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ABSTRACT. The aim of this meta-analysis was to investigate the 
overall diagnostic and prognostic values of CTHRC1 expression in 
human cancer development. Based on the inclusion and exclusion 
criteria, 8 cohort studies were included in the meta-analysis. The data 
were extracted, and analyses were performed using a random-effects 
model. Summary odds ratios (ORs) and effect sizes (ESs) with 95% 
confidence intervals (CIs) were calculated to assess the strength of the 
associations. A total of 1065 cancer patients from the 8 studies were 
included in the meta-analysis. The results revealed a positive correlation 
of CTHRC1 protein expression in tumors with tumor-node-metastasis 
(TNM) stage and with lymph node (LN) metastasis (TNM: OR = 2.98, 
95%CI = 1.48-6.00, P = 0.002; LN: OR = 4.26, 95%CI = 1.88-9.67, P 
= 0.001). CTHRC1 expression was higher in tumors with sizes ≥5 cm 
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than in tumors with sizes <5 cm (OR = 2.39, 95%CI = 1.12-5.09, P = 
0.024). Patients with higher CTHRC1 expression had decreased overall 
survival (OS) (ES = 1.78, 95%CI = 1.23-2.33, P < 0.001) and poorer 
disease-free survival (DFS) (ES = 1.71, 95%CI = 1.11-2.31, P < 0.001). 
Disease-stratified analyses yielded significantly different estimates 
of CTHRC1 levels in the majority of the subgroups (all P < 0.05). In 
conclusion, increased CTHRC1 expression is associated with advanced 
TNM stage, increased LN metastasis and tumor size, and decreased OS 
and DFS, indicating that CTHRC1 may be a biomarker for prognosis 
of cancer patients.

Key words: CTHRC1; Protein expression; Human tumors; 
Meta-analysis; Cancer

INTRODUCTION

Tumors are caused when cells lose their normal growth regulation at the genetic level, 
which leads to the formation of clonally abnormal dysplastic lesions (Wang et al., 2012). 
Generally speaking, tumors can be divided into two different types, benign and malignant 
(Lowe et al., 2013). Malignant tumors, also known as cancer, are the main causes of mortality 
in developed countries, and are the second leading public health concern among developing 
countries (Percy et al., 2013). Cancers in adolescents and adults aged 15-39 years account for 
less than 10% of all new cancer diagnoses in developed countries, with incidence rates rising 
in individuals aged from 20 to 80 years (Haggar et al., 2012; Harding et al., 2012). Moreover, 
in Europe, the incidence and mortality of cancer play a critical role in both planning and 
estimating the influence of cancer control programs at the country and regional levels (Ferlay 
et al., 2013). The incidence of cancer and its prognosis may contribute to overall cancer 
prevalence, which is also affected by the aging of the population and increasing population 
growth rates (Crocetti et al., 2013; Mihajlović et al., 2013). During cancer progression, 
only a few detached cancer cells that leave the primary tumor and survive in circulation are 
required to seed metastases in distant organs; therefore, metastases remain the main cause of 
cancer-related deaths (Gorges and Pantel, 2013). In this process, new biologically active gene 
products are expressed, which promote cell migration and reduce the deposition of collagen 
(Mihajlović et al., 2013). In recent years, many researchers have postulated that collagen 
triple helix repeat containing-1 (CTHRC1), a protein associated with collagen synthesis, 
has a significant positive correlation with many malignancies, and moreover, promotes the 
occurrence and development of malignant tumors (Kim et al., 2013b).

