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Background: Within the realm of primary brain tumors, specifically glioblastoma (GBM), presents a notable 
obstacle due to their unfavorable prognosis and differing median survival rates contingent upon tumor grade 
and subtype. Despite a plethora of research connecting cardiotrophin-1 (CTF1) modifications to a range of 
illnesses, its correlation with glioma remains uncertain. This study investigated the clinical value of CTF1 in 
glioma and its potential as a biomarker of the disease.
Methods: Glioma project in The Cancer Genome Atlas (TCGA) database served as the training cohort, 
and CGGA 325 series in the Chinese Glioma Genome Atlas (CGGA) database served as the external 
independent validation cohort. First, the difference in the expression level of CTF1 between glioma tissue 
and normal tissue was analyzed, and the results were verified with the CGGA database. The relationship 
between CTF1 expression and the prognosis of glioma patients was evaluated using Univariate and 
Multivariate Cox analysis and the Kaplan-Meier (KM) curve. We used CIBERSOFT to explore the 
association between CTF1 and immune cell infiltration in GBM, as well as performing gene set enrichment 
analysis (GSEA) and gene set variation analysis (GSVA) analyses. Furthermore, we analyzed the relationship 
between CTF1 and gene mutations and drug sensitivity. Using Weighted gene co-expression network 
analysis (WGCNA) analysis, we pinpointed the gene set most correlated with CTF1 and conducted Gene 
Ontology (GO) and Kyoto Encyclopedia of Genes and Genomes (KEGG) gene enrichment analyses to 
anticipate the pathways that could be influenced by CTF1. Finally, we constructed a nomogram using a 
multifactorial regression model to further predict patient prognosis. 
Results: CTF1 expression was significantly elevated in glioma tissues compared to normal tissues in 
the TCGA dataset (P<0.001) and was associated with poorer survival in both TCGA and CGGA datasets 
(P<0.001). Receiver operating characteristic (ROC) analysis demonstrated the diagnostic potential of CTF1, 
with an area under the curve (AUC) of 0.889 [95% confidence interval (CI): 0.803–0.974] in TCGA and 0.664 
(95% CI: 0.599–0.729) in CGGA. High CTF1 levels were correlated with advanced glioma grades, and 
Cox regression analysis identified CTF1 as an independent risk factor. A nomogram incorporating CTF1 
levels, isocitrate dehydrogenase 1 (IDH1) mutation status, O6-methylguanine-DNA methyltransferase 
(MGMT) methylation status, age, and gender were developed and validated to predict 1- and 2-year survival 
probabilities. In GBM, drug sensitivity analysis revealed significant associations between CTF1 expression 
and responsiveness to gemcitabine, dasatinib, and other agents. CTF1 expression was also linked to immune 
infiltration (monocytes, neutrophils, M0 macrophages) and pathways involved in tumor progression, 
including IL2_STAT5, P53, and IL6_JAK_STAT3 signaling pathways.
Conclusions: CTF1 could serve as a prognostic marker for glioma. It acts as a predictive indicator and is 
associated with immune cell infiltration in GBM. These findings provide a foundation for further research 
into the molecular function of CTF1 and offer new insights for exploring the underlying mechanisms and 
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Introduction

The prevalence of primary malignant brain tumors 
is estimated to be approximately 7 cases per 100,000 
individuals, with a higher incidence observed in older age 
groups (1). Glioma is recognized as the most common 
form of primary brain tumor, known for its invasive 
characteristics and aggressive tendencies (2). Gliomas are 
classified by the World Health Organization (WHO) into 
WHO grades 1 through 4 according to both histological and 
molecular features, which are essential for determining the 
diagnosis, treatment plan, and prognosis for the illness (3).  
Glioblastoma (GBM) is known to be a very aggressive 
type of brain cancer that is usually treated with surgery, 
radiation, and chemotherapy (4). According to the WHO 
2021 Classification of Central Nervous System Tumors, the 
diagnosis of GBM is reserved for IDH wild-type gliomas 

(WHO grade 4). The aggressive nature, frequent return, 
and treatment resistance of GBM lead to an average survival 
time of just 14 months. Approximately 75% of GBM 
patients treated with temozolomide (TMZ) succumb to the 
disease within 2 years due to recurrence (5,6). As a result, 
GBM continues to be a significant contributor to cancer-
related mortality. Hence, clinicians and researchers must 
urgently discover molecular biomarkers linked to GBM in 
order to create better treatment plans and predict patient 
survival more accurately, ultimately enhancing prognostic 
outcomes.

