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Introduction
Gliomas are the most common primary tumors of the central 
nervous system. The 2021 World Health Organization 
(WHO) classification categorizes gliomas into 4grades: 
grades I and II are low-grade gliomas (LGGs), which have 
low invasiveness and a better prognosis, whereas grades III 
and IV are high-grade gliomas (HGGs), which have high 
invasiveness and a poor prognosis, especially glioblastoma 
(GBM).1,2 The treatment approach for gliomas typically 
involves a combination of surgery, radiation therapy, and 

chemotherapy. Based on the gene detection results of  
gliomas, targeted therapy, immunotherapy, and molecular 
biology therapy have been explored as potential treatments 
to improve postoperative survival time.3 Molecular targeted 
therapy, specifically targeting genes associated with glioma 
invasion and metastasis, is considered a promising approach 
to significantly improve the prognosis of gliomas.4-6 Studies 
have found a correlation between glioma progression and 
epithelial-mesenchymal transition (EMT), which promotes 
tumor proliferation, invasion, and treatment resistance.7-9 
Therefore, the identification of EMT-related genes associ-
ated with glioma invasion is of significant importance for the 
clinical treatment of gliomas.
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ABSTRACT

BACkGRounD: In recent years, abnormal expression of collagen triple helix repeat containing 1 (CTHRC1) has been found in some 
tumors, closely related to the poor prognosis of cancer patients. However, the clinical significance of CTHRC1 in gliomas is not completely 
understood.

METHoDS: We investigated the expression, prognostic value, and potential biological function of CTHRC1 in different types of gliomas 
through bioinformatics analysis and experimental verification.

RESulTS: Bioinformatics analysis revealed several key findings regarding the expression and clinical significance of CTHRC1 in gliomas. 
First, the analysis demonstrated a positive correlation between CTHRC1 expression and the World Health Organization (WHO) grading of 
gliomas, a relationship that was validated through immunohistochemistry experiments. In addition, a trend was observed in which CTHRC1 
expression increased with the extent of glioma invasion, as supported by Western blot experiments. Subsequent bioinformatics analysis 
identified the mesenchymal subtype of gliomas as having the highest levels of CTHRC1 expression, a finding reinforced by immunohisto-
chemical staining. Moreover, high CTHRC1 expression was associated with poor prognosis in gliomas and emerged as an independent 
prognostic factor, with varying impacts on prognosis between low-grade gliomas (LGGs) and glioblastoma (GBM) subgroups. Notably, 
comparative analysis unveiled distinct patterns of immune infiltration of CTHRC1 in LGG and GBM. Furthermore, alterations in copy  
number variations and DNA methylation were identified as potential mechanisms underlying elevated CTHRC1 levels in gliomas. Gene 
Ontology (GO) and Kyoto Encyclopedia of Genes and Genomes (KEGG) enrichment analysis indicated that CTHRC1 and its associated 
genes mainly function in the extracellular matrix and participate in tumor-related signaling pathways.

ConCluSionS: The CTHRC1 has shown significant clinical utility as a prognostic marker and mesenchymal subtype marker of glioma.
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Collagen triple helix repeat containing 1 (CTHRC1) is a 
protein closely associated with tumor invasion and meta-
stasis.10 It has recently gained significant attention in cancer 
research.11,12 The CTHRC1 is a highly conserved secreted 
glycoprotein that was identified as a differentially expressed 
gene during arterial injury.13 It shows transient high expres-
sion in the outer fibrous cells and inner smooth muscle cells 
involved in the repair of injured blood vessels, whereas its 
expression is not detected in normal arteries. The CTHRC1 is 
known to reduce collagen deposition and promote cell migra-
tion.13 In recent years, abnormal expression of CTHRC1 has 
been observed in some tumors and is closely related to the 
survival prognosis of cancer patients.14-16 Studies have shown 
that CTHRC1 is associated with the invasiveness of glioma 
cell lines, and knocking down CTHRC1 can reduce glioma 
cell invasion.17,18 However, research on the role of CTHRC1 
in gliomas is limited, and its exact function, particularly its 
clinical significance, is not yet fully understood.

To comprehensively assess the potential clinical signifi-
cance of CTHRC1 in gliomas, this study integrates bioinfor-
matics analysis and experimental validation to investigate the 
expression, prognostic value, and biological functions of 
CTHRC1 in different glioma subtypes. Initially, we examine 
CTHRC1 expression and its prognostic implications across 
various glioma types (grading, histology, subtype) through 
bioinformatics analysis. Subsequently, we validate these find-
ings in vitro using glioma cell lines and in vivo using glioma 
tissue samples. Furthermore, we use bioinformatics tools to 
uncover additional insights into CTHRC1, such as tumor 
immune infiltration, mutations, copy number variations 
(CNVs), methylation patterns, associated genes, and Gene 
Ontology (GO) and Kyoto Encyclopedia of Genes and 
Genomes (KEGG) enrichment analysis.

Materials and Methods
Data sets and bioinformatics analysis

This study conducted bioinformatics analysis from June to 
September 2023, followed by the validation of the results 
through immunohistochemistry (IHC) and Western blot 
experiments from October to December 2023. This study 
used the TCGA-GBMLGG data set, CGGA data set, 
TCGA-LGG data set, and TCGA-GBM data set for the 
bioinformatics analysis of gliomas. First, we performed bioin-
formatics analysis and mutual validation of CTHRC1 using 
the readily available TCGA-GBMLGG data set and CGGA 
data set from the GlioVis online database (http://gliovis. 
bioinfo.cnio.es/).19 The primary objective was to investigate 
the relationship between CTHRC1 mRNA expression and 
grade, histology, subtype, and prognosis. Next, the authors 
downloaded and curated RNA-seq data and clinical data from 
TCGA-LGG and TCGA-GBM from the TCGA database 
(https://portal.gdc.cancer.gov) for subsequent prognostic 

subgroup analysis of CTHRC1 and univariate and multi-
variate Cox regression analysis.20