CTHRC1 is a novel 28-kDa cancer-secreted glycosylated protein that is highly 
conserved in lower chordates and higher mammals (Pyagay et al., 2005). CTHRC1 has been 
shown to be expressed mainly in neointimal smooth muscle cells and adventitial fibroblasts of 
balloon-injured vessels (Chen et al., 2013). Clinical findings have demonstrated that CTHRC1 
has the ability to promote the proliferation of certain cells, and inhibit the synthesis of type 
I collagen (Li et al., 2011). Moreover, it has been suggested that CTHRC1 may be largely 
involved in repairing damaged blood vessel tissues by limiting collagen matrix deposition and 
improving cell migration (Ip et al., 2011). Additionally, it been demonstrated that CTHRC1 
can mediate the activities of members of the Rho GTPase family of proteins, including Rac1, 
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RhoA, and Cdc42, which are important in regulating cell migration through their effects on 
cytoskeletal reorganization and cell adhesion activation (Park et al., 2013; Zhou et al., 2014). 
Recently, several studies have revealed that CTHRC1 is highly up-regulated in solid tumors, 
and may have a significant association with the pathogenic mechanisms of several human 
cancers, including hepatocellular carcinoma, gastric cancer, pancreatic cancer, and colorectal 
cancer (Kharaishvili et al., 2011; Ren et al., 2011; Wang et al., 2012). Furthermore, it has been 
suggested that CTHRC1 may play a significant role in enhancing the migration and invasion of 
tumor cells, thereby promoting metastasis, potentially through the activation and enhancement 
of promoter de-methylation, as well as by altering signaling pathways mediated by growth factor 
b1 (Chen et al., 2013; Liu et al., 2013). Moreover, recent results showed that CTHRC1 may be 
involved with enhancing cell proliferation and survival by activating the pathways of several 
vital signaling molecules, which may lead to cancer progression and metastasis (Tan et al., 
2013). To date, a variety of findings have demonstrated that the overexpression of CTHRC1 is 
strongly associated with the development of some cancers (Kim et al., 2013a; Gu et al., 2014). 
However, other studies have reported outcomes that contradict the role of CTHRC1 in cancer 
progression (Zhou and Tong, 2011; Kim et al., 2013a). Because of these contradictions, here we 
performed a meta-analysis to investigate the correlations between CTHRC1 protein expression 
and gastric cancer (GC), colorectal cancer (CRC), breast cancer (BC), hepatocellular carcinoma 
(HCC), cervical cancer (CC), and esophageal squamous cell carcinoma (ESCC).

MATERIAL AND METHODS

Data sources and keywords

A comprehensive search in several electronic databases, including the Web of Science, 
PubMed, Embase, China National Knowledge Infrastructure (CNKI) databases, and the Cochrane 
Library was performed in order to obtain studies for inclusion in the meta-analysis. The search 
strategies included the combinations of keywords for all studies published through March 1st, 
2014. The keyword combinations for the initial search were as follows: “CTHRC1 protein, 
human”, “CTHRC1”, “Cthrc1”, “Collagen triple helix repeat containing-1”, or “Collagen triple 
helix repeat containing 1”, AND “Neoplasms”, “Neoplasm”, “Cancer”, “Cancers”, “carcinomas”, 
“carcinoma”, “tumor”, “tumors”, or “Neoplasms”. Manual searches through the reference lists 
of the retrieved articles were also performed to identify additional studies for inclusion.

Selection criteria

Studies of patients with tumors that included CTHRC1 protein expression as a 
risk factor were evaluated. Eligible articles were identified based on the following detailed 
inclusion criteria: 1) only cohort studies that discussed the association between CTHRC1 
protein expression and cancer were included; 2) all patients diagnosed with cancer were 
confirmed by histopathology indicating invasion occurrence as described (Van Cutsem et al., 
2011); 3) the number of cancer cases included was provided; 4) the number of cases were 
more than 35; and 5) sufficient data for tumor-node-metastasis (TNM) stage, lymph node (LN) 
metastasis, and tumor size were provided. The following studies were excluded: 1) those on 
hereditary tumors; 2) those on haplotypes only; 3) those with patients who had been treated 
with anti-tumor therapy; and 4) case-control studies.
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Data extraction

Two independent investigators extracted data from identified studies on the basis of 
the rigorous selection criteria. Accordingly, the following necessary data were collected: first 
author, source of publication, country of origin, study type, study design, patient age, patient 
sex, year of publication, patient ethnicity, sample size, source of samples, detection methods, 
TNM stage, LN metastasis, tumor size, overall survival (OS), and disease-free survival (DFS). 
All of the authors of the selected studies approved to include their studies in this meta-analysis.

