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Abstract: Collagen triple helix repeat containing-1 (CTHRC1), a secreted protein, has been demonstrated as an
oncogene in many types of human cancers including pancreatic ductal adenocarcinoma (PDAC). However, little is
known about the prognostic value of CTHRC1 in PDAC. In current study, we investigated the expression pattern and
underlying clinical significance of CTHRC1 in PDAC. Data from public PDAC microarray datasets, real-time PCR and
immunohistochemistry demonstrated that CTHRC1 expression was dramatically increased in PDAC compared with
normal tissues at both mRNA and protein level, which was consistent with previous studies. Analysis of its correla-
tion with clinicopathological parameters indicated that high protein expression level of CTHRC1 was significantly
associated with lymph node metastasis, vascular invasion and perineural invasion. Kaplan-Meier survival analysis
showed that patients with higher CTHRC1 expression exhibited a remarkably shorter overall survival in four different
PDAC patient cohorts. Importantly, univariable and multivariable Cox regression analysis revealed that CTHRC1 pro-
tein expression level was a significant and independent prognostic factor for overall survival rate of PDAC patients.
Together, these data suggested that CTHRC1 is an unfavorable biomarker of prognosis in PDAC and may serve as a
potential therapeutic candidate for PDAC treatment.
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Introduction tially discovered in a rat model of balloon-
injured vasculature where it is transiently
expressed by fibroblasts of the remodelling
adventitia and by smooth muscle cells of the
neointima [6]. It is a highly conserved molecu-
le sharing 92% of sequence identity in human

compared with that of rat homolog [7]. Struc-

Pancreatic ductal adenocarcinoma (PDAC)
remains one of the most aggressive and lethal
malignancies worldwide [1]. It is the fourth and
seventh leading cause of cancer-related deaths
in USA and China, respectively [2, 3], and is pro-

jected to rank the second by 2030 in USA [4].
Owing to lack of obvious specific symptoms,
most PDAC patients are diagnosed at advanced
stage with vascular dissemination or distant
metastasis and ultimately the prognosis is
extremely poor [5]. Therefore, new insights into
the biology and genetics of PDAC are required
and it is essential to identify novel biological
markers for better diagnosis and prediction of
prognosis, and thus develop new targeted
therapy.

Collagen triple helix repeat containing-1 (CT-
HRC1), a 26-kDa secreted glycoprotein, was ini-

turally, it contains a NH2-terminal signaling pep-
tide for extracellular secretion, a short collagen
triple helix repeat of 36 amino acids, and a
COOH-terminal globular domain [6]. Recently,
accumulating evidence indicated that high
expression of CTHRC1 is present in a wide
spectrum of human cancers and plays a signifi-
cant role in oncogenic pathway in these malig-
nancies, such as melanoma [8], hepatocellular
carcinoma [9], colorectal cancer [10], non-small
cell lung cancer [11], gastrointestinal stromal
tumor [12], epithelial ovarian cancer [13], PDAC
[14] and so on. It has also been reported that
up-regulated CTHRC1 in PDAC carcinogenesis
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contributed to tumor cell invasion and metasta-
sis via activating several key signaling mole-
cules, including Src, focal adhesion kinase,
paxillin, mitogen-activated protein kinase kina-
se (MEK), extracellular signal-regulated kinase
and Racl [14]. However, little is known about
the relationship of CTHRC1 expression with
clinicopathological parameters and prognosis
in PDAC patients.

In this retrospective study, we further validated
the expression pattern of CTHRC1 at both
mRNA and protein level in a relative large scale,
and investigated the relationship of CTHRC1
expression with corresponding clinicopatholog-
ical parameters and prognosis. Importantly, the
results suggested that high expression of
CTHRC1 is a reliable indicator for the poor prog-
nosis of PDAC patients.

Materials and methods
Patients and samples

A total of 40 freshly-frozen primary pancreatic
cancer and matched adjacent non-tumor tis-
sues (Ren Ji cohort 1) were collected from
patients who underwent pancreatic surgical
resection at Ren Ji Hospital between January
2012 and December 2013. Tissue microarrays
containing 205 pairs of PDAC specimens and
corresponding noncancerous tissues (Ren lJi
cohort 2) were obtained from Ren Ji Hospital
from January 2002 to June 2013. The patho-
logical information was retrieved from the
Pathology Department. None of the patients
had received radiotherapy, chemotherapy, hor-
mone therapy or other related anti-tumor thera-
pies before surgery. For all samples from PDAC
patients, clinical information was available. The
follow-up time was calculated from the date of
surgery to pancreatic cancer-related death, or
November 17, 2015, the ultimate deadline. All
the patients were provided with written inform-
ed consent before enrolment, and the study
was approved by the Research Ethics Com-
mittee of Ren Ji Hospital, School of Medicine,
Shanghai Jiao Tong University.