Cardiotrophin-1 (CTF1) belongs to the interleukin 6 
(IL6) family of cytokines and has been shown to stimulate 
compensatory hypertrophy in heart muscle cells, preserve 
heart function, prevent cell death, shield against damage 
from lack of oxygen followed by restoration of blood flow 
in the heart, kidney, and liver, and enhance the growth of 
nerve tissue (7-11). Currently, most studies have found that 
CTF1 has a protective effect on various solid organs, but its 
role in tumors may be quite the opposite. CTF1 has been 
investigated in different types of cancers to understand 
its expression and importance in clinical settings. CTF1 
expression has been demonstrated to enhance the 
movement, infiltration, and spread of breast cancer cells 
by activating STAT3 phosphorylation and movement 
into the nucleus, triggering the transcriptional activation 
of important autophagy proteins (12). The prognosis of 
patients with uveal melanoma can be predicted by CTF1 
as an immune-related gene signature (13). However, the 
prognostic significance of CTF1 and its correlation with 
immune infiltrates in glioma remain unclear. 

Limited information is  avai lable regarding the 
effectiveness of CTF1 in treating glioma, as it has not 
been extensively studied in this situation. Our data were 
sourced from The Cancer Genome Atlas (TCGA) and 
Chinese Glioma Genome Atlas (CGGA). We first validated 
the Messenger RNA (mRNA) expression levels of CTF1 
using TCGA and CGGA Messenger RNA Sequencing 
(mRNA-seq) data. Independent prognostic clinical-
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pathological factors were identified using Kaplan-Meier 
and Cox regression analyses. The CIBERSORT technique, 
commonly utilized to assess the various types of immune 
cells present in the tumor microenvironment, was used to 
examine ratios of immune cells infiltrating the tumor. We 
employed similar techniques to evaluate the correlation 
between CTF1 expression and immune cell infiltration. 
Furthermore, we developed and Valided a novel nomogram 
and calibration curves to forecast the likelihood of survival 
for individuals with glioma, while also examining the 
theoretical connections and associations between CTF1 
and the interaction of tumor immunity. This study focuses 
on the significance of CTF1 in glioma survival prognosis, 
laying the foundation for clinical improvement of glioma 
prognosis. We present this article in accordance with the 
TRIPOD reporting checklist (available at https://tcr.
amegroups.com/article/view/10.21037/tcr-24-1258/rc).

Methods

Acquiring data and processing

The mRNA expression data and relatively complete 
clinical information (such as age, gender, WHO grade and 
survival status) of glioma patients in the TCGA training 
cohort were obtained from the University of California, 
Santa Cruz (UCSC) Xena (https://xena.ucsc.edu/). These 
included 689 glioma tissue samples (tumour) and 1157 
normal tissue samples(normal). To independently validate 
the diagnostic value, prognostic value and clinical value 
of CTF1, we used the CGGA validation cohort from the 
Chinese Glioma Genome Atlas (http://www.cgga.org.cn) as 
an external independent validation cohort. The CGGA 325 
cohort involves a multicenter study including 325 glioma 
patients from grade 2 to 4, sourced from institutions such 
as the Beijing Neurosurgical Institute and Beijing Tiantan 
Hospital, Capital Medical University. The gene expression 
levels of both the TCGA training cohort and the CGGA 
validation cohort were converted to a log2 scale. The 
study was conducted in accordance with the Declaration of 
Helsinki (as revised in 2013).

Co-expression analysis

CTF1 gene co-expression was analyzed in GBM data. The 
correlation coefficient had a filtering condition of 0.4, with 
a P value of 0.05. After screening the most significant genes 
with CTF1 expression, the CTF1 correlation analysis circle 

and heat map were drawn with “corrplot” and “circlize” 
packages.

Immune cell infiltration analysis

CIBERSORT is a widely used technique for assessing 
various types of immune cells in tumor microenvironment. 
The deconvolution analysis of the immune cell subtype 
expression matrix was conducted using support vector 
regression principles. Using the 547 genes from the 
LM22 signature file, 22 types human immune cells were 
distinguished, including T cells, B cells, plasma cells, 
and myeloid cells. CIBERSORT algorithm was used to 
analyze RNA-seq data from glioma patients, estimating 
the distribution of these 22 immune cell types. Further, 
a correlation analysis was conducted to investigate the 
relationship between CTF1 expression and immune cell 
composition, with a significance level of less than 0.05 
considered statistically significant.

Gene set variation analysis (GSVA)

GSVA converts gene-level variations into pathway-level 
changes, thereby assessing the biological functions of 
samples based on gene set variation analysis. Based on the 
Molecular Signatures Database, gene sets were obtained 
and analyzed by GSVA. With this approach, we were able to 
calculate comprehensive scores for each gene set, enabling 
us to assess potential functional changes across samples.

Gene set enrichment analysis (GSEA)

GSEA was used to analyze the signaling pathway variances 
between high-expression and low-expression groups based 
on CTF1 expression levels. Gene sets from version 7.0 
of MsigDB database were used as background gene sets 
for annotating subtype pathways. Pathway analysis was 
conducted to compare gene expression differences between 
subtypes, and gene sets that were significantly enriched 
(P<0.05) were identified based on consistency scores. GSEA 
analysis is frequently utilized to investigate the intimate 
relationship between disease categorization and biological 
relevance.