Quality assessment

The Newcastle-Ottawa Scale (NOS) criteria were utilized to evaluate the quality of each 
eligible study (Stang, 2010). The NOS criteria are presented as follows: 1) group selection: whether 
the exposure group has very good or better representation (NOS01); whether the non-exposure 
group and exposure group come from the same populations (NOS02); whether the enrolled 
studies have credible records or well-structured interviews (NOS03); whether the beginning of 
the study has no observational outcomes (NOS04); 2) group comparability: whether the study is 
in accordance with the most important factors to select and analyze the controls (NOS05); whether 
the study controls other important confounding factors (NOS06); 3) group results: whether the 
study is independent or belongs to a blind method (NOS07); whether the follow-up time is enough 
for the occurrence of results (NOS08); whether there are a small number of subjects losing to 
follow-up in the follow-up of all subjects that don’t introduce deviation (NOS09). According to 
these criteria, studies with scores between 0 and 6 were considered of low quality, while those with 
scores between 7 and 9 were considered of high quality.

Statistical analysis

The STATA 12.0 software (Stata Corp, College Station, TX, USA) was used for 
all data analyses in the current study. Heterogeneity among studies was examined using a 
random-effects model, and a fixed-effects model was chosen when statistical heterogeneity 
was not present. Summary odds ratios (ORs) and effect sizes (ESs) with their 95% confidence 
intervals (CI) were used for assessing the strength of associations, which were also confirmed 
by Z tests. The heterogeneity of subgroup meta-analyses and potential heterogeneity between 
studies were evaluated by the Cochran’s Q -statistic where a value of P < 0.05 was deemed 
to be statistically significant, and an I2 test, respectively (Peters et al., 2006; Jackson et al., 
2012). One-way sensitivity analysis was conducted for the pooled ORs of each eligible study 
to determine whether the results would be affected by the heterogeneity. Publication bias was 
assessed by funnel plot analysis as this may affect the validity, and Egger’s linear regression 
test was conducted for further evaluation of the symmetry of the funnel plots (Zintzaras and 
Ioannidis, 2005). A P value of less than 0.05 was considered to be statistically significant.

RESULTS

Characteristics of the included studies

Figure 1 presents the PRISMA flow diagram of the screening steps used for the 82 



5A meta-analysis of CTHRC1 expression in human cancers

©FUNPEC-RP www.funpecrp.com.brGenetics and Molecular Research 15 (2): gmr.15027855

studies retrieved from the electronic databases. A total of 58 studies were excluded, including 
2 duplicates; 12 letters, reviews, or meta-analyses; 20 non-human studies; and 24 studies that 
were not related to the research topics. An additional 14 trials were excluded after review of the 
full text, of which 2 were not case-control or cohort studies; 3 were not relevant to CTHRC1 
protein expression; and 9 were not relevant to cancer. Following further review of the 10 
remaining studies, 2 were abandoned due to lack of sufficient information. Therefore, 8 studies, 
which included a total of 1,065 cancer patients, met our rigorous inclusion criteria (Liu et al., 
2009; Zhou and Tong, 2011; Wang et al., 2012; Chen et al., 2013; Kim et al., 2013a; Yin et 
al., 2013; Gu et al., 2014; Kim et al., 2014). The year of publication of the enrolled studies 
ranged from 2009 to 2014. All included studies were cohort studies that evaluated the correlation 
between CTHRC1 protein expression and cancer in Chinese (6 studies) and Korean (2 studies) 
populations. The cancer types include GC, CRC, BC, HCC, CC, and ESCC. The sources of the 
samples for CTHRC1 protein expression evaluation in the studies included in the meta-analysis 
were tissue biopsies. Enzyme linked immunosorbent assays (ELISA), streptavidin-peroxidase 
(SP), EnVision ELISA, and avidin-biotin peroxidase complexes (ABC) were used in the included 
studies to evaluate CTHRC1 protein expression. The NOS quality scores of all included studies 
were >6. A summary of the characteristics of the included studies is shown in Table 1.