PDAC datasets acquisition and process

PDAC microarray datasets GSE71729 (Agilent-
014850 Whole Human Genome Microarray
4x44K), E-MEXP-2780 (Affymetrix Human Ge-
nome U133 Plus 2.0 Array) and corresponding
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clinical data in this study were directly down-
loaded from Gene Expression Omnibus (GEO)
database (http://www.ncbi.nim.nih.gov/geo/)
and ArrayExpress (http://www.ebi.ac.uk/array-
express/), respectively. Arrays were analyzed
using log2-transformed background-corrected
expression signal and annotated using GEO
platform GPL4133 (GSE71729) and GPL570
(E-MEXP-2780) through R 3.2.2 software.
Multiple probes mapping to the same gene
symbol were collapsed by mean probe expres-
sion. Samples were normalized to each other
via quantile normalization. After that, a set of
gene ID-centric gene expression values were
retrieved for downstream analysis.

Total RNA extraction and quantitative real-time
PCR

Total RNA was extracted from tissues (Ren Ji
Cohort 1) by using Trizol reagent (Takara, Japan)
according to the manufactuer’'s instruction.
cDNA was synthesized using a PrimeScript RT
Reagent Kit (Takara, Japan) in accordance with
the protocol of manufacturer. StepOne Real-
Time PCR System (Applied Biosystems, Grand
Island, NY, USA) was applied to detect the
expression level of target gene using the SYBR
Premix Ex Taq Il (Takara, Japan), and GAPDH
acted as an internal control. The data was
calculated by the 2-AACt method. Primer
sequences are listed as follows: CTHRC1 for-
ward, 5-CAATGGCATTCCGGGTACAC-3’, reverse,
5-GTACACTCCGCAATTTTCCCAA-3’; GAPDH for-
ward, 5’-GCATTGCCCTCAACGACCAC-3’, reverse:
5-CCACCACCCTGTTGCTGTAG-3'.

Immunohistochemistry

The tissue microarray sections were deparaf-
finized in xylene and rehydrated with graded
ethanol, and then treated with 0.3% hydrogen
peroxide, followed by antigen retrieval. After
being blocked with 10% normal goat serum for
30 min, the sections were incubated with pri-
mary antibodies at 4°C overnight, followed
by incubation with a HRP-labeled secondary
antibody for 30 min at room temperature.
Finally, Diaminobenzidine tetrahydrochloride
(DAB; Maixin Biotech, China) was used for the
color-reaction followed by nucleus counter-
staining with hematoxylin. The following anti-
bodies were used: rabbit anti-CTHRC1 (1:200,
Abcam, UK); Elivision plus Polyer HRP (Mouse/
Rabbit) IHC Kit (Maixin Biotech, China).
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Figure 1. CTHRC1 expression in PDAC at mRNA level. A. CTHRC1 expression in GSE71729 derived from GEO
grouped by normal pancreas (NP, n=46) and PDAC (n=145). P-values were calculated using the Mann-Whitney test.
B. Increased CTHRC1 mRNA expression in 40 pairs of PDAC/normal pancreas (NP) was detected by real-time PCR

(paired t-test). Error bars in the scatter plots represent SD.

The slides were inspected independently by
two investigators in a blinded manner. Protein
expression was evaluated according to the
extent and intensity of staining (percentage
of positive cells was measured on a scale of
0-3: < 5% scored 0; 6-25% scored 1; 25-50%
scored 2; more than 50% scored 3, the inten-
sity of staining was measured on a scale of 0-3:
0, no staining; 1, weak staining; 2, moderate
staining; 3, strong staining). And a final score
was created to determine the cut-off value for
low and high expression group by using grades
of the extent x grades of intensity staining.
Then the protein expression was sorted into
four categories: “-” for a score of 0-1, “+” for a
score of 2-3, “++” for a score of 4-6 and “+++”
for a score of > 6; low expression was defined
as a final score < 4 and high expression with a
final score > 4.

