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Background. Coiled-coil domain containing 25 (CCDC25) is a receptor for neutrophil extracellular trap (NET) DNA and is
involved in various cancers, including CRC. Tis study aimed to investigate the regulatory role of CCDC25 in CRC using GWAS
data, eQTL, transcriptomic profles, and clinical information of CRC patients. Methods. From open-source databases, GWAS
summary data, eQTL expression profles, and transcriptomic profles, as well as clinical information were collected for CRC
patients. Mendelian randomization (MR) was used to investigate the causal relationship between CCDC25 and CRC risk. Te
expression of CCDC25 and its associated diferentially expressed genes (DEGs) were identifed. We explored the relationship
between CCDC25 expression and survival, biological functions, immune cell infltration, immune checkpoint expression, and
response to immunotherapy. Results. High CCDC25 expression reduces the risk of CRC. CCDC25 is downregulated in various
cancers, particularly in CRC tumor tissues compared to normal tissues. Metabolic pathways are enriched in groups with high
CCDC25 expression, while cancer-related pathways are enriched in groups with low CCDC25 expression. High CCDC25
expression is also associated with increased infltration of resting memory CD4+ T cells, elevated levels of most immune
checkpoints, and an enhanced response to anti-PD1 therapy. In addition, 95 DEGs were identifed between high-CCDC25 and
low-CCDC25 groups, and eight genes (FDFT1, ASAH1, ADAM9, CXCL14, SERPINA1, NAT1, EREG, and GSR) were identifed
as prognostic genes. Conclusion. CDC25 might serve as a candidate diagnostic and prognostic marker for CRC patients.

1. Introduction

In 2020, there will be more than 1.9 million new cases of
colorectal cancer (CRC) and 935,000 deaths as a result of this
cancer [1]. Te incidence patterns of CRC are similar be-
tween sexes but vary by age [2]. In the older population, CRC
incidence has declined, but in the younger population, it has
steadily increased. Diagnoses in younger individuals are
expected to rise further in the next decade [3]. An aging
population, lifestyle factors, obesity, and smoking increase

the risk of CRC [4]. A number of treatments are available for
CRC, including endoscopic and surgical excision, radio-
therapy, systemic therapy, local ablative therapy, palliative
chemotherapy, targeted therapy, and immunotherapy [4].
Microsatellite instability (MSI) is crucial for predicting
diferential treatment response and prognosis in CRC pa-
tients [5]. In studies, it has been found that immunotherapy
is more likely to be efective when there is high microsatellite
instability (MSI-H) [6]. While these therapeutic options
have contributed to improving overall survival for advanced
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patients, however, it is noteworthy that more than 70% of
metastatic patients survive beyond 1 year, over 30% beyond
3 years, and less than 20% beyond 5 years [7]. As the diseases
only become symptomatic at an advanced stage, early de-
tection is crucial for reducing morbidity and mortality
from CRC.

CCDC25 is found on human chromosome 8p21.1 and is
expressed by a variety of mammalian cells [8]. In recent
years, CCDC25 has been widely found in several tumors;
however, it reveals the dual roles in diferent types of tumors
[9]. For example, CCDC25 has been recognized as a receptor
of neutrophil extracellular trap (NET) DNA, facilitating the
binding with surrounding NET-DNA and promoting NET
formation. In addition, CCDC25 overexpression in primary
breast cancer cells has been associated with reduced
metastasis-free survival [10]. CCDC25 overexpression has
been shown to be linked with poor overall survival in
cholangiocarcinoma and hepatocellular carcinoma (HCC)
[11, 12]. However, the regulatory role of CCDC25 in CRC
remains uncertain.