Drug sensitivity analysis

Using the Genomics of Drug Sensitivity in Cancer (GDSC) 
database, we utilized the R software package ‘pRRophetic’ 

https://tcr.amegroups.com/article/view/10.21037/tcr-24-1258/rc
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to forecast the responsiveness of individual tumor samples 
to chemotherapy. Half maximal inhibitory concentration 
(IC50) predictions for each chemotherapy drug were 
derived through regression analysis, and the accuracy of the 
regression and predictions were validated through 10 cross-
validations using the GDSC training set. All parameters 
were assigned default values, such as ‘combat’ for batch 
effects removal and calculating the mean of gene expression 
repetitions.

Development and evaluation of a nomogram 

Using the RMS package, a nomogram was constructed 
using CTF1 expression level, isocitrate dehydrogenase 1  
(IDH1)  mutation status,  O6-methylguanine-DNA 
methyltransferase (MGMT) methylation status, WHO 
grade, Age and Gender for the TCGA training cohort. To 
independently verify the accuracy of OS prediction of our 
established nomogram, calibration curves were calculated 
to evaluate the accuracy of 1- and 2-year survival rates. 
In general, the consistency of the predicted 1-, 2-year OS 
with the actual OS is presented by calibration curves. The 
feasibility of the nomogram was confirmed by external 
validation using the CGGA dataset.

Weighted gene co-expression network analysis (WGCNA)

We constructed a weighted gene co-expression network 
and explored the correlation between the gene network 
and CTF1 and the key genes. A co-expression network 
of all genes in the glioma dataset was created using the 
WGCNA-R package, and the algorithm identified the 
top 5,000 variograms. A threshold of 9 was established as 
the soft limit. A weighted adjacency matrix converted to a 
topological overlap matrix (TOM) allows the estimation of 
network connectivity, followed by hierarchical clustering to 
create the TOM matrix cluster tree. Various sections of the 
cluster tree symbolize distinct gene groups, with varying 
colors indicating separate modules. Genes were categorized 
based on their expression patterns using the weighted 
correlation coefficient. Genes exhibiting comparable 
patterns were clustered together in a single module, while 
the rest of the genes were categorized into various modules 
based on their expression patterns.

Analysis of gene modules for functional enrichment

Using the R package ClusterProfiler, the biological 

functions and signaling pathways associated with WGCNA 
key modules were analyzed, with the brown module 
showing the strongest correlation with CTF1. This 
analysis aimed to provide a comprehensive understanding 
of the functional relationships among the genes within 
this module. Functional categories were evaluated using 
the Gene Ontology (GO) and the Kyoto Encyclopedia of 
Genes and Genomes (KEGG). Enrichment pathways from 
GO and KEGG were deemed significant if their P and  
q values <0.05.

Statistical analysis

Analyses were conducted using R language (version 4.3.0), 
with significance defined as P<0.05. An unpaired t test was 
used to determine the significance of differences between 
the two groups; one-way analysis of variance (ANOVA) 
was used to compare the differences between three or 
more groups. To assess the significance of the difference in 
prognosis between the CTF1 high-expression group and 
the CTF low-expression group, KM curves were generated 
using the log-rank test. The P value of Pearson correlation 
analysis had been corrected by Bonferroni.

Results

Clinical value and prognostic value of CTF1

The specific mechanism of CTF1 in Glioma remains 
unclear. To explore the association between CTF1 and 
glioma. The original mRNA expression data for glioma 
was obtained and incorporated from the TCGA database. 
Analysis revealed a significant difference in CTF1 expression 
between normal and cancerous tissues, with a notable 
increase in cancerous tissues (Figure 1A). Examining survival 
rates by categorizing high and low CTF1 gene expression 
levels revealed a significant P<0.001 at the median value of 
CTF1 (Figure 1B,1C). By performing receiver operating 
characteristic (ROC) curve analysis to discriminate 
tumor tissue from normal tissue samples, we found that 
area under the curve (AUC) of the CTF1 expression 
level was 0.889 in TCGA (Figure 1D) and was 0.664 in 
CGGA (Figure 1E). We further evaluated the correlation 
between CTF1 expression levels and glioma grades. In 
the TCGA dataset, no significant difference was observed 
between Grade 2 and 3 (G2 vs. G3) (P=0.15). However, 
there was a significant difference between G2 vs. G4, and 
G3 vs. G4 (P<0.001) (Figure 1F). In the CGGA dataset  
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Figure 1 Diagnostic value and prognostic value of CTF1. (A) Differential expression of CTF1 in tumor and normal tissues. (B) Survival 
curve of differential CTF1 expression in TCGA. (C) Survival curve of differential CTF1 expression in CGGA. (D) Diagnostic efficacy of 
CTF1 according to the ROC curve in TCGA. (E) Diagnostic efficacy of CTF1 according to the ROC curve in CGGA. (F) Comparison 
of CTF1-mRNA level in gliomas with different WHO grades in TCGA. (G) Comparison of CTF1-mRNA level in gliomas with different 
WHO grades in CGGA. CTF1, cardiotrophin-1; TPM, transcripts per million; TCGA, The Cancer Genome Atlas; HR, hazard ratio; CI, 
confidence interval; CGGA, Chinese Glioma Genome Atlas; AUC, area under the curve; TPR, true positive rate; FPR, false positive rate; 
ROC, receiver operating characteristic; WHO, World Health Organization. 

