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The gene, collagen triple helix repeat containing 1 (CTHRC1), has
been reported to increase in several kinds of human solid cancers
and is associated with tumor invasion and metastasis. To date,
the expression and function of CTHRC1 in gastric cancer (GC)
have not been reported. The aim of this study was to investigate
the expression levels and regulatory transcription mechanisms of
CTHRC1 in GC. Immunohistochemical analysis revealed that
CTHRC1 expression was markedly increased in carcinoma com-
pared with normal gastric mucosa, chronic atrophic gastritis, and
intestinal metaplasia (P < 0.05 for all), and this overexpression in
tumor was related to depth of tumor invasion. Moreover, RNA
interference-mediated knockdown and ectopic expression of
CTHRC1 showed that CTHRC1 promoted tumor cell invasion
in vitro. We then investigated the mechanisms underlying the
aberrant expression of CTHRC1 in GC and found that CTHRC1
expression was restored after GC cell lines were treated with
the demethylating agent, 5-aza-2’-deoxycytidine. Transforming
growth factor-b1 led to an increase in levels of CTHRC1 mRNA
and protein. Overall, our data revealed that the upregulated
expression of CTHRC1 in gastric carcinogenesis contributes to
tumor cell invasion and metastasis, and promoter demethylation
and transforming growth factor-b1 may co-regulate the expres-
sion of CTHRC1. (Cancer Sci 2012; 103: 1327–1333)

G astric cancer (GC) is one of most common cancers
worldwide.(1) It has been reported that multiple genetic

and epigenetic alterations are implicated in the development of
GC,(2,3) but the molecular mechanisms of its pathogenesis
remain unclear. More recently, a growing body of published
reports has defined a class of genes that function, positively or
negatively, in regulating the invasion and metastasis of malig-
nant cancer cells.(4–6) As invasion and metastasis is the leading
cause of GC-related death, identifying novel metastasis-related
molecules may be useful for the prediction of prognosis and
the treatment of advanced GC.
Collagen triple helix repeat containing 1 (CTHRC1) was first

found in a screen for differentially expressed sequences in
balloon-injured versus normal rat arteries.(7) Tang et al.(8)

reported that CTHRC1 was increased in several kinds of
human solid cancers and associated with invasion and metasta-
sis. However, to date, no investigation has addressed the
expression of CTHRC1 and the mechanisms that underlie the
aberrant expression of CTHRC1 in GC.
In this study, we have found that CTHRC1 expression was

increased in gastric carcinogenesis by immunohistochemical

(IHC) analysis. This increase was associated with depth of
tumor invasion. Moreover, RNA interference-mediated knock-
down and re-expression of CTHRC1 showed that CTHRC1
promoted tumor cell invasion and metastasis in vitro. In addi-
tion, we investigated the mechanisms by which CTHRC1
expression was regulated.

Materials and Methods

Patients and tissue specimens. A total of 116 GC tissue sam-
ples were collected from two centers: 51 patients at Renji Hos-
pital (Shanghai, China) from January 2008 to December 2009,
and another 65 patients at the No. 3 People’s Hospital (Shang-
hai, China) between August 1992 and December 1999. Gastro-
scopic paraffin-embedded specimens from the same period
were randomly selected, including 10 specimens of normal
gastric mucosa, 46 of chronic atrophic gastritis (CAG), 53 of
intestinal metaplasia and 19 of dysplasia. The visual analogue
scale of the updated Sydney System was used as the pathologi-
cal diagnostic criteria for chronic gastritis,(9) and a Chinese
visual analogue scale was also used.(10) The pathomorpholo-
gical diagnosis of dysplasia and GC was based on the Padova
international classification.(11) All the paraffin blocks in this
study were resliced, restained, and rechecked by two senior
pathologists.
All patients and controls gave informed consent, and the

study protocol was approved by the Clinical Research Ethics
Committee of the Shanghai Jiaotong University School of
Medicine (Shanghai, China).