Mendelian randomization (MR) is an innovative epi-
demiological analysis method which is used to investigate
the causal relationship between risk factors and outcomes by
leveraging genetic variants [13]. Compared with traditional
observational studies, the MR method has the advantage of
avoiding the infuence of confounding factors and elimi-
nating the interference of reverse causality [14]. AMR
analysis has indicated that the increased level of plasma ABO
protein is related to the increased risk of coronavirus disease
2019 (COVID-19) [15]. We also found no correlation be-
tween serum bilirubin level and risk of heart failure in either
the European or East Asian population by MR analysis [16].
However, there is still no evidence that supports the casual
association between CCDC25 and the risk of CRC.

In the present study, we initially explored the causal
association between CCDC25 and the risk of CRC using MR
analysis. Subsequently, we conducted a comprehensive
analysis of the role of CCDC25 in CRC progression and
prognosis, utilizing gene expression profles and clinical
information of CRC patients.

2. Methods

2.1. GWAS Summary Data Source. In the present study,
a two-sample MR study was conducted to determine the
association of CCDC25 levels with the risk of CRC. Tis
analysis was based on the expression quantitative trait loci
(eQTL) data of CCDC25 and the GWAS summary statistics
for CRC outcomes (Figure 1(a)). Exposure data source: the
eQTL data used in our study were extracted from the
eQTLGen consortium (https://www.eqtlgen.org/cis-eqtls.
html) which were conducted on peripheral blood samples
collected from a total of 31,684 individuals [17], and the top
associated cis-eQTLs were selected according to the fol-
lowing thresholds: P value <5×10−8 and false discovery rate
(FDR)< 0.05 within a range of ±100 kb windows. Outcome
data source: the GWAS summary statistics for CRC out-
comes were obtained from the publicly available database
IEU Open GWAS (https://gwas.mrcieu.ac.uk/datasets/ebi-

a-GCST012876/) [18] and contains 26,554 cases and 11,895
controls. All participants included in this study were of
European ancestry only.

2.2. Selection of Genetic InstrumentVariables (IVs). IVs were
selected based on three assumptions: (i) IVs must have
a strong association with the exposure; (ii) IVs should be
independent of other confounding factors between the re-
lationship, exposure, and outcome; and (iii) IVs should
infuence outcome solely through the exposure [19]. Here,
single-nucleotide polymorphisms (SNPs) were chosen as IVs
based on the following criteria: meeting a genome-wide
signifcance threshold of P< 5× 10−8 and a false discovery
rate (FDR)< 0.05, having a minor allele frequency (MAF)
> 0.01, and exhibiting no linkage disequilibrium (LD:
r2 < 0.1) within a 10,000 kb clumping window [20]. In ad-
dition, the selected SNPs had an F-statistic (beta2/se2)> 10
[21]. Te direction of the SNPs was determined using the
Steiger fltering test.

2.3. TwoSample MR Analysis. In the present study, the
“TwoSampleMR” package in R was utilized to assess the
causal relationship between CCDC25 and the risk of CRC
using several methods: inverse-variance weighted (IVW),
weighted median, MR-Egger regression, MR robust adjusted
profle score (MR-RAPS), and MR-pleiotropy residual sum
and outlier (MR-PRESSO) methods. Te IVW method
served as the primary approach for MR estimation,
employing a meta-analysis of Wald ratios from efective
SNPs. [22]. Te weighted median method was applied to
maintain consistent efect estimates even if more than 50%
of selected genetic variants were invalid instruments [23].
MR-Egger regression, which considers the MR-Egger in-
tercept to detect and adjust for bias from pleiotropy, was also
employed as an additional method for causal inference [24].
MR-RAPS is a robust method that tests the causal re-
lationship by overcoming the weak instrumental variables
and enhances the statistical power [25]. MR-PRESSO is
a method that can detect the outliers of IVs and adjust the
horizontal pleiotropy [26]. Furthermore, Cochran’s Q-test
and Steiger fltering methods were employed in this study to
assess heterogeneity and confrm the directionality of the
IVs. Leave-one-out analysis was used to evaluate the ro-
bustness of causal estimation by systematically removing
each included SNP to correct the bias caused by outliers [13].