Glioma tissue samples

To validate the results obtained from the bioinformatics 
analysis, the authors conducted IHC experiments to detect 
CTHRC1 in glioma tissue samples. Ten surgically resected 
specimens from different WHO grades (WHO II = 4, WHO 
III = 3, WHO IV = 3) of glioma were randomly selected 
(Supplementary material 1), adhering to the following inclu-
sion and exclusion criteria. Inclusion criteria include (1) com-
plete tumor resection and (2) pathological diagnosis confirmed 
as glioma (WHO grades II-IV). Exclusion criteria include  
(1) patients who received chemotherapy or radiotherapy  
before surgery and (2) patients with other malignant tumors. 
Furthermore, to investigate CTHRC1 expression in distinct 
molecular subtypes of GBM (classical, mesenchymal, pro-
neural), 9 corresponding tissue samples were selected for 
immunohistochemical staining, consisting of 3 cases each for 
every molecular subtype (Supplementary material 2), in adher-
ence to the aforementioned criteria. These glioma specimens 
were obtained from tumor tissues of patients undergoing sur-
gery at the Affiliated Hospital of Guizhou Medical University 
and were subsequently paraffin-embedded and stored long-
term in the pathology department. This study was conducted 
in accordance with the principles of the Helsinki Declaration, 
approved by the Ethics Committee of Affiliated Hospital of 
Guizhou Medical University (Ethics Approval No: 2022090), 
and written informed consent was obtained from patients or 
their guardians.

Cell lines

The GBM cell lines with different invasive capacities (U87, 
U251, LN229) and human astrocytes (NHA) were purchased 
from the Shanghai Institute of Cell Biology, Chinese Academy 
of Sciences, and authenticated using short tandem repeat 
(STR) profiling. Retrieve the frozen cells from the liquid 
nitrogen tank and immediately place them in a 37°C water 
bath for thawing. Gently agitate to accelerate thawing until 
only a small piece of ice remains in the vial, with a duration of 
approximately 1 minute. After disinfection with 75% ethanol, 
the cells were transferred to a laminar flow cabinet that had 
been irradiated with UV light for 30 minutes. Using a sterile 
pipette tip, the cell suspension was aspirated into a sterile  
15 mL centrifuge tube and supplemented with 10% fetal 
bovine serum (FBS) (44.5 mL Dulbecco’s Modified Eagle 
Medium [DMEM] from Gibco, Waltham, MA, USA, 5 mL 
FBS from VivaCell, China, and 0.5 mL penicillin-streptomy-
cin from VivaCell). The tube was centrifuged at 1000 r/min for 
5 minutes, the supernatant was aspirated, and the cell pellet was 
resuspended in 10% FBS. The cell suspension was transferred 
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to a vented culture flask and incubated at 37°C with 5% carbon 
dioxide in a humidified incubator. When the cell confluence 
reached 80%, the cells were digested with trypsin for 5 minutes 
and then subcultured at a 1:3 ratio.

Immunohistochemistry

Immunohistochemistry was performed to detect the protein 
expression of CTHRC1 in glioma tissues. First, tissue sections 
were placed in a 65°C oven for 20 minutes to dissolve the par-
affin. Then, the tissue sections were deparaffinized in xylene 
and subsequently hydrated in gradually increasing concentra-
tions of ethanol. Subsequently, the hydrated tissue sections 
were immersed in a citrate buffer solution for antigen retrieval 
under high temperature and high pressure. Nonspecific stain-
ing was removed by treating the sections with 3% hydrogen 
peroxide, followed by blocking with goat serum. Rabbit Anti-
CTHRC1 antibody (Proteintech, Wuhan, China, diluted at 
1:100) was then applied as the primary antibody, and the sec-
tions were incubated overnight at 4°C. Next, the sections were 
incubated with goat anti-rabbit IgG (HUABIO, Hangzhou, 
China, diluted at 1:100) as the secondary antibody and sub-
jected to consistent DAB color development. Subsequently, the 
sections were counterstained with hematoxylin, rinsed with 
ammonia water, dehydrated, and coverslipped. Finally, the 
immunohistochemical staining results were observed under a 
microscope, and quantitative analysis was performed using FIJI 
software. Three repeated immunohistochemical tests were car-
ried out for each patient’s pathological sections to evaluate the 
expression level of CTHRC1 protein.

Western blot

Western blot analysis was performed to detect the protein 
expression differences of CTHRC1 in NHA, LN229, U87, 
and U251 cell lines using β-actin as the internal reference. 
First, cells were lysed using radio-immunoprecipitation assay 
(RIPA) cell lysis buffer to extract total cellular proteins. Then, 
the total protein concentration in the samples was measured 
using the bicinchoninic acid assay (BCA) method. 
Subsequently, the Western blot experiment was carried out. 
The specific details are as follows: the proteins from the sam-
ples were separated by sodium dodecyl-sulfate polyacrylamide 
gel electrophoresis (SDS-PAGE) gel electrophoresis. The 
separated proteins were then transferred to a polyvinylidene 
fluoride (PVDF) membrane through wet transfer. The mem-
brane was blocked with a 5% skim milk solution to prevent 
nonspecific binding. Rabbit Anti-CTHRC1 antibody 
(Proteintech,   Wuhan, China, diluted at 1:1500) was added 
for overnight incubation at 4°C.  HRP-conjugated goat anti-
rabbit secondary antibody (HUABIO, Hangzhou, China, 
diluted at 1:50000) was added for 2 hours of incubation at 
room temperature.  The ECL chemiluminescence reagent was 
added to the membrane, and the protein band images were 

captured using an imaging system. ImageJ software was used 
for grayscale measurement and quantitative analysis of the 
protein bands to detect the differential expression of CTHRC1 
in different cell lines (Supplementary material 3).