Statistical analysis

Data were presented as the means + SD. SPSS
22.0 software (IBM Corp., Armonk, NY, USA)
was used for statistical analysis. Graphical rep-
resentations were carried out with GraphPad
Prism 6 (San Diego, CA, USA) software. For clini-
copathological analysis, the chi-square test or
Fisher’'s exact test was performed. The survival
calculations were illustrated with Kaplan-Meier
curves and differences between survival curves
were tested by the log-rank test. Cox propor-
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tional hazards model was used to identify the
prognostic factors by univariable and multivari-
able analysis. The student’s t-test or Mann-
Whitney U test was used for comparison
between two groups depending on distribution.
P values (two-sided) less than 0.05 were con-
sidered statistically significant.

Results

Expression of CTHRC1 in PDAC tissues at
mRNA and protein level

To further verify the expression pattern of
CTHRC1 in PDAC, we first analyzed one inde-
pendent microarray dataset in PDAC research
from GEO. The results demonstrated that
CTHRC1 mRNA expression was significantly
enhanced in PDAC tissues compared with nor-
mal pancreatic tissues (P < 0.0001, Figure 1A).
Then we analyzed the expression level of
CTHRC1 in two independent patient cohorts
from Ren Ji Hospital. We first performed real-
time PCR to measure the mRNA expression of
CTHRC1 in PDAC tissues and paired adjacent
normal tissues (n=40, cohort 1, fresh tissues).
Consistent with the data from GEO database,
CTHRC1 mRNA expression was also obviously
elevated in PDAC tissues (P < 0.0001, Figure
1B). We next detected CTHRC1 protein expres-
sion in tissue microarray containing 205 pairs
of PDAC samples by immunohistochemistry

Am J Cancer Res 2016;6(8):1820-1827
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Ren Ji cohort 2
A 40X

200X 400X

Tissue
PDAC NP P value
(n=205,%) (n=205,%) (x? test)
Immunohistochemical grade
High CTHRC1 expression 142 (69.3) 56 (27.3) <0.0001
Low CTHRC1 expression 63 (30.7) 149 (72.7)

Figure 2. CTHRC1 expression in PDAC at protein level. CTHRC1 protein level was measured by immunohistochemi-
cal analysis in normal pancreas (NP) and PDAC tissue samples from Ren Ji cohort 2. A. Representative images are
shown at 40x%, 200%, 400x magnification, respectively. B. Chi-square test was used for comparison of CTHRC1

expression between two groups.

(n=205, cohort 2, paraffin-embedded tissues).
The results also confirmed that CTHRC1 protein
displayed higher expression in tumor tissues
than normal pancreatic tissues (69.3% vs.
27.3%, P < 0.0001), and the immunoreactivity
of CTHRC1 was mostly distributed in both cyto-
plasm and cell membrane of PDAC cells (Figure
2). Collectively, these results further validated
that both the mRNA and protein level of CTHRC1
were significantly upregulated in PDAC tissues,
which was in agreement with previous studies.

Correlation between CTHRC1 expression and
clinicopathological parameters

To explore the clinical significance of CTHRC1
expression in PDAC, we analyzed the relation-
ship between CTHRC1 expression and corre-
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sponding patients’ clinicopathological charac-
teristics in Ren Ji cohort 2. As shown in Table 1,
CTHRC1 expression was significantly associ-
ated with adverse clinicopathological features
of PDAC, including lymph node metastasis
(P=0.047), vascular invasion (P=0.018) and
perineural invasion (P=0.025). No correlations
between CTHRC1 expression and age, gender,
tumor location, TNM stage, tumor size, T clas-
sification, distant metastasis, histological dif-
ferentiation and serum CA199 level were found.

Relationship between CTHRC1 expression and
prognosis in PDAC patients

To further evaluate the prognostic value of
CTHRC1, we examined the correlation of
CTHRC1 expression with overall survival using

Am J Cancer Res 2016;6(8):1820-1827
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Table 1. Correlations between CTHRC1 expression and clinicopath-
ologic features in Ren Ji cohort 2 patients with pancreatic ductal

adenocarcinoma (PDAC)