2.4. Bulk RNA-Seq Data Acquisition and Processing.
mRNA expression data and corresponding clinical data of
the TCGA-COAD cohort, containing 453 tumor samples
and 41 nontumor samples, were obtained from Te Cancer
Genome Atlas (TCGA, https://cancergenome.nih.gov) and
used as a training cohort. For CRC patients, tumor gene
mutation MAF also was downloaded from TCGA. Besides,
mRNA expression data and corresponding clinical data from
GSE41258, GSE29623, and GSE159216 datasets were
downloaded from Gene Expression Omnibus (GEO, https://
www.ncbi.nlm.nih.gov/geo/) and used as external validation
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cohorts. GSE41258, GSE29623, and GSE159216 datasets
were generated by GPL96, GPL570, and GPL17586 plat-
forms, respectively.

2.5. Diferential Expression of CCDC25. Te diferentially
expressed CCDC25 in pan-cancer was determined based on
the TIMER database (https://timer.cistrome.org/) [27]. Te
statistical signifcance of diferential expression in the tu-
mors compared to normal tissues for each cancer type was
evaluated using the Kruskal–Wallis test with the threshold of
the fold change (FC) of 1.0 and P value of <0.05. Te dif-
ferentially expressed genes (DEGs) between tumor samples
and nontumor samples were screened using the “limma”
package in R with a P value of <0.05. Te expression of
CCDC25 was identifed from those DEGs.

2.6. Correlation between CCDC25 and Overall Survival and
Clinicopathological Characteristics in CRC. To assess the
prognostic signifcance of CCDC25 in CRC, patients were
stratifed into high- and low-CCDC25 expression groups
based on an optimal cutof value derived from CCDC25
expression levels in CRC. Overall survival (OS) analysis for
CRC patients was conducted using Kaplan–Meier methods
implemented with the “survminer” R package. Te corre-
lation between CCDC25 expression and clinical character-
istics such as age, gender, MSI status, and clinical stage was
evaluated using the Kruskal–Wallis test.

2.7. Screening of the Diferentially Expressed Genes (DEGs)
between High- and Low-CCDC25 Groups. Te DEGs be-
tween high-CCDC25 and low-CCDC25 groups were
screened using the “limma” package in R with |log2 (FC)|
> 0.585 and P value of <0.05. All DEGs between high-
CCDC25 and low-CCDC25 groups were visualized in vol-
cano plots using the “ggplot” package in R.

2.8. Gene Set Enrichment Analysis. We obtained 50 human
cancer hallmarks (h.all.v7.4.symbols.gmt) from Molecular
Signatures Database (MSigDB, https://www.gsea-msigdb.
org/gsea/msigdb/). Subsequently, we conducted gene set
enrichment analysis (GSEA, https://www.gsea-msigdb.org/
gsea/index.jsp) to explore whether genes diferentially
expressed between high-CCDC25 and low-CCDC25 ex-
pression groups were enriched in biologically signifcant
processes [28]. Te signifcance was determined using the
Kruskal–Wallis test.

2.9. Evaluation of Immune Cell Infltration. Te “IOBR”
package in R, incorporating TIMER, ESTIMATE, xCell, and
CIBERSORT algorithms, was utilized in this study. Specif-
ically, the CIBERSORT algorithm was employed to analyze
gene expression patterns and identify the proportions of 22
immune cell types within samples. Tis analysis was based
on diferentially expressed genes (DEGs) identifed between
the high-CCDC25 and low-CCDC25 expression groups.Te
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Figure 1:Te causal role of CCDC25 was signifcantly negatively associated with the risk of CRC. (a)Te work fowchart of theMR analysis.
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Kruskal–Wallis test was then used to assess diferences in the
compositions of immune cell types between these two
groups.