Correlation analysis of immune infiltration

Comparative analysis of CTHRC1 in LGG and GBM  
regarding immune infiltration differences was conducted using 
the TIMER online database (https://cistrome.shinyapps.io/
timer/).21 The analysis included correlation analysis between 
CTHRC1 levels and immune cell infiltration levels, detection 
of the prognostic value of CTHRC1 levels and tumor-infil-
trating immune cells using Cox proportional hazards models, 
and correlation analysis between CTHRC1 and immune cell 
type markers. In addition, the authors further investigated the 
relationship between CTHRC1 levels in LGG and GBM and 
28 tumor immune-infiltrating cell subtypes using the TISIDB 
online database (http://cis.hku.hk/TISIDB/).22

Mutation, copy number variation, and methylation 
analysis of collagen triple helix repeat containing 1

Aberrant gene expression is closely associated with gene muta-
tions, CNV, and DNA methylation. We further investigated 
the molecular mechanisms underlying the CTHRC1 abnor-
malities in gliomas using the UCSC Xena database (http://
xena.ucsc.edu/), including gene mutations, CNV, and DNA 
methylation.23 We also validated our findings using the cBio-
Portal database (https://www.cbioportal.org/).24

Gene Ontology and Kyoto Encyclopedia of Genes 
and Genomes enrichment analysis

We obtained CTHRC1-related genes using the STRING 
online tool (https://cn.string-db.org/).25 We performed GO 
and KEGG enrichment analysis on CTHRC1 and its related 
genes. In R software (v.4.2.1), we used the clusterProfiler pack-
age (v.4.4.4) for GO and KEGG enrichment analysis. To facil-
itate the presentation and highlight the results of the GO and 
KEGG enrichment analysis of CTHRC1-related genes, we 
used the ggplot2 package (v.3.3.6) to visualize the enrichment 
analysis results, showing only the top 3 results.

Statistical analysis

The statistical analysis results for the online databases (GlioVis, 
TIMER, TISIDB) were generated automatically by the 
authors using the specified parameters in the databases. The 
following statistical analyses required the authors to perform 
the data analysis for nononline databases. Differences in 
CTHRC1 protein expression among different glioma WHO 
grades in the IHC experiment and among different cell lines in 
the Western blot experiment were determined using Student’s 
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t-test. Data visualization was performed using GraphPad 
Prism software (v.8.0.2). The prognostic value of CTHRC1 
expression in the TCGA-LGG and TCGA-GBM data sets 
was assessed using the Kaplan-Meier survival curves. 
Specifically, in R software (v.4.2.1), the survival package 
(v.3.3.1) was used for proportional hazards assumption testing, 
fitting survival regression, and visualization of the results using 
the survminer and ggplot2 packages (v.3.3.6). Univariate and 
multivariate Cox regression models were used to investigate 
whether CTHRC1 expression is an independent prognostic 
indicator in TCGA-LGG and TCGA-GBM patients. 
Specifically, in R software (v.4.2.1), the survival package 
(v.3.3.1) was used for proportional hazards assumption testing 
and Cox regression analysis. All bioinformatics analysis and 

experimental results mentioned above were considered statisti-
cally significant with a P < .05.

Results
The expression of collagen triple helix repeat containing 
1 is positively correlated with tumor grade

According to the analysis results from the GlioVis database, 
the expression of CTHRC1 mRNA is positively correlated 
with glioma WHO grade in the TCGA-GBMLGG dataset 
(Figure 1A). These findings were validated in the CGGA data 
set (Figure 1B). Furthermore, IHC staining results showed 
consistent CTHRC1 protein expression patterns with the 
aforementioned mRNA expression results (Figure 1C and D). 

Figure 1. The expression of CTHRC1 is positively correlated with glioma WHO grade. (A) TCGA-GBMLGG dataset; (B) CGGA data set; (C) IHC staining 

of CTHRC1 in different grades of glioma (200×); (D) Statistical analysis of CTHRC1 expression detected by IHC experiment, with a sample size of 4 for 

WHO II, 3 for WHO III, and 3 for WHO IV, each with 3 repetitions per sample, was conducted using Student’s t-test.
*P < .05; ***P < .001; ****P < .0001.
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Specifically, the expression of CTHRC1 protein was the high-
est in WHO grade IV gliomas, followed by WHO grade III 
gliomas, and the lowest in WHO grade II gliomas, with statis-
tically significant differences observed between different grades 
of gliomas (P < .05). These results indicate a positive correla-
tion between the expression of CTHRC1 and tumor grade, 
suggesting that CTHRC1 expression may increase with the 
malignancy of the tumor.

The expression trend of collagen triple helix repeat 
containing 1 increases with the degree of glioma invasion

According to the analysis results from the GlioVis database, 
the mRNA expression of CTHRC1 in GBM is significantly 
higher than in oligodendroglioma, oligoastrocytoma, and 

astrocytoma in the TCGA-GBMLGG dataset (P < .05) 
(Figure 2A). Similarly, in the CGGA data set, the mRNA 
expression of CTHRC1 in GBM is significantly higher than 
in oligoastrocytoma, anaplastic oligoastrocytoma, oligodendro-
glioma, astrocytoma, anaplastic oligodendroglioma, and ana-
plastic astrocytoma (P < .05) (Figure 2B). These database 
analysis results indicate that the expression of CTHRC1 is 
significantly higher in GBM compared with other types of 
gliomas. It is well known that GBM exhibits the highest inva-
sive potential, suggesting that CTHRC1 expression is higher 
in tumor types with greater invasiveness. This hypothesis has 
been verified by cell experiment in vitro. According to Western 
blot analysis results, the expression of CTHRC1 in all GBM 
cell lines was significantly higher than in normal human astro-
cytes (NHA) (P < .05) (Figure 2C). The CTHRC1 exhibited 

Figure 2. The expression of CTHRC1 increasing with the degree of tumor invasiveness. (A) TCGA-GBMLGG data set; (B) CGGA data set; (C) Western 

blot analysis to examine the expression of CTHRC1 in different malignant glioma cell lines (LN229, U251, U87) and normal human astrocyte cells (NHA); 

(D) quantitative analysis of CTHRC1 protein expression in different cell lines was performed by Western blot experiment with at least 3 repetitions, and 

statistical analysis was conducted using Student’s t-test.
*P < .05; **P < .01; ***P < .001.
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a trend of increasing expression with increased invasion levels 
of GBM cell lines. Specifically, the experimental results showed 
a lower expression level of CTHRC1 in LN229, a slightly 
higher expression level in U87 compared with LN229, and a 
slightly higher expression level in U251 compared with U87. 
Previous studies have shown that LN229 exhibits lower inva-
siveness than U87,26 and CTHRC1 expression is lower in U87 
compared with U251.18 Overall, CTHRC1 demonstrates a 
trend of increasing expression with increased invasion in GBM.