Immunohistochemistry. Rabbit anti-human CTHRC1 poly-
clonal antibody was purchased from Abcam (1:250; Cambridge,
USA). The IHC streptavidin–peroxidase assay was carried out
according to the protocol of the manufacturer. The CTHRC1-
positive gastric cancer tissue samples were used as the positive
control; the positive tissue slices were incubated with PBS
instead of the primary antibody as the blank control; the gastri-
tis tissue samples served as the negative control. The intensity
of staining was graded on a scale from 0 to 3 and the extent of
positive immunoreactivity was scored according to the percent-
age of stained cells (+1, <20% of cells stained; +2, 20–50%
stained; and +3, >50% of cells stained). The total score was
obtained as the product of intensity and extent of staining. Neg-
ative cases had a score of 0 ± 3, positive had a score >4. All
the samples were analyzed by two senior pathologists.
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Real-time RT-PCR. Total RNA was extracted from gastric can-
cer cells by TRIzol reagent (Invitrogen, Carlsbad, CA, USA).
Overall, 1 lg total RNA was transcribed using RT-Reagents
(TaKaRa, Dalian, China), and preserved at �20°C. The mRNA
expression level of CTHRC1 was determined by real-time
PCR, as described previously.(12) The primer sequences are
shown in Table 1.

Bisulfite modification of DNA and bisulfite genomic sequenc-
ing. Genomic DNA samples were extracted from gastric tissues
strictly according to the instructions of the manufacturer (Qia-
gen, Hilden, Germany). Briefly, 1 lg DNA was treated with
sodium bisulfite using the EpiTect Bisulfite Kit (Qiagen). Bisul-
fite induces deamination of unmethylated cytosines, which con-
verts unmethylated CpG sites to uracil. This allows their
differentiation by bisulfite genomic sequencing, as described
previously.(13) The primer sequences are shown in Table 1.

Cancer cell lines. Six human GC cell lines (AGS, MGC803,
SNU-1, SGC7901, MKN28, and MKN45) were routinely
maintained in RPMI-1640 medium (Gibco, Carlsbad, CA,
USA), supplemented with 10% FBS at 37°C in a humidified
air atmosphere containing 5% CO2. The AGS cell line was
obtained from ATCC (Manassas, VA, USA). MKN45,
MGC803, SNU-1, SGC7901, and MKN28 were obtained from
Shanghai Cellular Institute of Chinese Academy of Sciences
(Shanghai, China). Stable transfected MKN45 cell lines were
generated with the pLV-CHTRC1 vector using standard tech-
niques, and empty controls were generated with the pLV
vector.

Mutations analysis of CTHRC1 by DNA sequencing. The prim-
ers (shown in Table 1) were designed according to the exons
and region upstream of the CTHRC1 transcriptional start site
by Primer Premier 5.0 software (Premier Biosoft International,
Palo Alto, CA, USA). Products were purified and sequenced
by Generay Biotechnology Shanghai (Shanghai, China).

Treatment with 5-aza-2’-deoxycytidine (5-aza-dC) and trans-
forming growth factor (TGF)-b1. Gastric cancer cells (AGS,
MKN45, and SGC7901) were seeded onto a plate at a density
of 1 9 106 cells/mL. After 24 h, cells were treated with
5 lmol/L 5-aza-dC, a DNA demethylating agent (Sigma-
Aldrich, St. Louis, MO, USA), for 72 h. Cells were then har-
vested and underwent DNA and RNA extraction.
Before cells were stimulated with 10 ng/mL TGF-b1 (R&D

Systems, Minneapolis, MN, USA), SGC7901 cells and MKN45

cells were placed in serum-free medium for 24 h. Cells were
harvested for real-time RT-PCR and Western blotting at the
indicated times.

RNA interference. The target siRNA sequences for CTHRC1
were: 5′-CGGAGUGUACAUUUACAAATT-3′ (target 1) and
5′-CGCAUCAUUAUUGAAGAACUATT-3′ (target 2). Both
the RNA duplexes and the control siRNA were synthesized by
GenePharma (Shanghai GenePharma, Shanghai, China). For
siRNA transfection, GC cells were seeded 24 h prior to the
transfection in RPMI-1640 medium containing 10% FBS. The
cells were transfected with 50 nmol/L siRNA using Lipofecta-
mine 2000 (Invitrogen) for 6 h in serum-free medium. The
medium was then replaced with 10% FBS.