(14-17), A significant statistical difference was found 
between G2 and G3 (P=0.03), G3 and G4 (P=0.003), 
and G2 and G4 (P<0.001) (Figure 1G). Univariate and 
multivariate Cox regression models were created, using 

clinical data and CTF1 gene expression levels. CTF1 was 
identified as a risk factor in Glioma patients based on the 
results of both univariate and multivariate Cox regression 
analysis (Table 1).
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Correlation analysis between CTF1 expression and clinical 
characteristics of glioma

The clinical and gene expression characteristics of 567 
Glioma patients were collected from the TCGA-GBMLGG 
database. Based on the average CTF1 expression level, 
Glioma patients were categorized into a high-expressing 
group consisting of 283 individuals and a low-expressing 
group consisting of 284 individuals. The correlation 
between clinicopathological characteristics of Glioma and 
CTF1 expression level was analyzed using the Chi-square 
test. Upon examination of the connection between CTF1 
expression and various clinical parameters, we discovered a 
significant correlation with WHO grade (P<0.001), IDH1 
mutation status (P<0.001), MGMT methylation status 
(P<0.001), age (P<0.001), while no significant correlation 
was found with gender (P=0.77) (Table 2).

Identification of CTF1 co-expressed genes

In gliomas, GBM is the most malignant form. Therefore, we 
focused our attention on GBM in this study. We analyzed 
the correlation between CTF1 and gene expression patterns 
of GBM patients in TCGA database to explore their co-
expression network. The correlation coefficient threshold 
was set at 0.4 with a significance level of 0.05. A total of 
573 genes exhibiting significant correlations with CTF1 
expression were identified, and heatmaps displaying the top 
10 genes with positive and negative correlation coefficients, 
as well as gene co-expression correlation circle maps, were 
generated (Figure 2A,2B).

Immuno-infiltration analysis

This study analyzed the connection between GBM and 

Table 1 Univariate and multivariate Cox analysis of CTF1 expression and other clinical pathological factors in the TCGA database

Characteristics Total (N)
Univariate analysis Multivariate analysis

HR (95% CI) P value HR (95% CI) P value 

Age 567   

≤65 years 493 Reference Reference 

>65 years 74 8.000 (5.473–11.694) <0.001 3.809 (2.492–5.821) <0.001

Gender 567   

Male 322 Reference  

Female 245 1.062 (0.771–1.463) 0.71  

WHO grades 567   

G4 118 Reference Reference 

G2 211 0.047 (0.028–0.079) <0.001 0.200 (0.105–0.382) <0.001

G3 238 0.155 (0.106–0.227) <0.001 0.437 (0.280–0.683) <0.001

IDH mutation status 567   

Mutant 372 Reference Reference 

Wildtype 195 10.461 (7.267–15.060) <0.001 3.283 (1.778–6.060) <0.001

MGMT methylation status 567   

Methylated 421 Reference Reference 

Un-methylated 146 3.310 (2.381–4.601) <0.001 0.985 (0.671–1.448) 0.94

CTF1 567 2.077 (1.797–2.400) <0.001 1.233 (1.025–1.484) 0.03

CTF1, cardiotrophin-1; TCGA, The Cancer Genome Atlas; HR, hazard ratio; CI, confidence interval; WHO, World Health Organization; 
IDH1, isocitrate dehydrogenase 1; MGMT, O6-methylguanine-DNA methyltransferase.
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tumor immune invasion by studying the TCGA dataset, 
focusing on the immune cell components in individual 
patients and the interactions among various immune 
cell types (Figure 3A,3B). Simultaneously, we observed 
significant differences in the activation of Dendritic cells, 
Macrophages M0, Monocytes, Neutrophils, and T-cells 
CD8 between the two groups (Figure 3C). This research 
delved deeper into the connection between the CTF1 gene 
and immune cells, finding a strong positive correlation 
between CTF1 and resting Neutrophils, Monocytes, and 
Dendritic cells. There was a strong negative correlation 
with Macrophages M0 (Figure 3D).

GSVA and GSEA analysis of CTF1

Our research explored the signaling pathway linked to 
CTF1 and analyzed the molecular processes by which the 
CTF1 gene could influence the advancement of tumors. 
GSVA results showed that individuals with increased 
CTF1 levels displayed enhancement in IL2_STAT5_
SIGNALING, P53_PATHWAY, IL6_JAK_STAT3_

SIGNALING, and various other pathways (Figure 4A). 
Additionally, GSEA findings suggested that CTF1 could 
enhance the IL-17 signaling pathway, TNF signaling 
pathway, and Pentose phosphate pathway (Figure 4B,4C). 
The findings indicate that CTF1 could potentially impact 
the progression of GBM by affecting these pathways.