Collagen triple helix repeat containing 1 is a potential 
biomarker for mesenchymal subtype of glioma

We further evaluated the expression pattern of CTHRC1 in 
different molecular subtypes of glioma, including the classical, 
mesenchymal, and proneural subtypes. Bioinformatics analysis 
revealed that CTHRC1 expression was significantly higher in 
the mesenchymal subtype compared with other subtypes in the 
CGGA data set (P < .05) (Figure 3A). Subsequently, we per-
formed experimental validation. Glioblastoma tissue sections 
corresponding to the classical, mesenchymal, and proneural 
subtypes, as defined by the expression of epidermal growth fac-
tor receptor (EGFR), neurofibromin 1 (NF1), and platelet-
derived growth factor receptor alpha (PDGFRA)/isocitrate 
dehydrogenase 1 (IDH1), respectively, were selected for 

CTHRC1 immunohistochemical staining.27 The results 
showed that CTHRC1 expression was significantly higher in 
the mesenchymal subtype of glioma compared with the classi-
cal and proneural subtypes (P < .05) (Figure 3B and C). These 
findings suggest that CTHRC1 is a biomarker for the mesen-
chymal subtype of glioma.

Overexpression of collagen triple helix repeat containing 
1 is associated with poor prognosis of glioma

Using the median expression level of CTHRC1 mRNA as the 
cutoff, we evaluated the relationship between CTHRC1 
mRNA expression level and survival time in different data sets. 
The results showed that patients with high CTHRC1 expres-
sion in the TCGA-GBMLGG data set had a lower overall 
survival (OS) in all grades of glioma (P < .05) (Figure 4A). 
Similar results were obtained in the CGGA data set (P < .05) 
(Figure 4B). These results suggest a poor prognosis associated 
with CTHRC1 overexpression in glioma. To further investi-
gate whether the prognostic value of CTHRC1 differs across 
subgroups, we performed survival analysis using the TCGA-
LGG data set and TCGA-GBM data set separately. Our anal-
ysis revealed a significant association between high CTHRC1 
expression and poor prognosis in LGG (P < .05) (Figure 4C). 
In the survival analysis of GBM patients, although high 

Figure 3. Significant upregulation of CTHRC1 expression in the mesenchymal subtype of glioma. (A) CGGA dataset; (B) IHC staining of CTHRC1 in 

different molecular subtypes (200×); (C) statistical analysis of CTHRC1 expression detected by IHC experiment, the number of samples (Classical = 3, 

Mesenchymal = 3, Proneural = 3), repetitions per sample (n = 3), Student’s t-test was used.
**P < .01; ***P < .001.
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CTHRC1 expression was associated with shorter OS com-
pared with low expression, no statistical difference was observed 
(Figure 4D). This indicates a differential effect of CTHRC1 
overexpression on the prognosis of LGG and GBM.

Collagen triple helix repeat containing 1 is an 
independent prognostic factor for glioma

To further investigate whether CTHRC1 is an independent 
prognostic factor in glioma, we performed univariate and multi-
variate Cox regression analyses for CTHRC1 expression and 
other clinical features (age, sex, race) in the TCGA-GBMLGG 
data set. The results showed that both univariate and multivariate 

Cox regression analyses demonstrated a significant association 
between age and CTHRC1 with OS (P < .05) (Table 1). These 
results suggest that CTHRC1 is an independent prognostic fac-
tor in glioma.

Correlation analysis of CTHRC1 and tumor 
immune cells
According to the analysis results of the TCGA LGG and GBM 
cohorts in the TIMER database, the expression of CTHRC1 
in LGG tissues is positively correlated with CD8+ T cells 
(r = 0.36, P = 4.15e−16), neutrophils (r = 0.175, P = 1.23e−04), 
and dendritic cells (r = 0.159, P = 4.92e−04). However, it is not 

Figure 4. KM curves demonstrate poorer prognosis and subgroup differences in glioma patients with higher CTHRC1 expression. (A) TCGA-GBMLGG 

data set; (B) CGGA data set; (C) LGG subgroup; (D) GBM subgroup.
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associated with purity (r = 0.014, P = 7.54e−01), B cells (r = 0.047, 
P = 3.03e−01), CD4+ T cells (r = −0.005, P = 9.15e−01), or mac-
rophages (r = 0.089, P = 5.28e−02). On the contrary, in GBM 
tissues, the expression of CTHRC1 is negatively correlated 
with B cells (r = −0.255, P = 1.12e−02), CD4+ T cells (r = −0.281, 
P = 1.09e−03), and neutrophils (r = −0.269, P = 2.01e−03), and 
positively correlated with dendritic cells (r = 0.187, P = 3.15e−02). 
However, there is no correlation with purity (r = −0.149, 
P = 8.05e−02), CD8+ T cells (r = −0.074, P = 4.00e−01), or mac-
rophages (r = −0.123, P = 1.62e−01) (Figure 5). These results 
indicate differential immune cell infiltration associated with 
CTHRC1 expression in LGG and GBM.

Cox proportional hazards models of collagen triple 
helix repeat containing 1 and tumor-infiltrating 
immune cells in low-grade glioma and glioblastoma

In the TIMER database, we used Cox proportional hazards 
models to assess the prognostic value of CTHRC1 levels and 
tumor-infiltrating immune cells in LGG and GBM. Low-
grade glioma and GBM showed significant differences. The 
analysis results indicated a significant correlation (P < .05) 

between macrophage, CTHRC1, and clinical prognosis in 
LGG and between CD4+ T cells, dendritic cells, and clinical 
prognosis in GBM (P < .05). However, there was no signifi-
cant correlation (P > .05) between CTHRC1 and clinical 
prognosis in GBM (Table 2). It is worth noting that this analy-
sis revealed a correlation between CTHRC1 and clinical prog-
nosis in LGG but not in GBM, further confirming the 
differential prognostic significance of CTHRC1 in LGG and 
GBM (Figure 5).

Correlation analysis of collagen triple helix repeat 
containing 1 and markers of immune cell type

We evaluated the correlation between CTHRC1 expression 
and gene marker levels of tumor-infiltrating immune cells in 
LGG and GBM tissues by searching the TIMER database. 
Our overall findings revealed significant differences between 
LGG and GBM, with a significantly higher number of corre-
lations between CTHRC1 and tumor-infiltrating immune cell 
markers in LGG tissues compared with GBM (Table 3). 
Specifically, in LGG tissues, CTHRC1 levels were closely 
associated with immune markers of CD8+ T cells, dendritic 

Table 1. Univariate and multivariate Cox analysis in TCGA-GBMLGG RNA-seq set.