Western blot analyses. Western blot analyses were carried
out using standard techniques as described previously.(14)

Briefly, the cells were lysed in RIPA lysate (Beyotime, Beij-
ing, China). Equal amounts of protein (60 lg/lane) from whole
cell lysates were subjected to SDS-PAGE. The proteins were
then transferred to nitrocellulose gels (Amersham, Buckin-
ghamshire, UK) and were probed initially with specific pri-
mary antibodies, then with the appropriate HRP-conjugated
secondary antibodies (Pierce, Rockford, IL, USA). Proteins
were detected using a enhanced chemiluminescence detection
kit (SuperSignal West Femto Substrate; Pierce). For the load-
ing control, the membrane was probed with a mAb against
GAPDH. The antibodies used in this study were CTHRC1
(Santa Cruz Biotechnology, Santa Cruz, CA, USA), Smad2-3
(Cell Signaling Technology, Danvers, MA, USA), pho-Smad2
(Ser465-467; Cell Signaling Technology), and GAPDH (Kang-
chen, Shanghai, China). All primary antibodies were used at a
1:1000 dilution.

Cell migration assay. The cell invasion assay was carried out
as described by Hecht et al.(15) In brief, chambers with 8-lm
pore polycarbonate membranes, coated with Matrigel on the
upper side, were used (Becton Dickinson, San Diego, CA,
USA). Cells were transfected with CTHRC1 siRNA (50 nM)
for 24 h. Then 1 9 105 transfected cells were harvested and
seeded in 0.1% FBS in medium into the upper chamber,
whereas medium supplemented with 20% FBS was applied to
the lower chamber as a chemoattractant to induce invasion.
Cells transfected with non-specific siRNA were used as the
negative controls. After incubation for 48 h, non-migrated cells
on the upper chamber of the filter were removed with a cotton

Table 1. Primers for each PCR

Genes PCR
Primer F (5´–3´)

Primer R (5´–3´)

Product size (bp)

Temp. (�C)

CTHRC1

(upstream region of TSS)

PCR TTAGCCGGGCGTGGTGGCG

AGGAGACCGAGGAGAGGAACG

580

60

CTHRC1

(exon 1)

PCR CCTATTACGGGATGGAAGCTC

GCAAGACACACGACACACAGC

470

60

CTHRC1

(exon 2)

PCR ATTCTTGACTCCAAGGGCTCA

CGCAATTTTCCCAAGATCTATG

324

60

CTHRC1

(exon 3)

PCR GAGTGTACATTTACAAAGATG

TACAGTAGGCTAGTGAACCAACAT

310

60

CTHRC1

(exon 4)

PCR AGAATTACAAACTAGCTTTCTGAAGT

GTTGGAAATAATTTTTATTTAACAGATAT

626

60

CTHRC1 BSP TAGGTTGTATTAATGYGTTTTTTA

ACCACRTATCTCTAAAATATTCATT

322

55

CTHRC1 RT-PCR CCAACTACAAGCAGTGTTCATGGAG

TTGAATGTGAAATACCAACGCTGAC

175

60

CTHRC1 Real-time PCR TCATCGCACTTCTTCTGTGGA

GCCAACCCAGATAGCAACATC

76

60

GAPDH RT-PCR

Real-time PCR

GCACCGTCAAGGCTGAGAAC

ATGGTGGTGAAGACGCCAGT

142

60

BSP, bisulfite sequencing PCR; CTHRC1, collagen triple helix repeat containing 1.
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swab. Migrated cells on the bottom surface of the filter were
fixed, stained, and counted. To confirm that the cellular inva-
sion was due to the overexpression of CTHRC1, we also filled
the upper chamber with either overexpressed levels of
CTHRC1 or controls at equivalent volumes.

Cell viability assay. Cell viability was assessed by a tetrazo-
lium salt (WST-8)-based colorimetric assay in the Cell Count-
ing Kit 8 (CCK-8; Dojindo, Kumamoto, Japan).(16) Briefly,
control and treated cells were seeded onto 96-well plates at an
initial density of 5 9 103 cells/well. At specified time points,
10 lL CCK-8 solution was added to each well of the plate.
The plate was then incubated for 1 h. Cell viability was deter-
mined by scanning with a microplate reader at 450 nm. Data
were expressed as the percentage of viable cells as follows:
relative viability (%) = [A450(treated)�A450(blank)]/[A450
(control)�450(blank)] 9 100%.