The relationship between CTF1 and GBM genomic 
instability

Since CTF1 was correlated with DNA damage repair 
(DDR) as revealed by GSVA analyses, we further analyzed 
the relationship between CTF1 and the genomic instability 
of GBM. After obtaining the processed GBM data related 
to single nucleotide polymorphisms (SNPs), we chose the 
top 30 genes with a high mutation rate for visualization. 
We analyzed the differences between the two groups 
and created a mutation map using R ComplexHeatmap. 
The high-expression group had a notably reduced 
percentage of TP53 gene mutations compared to the low-
expression group (Figure 5A). Our research utilized the 

Table 2 Correlation between CTF1 expression and clinicopathological characteristics in glioma patients

Variable Overall , N=567
CTF1

Statistics P value†

High, N=283 (50%) Low, N=284 (50%)

Age (years) 46.00 [34.00, 59.00] 53.00 [38.50, 63.00] 39.00 [32.00, 51.00] 55,374.50 <0.001

MGMT methylation status 100.27 <0.001

Methylated 421 (74.25) 158 (55.83) 263 (92.61)

Un-methylated 146 (25.75) 125 (44.17) 21 (7.39)

IDH1 mutation status 224.15 <0.001

Mutant 372 (65.61) 101 (35.69) 271 (95.42)

Wildtype 195 (34.39) 182 (64.31) 13 (4.58)

Gender 0.08 0.77

Female 245 (43.21) 124 (43.82) 121 (42.61)

Male 322 (56.79) 159 (56.18) 163 (57.39)

WHO grades 93.24 <0.001

Grade 2 211 (37.21) 71 (25.09) 140 (49.30)

Grade 3 238 (41.98) 108 (38.16) 130 (45.77)

Grade 4 118 (20.81) 104 (36.75) 14 (4.93)

Statistics: statistical test results for intergroup differences. Age: Mann-Whitney U test. Categorical variables were primarily analyzed using 
the Chi-square test. If the group frequency <5, Fisher’s exact test was used instead. Data are presented as median [interquartile range] 
or n (%). †, Wilcoxon rank sum test; Pearson’s Chi-squared test. CTF1, cardiotrophin-1; IDH1, isocitrate dehydrogenase 1; MGMT, O6-
methylguanine-DNA methyltransferase; WHO, World Health Organization.
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drug sensitivity information from the GDSC database to 
forecast the responsiveness of individual tumor samples to 
chemotherapy. This was achieved through the utilization 
of the R package ‘pRRophetic’ to delve deeper into 
the sensitivity of CTF1 and widely used chemotherapy 
medications. The findings indicated a strong difference 
in responsiveness to Gemcitabine, Dasatinib, BIRB.0796, 
BMS.536924, Bexarotene, and Bicalutamide between the 
high and low expression groups of CTF1 (Figure 5B). 

Establishment and validation of the prognostic nomogram 

IDH1 mutation status and MGMT methylation status are 
established prognostic factors for glioma, as identified in 
previous studies (3,18). The significance of these biomarkers 
has been underscored by various analyses, including a 
comprehensive examination of molecular prognostic factors 
in gliomas, which highlights the importance of genetic and 
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MGMT methylation has been shown to provide a more 
accurate prediction of survival in GBM patients compared 
to either factor alone (20). Furthermore, recent research has 
demonstrated that MGMT promoter methylation serves as 

an independent prognostic biomarker in high-risk glioma 
patients treated with radiotherapy and temozolomide, 
reinforcing its clinical relevance (21). The association 
between MGMT methylation and patient age, as well as 
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Figure 4 Single-gene GSVA and GSEA enrichment analysis. (A) GSVA of CTF1. (B) GSEA of CTF1. (C) Interaction of genes within the 
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its relationship with 1p/19q status in IDH-mutant gliomas, 
further illustrates the complexity of glioma biology and the 
need for a multifaceted approach to patient stratification (22).  
Overall, the integration of these molecular markers 
into clinical practice is crucial for improving treatment 
strategies and patient management in glioma cases, as 
they provide valuable insights into tumor behavior and 
patient prognosis (23). Therefore, we incorporated these 

two factors into the Nomogram model. The regression 
analysis findings were displayed in a bar chart illustrating 
the levels of CTF1 expression. The results indicated that 
various clinical indicators for glioma and the distribution 
of CTF1 expression contributed differently to the overall 
scoring process across all samples (Figure 6A). Additionally, 
we performed a prognostic analysis of overall survival (OS) 
at 1- and 2-year, revealing a strong correlation between 
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the predicted and observed OS. The Nomogram model 

demonstrated excellent predictive accuracy, which was 

further validated using the CGGA database (Figure 6B-6E).