VARIABLE CATEGORIES TOTAL 
(N)

UNIVARIATE ANALYSIS MULTIVARIATE ANALYSIS

HR 95% CI OF HR P HR 95% CI OF HR P

Age >60 143 4.696 3.620-6.093 <.001 3.465 2.646-4.536 <.001

⩽60 555  

Sex Men 401 1.250 0.979-1.595 .073  

Women 297  

Race Black or African American  33 1.578 0.453-5.494 .473  

White 639 1.170 0.374-3.657 .787  

Asian  13  

CTHRC1 High 350 3.522 2.699-4.596 <.001 2.885 2.190-3.802 <.001

Low 348  

Figure 5. Correlation analysis of CTHRC1 with immune cell infiltration levels. (A) GBM; (B) LGG.
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Table 2. Cox proportional hazards models of CTHRC1 and 6 tumor-infiltrating immune cells in GBM and LGG.

LGG GBM

 COEF HR 95% CI_I 95% CI_U P COEF HR 95% CI_I 95% CI_U P

B cell 1.480 4.391 0.016 1212.340 .606 0.742 2.101 0.659 6.698 .210

CD8+ T cell 4.712 111.277 0.115 107,366.020 .179 3.207 24.705 2.613 233.555 .005

CD4+ T cell −3.213 0.040 0.000 83.539 .410 0.297 1.345 0.137 13.185 .799

Macrophage 6.766 867.797 19.518 38,582.626 .000 −1.911 0.148 0.008 2.766 .201

Neutrophil −4.017 0.018 0.000 20.276 .262 1.288 3.624 1.372 9.572 .009

Dendritic 1.199 3.315 0.076 145.309 .534 0.000 1.000 0.845 1.185 .997

CTHRC1 0.174 1.190 1.028 1.378 .020 −0.848 0.428 0.080 2.280 .320

Table 3. Correlation analysis of CTHRC1 and immune cell type markers in LGG and GBM.

DESCRIPTION GENE 
MARKERS

LGG GBM

NONE PURITY NONE PURITY

COR P COR P COR P COR P

B cell CD19 0.283 **** 0.273 **** 0.068 .401 0.035 .682

CD79A 0.051 .249 0.046 .318 0.111 .173 0.112 .193

CD8+ T cell CD8A 0.473 **** 0.51 **** 0.199 * 0.159 .063

CD8B 0.262 **** 0.275 **** 0.2 * 0.169 *

Dendritic cell ITGAX −0.014 .744 −0.014 .764 −0.071 .386 −0.157 .067

NRP1 0.48 **** 0.478 **** 0.383 **** 0.348 ****

CD1C 0.212 **** 0.193 **** 0.248 ** 0.154 .072

HLA–DPA1 0.338 **** 0.341 **** 0.147 .069 0.09 .296

HLA–DRA 0.326 **** 0.326 **** 0.214 ** 0.126 .141

HLA–DQB1 0.305 **** 0.298 **** 0.167 * 0.125 .146

HLA–DPB1 0.335 **** 0.336 **** 0.18 * 0.111 .196

M1 Macrophage PTGS2 0.244 **** 0.237 **** 0.336 **** 0.29 ***

IRF5 −0.014 .756 −0.006 .895 0.005 .948 −0.136 .113

NOS2 0.074 .093 0.091 * 0.069 .395 0.091 .290

M2 Macrophage MS4A4A 0.073 .099 0.077 .092 0.407 **** 0.387 ****

VSIG4 −0.104 * −0.118 ** 0.298 *** 0.224 **

CD163 0.262 **** 0.245 **** 0.43 **** 0.408 ****

Monocyte CSF1R −0.142 ** −0.165 *** 0.145 .074 0.033 .699

CD86 0.007 .875 0 .992 0.112 .170 0.001 .995

 (Continued)
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DESCRIPTION GENE 
MARKERS

LGG GBM

NONE PURITY NONE PURITY

COR P COR P COR P COR P

Natural killer cell KIR2DS4 0.212 **** 0.224 **** 0.073 .368 0.062 .473

KIR2DL1 0.196 **** 0.193 **** 0.068 .400 0.06 .489

KIR2DL3 0.275 **** 0.273 **** 0.039 .628 0.038 .657

KIR2DL4 0.108 * 0.107 * −0.036 .662 −0.098 .254

KIR3DL1 0.189 **** 0.174 *** 0.139 .088 0.13 .130

KIR3DL2 0.111 * 0.115 * 0.091 .262 0.091 .289

KIR3DL3 −0.021 .628 −0.026 .577 0.007 .932 0 .998

Neutrophils CCR7 0.391 **** 0.398 **** 0.29 *** 0.241 **

ITGAM −0.016 .723 −0.021 .640 0.122 .134 0.033 .706

CEACAM8 −0.032 .468 −0.036 .437 0.073 .372 0.087 .314

Treg FOXP3 0.087 * 0.105 * 0.02 .804 0.016 .851

CCR8 0.146 *** 0.161 *** 0.177 * 0.118 .168

STAT5B −0.112 * −0.099 * −0.184 * −0.11 .200

TGFB1 0 .996 −0.015 .743 0.146 .072 0.049 .569

T cell (general) CD3D 0.464 **** 0.477 **** 0.185 * 0.074 .391

CD3E 0.482 **** 0.49 **** 0.179 * 0.093 .281

CD2 0.493 **** 0.497 **** 0.192 * 0.081 .345

T cell exhaustion CTLA4 0.257 **** 0.246 **** 0.167 * 0.107 .215

LAG3 0.084 .056 0.084 .067 0.005 .947 0.057 .508

HAVCR2 0.023 .607 0.021 .643 0.074 .363 −0.068 .431

GZMB 0.513 **** 0.507 **** 0.21 ** 0.141 .010

PDCD1 0.298 **** 0.285 **** 0.188 * 0.164 .055

TAM CCL2 0.215 **** 0.205 **** 0.353 **** 0.285 ***

IL10 0.161 *** 0.165 *** 0.328 **** 0.266 **

CD68 0.063 .152 0.067 0.142 0.183 * 0.102 .238

Tfh BCL6 −0.255 **** −0.262 **** −0.037 .651 −0.044 .607

IL21 0.05 .260 0.022 .625 −0.08 .327 −0.021 .806

Th1 TBX21 0.441 **** 0.436 **** 0.219 ** 0.236 **

STAT1 0.413 **** 0.418 **** −0.129 .111 −0.094 .275

STAT4 0.31 **** 0.336 **** 0.275 *** 0.216 *

IFNG 0.158 *** 0.157 *** 0.092 .256 0.105 .221

IL13 −0.066 .133 −0.052 .252 −0.051 .527 −0.003 .976

Th2 GATA3 0.266 **** 0.284 **** 0.016 .848 0.038 .659

STAT5A 0.067 .129 0.059 .199 0.025 .760 −0.026 .759

STAT6 0.289 **** 0.348 **** 0.3 *** 0.255 **

Th17 STAT3 0.24 **** 0.225 **** 0.02 .805 0.032 .710

IL17A 0.053 .233 0.037 .416 0.032 .695 0.015 .860

*P < .05; **P < .01; ***P < .001; ****P < .0001.