Expression of CTHRC1

Clinicopathological Total - P value
feature 205 Low High (x? test)
(n=63, 30.7%) (n=142, 69.3%)
Age (years)
<65 97 36 (37.1) 61 (62.9) 0.060
>65 108 27 (25.0) 81 (75.0)
Gender
Male 117 34 (29.1) 83(70.9) 0.550
Female 88 29 (33.0) 59 (67.0)
Tumor location
Head 139 44 (31.7) 95 (68.3) 0.678
Body/tail 66 19 (28.8) 47 (71.2)
TNM stage (AJCC)
Stage | 38 11 (28.9) 27 (71.1) 0.830
Stage Il 132 43 (32.6) 89 (67.4)
Stage I 21 6 (28.6) 15 (71.4)
Stage IV 14 3(21.4) 11 (78.6)
Tumor size
<3cm 69 19 (27.5) 50 (72.5) 0.480
>3cm 136 44 (32.4) 92 (67.6)
T classificattion
T1 12 4 (33.3) 8 (66.7) 0.950
T2 30 8 (26.7) 22 (73.3)
T3 139 43 (30.9) 96 (69.1)
T4 24 8(33.3) 16 (66.7)
Lymph node metastasis
Absent 136 48 (35.3) 88 (64.7) 0.047
Present 69 15 (21.7) 54 (78.3)
Distant metastasis
Absent 191 60 (31.4) 131 (68.6) 0.434
Present 14 3(21.4) 11 (78.6)
Vascular invasion
Absent 178 60 (33.7) 118 (66.3) 0.018
Present 27 3(11.1) 24 (88.9)
Perineural invasion
Absent 106 40 (37.7) 66 (62.3) 0.025
Present 99 23(23.2) 76 (76.8)
Histological differentiation
Well/moderate 132 43 (32.6) 89 (67.4) 0.442
Poor 73 20 (27.4) 53 (72.6)
CA199 level (U/ml)
<35 26 8(30.8) 18 (69.2) 0.734
>35 105 36 (34.3) 69 (65.7)
Missing 74

Values in parentheses indicate percentage values. The bold number represents the
P-values with significant differences.

1824

Kaplan-Meier analysis and
log-rank test in PDAC patien-
ts from GSE71729, E-MEXP-
2780, Ren Ji cohort 1 and 2,
respectively. Among the four
different cohorts, in order to
exclude the effect of compli-
cations, PDAC patients who
died within 2 months after
surgery were removed, leav-
ing 109 cases in GSE71729,
30 in E-MEXP-2780, 40 in
Ren Ji cohort 1 and 193 in
Ren Ji cohort 2. The result
revealed that CTHRC1 expre-
ssion was dramatically asso-
ciated with PDAC patients’
overall survival in GSE71-
729 (P=0.0343, Figure 3A),
E-MEXP-2780 (P=0182, Fig-
ure 3B), Ren Ji cohort 1
(P=0.0215, Figure 3C) and
cohort 2 (P=0.0064, Figure
3D), which indicated that
patients with higher CTHRC1
expression exhibited signifi-
cantly shorter survival time
than those with lower CTH-
RC1 expression.

Furthermore, univariable and
multivariable Cox regression
analyses were performed to
identify the risk factors corre-
lated with patients’ progno-
sis in Ren Ji cohort 2. Uni-
variable analyses displayed
that CTHRC1 expression,
age, TNM stage, tumor size,
lymph node metastasis, dis-
tant metastasis and histolo-
gy were significant prognos-
tic factors for overall survival
prediction (Table 2). Mean-
while, multivariable analysis
suggested that CTHRC1 ex-
pression, age, tumor size,
lymph node metastasis and
histology were independent
predictors of the overall sur-
vival in patients with PDAC
after pancreatectomy (Table
2). Taken together, these da-
ta demonstrated that high

Am J Cancer Res 2016;6(8):1820-1827



Prognostic value of CTHRC1 for PDAC
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Figure 3. The potential value of CTHRC1 expression in predicting PDAC patients prognosis. A-D. The association of
CTHRC1 expression and patients survival was conducted in GSE71729, E-MEXP-2780, Ren Ji cohort 1 and cohort 2.
Kaplan-Meier survival curves show that patients with higher CTHRC1 expression have a poorer overall survival after
surgery than their corresponding counterparts in PDAC. P-values were calculated by log-rank test.

Table 2. Univariable and multivariable analyses of prognostic parameters for survival in Ren Ji cohort
2 patients with pancreatic ductal adenocarcinoma (PDAC)

Univariable analysis Multivariable analysis

Prognostic parameter HR 95% ClI P value HR 95% ClI P value
Expression of CTHRC1 (high vs. low) 1.712 1.158-2.531 0.007 1.588 1.059-2.381 0.025
Age (=65 vs. < 65) 1.601 1.140-2.251 0.007 1.842 1.294-2.622 0.001
Gender (male vs. female) 0.823 0.584-1.160 0.266 - - -
TNM stage (Ill, IV vs. |, 1) 1.725 1.114-2.672 0.015 1.242 0.696-2.216 0.463
Tumor Size (> 3 cmvs. <3 cm) 1.590 1.111-2.276 0.011 1.619 1.123-2.334 0.010
T classification (T3, 4 vs. T1, 2) 1.540 0.988-2.402 0.057 - - -
Lymph node metastasis (present vs. absent) 1.869 1.313-2.660 0.001 1.776 1.207-2.613 0.004
Distant metastasis (present vs. absent) 2.029 1.091-3.775 0.025 1.308 0.584-2.927 0.514
Vascular invasion (present vs. absent) 1.309 0.796-2.151 0.289 - - -
Perineural invasion (present vs. absent) 1.090 0.779-1.525 0.614 - - -
Tumor location (head vs. body/tail) 1.065 0.746-1.522 0.728 - - -
Histology (poor vs. well/moderate) 1.794 1.269-2.536 0.001 1.729 1.216-2.459 0.012