Identification of CTF1 relative genes (CRGs) and analysis 
of GO and KEGG pathways

We further constructed WGCNA network based on 
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Figure 6 The prognostic value evaluation of the nomogram based on the CTF1 in glioma patients. (A) A nomogram was constructed to 
predict 1-, 2-year OS by combining CTF1 expression, age, gender, WHO grade, IDH1 mutation status and MGMT methylation status. 
(B,C) Calibration curves of the nomogram for predicting and observing 1-, 2-year OS in the TCGA training cohort. The dashed line at 45° 
indicates a perfect prediction. (D,E) Calibration curves of the nomogram for predicting and observing 1-, 2-year OS in the CGGA validation 
cohort. Gender: 0 female, 1 male; Age: 0 ≤65 years, 1 >65 years; IDH mutation status: 0 wildtype, 1 mutant; MGMTp_methylation_
status: 0 unmethylated, 1 methylated. OS, overall survival; CTF1, cardiotrophin-1; WHO, World Health Organization; IDH1, isocitrate 
dehydrogenase 1, MGMT, O-6-methylguanine-DNA methyltransferase; TCGA, The Cancer Genome Atlas; CGGA, Chinese Glioma 
Genome Atlas.  
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database to explore the CTF1-related regulatory network in 
GBM. A soft threshold of 9 was applied (Figure 7A) to detect 
gene modules using the tom matrix. A total of 8 gene modules 
were detected in GBM (Figure 7B). They are black [145],  
blue [720], brown [627], green [1,427], grey [1,399], pink [57], 
red [183] and yellow [442]. After conducting additional 
analysis on modules and characteristics, it was discovered 
that the brown module exhibited the strongest correlation 
with CTF1 (Figure 7C). The brown module gene was 
also utilized for pathway analysis, revealing enrichment 
in various pathways such as regulation of trans-synaptic 
signaling, synaptic vesicle cycle, and signal release from 
synapse according to the GO results (Figure 7D). The 
KEGG analysis indicated that the gene was predominantly 
involved in the Oxytocin signaling pathway, cAMP signaling 
pathway, neurotrophin signaling pathway, and various other 
pathways (Figure 7E).

Discussion

Secreted CTF1 demonstrates expression across various 
types of central nervous system cells and exhibits 
evolutionary conservation. Wang et al. (24) demonstrated 
that CTF1 gene expression promotes glucose uptake in the 
brain by constructing transgenic mice with brain specific 
CTF1 expression. Meanwhile, CTF1 has been identified 
as a promoter of angiogenesis via the ADMA/DDAH  
pathway (25). Therefore, we suggest that CTF1 could be 
involved in the development and advancement of tumors. 
Research on CTF1 in the field of cancer is currently 
limited. CTF1 has shown varying levels of expression in 
lung adenocarcinoma and is identified as a prognostic 
indicator for this type of cancer (26). In breast cancer, 
gastric cancer, melanoma, and endometrial cancer, CTF1 
is recognized as a factor that promotes tumor progression 
(12,13,27,28). Yet, there is a scarcity of literature regarding 
the possible predictive significance of CTF1 in glioma. 
Consequently, we conducted a study to investigate the 
potential involvement of CTF1 in glioma. This study 
analyzed CTF1 expression in glioma patients. We combined 
RNA-seq data with clinical data for retrospective analysis of 
567 patients with Glioma. CTF1 mRNA levels were found 
to be associated with tumor grade in Glioma. 

In this study, it was observed that changes in the level 
of CTF1 expression are associated with the outcome of 
glioma. High CTF1 expression was correlated with a 
negative prognosis in glioma. Increased expression of CTF1 
was a standalone predictor of poor prognosis. Furthermore, 

our research indicated a connection between immune 
infiltration levels and CTF1 expression in GBM. Therefore, 
we propose that CTF1 could potentially impact GBM 
immunology. Furthermore, it has the potential to serve 
as a valuable indicator for glioma. CTF1 expression was 
found to vary between normal and tumor tissues in glioma. 
TCGA and CGGA datasets were used to investigate the 
mechanisms and connections of CTF1 expression in cancer. 
Analysis of multiple variables indicated that the expression 
of CTF1 was a significant independent predictor of 
prognosis in patients with glioma.

Given these preliminary findings, we constructed 
a nomogram based on CTF1 expression and various 
clinicopathological factors to predict survival in glioma 
patients. IDH1 mutation status and MGMT methylation 
status, both established as prognostic factors for glioma as 
identified in previous studies, were incorporated into the 
model (29). Additionally, since age is a significant factor 
affecting prognosis, it was also included alongside tumor 
grade and gender. Li et al. (30) constructed a model based 
on four SUMOylation regulator-related signatures, but 
did not incorporate glioma-related clinical factors. In our 
nomogram, we included key clinical factors that influence 
glioma prognosis. This comprehensive nomogram, which 
integrates CTF1 expression, tumor stage, age, gender, 
IDH1 mutation status, and MGMT methylation status, 
demonstrated superior accuracy compared to models based 
on single clinical factors. The advantage of our nomogram 
lies in its development from a relatively large cohort and 
its independent validation in an external database with a 
substantial sample size, ensuring robust generalizability and 
clinical applicability. The model is user-friendly and serves 
as a rapid and effective tool for personalized prognosis 
prediction and treatment guidance in glioma patients.