Table 3. (Continued)
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cells, natural killer cells, Treg cells, general T cells, tumor-asso-
ciated macrophages (TAMs), Th1 cells, and Th17 cells. In con-
trast, in GBM tissues, except for immune markers of M2 
macrophages and TAMs, there was no significant correlation 
between CTHRC1 and other tumor-infiltrating immune cell 
markers. These findings suggest a higher involvement of 
CTHRC1 in regulating tumor immune infiltration in LGG 
compared with GBM. The results indicate differential correla-
tions between CTHRC1 and tumor-infiltrating immune cell 
markers in LGG and GBM, which may contribute to the 

differential prognostic significance of CTHRC1 in these 2 
types of tumors.

Relationship between collagen triple helix repeat 
containing 1 and 28 tumor immunoinfiltrating  
cell subtypes

Furthermore, we further explored the relationship between 
CTHRC1 levels and 28 subtypes of tumor-infiltrating immune 
cells using the TISIDB database (Table 4). These results 

Table 4. Relationship between CTHRC1 expression and human tumor lymphocyte infiltration.

LGG GBM

 R P R P

Activated CD8 T cell (Act_CD8) 0.459 <2.2e-16 0.244 .00161

Central memory CD8 T cell (Tcm_CD8) 0.316 1.15e-13 0.45 1.83e-09

Effector memory CD8 T cell (Tem_CD8) 0.251 5.08e-09 0.331 1.48e-05

Activated CD4 T cell (Act_CD4) 0.305 9.29e-13 0.273 .000382

Central memory CD4 T cell (Tcm_CD4) 0.35 1.02e-16 0.482 6.29e-11

Effector memory CD8 T cell (Tem_CD4) 0.017 .694 0.198 .0108

T folicular helper cell (Tfh) 0.13 .00282 0.334 1.2e-05

Gamma delta T cell (Tgd) 0.356 1.86e-17 0.548 <2.2e-16

Type 1 T helper cell (Th1) 0.379 <2.2e-16 0.522 <2.2e-16

Type 17 T helper cell (Th17) 0.205 2.16e-06 0.175 .0245

Type 2 T helper cell (Th2) 0.326 1.81e-14 0.166 .0321

Regulatory T cell (Treg) 0.331 7.1e-15 0.506 <2.2e-16

Activated B cell (Act_B) 0.021 .627 0.103 .185

Immature B cell (Imm_B) 0.04 .354 0.056 .476

Memory B cell (Mem_B) 0.067 .123 0.102 .19

Natural killer cell (NK) 0.189 1.22e-05 0.29 .000163

CD56bright natural killer cell (CD56bright) 0.056 .198 0.058 .46

CD56dim natural killer cell (CD56dim) 0.266 6.11e-10 0.173 .0255

Myeloid derived suppressor cell (MDSC) 0.213 7.56e-07 0.363 1.81e-06

Natural killer T cell (NKT) 0.295 5.5e-12 0.282 .000247

Activated dendtritic cell (Act_DC) 0.269 3.81e-10 0.433 7.85e-09

Plasmacytoid dendtritic cell (pDC) 0.209 1.3e-06 0.287 .00019

Immature dendtritic cell (iDC) 0.088 .0428 0.211 .00656

Macrophage (Macrophage) 0.061 .159 0.426 1.53e-08

Eosinophi (Eosinophi) -0.018 .685 0.145 .0631

Mast (Mast) 0.238 3.39e-08 0.426 1.42e-08

Monocyte (Monocyte) 0.097 .0262 0.269 .00047

Neutrophil (Neutrophil) 0.326 1.78e-14 0.378 6.4e-07
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indicated that in LGG, CTHRC1 was positively correlated 
with 21 immune cell subtypes, especially activated CD8 T cells 
(r = 0.459, P < 2.2e−16). In GBM, CTHRC1 was positively 
correlated with 23 immune cell subtypes, particularly Gamma 
delta T cells (r = 0.548, P < 2.2e−16), Type 1 T helper cells 
(r = 0.522, P < 2.2e−16), and Regulatory T cells (r = 0.506, 
P < 2.2e−16). In both LGG and GBM, CTHRC1 showed no 
significant correlation with activated B cells, immature B cells, 
memory B cells, CD56bright natural killer cells, and eosino-
phils, indicating consistency. However, in LGG, CTHRC1 
was not associated with effector memory CD8 T cells and 
macrophages, whereas in GBM, it was correlated, reflecting 
differences between LGG and GBM. Based on these results, 
LGG and GBM showed overall consistency in their correla-
tions with 28 subtypes of tumor-infiltrating immune cells, but 
subtle differences were observed between LGG and GBM 
subgroups.

Mutation, copy number variation, and methylation 
of collagen triple helix repeat containing 1

Collagen triple helix repeat containing 1 expression is signifi-
cantly upregulated in gliomas. Therefore, we investigated the 
reasons for the elevated levels of CTHRC1. We analyzed  
the DNA methylation, gene mutations, and CNV of CTHRC1 
in TCGA-GBMLGG using the UCSC Xena database. The 
heatmap showed that CTHRC1 mRNA expression was asso-
ciated with CNV and DNA methylation but not with somatic 
mutations (Figure 6A). The mutation plot from cBioPortal for 
Cancer Genomics further confirmed the lack of somatic muta-
tions in CTHRC1 in the 812 included patients/samples 
(Figure 6B). Therefore, we speculate that CNV and DNA 
methylation may contribute to the increased levels of CTHRC1 
in gliomas.