2.10. Identifcation of Diferentially Expressed Immune
Checkpoints and Immunotherapy Response. Te diferen-
tially expressed 46 immune checkpoints (BTN3A1, CD226,
CD27, CD28, CD40, CD40LG, CD70, CD96, CEACAM1,
ICOS, ICOSLG, IL2RA, KIR2DL4, TNFRSF12A,
TNFRSF18, TNFRSF4, TNFRSF9, TNFSF14, TNFSF18,
TNFSF4, TNFSF9, ADORA2A, BTLA, BTN2A2, CD160,
CD200, CD200R1, CD276, CD47, CTLA4, HAVCR2, IDO1,
KIR2DL1, KIR2DL3, KIR3DL1, KIR3DL2, KIR3DL3, LAG3,
LAIR1, LGALS3, LGALS9, PDCD1, SIRPA, TDO2, TIGIT,
and VTCN1) between high-CCDC25 and low-CCDC25
groups were determined using the Kruskal–Wallis test.
Te possible response to immunotherapy was predicted
using the Submap method from GenePattern (https://cloud.
genepattern.org/gp/pages/index.jsf ).

2.11. Construction and Validation of a CCDC25-Related Risk
Model. In this study, several analyses and validations were
conducted using R packages: univariate Cox proportional
hazards regression analysis: we utilized the “survival”
package to identify overall survival (OS)-related diferen-
tially expressed genes (DEGs), with a cutof P value of <0.05.
LASSO Cox regression analysis: we employed the “glmnet”
package to perform the least absolute shrinkage and selec-
tion operator (LASSO) Cox regression. Tis step aimed to
identify a prognostic gene signature, where regression co-
efcients (β) were derived. Te CCDC25-related risk score
for each sample was calculated by using the following for-
mula: risk score� 􏽐

n
i�1coef(genei)∗ expr(genei), where coef

represents the regression coefcient and expr represents the
gene expression level. Risk stratifcation: patients within the
TCGA-COAD cohort were stratifed into high-risk and low-
risk groups based on the median values of the risk score
derived from LASSO Cox regression. Overall survival (OS)
analysis: OS curves were generated using the Kaplan–Meier
method to evaluate survival diferences between the high-
risk and low-risk groups. Time-dependent ROC curves:
using the “survivalROC” package, time-dependent ROC
curves were plotted for 1-year, 3-year, and 5-year intervals to
assess the predictive accuracy of the prognostic model.
External validation: external cohorts (GSE41258, GSE29623,
and GSE159216 datasets) were utilized to validate the
prognostic model developed from the TCGA-COAD cohort.
Tese steps collectively aimed to identify and validate
a robust prognostic model for CRC based on CCDC25-
related gene signatures and risk scores.

2.12. Development and Evaluation of a Predictive Nomogram.
Further investigation into the independence of the pre-
dictive prognostic model from conventional clinical char-
acteristics involved several analyses: multivariate Cox
proportional hazards regression analysis: this analysis aimed
to identify independent factors afecting survival using the

“survival” package in R. Nomogram construction. Based on
the results of the multivariate Cox analysis, a nomogram was
constructed to predict survival time for CRC patients, in-
tegrating both clinical characteristics and the prognostic
gene signature. Time-dependent ROC curves: ROC curves
for 1-year, 3-year, and 5-year survival predictions were
generated using the “survivalROC” package to assess the
accuracy of the predictive model. Area under the ROC curve
(AUC): the AUC values from the ROC curves were calcu-
lated to quantitatively evaluate the discriminatory ability of
the prognostic model. Decision curve analysis (DCA): DCA
was performed to assess the clinical utility and outcome of
diferent decision strategies based on the nomogram pre-
dictions. Tese analyses collectively aimed to validate and
demonstrate the clinical relevance and independence of the
developed prognostic model for CRC patients.

2.13. Statistical Analysis. All analyses were performed in R
software in this study. “TwoSampleMR” version 0.5.7, “MR-
PRESSO” version 1.0, and “forestplot” version 3.1.3 packages
in R were used to conduct MR analysis. “survival” version
3.5-3, “ggplot2” version 3.4.1, “pheatmap” version 1.0.12,
“estimate” version 1.0.13, “limma” version 3.54.1, “GSEA”
version 4.2.2, “glmnet” version 4.1-2, “timeROC” version
0.4, “survminer” version 0.4.9, and “tidyverse” version 1.3.2
packages in R were used to perform the transcriptomic data
analysis. P value <0.05 was considered statistically
signifcant.