Figure 1. PRISMA flow diagram showing the study selection procedure. Eight cohort studies were included in the 
meta-analysis.
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CTHRC1 = collagen triple helix repeat containing-1; M = male; F = female; ABC = avidin-biotin peroxidase 
complex; SP = streptavidin-peroxidase; GC = gastric cancer; CRC = colorectal cancer; BC = breast cancer; HCC = 
hepatocellular carcinoma; CC = cervical cancer; ESCC = esophageal squamous cell carcinoma; NOS = Newcastle-
Ottawa scale.

Table 1. Characteristics of the included studies that focused on CTHRC1 protein expression in different cancers.

First author Year Country Ethnicity Patients (N) Gender (M/F) Age (years) Cancer Sample Method NOS score 
Gu L 2014 China Asians 166 116/50 59 (33-81) GC Tissue ABC 8 
Kim HC 2014 Korea Asians 188 - - CRC - EnVision 8 
Yin WH 2013 China Asians 120 72/48 59 (23-86) CRC Tissue SP 8 
Kim JH 2013 Korea Asians 189 - - BC Tissue EnVision 7 
Chen YL 2013 China Asians 201 157/44 - HCC Tissue SP 8 
Wang P 2012 China Asians 116 - - GC Tissue SP 7 
Zhou Q 2011 China Asians 39 0/39 40.5 ± 8.3 CC Tissue SABC 6 
Liu W 2009 China Asians 46 35/11 - ESCC Tissue SP 6 
 

CTHRC1 protein expression in tumors

A total of 8 cohort studies evaluated CTHRC1 protein expression in different types of 
tumors. The major results of the correlations between CTHRC1 protein expression and TNM 
stage, LN metastasis, and tumor size are presented in Figure 2. The random-effects model 
was used as heterogeneity was present (P < 0.05). A positive association between CTHRC1 
protein expression and TNM stage was identified by our meta-analysis (OR = 2.98, 95%CI 
= 1.48-6.00, P = 0.002). It was also found that CTHRC1 protein expression was higher in 
tumors with LN metastasis than in tumors without LN metastasis (OR = 4.26, 95%CI = 1.88-
9.67, P = 0.001). CTHRC1 protein expression was observed to be higher in tumors with sizes 
≥5 cm than in tumors with sizes <5 cm (OR = 2.39, 95%CI = 1.12-5.09, P = 0.024). Figure 
3 shows the relationships between CTHRC1 protein expression and OS and DFS. The meta-
analysis findings showed that patients with higher expression of CTHRC1 had decreased OS 
(ES = 1.78, 95%CI = 1.23-2.33, P < 0.001). Additionally, patients with higher expression of 
CTHRC1 had poorer DFS than patients with lower CTHRC1 expression (ES = 1.71, 95%CI 
= 1.11-2.31, P < 0.001).