Enrichment analysis of Gene Ontology and Kyoto 
Encyclopedia of Genes and Genomes genes associated 
with collagen triple helix repeat containing 1

We obtained 10 CTHRC1-related genes including COL1A1, 
FZD3, FZD9, POSTN, COL1A2, MMP2, VANGL2, 
TGFB1, COL5A1, and SULF1 using the STRING online 
tool (Figure 7A). The GO and KEGG enrichment analysis of 
these 11 genes, including CTHRC1, revealed enrichment in 
terms such as extracellular matrix organization, extracellular 
structure organization, external encapsulating structure 
organization, collagen-containing extracellular matrix, fibril-
lar collagen trimer, banded collagen fibril, platelet-derived 
growth factor binding, extracellular matrix structural constit-
uent, and Wnt-protein binding (Table 5 and Figure 7B). The 
KEGG pathway enrichment analysis identified pathways 
such as Proteoglycans in cancer, AGE-RAGE signaling 

pathway in diabetic complications, and Relaxin signaling 
pathway (Table 5 and Figure 7B). Based on the results of the 
GO and KEGG enrichment analysis, it suggests that 
CTHRC1 mainly functions in the extracellular matrix and 
participates in tumor-related signaling pathways. These find-
ings further support that CTHRC1 is a gene associated with 
tumor metastasis.

Discussion
Currently, there is limited research on the relationship 
between CTHRC1 and gliomas, and our understanding of it 
is not comprehensive. According to the literature search 
results from the PubMed database, only 5 studies have 
described the relationship between gliomas and CTHRC1, 
with only 2 studies specifically focusing on the relationship 
between gliomas and CTHRC1, whereas the other 3 studies 
only mentioned CTHRC1.17,18,28-30 In a 2017 in vitro study, 
it was found that CTHRC1 expression was elevated in GBM 
cell lines, and knocking down CTHRC1 could inhibit GBM 
cell EMT and migration.17 Another study in 2017 investi-
gated glioma tissues and cell lines and demonstrated that 
CTHRC1 in gliomas could regulate cell invasion, migration, 
and adhesion through multiple pathways.18 However, these 
study lacked research on the prognostic value of CTHRC1 
and did not conduct more detailed investigations based on 
tumor grade, resulting in an incomplete understanding of 
CTHRC1.17,18 In a 2021 pan-cancer analysis, CTHRC1 was 
detected using qPCR, and the results showed that CTHRC1 
expression in HGG tissues and glioma cell lines was higher 
compared with LGG and normal cell lines, which is consist-
ent with our study findings.28 However, this study was based 
on a single database and was a pan-cancer analysis, and the 
prognostic value and molecular function of CTHRC1 in 
gliomas have not been fully demonstrated.28 In a 2022 bioin-
formatics analysis, 32 characteristic genes of GBM were 
identified, and CTHRC1 was mentioned to be highly 
expressed in GBM, but there was limited description of its 
role, and there was a lack of experimental validation and 
prognostic value research.29 Based on the research gap in 
existing studies, our study comprehensively investigated the 
expression, prognostic value, and biological function of 
CTHRC1 in different types of gliomas, and made some new 
discoveries.

First, our study showed that the expression of CTHRC1 
increases with the malignancy and invasiveness of gliomas, 
especially in the mesenchymal subtype, which is the most 
malignant and invasive subtype. Further IHC experiment con-
firmed that CTHRC1 is highly expressed in the mesenchymal 
subtype of GBM, suggesting its potential as a biomarker for 
diagnosing mesenchymal molecular subtype gliomas. In addi-
tion, studies have shown that different subtypes of GBM have 
different responses to aggressive treatments, with the classical 
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subtype benefiting the most, the proneural subtype showing no 
benefit, and the mesenchymal subtype having the shortest 
median survival and poorest response to radiotherapy and 
chemotherapy.31 Therefore, these molecular subtyping strate-
gies are considered promising for predicting GBM prognosis 
and guiding treatment decisions.32 Considering the close rela-
tionship between CTHRC1 and the mesenchymal subtype 
found in our study, CTHRC1 may also serve as a potential 
biomarker for predicting adverse prognosis and evaluating 
treatment outcomes in gliomas.

What puzzles us is that our study found that high expres-
sion of CTHRC1 is associated with poor prognosis in all 
grades of gliomas, but there are differences between LGG and 

GBM. In LGG, high expression of CTHRC1 predicts poor 
prognosis, whereas in GBM, it loses its predictive function. 
Although there is a trend toward predicting poor prognosis in 
GBM, it did not reach statistical significance. This suggests 
that CTHRC1 has a higher predictive value for poor prognosis 
in LGG, indicating that the accuracy of predicting poor prog-
nosis based on high expression of CTHRC1 is higher in LGG 
than in GBM. It suggests that strong overexpression of 
CTHRC1 detected in LGG, which is traditionally considered 
to have a better prognosis, might be worth paying attention to 
because high expression of CTHRC1 may predict poor prog-
nosis in LGG. The prognostic value of CTHRC1 in LGG 
may be greater than in GBM.

Figure 6. Mutation, CNV, and methylation analysis of CTHRC1 in glioma. (A) Heatmap showing the correlations between CTHRC1 mRNA and somatic 

mutations, CNV, and methylation in TCGA-GBMLGG; (B) the correlation between CTHRC1 mRNA and somatic mutation in TCGA-GBMLGG.
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This study found that high expression of CTHRC1 is asso-
ciated with poor prognosis in gliomas, as determined by both 
univariate and multivariate Cox analyses, indicating that 
CTHRC1 is an independent prognostic factor for gliomas. 
Similar findings have been observed in other tumor types, 
including gastric cancer and pancreatic ductal adenocarcinoma, 
where CTHRC1 has been identified as an independent prog-
nostic factor for these cancers.33,34 However, our study results 
suggest that there are prognostic differences of CTHRC1 
between LGG and GBM, indicating that the role of CTHRC1 
may vary in these 2 tumor types. To better understand the role 
of CTHRC1 in different grades of gliomas, we compared the 
immune infiltration differences of CTHRC1 in LGG and 
GBM. We found significant differences in immune infiltration 
between LGG and GBM. In these differences, we noted that 
CTHRC1 is positively correlated with many markers of TAMs, 
and the correlation values (Cor) between CTHRC1 and TAM 
markers are generally higher in GBM compared with LGG. 
Studies have shown that TAMs promote cancer metastasis.35,36 
It is well known that GBM is more prone to metastasis than 
LGG. These findings suggest that CTHRC1 may regulate 
TAMs involvement in the metastasis of both LGG and GBM, 
particularly in GBM.