Flow cytometry for the detection of cell cycle progression. Cell
cycle analysis was carried out by flow cytometry. Approxi-
mately 1 9 106 cells were removed and washed twice with
PBS and fixed in ice-cold ethanol for 1 h. The samples were
then concentrated by the removal of ethanol and exposure to
1% (V/V) Triton X-100 (Sigma-Aldrich) and 0.01% RNase
(Sigma-Aldrich) for 10 min at 37°C. Cellular DNA was
stained in the dark with 0.05% propidium iodide (PI) for
20 min at 4°C. Cell cycle distributions were determined using
a flow cytometer (FACSCalibur; Becton Dickinson, San Jose,
CA, USA). The data obtained from 10 000 cells were analyzed
using the MultiCycle software package (Phoenix Flow Sys-
tems, San Diego, CA, USA).

Apoptosis detection. Apoptosis was determined by flow
cytometry analysis; an annexin-V fluorescein isothiocyanate/PI
double-stain assay was carried out in accordance with the pro-
tocol of the manufacturer (BioVision, Mountain View, CA,
USA). Briefly, after treatment, both floating and trypsinized
adherent cells (5 9 105) were collected and resuspended in
500 lL binding buffer containing 5 lL annexin-V–fluorescein
isothiocyanate and 5 lL PI. Samples were then incubated for
5 min in the dark at room temperature. Analysis was carried
out immediately afterwards using a flow cytometer.

Statistical analysis. The SPSS 13.0 software (SPSS, Chicago,
IL, USA) was applied in our study. Fisher’s exact test and the
Pearson’s chi-square -test were used to analyze CTHRC1 pro-
tein expression in the multistage development of GC. Results

in vitro were expressed as the mean ± standard deviation, and
the data were analyzed for significance by ANOVA. A value of
P < 0.05 was considered to be statistically significant.

Results

Expression of CTHRC1 upregulated in multistage tissues of
gastric carcinogenesis. To investigate the change of CTHRC1
expression over the development of GC and to identify the
correlations between the expression level of CTHRC1 and the
clinicopathological characteristics of GC, we examined
CTHRC1 protein expression by IHC in paraffin-embedded
specimens that represented different stages of GC progression.
Normal gastric mucosa, CAG and intestinal metaplasia tis-

sues showed weak staining of the CTHRC1 protein, which
was mostly present in the nucleus (Fig. 1A,B). In contrast,
there was moderate to strong CTHRC1 expression in GC sam-
ples, which was detected mainly in the cytoplasm with partial
extracellular space staining (Fig. 1C,D). With the progression
of GC, the CTHRC1 expression increased gradually, which
was found in 20.0% of normal gastric epithelium samples,
28.3% of CAG samples, 32.1% of intestinal metaplasia sam-
ples, 52.6% of dysplasia samples, and 67.2% of GC samples.
The differences between normal gastric epithelium, CAG,
intestinal metaplasia, and GC were statistically significant
(P < 0.01). Overall, 67.2% of GC samples were positive for
CTHRC1 staining, and the correlations between CTHRC1
expression and the clinicopathological characteristics of GC
are summarized in Table 2. A significant correlation was
found between increased CTHRC1 expression and the depth
of invasion (P < 0.05, Pearson’s chi-square -test), which indi-
cated that CTHRC1 was associated with invasion and metasta-
sis in GC.

Expression of CTHRC1 in gastric cancer cell lines. We exam-
ined the mRNA and protein levels of CTHRC1 in six GC cell
lines (AGS, MKN45, MGC803, SNU-1, SGC7901, and
MKN28) by RT-PCR and Western blotting. These results
showed that both CTHRC1 mRNA and protein were detected
in four cell lines (shown in Fig. 2). Consistent with the results
of the IHC staining in tissues described above, CTHRC1
expression was present in the cytoplasm (Fig. 3).