HR: Hazard ratio; Cl: Confidence interval. The bold number represents the P-values with significant differences.
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CTHRC1 expression status may be a predictor
for prognosis in PDAC patients.

Discussion

Despite tremendous endeavors on biological
markers for better diagnosis and prognosis of
PDAC, the clinical outcome of this fatal malig-
nancy remains almost stagnant [2, 15]. Since
CTHRC1 was originally found in balloon-injured
rat arteries where it participates in vascular
remodelling by limiting collagen matrix deposi-
tion and promoting cell migration [6], the bio-
logical oncogenic roles of CTHRC1 have been
implicated in various types of human cancers
including PDAC [8-14]. However, a comprehen-
sive investigation remains to elucidate the clini-
cal significance and prognostic value of CTHRC1
in PDAC specifically. Here, we attempted to
illustrate them in PDAC, especially the prognos-
tic significance.

High expression of CTHRC1 was found in a vari-
ety of cancers [8-14]. And our study further vali-
dated CTHRC1 expression at both mRNA and
protein level in PDAC. The mRNA expression of
CTHRC1 was obviously elevated in 40 PDAC tis-
sues compared with paired adjacent normal
tissues. Furthermore, CTHRC1 protein expres-
sion in tissue microarray containing 205 pairs
of samples by immunohistochemistry displayed
higher in tumor tissues than normal pancreatic
tissues. Collectively, the data from GEO data-
base and our current study confirmed that
CTHRC1 expression was elevated in PDAC tis-
sues compared with adjacent normal tissues,
which was consistent with previous studies [14,
16]. Therefore, it is reasonable to suggest that
upregulated CTHRC1 exhibits oncogenic func-
tion. And now, it has been reported that overex-
pression of CTHRC1 increased the phosphory-
lation of Src and Erk, and vice versa, and then
enhanced the tumor cells’ migration and meta-
static properties in PDAC [14].

For further confirming the oncogenic role of
CTHRC1 in PDAC, the relationship between
CTHRC1 expression and corresponding clinico-
pathological parameters was determined and
our results revealed that elevated CTHRC1
expression in PDAC was significantly correlated
with lymph node metastasis, vascular invasion
and perineural invasion. Since the clinicopatho-
logical parameters above represent partially
the deterioration and development of the
tumor, it offers more evidence that CTHRC1
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was a factor related to PDAC progression from
the clinical perspective. And similar results
were also reported in non-small cell lung can-
cer [11], epithelial ovarian cancer [13], gastric
cancer [17], breast cancer [18] and so on.

To address the prognostic value of CTHRC1 in
PDAC, we performed Kaplan-Meier survival
analyses in four independent PDAC patient
cohorts and found that elevated expression of
CTHRC1 was inversely associated with clinical
overall outcomes of PDAC patients. Meanwhile,
univariable and multivariable Cox regression
analysis indicated that upregulated CTHRC1
expression might be an independent predictor
of unfavorable overall outcome for PDAC
patients. This observation was in agreement
with previous findings in many other types of
cancers concluding that elevated CTHRC1 pro-
motes tumor malignancy and confers an indica-
tor for the poor prognosis [9, 11, 12, 17-20]. For
example, in gastrointestinal stromal tumors,
CTHRC1 was demonstrated to act as a prog-
nostic factor and promote invasiveness by acti-
vating Wnt/PCP-Rho signaling [12]; In colorec-
tal cancer, high levels of CTHRC1 could pro-
mote cancer cell invasion ability through ERK-
dependent induction of MMP9 expression and
predict poor clinical outcomes [10]. And to our
best knowledge, this is the first report showing
that CTHRC1 may be a predictor of survival in a
sizable group of PDAC patients.

In summary, our study further demonstrated
that upregulation of CTHRC1 is associated with
poor survival in PDAC patients, indicating that
CTHRC1 may serve as a valuable prognostic
marker in PDAC and may represent a potential
molecular target for the treatment of PDAC.
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