Subgroup analyses based on cancer type demonstrated that high expression of 
CTHRC1 was positively associated with TNM stage in patients with GC, BC, and HCC 
(P < 0.05), but no similar relationship was found in patients with CRC or CC (Figure 4). 
Subgroup analyses by cancer type also revealed that there was a positive association between 
CTHRC1 expression and LN metastasis in the BC and ESCC subgroups (P < 0.05), whereas 
this association was not observed in the GC and CC subgroups. Furthermore, tumor sizes ≥5 
cm were correlated with high CTHRC1 expression in the BC and HCC subgroups (P < 0.05), 
but not in the GC, CRC, or ESCC subgroups. Subgroup analyses by disease showed that high 
expression of CTHRC1 was related to OS in patients with CRC and HCC (both P < 0.001), 
but not in patients with GC or BC. Additionally, disease based subgroup analyses revealed that 
CTHRC1 protein expression was correlated to DFS in patients with HCC (P < 0.001), but not 
in patients with CRC or GC (Figure 4). Further subgroup analyses based on detection method 
showed there was an association between CTHRC1 protein expression and TNM stage and 
LN metastasis using non-SP and SP methods (all P < 0.05). Subgroup analyses based on 
detection method also revealed that CTHRC1 protein expression was strongly correlated with 
tumor size in the non-SP subgroups (OR = 8.01, 95%CI = 3.69-17.40, P < 0.001), but a similar 
correlation was not found in the SP subgroups (Figure 4). 
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Figure 2. Forest plots and funnel plots of publication biases for the relationships between CTHRC1 protein 
expression and pathological characteristics of human tumors.

Figure 3. Forest plots and funnel plots of publication biases for the relationships between CTHRC1 expression and 
prognosis of patients with human tumors.
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Furthermore, subgroup analyses by detection method revealed a relationship between 
CTHRC1 protein expression and OS in the SP subgroups, but not in the non-SP subgroups. 
Additionally, CTHRC1 protein expression was found to be correlated with DFS in studies 
using either the SP or non-SP methods (P < 0.05) (Figure 4).

Figure 4. Subgroup analyses of the relationships between CTHRC1 protein expression and the pathological 
characteristics of tumors and prognosis of cancer patients.
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Sensitivity analysis and publication bias

Sensitivity analysis showed that no changes of statistical significance were found by 
removing any single study (Figures 5 and 6). Symmetrical graphs were observed among the 
8 studies, and no publication bias was found in the associations between CTHRC1 protein 
expression and TNM stage, LN metastasis, tumor size, and OS by Egger’s test (all P > 0.05) 
(Figure 5, 6). The funnel plot for the correlation of CTHRC1 protein expression with DFS of 
the 8 included studies showed slight asymmetry, and Egger’s test revealed that publication 
bias existed (P = 0.015) (Figure 6).

Figure 5. Sensitivity analyses of the summary odds ratio coefficients and funnel plots of publication biases for the 
associations between CTHRC1 protein expression and the pathological characteristics of human tumors.
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Figure 6. Sensitivity analyses of the summary odds ratio coefficients and funnel plots of publication biases for the 
associations between CTHRC1 protein expression and prognosis of cancer patients.

DISCUSSION

The current meta-analysis was performed in order to better understand the pathologic 
significance of CTHRC1 expression in human tumors and the connection between CTHRC1 
expression and cancer prognosis. We found that CTHRC1 expression in the tumors of patients 
with stage III/IV cancers was higher than that in patients with stage I/II cancers, indicating 
that CTHRC1 expression may be involved in cancer progression. Nevertheless, the full impact 
of CTHRC1 expression on cancer has not yet been elucidated. CTHRC1 is widely accepted 
to be involved in vascular tissue repair and remodeling in response to injury by repressing 
the deposition of the collagen matrix and by facilitating the migration of cells (Pyagay et al., 
2005). Additionally, CTHRC1 anchored in the cell membrane can stabilize the interaction of 
the Wnt-Frizzled receptor, and can selectively activate the PCP pathway, which was deemed 
as one part of Wnt signaling (Yamamoto et al., 2008). It is well understood that the Wnt/PCP 
signaling pathway controls tissue polarity and cell movement, and also participates in tumor 
dissemination and metastasis (Pukrop and Binder, 2008). In accordance with our findings, 
Kim et al. (2013a) demonstrated that over-expression of CTHRC1 is be closely related to 
nodal metastasis and TNM stage in BC patients, indicating that the expression of CTHRC1 



11A meta-analysis of CTHRC1 expression in human cancers

©FUNPEC-RP www.funpecrp.com.brGenetics and Molecular Research 15 (2): gmr.15027855

may be an important factor in tumor progression and tumor cell migration, and thus may be 
useful in the prediction of clinical outcomes of cancer patients.