CTHRC1 increases gastric cancer cell migration. Previous stud-
ies have showed that CTHRC1 was upregulated in samples of

(A) (B)

(C) (D)

Fig. 1. Immunohistochemical staining of gastric
tissues with the anti-collagen triple helix repeat
containing 1 (CTHRC1) antibody. The CTHRC1
protein, which was mostly present in the nucleus,
was weakly stained in normal gastric mucosa (A)
and intestinal metaplasia (B). In contrast, CTHRC1
staining was moderate to strong in gastric cancer
samples, and was detected mainly in the cytoplasm
with partial extracellular space staining (C,D). Red
arrows indicate the enlarged areas in red frames.
Original magnification, 9200; 9400 (red frames).
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GC, and was associated with increased tumor invasion and
metastasis. The effect of the re-expression of CTHRC1 on the
invasiveness of GC cells was tested using the Boyden cham-
ber. The CTHRC1 expression vector was stably transfected
into MKN45 cells with silenced CTHRC1. Re-expression of
CTHRC1 in the transfected MKN45/CTHRC1 cells was con-
firmed by Western blotting (Fig. 4A1). We found that the

number of invasive tumor cells was significantly higher in the
CTHRC1-transfected MKN45 cells than in control cells
(P < 0.05; Fig. 4A2,3), which suggested that CTHRC1 pro-
moted the invasion of GC cells. To verify the role of CTHRC1
in GC metastasis, we silenced CTHRC1 using siRNA in the
SGC7901 cell line, which expresses high levels of CTHRC1,
resulting in a decrease in cell invasiveness (P < 0.05; Fig. 4B).
These data showed that CTHRC1 increased the invasiveness
and metastatic potential of GC cells. In addition, CTHRC1 did
not affect cell proliferation or apoptosis in our study (data not
shown).

Aberrant expression of CTHRC1 could not be induced by exonic
and regulatory region mutations. The mechanism of increased
CTHRC1 with the development of GC remains unknown.
Mutation is one of the principal reasons for gene amplification.
Using DNA sequencing, we analyzed the exons and region
upstream of the CTHRC1 transcriptional start site in three GC
cell lines (AGS, MKN45, and SGC7901), three samples of
gastritis, and three GC samples. No different bases were found
between AGS and MKN45 cell lines with silenced CTHRC1,
or in the SGC7901 cell line that expresses high levels of
CTHRC1. Furthermore, no mutations were found between
samples of gastritis and GC (data not shown). These results
revealed that aberrant expression of CTHRC1 was perhaps not
caused by mutations of the region described above, so other
mechanisms may be involved in regulating the expression of
CHTRC1.

Methylation may be associated with transcriptional silencing
of CTHRC1 in GC cells. Promoter methylation plays an important
role in the development of cancer, and has been reported to be
related with transcription. When treated with the demethylating
agent 5-aza-dC, the expression of the genes regulated by meth-
ylation will be upregulated. To test whether promoter methyla-
tion regulates CTHRC1 expression, we treated three cell lines
(CTHRC1 is silenced in the AGS and MKN45 cell lines;

Table 2. Correlation between collagen triple helix repeat containing

1 (CTHRC1) immunoreactivity and clinical parameters in gastric cancer

tissues

Cases

(n = 116)

CTHRC1 CTHRC1

P-valuePositive

n (%)

Negative

n (%)

Differentiation

Well or moderate 50 36 (72.0) 14 (28.0) 0.34

Poor (or no

differentiation)

66 42 (78.0) 24 (38.0)

Lauren type

Diffuse 47 27 (57.4) 20 (42.6) 0.80

Intestinal 69 38 (55.1) 31 (44.9)

Depth of invasion

T1/T2 70 42 (60.0) 28 (40.0) 0.04

T3/T4 46 36 (78.3) 10 (21.7)

Lymph node metastasis

� 63 40 (63.5) 23 (36.5) 0.35

+ 53 38 (71.7) 15 (28.3)

Size (cm)

<5 75 48 (64.0) 27 (36.0) 0.31

�5 41 30 (73.1) 11 (26.8)

P-value was calculated according to the Pearson’s chi-square-test. Bold
P-value means that a significant correlation was found between
increased CTHRC1 expression and the depth of invasion.

(B)

(A)

(A) (B) (C)

Fig. 3. Immunohistochemical staining of gastric cancer cell lines with an anti-collagen triple helix repeat containing 1 (CTHRC1) antibody.
CTHRC1 expression was present in the cytoplasm of MKN28 (A) and SGC7901 (B) gastric cancer cells. No staining was observed in the negative
control (C). Original magnification, 9400.