3. Results

3.1. Causal Role of CCDC25 in CRC Risk. Eighteen SNPs
signifcantly associated with CCDC25 (P< 5×10⁻⁸; FDR
<0.05; MAF >0.01; LD: r2 < 0.1; F-statistic >10) were selected
(Table 1). Te causal relationship between CCDC25 and
CRC risk was investigated using MR analysis. As depicted in
Figure 1(b), IVW analysis indicated a negative association
between high CCDC25 expression and CRC risk (OR: 0.90;
95% CI: 0.83–0.97; P � 0.006). Results from the weighted
median and MR-RAPS methods were consistent (weighted
median: OR: 0.90; 95% CI: 0.81–1.00; P � 0.042; MR-RAPS:
OR: 0.89; 95% CI: 0.82–0.97; P � 0.005). Further assess-
ments showed no signifcant heterogeneity (Cochran’s Q
statistic; Q_P value >0.05) or horizontal pleiotropy (MR-
Egger intercept; pleiotropy_P value >0.05). MR-PRESSO
results supported IVW fndings, confrming no outliers
(OR: 0.90; 95%CI: 0.84–0.97;P � 0.004; Table 2).Te Steiger
fltering test confrmed consistent SNP directions (Table 3).
In addition, leave-one-out analysis demonstrated the ro-
bustness of MR results (Figure 1(c)). Collectively, these
fndings suggest that high CCDC25 expression may inhibit
CRC risk.

3.2. Diferential Expression of CCDC25 in CRC. Following
our MR analysis indicating a causal link between CCDC25
and CRC risk, we explored CCDC25 expression across
various cancers using TIMER 2.0 (https://timer.cistrome.
org/) based on TCGA clinical data. We observed
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predominantly lower CCDC25 expression in solid tumor
tissues compared to normal tissues across multiple cancers,
including bladder cancer (BLCA), breast cancer (BRCA),
colon cancer (COAD), kidney chromophobe (KICH), kid-
ney clear cell carcinoma (KIRC), kidney papillary cell car-
cinoma (KIRP), liver cancer (LIHC), lung adenocarcinoma
(LUAD), prostate cancer (PRAD), thyroid cancer (THCA),
and endometrial cancer (UCEC). In addition, CCDC25
expression was lower in HPV- compared to HPV+head and
neck cancer (HNSCC) and in nonmetastatic melanoma
compared to metastatic melanoma (SKCM) (Figure 2(a)).
Subsequently, we analyzed expression and clinical data from
the TCGA database (https://cancergenome.nih.gov) to in-
vestigate CCDC25 expression in the TCGA-COAD cohort
(Figure 2(b), Table S1). We identifed 12,974 DEGs, with
7,111 upregulated and 5,863 downregulated genes in tumor
tissues compared to normal tissues in the TCGA-COAD
cohort (|log2 (FC)|> 0.585; P value <0.05). Furthermore, our
analysis revealed that high CCDC25 expression correlates
with longer survival in the TCGA-COAD cohort
(Figure 2(c)). High CCDC25 expression was also positively
associated with microsatellite instability (MSI) status and
early clinical stages (Figures 2(d), 2(e), 2(f), and 2(g)),
suggesting a potential association with favorable prognosis.
Tese fndings underscore the potential prognostic value of
CCDC25 in CRC and highlight its diferential expression
patterns across various cancer types.