The growth of tumors is influenced by the surrounding 
environment, which has the ability to alter the formation of 
blood vessels in tumors through the control of the immune 
environment and the release of cytokines (31). Tumor-
associated fibroblasts, immune cells, extracellular matrix, 
growth factors, inflammatory factors, and distinct physical 
and chemical traits make up the tumor microenvironment, 
influencing tumor diagnosis, survival rates, and treatment 
response (32,33). The intricate nature of the tumor 
microenvironment in GBM is well recognized. The GBM 
immune microenvironment is demonstrated as profoundly 
immunosuppressive, presenting a significant challenge in 
eliciting immune-mediated eradication of cancerous cells 
(34,35). Recent research has shown that CTF1 could impact 
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Figure 7 Identification and functional annotation of CRGs. (A) Determining the soft threshold power in WGCNA analysis. (B) The cluster 
dendrogram of CRGs in GBM. (C) Correlation of WGCNA modules and CTF1. (D) GO analysis of CRGs. (E) KEGG analysis of CRGs. 
CTF1, cardiotrophin-1; CRGs, CTF1-related genes; GBM, glioblastoma; WGCNA, weighted gene co-expression network analysis. BP, 
biological process; CC, cellular component; MF, molecular function; GO, Gene Ontology; KEGG, Kyoto Encyclopedia of Genes and 
Genomes.

0.8

0.6

0.4

0.2

0.0

−0.2S
ca

le
 fr

ee
 to

po
lo

gy
 m

od
el

 
fit

, s
ig

ne
d 

R
2

Scale independence

5          10         15         20
Soft threshold (power)

800

600

400

200

0

M
ea

n 
co

nn
ec

tiv
ity

Mean connectivity

5          10         15         20
Soft threshold (power)

Cluster dendrogram

1.0

0.8

0.6

0.4

0.2

H
ei

gh
t

Dynamic tree cut 

Merged dynamic

MEgreen 

MEred 

MEpink 

MEyellow 

MEblue 

MEblack 

MEbrown 

MEgrey

1

0.5

0

−0.5

−1

−0.05 
(0.5)

0.12 
(0.1)

0.22 
(0.004)

0.2 
(0.007)

−0.19 
(0.01)

−0.17 
(0.03)

−0.25 
(8e−04)

0.22 
(0.004)

Module-trait relationships

Modulation of chemical synaptic transmission 

Vesicle-mediated transport in synapse 

Regulation of trans-synaptic signaling 

Synaptic vesicle cycle 

Synapse organization 

Synaptic vesicle recycling 

Neurotransmitter transport 

Neurotransmitter secretion 

Signal release from synapse 

Regulation of neurotransmitter levels

CTF1

Glutamatergic synapse 

Neuron to neuron synapse 

Postsynaptic specialization 

Transport vesicle 

Asymmetric synapse 

Postsynaptic density 

Synaptic vesicle 

Exocytic vesicle 

Neuronal cell body 

Transport vesicle membrane

Tubulin binding 

GTP binding 

Guanyl nucleotide binding 

Guanyl ribonucleotide binding 

Microtubule binding 

GTPase activity 

Cadherin binding 

Calcium-dependent protein binding 

ATPase-coupled monoatomic cation transmembrane transporter activity 

Kinesin binding

Synaptic vesicle cycle 

Circadian entrainment 

Dopaminergic synapse 

Long-term potentiation 

Glutamatergic synapse 

Long-term depression 

Oocyte meiosis 

Human cytomegalovirus infection 

Vibrio cholerae infection 

Salmonella infection 

Endocrine and other factor-regulated calcium reabsorption 

Amphetamine addiction 

Endocytosis 

Oxytocin signaling pathway 

Cholinergic synapse 

Melanogenesis 

Gastric acid secretion 

GABAergic synapse 

Pathogenic Escherichia coli infection 

Proteoglycans in cancer 

Collecting duct acid secretion 

cAMP signaling pathway 

Pathways of neurodegeneration-multiple diseases 

Motor proteins 

Regulation of actin cytoskeleton 

Retrograde endocannabinoid signaling 

Glioma 

Neurotrophin signaling pathway 

Bacterial invasion of epithelial cells 

Insulin signaling pathway

0            20           40           60
Count

B
P

C
C

M
F

P.adjust

2e−05 
4e−05 
6e−05 
8e−05

P.adjust

1e−04 
2e−04 
3e−04 
4e−04
5e−04

0             10            20            30
Count

A

B

C

D E



He et al. Prognostic role of CTF1 in glioma6876

© AME Publishing Company.   Transl Cancer Res 2024;13(12):6862-6879 | https://dx.doi.org/10.21037/tcr-24-1258

tumor microenvironment by triggering autophagy, which 
in turn enhances invasion and spread in breast cancer (12). 
Therefore, we hypothesize that CTF1 may influence tumor 
progression and patient prognosis in GBM by impacting 
the tumor microenvironment. In GBM, CTF1 expression 
and immune infiltration have a notable relationship. A 
CIBERSORT analysis showed a significant variance 
between groups with high and low CTF1 expression, along 
with a direct correlation between them. Previously, it has 
been demonstrated that inflammatory monocytes contribute 
to glioma genesis (36). Neutrophils have been identified as a 
marker of poor prognosis in GBM (37). We found significant 
positive correlations between CTF1 expression levels and 
infiltrating neutrophils, monocytes, and dendritic cells in 
GBM. CTF1 had a significant impact on immune infiltration 
in our study, and this further corroborates our findings.