Our results also revealed that CTHRC1 expression in the tumors of patients with 
positive LN status and tumor sizes of 5 cm or larger was higher than that in the tumors of 
patients with negative LN status and tumor sizes smaller than 5 cm, indicating that CTHRC1 
expression may be related to tumor metastasis and tumor cell proliferation. CTHRC1 is 
considered active and potent in extracellular matrix (ECM) protein degradation (Li et al., 
2011). In the tumor micro-environment, the ECM, which consists of the basement membrane 
and interstitial connective tissue, has been shown to play a vital role in the processes of 
proliferation, migration, and metastasis of tumor cells (Kim et al., 2011). Consequently, we 
hypothesize that aberrant CTHRC1 expression may give rise to the development of tumors in 
humans. Another important finding of the current meta-analysis was that cancer patients with 
positive CTHRC1 expression exhibited shorter OS and DFS than those that were CTHRC1 
negative, implying that increased expression of CTHRC1 in tumors may contribute to poorer 
prognosis for cancer patients. This could be explained by the observation that increased 
secretion of CTHRC1 by tumor and stromal cells can stimulate tumor progression and LN 
metastasis by inducing alterations in the structural composition of the stromal ECM in the 
tumor micro-environment (Kim et al., 2013a). A previous study by Gu et al. (2014) provided 
evidence to support the notion that high expression of CTHRC1 has a strong impact on the 
progression of gastric carcinoma, and is significantly linked to poor prognosis, which was 
observed independently of other factors.

Additional stratified analyses that focused on cancer type and detection method were 
also carefully performed in an attempt to understand the correlations of CTHRC1 expression 
with pathological characteristics and prognosis of cancers more precisely and profoundly. 
In the cancer-type based subgroup analyses, the results revealed that CTHRC1 expression 
was correlated with TNM stage in GC, BC, and HCC, but not in CRC or CC. Furthermore, 
CTHRC1 expression was found to be associated with LN metastasis in BC and ESCC, but not 
in GC or CC. We also observed that the expression of CTHRC1 may be linked to tumor size in 
BC and HCC, while there was no such relationship between CTHRC1 expression and tumor 
size in GC, CRC, or ESCC. In regards to cancer prognosis, our results indicated that CTHRC1 
expression was associated with OS in CRC and HCC, whereas it was only associated with 
DFS in HCC. Additionally, higher CTHRC1 expression appeared to contribute to poorer 
prognoses in the majority of the cancer subgroups. Taken together, the main findings of the 
current study were in agreement with previous studies, and suggest that CTHRC1 expression 
may be correlated with pathological characteristics of certain cancers, and moreover, may be 
utilized to predict the prognosis of cancer patients.

There were some limitations in the present study. First, the existence of publication 
bias could have influenced our results. Second, the selected studies were written only in 
Chinese or English, and thus the absence of articles written in other languages may have also 
caused bias to the current meta-analysis. Finally, publication bias was detected in the Egger’s 
test for the correlation of CTHRC1 expression with DFS, indicating that the resultant data may 
not reflect the actual relationship. In spite of these aforementioned limitations, the significant 
findings revealed by our meta-analysis should be ignored, which shed light on the involvement 
of CTHRC1 in the development and progression of human cancers.

In summary, our data strongly suggest that high CTHRC1 expression is correlated 
with TNM stage, LN metastasis, and tumor size, as well as poor OS and DFS in different 
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cancers. The crucial role of CTHRC1 in human cancer progression may make it conducive for 
clinical utility in predicting the prognosis of cancer patients.
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