3.3. CCDC25-Associated FunctionalAnnotation andPathway
Enrichment Analysis in CRC. We next explored the DEGs
between high-CCDC25 and low-CCDC25 groups, resulting
in a total of 95 DEGs (64 upregulated and 31 downregulated,
Table S2) identifed between high-CCDC25 and low-
CCDC25 groups (Figure 3(a)). To delve deeper into path-
way alterations associated with CCDC25 expression, we
conducted gene set enrichment analysis (GSEA) across all
genes between these groups. Our analysis revealed that
a high CCDC25 expression was associated with multiple
metabolism-related pathways, including adipogenesis, an-
drogen response, apoptosis, cholesterol homeostasis, E2F
targets, fatty acid metabolism, G2M checkpoint, glycolysis,
interferon-gamma response, mitotic signaling, MYC targets,
oxidative phosphorylation, and p53 pathway (Figure 3(b)).
In contrast, low CCDC25 expression was linked to pathways
such as Hedgehog signaling, KRAS signaling down, myo-
genesis, Notch signaling, UV response, and beta-catenin
signaling (Figure 3(c)). Tese data suggested that
CCDC25 expression may play a role in tumor metabolism
and highlight potential pathways infuenced by CCDC25
in CRC.

3.4. CCDC25-Associated Immune Cell Infltration and Im-
munotherapeuticResponse inCRC. Given the crucial roles of
immune cells in the tumor microenvironment, we in-
vestigated the relationship between CCDC25 and immune
cell infltration. Our analysis revealed that high CCDC25
expression is associated with enrichment of resting memory
CD4+ T cells within the tumor microenvironment
(Figures 4(a) and 4(b)). Moreover, we also found increased
expression of BTN3A1, CD226, CD96, KIR2DL4, TNFRSF9,
TNFSF9, CD200, CTLA4, IDO1, KIR2DL1, LGALS3, and
TIGIT but decreased expression of TNFRSF12A and
TNFRSF4 in the high-CCDC25 group compared with the
low-CCDC25 group (Figures 4(c), 4(e), and 4(f)). Submap
results indicated that the high expression of CCDC25
exhibited a more sensitive response to anti-PD1 therapy
(Figure 4(g)). Tese results indicated that patients with high
expression of CCDC25 may potentially derive greater
benefts from immunotherapy. Patients with high expression
of CCDC25 are advised to consider immunotherapy more
extensively.

3.5. Construction and Validation of a CCDC25-Associated
Prognostic Model of CRC. To further investigate the
prognostic value of CCDC25 in CRC, we performed
a univariate Cox analysis on the DEGs between high-
CCDC25 and low-CCDC25 groups. As shown in Table S3,
a total of 34 prognostic genes were screened and then
incorporated into a LASSO regression to identify prog-
nostic gene signatures. As a result, eight genes (FDFT1,
ASAH1, ADAM9, CXCL14, SERPINA1, NAT1, EREG,
and GSR) were selected as prognostic signature genes
(Figures 5(a), 5(b), and 5(c)). Furthermore, the 435 pa-
tients were divided into high-risk (n � 217) and low-risk
groups (n � 218) according to the risk score and calculated
using the expression and coefcient of each gene
(Figures 5(d), 5(e), and 5(f )). Te survival analysis in-
dicated that the high-risk group had worse survival
outcomes compared to the low-risk group (Figure 5(g)).
Meanwhile, the AUC values of ROC curves for 1-, 3-, and
5 years were 0.704, 0.676, and 0.681, respectively
(Figure 5(h)). Tese data indicated the accurate prediction
of the prognostic model. Moreover, the external cohorts,
including GSE41258, GSE29623, and GSE159216, were
selected to perform the external validation. Te survival
analyses indicated that the patients in the high-risk group
exhibited a worse survival time compared with the low-
risk group (Figures 6(a), 6(b), 6(c), 6(d), 6(e), 6(f ), 6(g),
6(h), and 6(i)). Te ROC curves were drawn to validate the
accuracy of the prognostic model (Figures 6(j), 6(k), and
6(l)).

Table 2: MR-PRESSO analysis of the pleiotropy in the causality of CCDC25 and risk of CRC.