Studies examining the influence of tumor-infiltrating 
immune cells (TIICs) in humans frequently focus on 
evaluating T-cells, especially in relation to their reaction to 
immune checkpoint blockade and resulting survival rates 
(38,39). T-cells have been demonstrated to play a positive 
role in tumor prognosis (40). Patients diagnosed recently 
with glioma typically exhibit improved prognoses when they 
display higher levels of CD8+ T cell infiltration compared 
to those with lower level (41). Therefore, the influence of 
CTF1 on GBM prognosis could be due to the high levels of 
both T cells.

To further investigate the functions of CTF1 in 
GBM, through GSEA and GSVA analyses, we further 
explored the role of CTF1 in GBM. According to GSVA 
findings, individuals with elevated CTF1 levels exhibited 
enrichment in pathways like IL2_STAT5_SIGNALING, 
P53_PATHWAY, and IL6_JAK_STAT3_SIGNALING. 
The IL-2/STAT5 signaling pathway may activate 
immunosuppressive mechanisms, such as the recruitment of 
regulatory T cells (Tregs) and myeloid-derived suppressor 
cells (MDSCs), thereby promoting tumor progression (42).  
Additionally, activation of the IL-2/STAT5 signaling 
pathway is associated with increased tumor cell proliferation 
and resistance to apoptosis, which leads to poorer clinical 
outcomes (43). Therefore, modulating the IL-2/STAT5 
signaling pathway could potentially enhance the efficacy of 
anti-tumor immunotherapies and reduce immune escape. 
The p53 pathway is associated with promoting tumor cell 
proliferation and inhibiting apoptosis, and has been shown 
to correlate with clinical pathological parameters and glioma 
prognosis. Notably, poorly differentiated gliomas exhibit high 
Ki-67 expression, and p53-positive gliomas show a significant 

correlation with elevated Ki-67 levels (44). However, the 
relationship between CTF1 and the p53 pathway has not 
been extensively studied. Enrichment analysis suggests 
a close association between CTF1 and the p53 pathway, 
indicating that further exploration of this relationship is 
warranted. Furthermore, the GSEA findings showed that 
CTF1 enriched signaling pathways like the IL-17 signaling 
pathway, TNF signaling pathway, and Pentose phosphate 
pathway in KEGG. Results from the GO analysis indicated 
that genes were primarily enriched in pathways related to 
the regulation of trans-synaptic signaling, synaptic vesicle 
cycle, and synaptic signal release. 

Overall, although there may be a link between synaptic 
transmission and neuronal function abnormalities and the 
development of certain tumors, the direct relationship 
to tumor advancement is still being actively studied and 
needs more research in both experimental and clinical 
settings. All these indications imply that CTF1 could be a 
valuable prognostic indicator and target for treatment in 
GBM. Then, another important issue to discuss is whether 
increased CTF1 expression directly leads to malignant 
tumor progression or merely serves as a marker associated 
with inherent malignancy factors in tumors. CTF1 may 
promote tumor growth by activating specific signaling 
pathways, such as IL-2 or p53, or it could simply be an 
accompanying phenomenon of tumor deterioration due to 
inherent poor prognostic factors (such as higher invasiveness). 
This remains to be explored in our future research.

There are several limitations in this study. Some 
clinicopathological factors, such as tumor recurrence/
metastas i s ,  chemotherapy,  and radiotherapy,  are 
incomplete or missing in the TCGA and CGGA databases. 
Consequently, large-scale clinical trials are needed to fully 
assess the prognostic value of CTF1 in glioma.

Conclusions

In recent years, the incidence of glioma has been steadily 
increasing. Despite significant advances in diagnosis and 
treatment, patient survival remains limited. Identifying 
new biomarkers with diagnostic and prognostic value is a 
crucial research direction to improve early detection rates 
and outcomes in glioma. This study revealed that CTF1 
was significantly overexpressed in glioma tissues, making it 
an effective differentiating tool for glioma. Furthermore, 
CTF1 expression was significantly correlated with the 
survival and prognosis of glioma patients, suggesting that 
CTF1 could serve as a novel therapeutic target for glioma.
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We also investigated the role of CTF1 in immune 
infiltration within GBM and explored its relationship 
with gene mutations and drug sensitivity. Subsequently, 
a  n o m o g r a m  b a s e d  o n  C T F 1  e x p r e s s i o n  a n d 
clinicopathological factors was constructed. Our study not 
only examined the impact of CTF1 on the diagnosis and 
prognosis of glioma but also provided a foundation for 
further investigation into the molecular functions of CTF1. 
These findings offer new insights into the mechanistic 
exploration and treatment of glioma.
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