Fig. 2. Protein and mRNA expression of collagen
triple helix repeat containing 1 (CTHRC1) in
cultured gastric cancer cell lines. Both CTHRC1
mRNA and protein were detected by RT-PCR (A)
and Western blot (B) analyses, respectively, in four
gastric cancer cell lines (MGC803, SNU-1, SGC7901,
and MKN28).
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SGC7901 shows high levels of CTHRC1 expression) with
5-aza-dC. Treatment with 5-aza-dC restored CTHRC1 expres-
sion in the AGS and MKN45 cell lines, and markedly elevated
CTHRC1 expression in the SGC7901 cell line. There was
obvious demethylation observed in the treated AGS and
MKN45 cell lines by bisulfite genomic sequencing (Fig. 5),
which indicated that methylation was associated with the
transcriptional silencing of CTHRC1 in GC cells.

Effect of TGF-b1 on the regulation of CTHRC1 expression. We
treated the SGC7901 cell line with TGF-b1. As seen in Fig-
ure 6, both CTHRC1 mRNA and protein levels increased grad-
ually in response to stimulation with TGF-b1, with maximal
mRNA levels seen at 8 h and maximal protein levels at 24 h
after growth factor addition. Meanwhile, pho-Smad2 increased
in a time-dependent manner, with maximal levels seen
between 1 and 8 h after treatment with TGF-b1. Upregulation
of CTHRC1 mRNA levels were also observed in another
gastric cancer cell line, MKE45 (data not shown).

Discussion

Gastric carcinogenesis is a multistep and chronic process, where
the gastric tissues undergo atrophy, intestinal metaplasia, dys-
plasia, and ultimately, cancer.(2) CTHRC1 is a glycosylated pro-
tein that contains a NH2-terminal signal peptide for extracellular
secretion, a short collagen triple helix repeat of 36 amino acids,
and a COOH-terminal globular domain.(7,17,18) It has been found
to be overexpressed in several malignant tumors, including
breast cancer,(19) GC, and malignant melanoma.(8) However,
CHTRC1 was simply screened out as being increased in GC, but
an initial biochemical and functional characterization of this
molecule in GC has not been undertaken.
In this study, using IHC, we observed that the level of

CTHRC1 gradually increased with the development of GC.
Furthermore, GC samples with deeper depths of invasion
showed higher levels of CTHRC1 expression, indicating that
CTHRC1 could have important implications in GC invasion
and metastasis. Importantly, this result was further confirmed
through in vitro experiments. Re-expression of CTHRC1 in
GC cells led to a significant increase in their ability to invade,
whereas the knockdown of CTHRC1 gene expression by siR-
NA had an adverse effect. Therefore, CTHRC1 is a potential
metastasis-related gene in gastric carcinogenesis. In addition, it
was interesting to note that CTHRC1 staining of GC was
detected mainly in the cytoplasm and extracellular space, but
CHTRC1 expression in normal gastric mucosa, CAG, and
intestinal metaplasia tissues was mostly present in the nucleus.
CTHRC1 is a secreted extracellular protein. Pyagay et al.(7)

found that CTHRC1 may undergo proteolytic processing and
this could have implications for the activity of the molecule.
Our ongoing studies showed that there was no difference in
mRNA levels of collagen type I and III between control and
CTHRC1 overexpressing cells (data not shown). Therefore, it
is possible that the secreted form of CTHRC1 overproduced
by GC cells may act on the surrounding microenvironment,
such as the stromal cells and ECM, and thus promotes tumor
invasion.
To date, the regulating mechanism by which CTHRC1 is up-

regulated in human cancers is not known. There are varied
ways to regulate gene expression, including genetic variation,
epigenetic variation, and cytokine induction, amongst others.
Changes of gene expression are usually caused by mutation in
exons and regulatory region (between nucleotides within 1 kb
upstream of the transcription start site). In this study, we did
not find any mutations in the above regions to be associated
with the aberrant expression of CTHRC1. However, the sam-
ples are relatively small and further studies are needed to vali-
date this result.
Promoter methylation, which can be a mechanism for the

inactivation of tumor suppressor genes, has been associated
with cancer-specific expression differences in human malignan-
cies.(20–22) To date, few examples of promoter hypomethyla-
tion of putative oncogenes have been reported.(23,24) Here, our
data on 5-aza-dC treatment and methylation analyses strongly
indicate that CTHRC1 silencing is related to promoter hyper-
methylation. Hence, promoter demethylation may be one cause
of upregulation of CHTRC1 in GC cell lines. Additional stud-
ies are needed to investigate the methylation status of
CTHRC1 in GC tissues. Thus, CHTRC1 methylation might
also function as a prognostic biomarker and therapeutic target.
Sequence analysis of the CTHRC1 promoter region reveals

a binding site of Smad, which is responsive to regulation by
TGF-b.(8) It has been reported that dysregulation of TGF-b sig-
naling is implicated in tumor growth, angiogenesis, invasion,
and metastasis,(25–27) and the upregulation of TGF-b1 is pres-
ent in a variety of human cancers, including GC.(28,29)

