impact of CTHRC1 on U-87MG cell proliferation
was determined via an MTT assay every 24 h after trans-
fection, for up to 72 h. The results revealed that the viabil-
ity of U-87MG cells was, to some extent, inhibited by
CTHRC1-siRNA in a time-dependent manner. As shown
in Figure 3, the CTHRC1-siRNA-transfected group grew
more slowly than the control group and vector group.

Effect of CTHRCI on U-87MG Cell Migration

We determined the effect of decreased CTHRCl1
expression on glioblastoma cell migration after 48 h of
transfection. U-87MG cell migration was significantly
reduced by CTHRCI1-siRNA according to the migra-
tion assay (Fig. 4). There was no significant difference
in U-87MG cell migration rate between the vector group
and the control group.

Effect of CTHRCI on EMT of U87-MG Cells

The epithelial-to-mesenchymal transition (EMT) has
been proven to play a critical role in driving tumor migra-
tion and metastasis (20). To investigate whether CTHRC1
decreased cancer migration by inhibiting EMT, we ana-
lyzed the mRNA and protein level of several EMT markers.
As shown in Figure SA-E, Western blot and qRT-PCR
results revealed increased protein and mRNA levels of
E-cadherin and decreased protein and mRNA levels of
N-cadherin, SNAIL, and Slug in the CTHRCI1-siRNA-
transfected group. There was no significant difference in
the expression level of E-cadherin, N-cadherin, SNAIL,
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Figure 3. Effect of CTHRC1 on U-87MG cell proliferation. MTT assay was conducted to assess the effect of CTHRC1 on cell prolifera-
tion every 24 h after transfection, for up to 72 h. All experiments were repeated at least three times. All data are means*SD (n=3).
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or Slug mRNA and protein level between the vector group
and the control group.

Effect of CTHRC1 on Wnt/B-Catenin Signaling Pathway

Overexpression of CTHRCI led to Wnt/B-catenin
pathway activation (21). The expression of [-catenin
was examined in the U87-MG cell line by Western
blotting. After downregulating CTHRCI1 expression in
U-87MG cells, we observed that the protein expression of
B-catenin was strongly downregulated in the CTHRCI1-
siRNA group, suggesting that CTHRC1 might contribute
to the inhibition of Wnt signaling (Fig. 6A). As expected,
luciferase assays also demonstrated that CTHRC1-siRNA
reduced the [B-catenin/TCF transcriptional activity in
U-87MG cells (Fig. 6B).

DISCUSSION

Glioblastoma, the most common primary malignant
brain tumor in humans, exhibits a high rate of recurrence
and a poor prognosis due to the invasive nature of the
tumor (22). Although there have been great advancements
in the treatment of glioblastoma to date, the median sur-
vival of glioblastoma patients is still far from satisfactory
(23). Therefore, the development of new methods of glio-
blastoma therapy and prognosis is a key task for many
researchers around the world.

CTHRC1 was initially found in a screen for dif-
ferentially expressed genes in balloon-injured versus
normal rat arteries (24). Aberrant CTHRC1 expression
is detected in several malignant tumors, such as breast
cancer, ovarian cancer, thyroid cancer, and liver cancer
(15). A previous study showed that CTHRC1 overexpres-
sion promotes human colorectal cancer cell migration,
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Figure 4. Effect of CTHRC1 on U-87MG cell migration. Cell
migration was measured with a Transwell assay 48 h after
CTHRC1-siRNA transfection. All experiments were repeated

at least three times. All data are means£SD (n=3) (*p<0.05
vs. control).
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invasion, and proliferation (9). CTHRC1 increases cellu-
lar motility to repair the injury by limiting the deposition
of collagen matrix and promoting cell migration (5). Hou
et al. (21) found that ectopic transfection of CTHRC in
epithelial ovarian cancer cells upregulated the expression
of EMT markers such as vimentin and N-cadherin, and
EMT-associated transcriptional factor Snail. However,
the clinicopathological significance and the biological
role of CTHRC in glioblastoma remain unclear.

The present study demonstrated that CTHRC] is over-
expressed in glioblastoma tissues and cell lines. To study
the function of CTHRC1, we generated a stable CTHRC1
knockdown U-87MG cell line and evaluated the effects of
the downregulation of CTHRC1 on the proliferation and
migration in the U-87MG cell line. Our results showed
that the knockdown of CTHRC1 inhibited the prolifera-
tion and migration of the U-87MG cell line. These results
suggested that CTHRC1 plays a crucial role in glioblas-
toma carcinogenesis.

Notably, EMT has been recognized to be vital in pro-
moting cancer metastasis (25). It is increasingly acknowl-
edged that EMT plays an important role in the metastasis
of many types of carcinomas (26). On the basis of this
knowledge and our results above, we hypothesized that
CTHRCI can induce EMT during its promotion of migra-
tion. In CTHRC1-siRNA-transfected U-87MG cells, we
detected an increased expression of E-cadherin, which is
a hallmark of EMT and often lost in metastatic tumors
(27), while the expression of N-cadherin, SNAIL, and
Slug was downregulated, suggesting that CTHRC1 inhib-
its glioblastoma cell migration by suppressing EMT.

Next, to further elucidate the molecular mechanism
of how CTHRCI1 mediates the migration of U87-MG
cells, we analyzed its effects on the Wnt/B-catenin signal-
ing pathway. Moreover, in most settings, the canonical
Whnt/B-catenin signaling pathway has been extensively
implicated as the regulator of tumor cell migration and
metastasis (28). Moreover, in most conditions, a group
of transcription factors downstream of Wnt/B-catenin sig-
naling pathway plays a significant role in the regulation
of EMT and cancer metastasis. Knockdown of CTHRC1
led to a significant decrease in Wnt/B-catenin transcrip-
tional activity and a downregulation of nuclear B-catenin.
These data suggest that the downregulation of CTHRC1
might be associated with the downregulation of Wnt/
[B-catenin and that the downregulation of Wnt/B-catenin
might be further responsible for the regulation of EMT.
However, its exact mechanism needs further research.

These results may suggest that the knockdown of
CTHRC1 might play an important role in carcinogenesis
and the development of glioblastoma. Additional stud-
ies are needed to investigate the specific mechanisms
underlying the effects of glioblastoma in the EMT and
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Figure 5. Effect of CTHRC1 on EMT of U-87MG cells. (A) Effects of CTHRC1 knockdown on protein expression of EMT markers
by Western blot. (B-E) Effects of CTHRC1 knockdown on mRNA expression of EMT markers by qRT-PCR. B-Actin was used as an
internal loading control. All data are means=SD (n=3) (*p<0.05 vs. control).
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Figure 6. Effects of CTHRCI1 on Wnt/B-catenin signaling pathway. (A) The subcellular localization of B-catenin was observed
through Western blot. (B) The Dual Luciferase Reporter Assay showed that knockdown of CTHRC1 inhibited Wnt/B-catenin signaling.
Relative luciferase activity is presented as the mean®SD from each sample after normalizing to the control (¥*p<0.05 vs. control).

metastasis. In short, CTHRC1 plays an important role in
regulating the biological behavior of glioblastoma cells.
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