This study found that CNV and DNA methylation may 
contribute to the increased levels of CTHRC1 in gliomas. 
DNA methylation and CNV play crucial roles in the regula-
tion of epigenetics.37,38 Studies have shown that epigenetic 
gene reprogramming could be a fundamental driving force  
in gliomas.39 This suggests that the abnormal elevation of 

CTHRC1 may be regulated by epigenetic mechanisms, thereby 
enhancing the invasive ability of gliomas. In addition to this 
study, other research has also found a close association between 
the abnormal elevation of CTHRC1 and CNV and DNA 
methylation in kidney renal papillary cell carcinoma and kid-
ney renal clear cell carcinoma.40 This provides further evidence 
for the close relationship between the abnormal elevation of 
CTHRC1 and epigenetic regulation. These findings open up 
new avenues and directions for future targeted interventions 
against CTHRC1. Therefore, the results of these studies pro-
vide new insights and directions for future targeted interven-
tions against CTHRC1.

In addition, we further validated the function of 
CTHRC1 based on bioinformatics analysis. Previous stud-
ies have demonstrated that CTHRC1 promotes the migra-
tion of glioma cells, and its mechanism is closely associated 
with CTHRC1-induced tumor cell EMT. The results of 
GO and KEGG enrichment analysis in this study indicate 
that CTHRC1 primarily functions in the extracellular 
matrix and participates in tumor-related signaling pathways. 
This suggests a close correlation between CTHRC1 and 
tumor cell migration, which is consistent with most of the 
current research findings. Most studies have confirmed the 
strong association between CTHRC1 and tumor cell migra-
tion. Overall, these findings provide further evidence for the 
role of CTHRC1 in glioma and its involvement in tumor 
cell migration.14-16

There are several limitations to this study. First, the study 
was unable to further clarify the reasons behind the association 

Figure 7. GO and KEGG enrichment analysis of CTHRC1-related genes. (A) CTHRC1-related genes; (B) Top3 enrichment of GO and KEGG in CTHRC1-

related genes.
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between CTHRC1 overexpression and poor prognosis in glio-
mas, as well as the differences observed between LGG and 
GBM. It can only be speculated that the differences may be 
related to variances in immune infiltration, which warrants fur-
ther investigation in the future. Second, this study merely 
superficially validated the previously reported biological func-
tions of CTHRC1 in gliomas through bioinformatics analysis, 
without conducting in-depth experiment to explore its specific 
mechanisms of action. Although the study confirmed the role 
of CTHRC1 in promoting tumor cell migration through GO 
and KEGG enrichment analysis, the specific mechanisms are 
still unclear. In summary, this study mainly affirms the poten-
tial clinical value of CTHRC1, but further research is needed 
to elucidate the underlying mechanisms.

Conclusions
This study revealed previously unknown clinical value of 
CTHRC1 in gliomas. For example, it identified CTHRC1 as 
a potential biomarker for the mesenchymal molecular subtype 
of gliomas. It also found that high CTHRC1 expression is 
associated with poor prognosis in gliomas, with differences 

observed between LGG and GBM. Collagen triple helix 
repeat containing 1 was identified as an independent prog-
nostic factor in gliomas. Furthermore, the study demonstrated 
significant differences in immune infiltration of CTHRC1 
between LGG and GBM. The CNV and DNA methylation 
were identified as potential factors leading to elevated levels of 
CTHRC1 in gliomas. These findings provide novel directions 
and insights for the potential identification of therapeutic tar-
gets in the treatment of gliomas.
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Table 5. Results of GO and KEGG enrichment analysis of CTHRC1-related genes.

ONTOLOGY ID DESCRIPTION GENERATIO BGRATIO P P ADJUSTED

BP GO:0030198 Extracellular matrix organization 7/11 307/18800 9.03e-11 2.59e-08

BP GO:0043062 Extracellular structure organization 7/11 308/18800 9.23e-11 2.59e-08

BP GO:0045229 External encapsulating structure organization 7/11 310/18800 9.66e-11 2.59e-08

BP GO:0016055 Wnt signaling pathway 7/11 452/18800 1.35e-09 2.24e-07

BP GO:0198738 Cell-cell signaling by wnt 7/11 454/18800 1.39e-09 2.24e-07

CC GO:0062023 Collagen-containing extracellular matrix 8/11 429/19594 7.71e-12 2.78e-10

CC GO:0005583 Fibrillar collagen trimer 3/11 12/19594 2.89e-08 3.47e-07

CC GO:0098643 Banded collagen fibril 3/11 12/19594 2.89e-08 3.47e-07

CC GO:0005581 Collagen trimer 4/11 86/19594 1.11e-07 1e-06

CC GO:0098644 Complex of collagen trimers 3/11 22/19594 2.02e-07 1.45e-06

MF GO:0048407 Platelet-derived growth factor binding 3/11 11/18410 2.61e-08 5.34e-07

MF GO:0005201 Extracellular matrix structural constituent 5/11 172/18410 2.96e-08 5.34e-07

MF GO:0017147 Wnt-protein binding 3/11 30/18410 6.39e-07 7.66e-06

MF GO:0030020 Extracellular matrix structural constituent conferring 
tensile strength

3/11 41/18410 1.67e-06 1.5e-05

MF GO:0042813 Wnt-activated receptor activity 2/11 15/18410 3.39e-05 0.0002

KEGG hsa05205 Proteoglycans in cancer 6/8 205/8164 6.26e-09 3.51e-07

KEGG hsa04933 AGE-RAGE signaling pathway in diabetic 
complications

4/8 100/8164 1.43e-06 4e-05

KEGG hsa04926 Relaxin signaling pathway 4/8 129/8164 3.97e-06 7.4e-05

KEGG hsa05415 Diabetic cardiomyopathy 4/8 203/8164 2.4e-05 0.0003

KEGG hsa05146 Amoebiasis 3/8 102/8164 0.0001 0.0010
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