CTHRC1 is induced by TGF-b1 and bone morphogenetic

(A1) (A3)
(A)

(B)(A2)

(B1) (B3)
(A)

(B)

(B2)

Fig. 4. Re-expression of collagen triple helix repeat containing 1
(CTHRC1) in CTHRC1-transfected MKN45 gastric cancer cells was con-
firmed by Western blotting with anti-CTHRC1 antibody (A1). The num-
ber of invasive cells was significantly higher in the CTHRC1-transfected
MKN45 cells than in control cells (P < 0.05; A2,A3). (B) Inhibition of
CTHRC1 protein expression by siRNA in SGC7901 cells. The efficiency
of inhibition was confirmed by Western blotting (B1). The number of
invasive cells was decreased in CTHRC1 siRNA-transfected cells com-
pared with control cells (P < 0.05; B2,B3).
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protein-4 in murine NIH3T3 cells.(7) Thus, we hypothesized
that TGF-b might also induce CTHRC1 expression during gas-
tric carcinogenesis. Our own in vitro studies showed that both
CTHRC1 mRNA and protein levels increased gradually in
response to TGF-b1. In addition, we observed that TGF-b-
mediated Smad signaling activation was also increased, but
this change did not coincide with the upregulation of
CTHRC1. These results differed from those of LeClair et al.,
who reported that Cthrc1 is a cell-type-specific inhibitor of
TGF-b, which in turn impacts collagen type I and III deposi-
tion, neointimal formation, and the dedifferentiation of smooth
muscle cells.(30) There are potential confounders for these find-
ings: (i) compared with the function of CTHRC1 in tissue
repair, TGF-b may play a reverse role in tumorigenesis; and
(ii) the signaling pathways are very complex. CHTRC1 may
participate in the TGF-b-mediated Smad signaling pathway, or
may have no relation with this pathway and is only regulated
by TGF-b1. Thus, we provide novel mechanistic evidence that
TGF-b1 may upregulate CTHRC1 expression in GC. Further
studies will be needed to address the relationship between

CTHRC1 and TGF-b-mediated Smad signaling or other path-
ways. In addition, as epigenetic alterations in promoter methyl-
ation are associated with downregulation of gene expression,
and the CTHRC1 promoter region shows a binding site of
Smad, it is possible that promoter demethylation and TGF-b1
may co-regulate the expression of CTHRC1. Understanding
the mechanism by which CTHRC1 is regulated requires further
investigation in GC tissues.
In summary, CTHRC1 is a potential metastasis-related gene

in gastric carcinogenesis. Promoter demethylation and TGF-b1
may coregulate the expression of CTHRC1. Understanding the
mechanism by which CTHRC1 increases cell invasion requires
further investigation. Thus, it will not only provide new
insights into the metastasis mechanism but provide a new
therapeutic strategy for the treatment of GC in the future.
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(A)

(B)

Fig. 6. Collagen triple helix repeat containing 1 (CTHRC1) mRNA and protein of SGC7901 cells stimulated with transforming growth factor
(TGF)-b1 (10 ng/mL) for the indicated lengths of time as assessed by real-time PCR (A) and Western blot (B) analyses. Both CTHRC1 mRNA and
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Fig. 5. (A) mRNA expression of collagen triple helix repeat containing 1 (CTHRC1) was restored in gastric cancer (GC) cells after treatment with
the demethylating agent, 5-aza-2’-deoxycytidine (5-aza-dC). (B) Demethylation was observed in the AGS and MKN45 cell lines after treatment
with 5-aza-dC, as determined by bisulfite genomic sequencing. (C) Cloned bisulfite sequencing was carried out on the CTHRC1 genomic region
(�391 to +4 bp) relative to the transcription start site (TSS).
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