Gene Outcome MR-PRESSO OR (95% CI) P value
CCDC25 CRC Raw 0.90 (0.84, 0.96) 0.004
CCDC25 CRC Outlier corrected
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Figure 3: CCDC25-associated functional annotation and pathway enrichment analysis in CRC. (a) Volcano plots of DEGs between high-
CCDC5 and low-CCDC25 groups in the TCGA-COAD cohort. (b) Heatmap of biological function analysis between high-CCDC5 and low-
CCDC25 groups in CRC using GSEA. (c) Boxplots of the diferent enrichment of pathways between high-CCDC5 and low-CCDC25 groups.
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Figure 4: CCDC25-associated immune cell infltration and immunotherapeutic response inCRC. (a)Heatmap of immune cell infltration in TME
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Figure 5: Construction of a CCDC25-associated prognostic model of CRC. (a, b) LASSO Cox analysis identifed the eight prognostic
CCDC25-associated genes in the TCGA-COAD cohort. (c) Histogram of the eight prognostic genes and corresponding coefcients in the
TCGA-COAD cohort. (d) Te rank of the risk score in the TCGA-COAD cohort. (e) Te distribution of the risk score and survival time in
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(g) Kaplan–Meier survival analysis of the OS between high-risk and low-risk groups. (h) ROC curves and the AUC values of the 1-, 3-, and
5-year OS of patients from the TCGA-COAD cohort.
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3.6. Development and Evaluation of a CCDC25-Associated
Predictive Nomogram. Finally, the risk score and clinical
characteristics (stage and age) were identifed as in-
dependent factors by multivariate Cox analysis (Figure 7(a)).
Subsequently, a nomogram was constructed based on the
independent factors (Figure 7(b)). Te AUC values of ROC
curves for 1-, 3-, and 5-year survival prediction were 0.77,
0.792, and 0.78, respectively (Figure 7(c)). Te calibration
curve showed the accurate prediction ability for the 1-, 3-,
and 5-year survival prediction (Figure 7(d)). Te DCA
curves revealed the higher net beneft of a decision based on
a nomogram compared to individual predictive factors
(Figure 7(e)).

4. Discussion

CCDC25, a plasma membrane-located extracellular DNA
sensor involved in NET-mediated metastasis of cancer cells
in several solid tumors [29], has been relatively unexplored
in CRC. In our study, we initially demonstrated a negative
association between CCDC25 expression and CRC risk
through MR analysis. Moreover, our pan-cancer analysis
revealed signifcantly decreased CCDC25 expression in
tumor tissues compared to normal tissues. Tis decreased
expression correlated signifcantly with better survival
outcomes, MSI status, and early stages of CRC. Tese
fndings suggested a potential protective role for CCDC25 in
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Figure 6: Validation of a CCDC25-associated prognostic model of CRC. (a–c) Te rank of the risk score in the GSE41258, GSE29623, and
GSE159216 cohorts, respectively. (d–f) Te distribution of the risk score and survival time in the GSE41258, GSE29623, and GSE159216
cohorts, respectively. (g–i) Kaplan–Meier survival analysis of the OS between high-risk and low-risk groups in the GSE41258, GSE29623,
and GSE159216 cohorts, respectively. (j–l) ROC curves and the AUC values of the 1-, 3-, and 5-year OS of patients from the GSE41258,
GSE29623, and GSE159216 cohorts, respectively.
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CRC. Our MR analysis further supported that high CCDC25
expression inhibits CRC risk. In addition, survival analysis
indicated that patients with high CCDC25 expression ex-
perienced better survival outcomes compared to those with
low CCDC25 expression.

To validate the protective role of CCDC25 in CRC, we
conducted a comprehensive exploration of its expression
and its correlations with biological functions, immune cell
infltration, expression of immune checkpoints, and re-
sponse to anti-PD1 and anti-CTLA4 therapies. CCDC25
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Figure 7: Development and evaluation of a CCDC25-associated predictive nomogram. (a) Multivariate Cox analysis identifed the in-
dependent factors for survival prediction of CRC. (b) A nomogram was constructed based on independent factors (risk score, stages, and
age). (c) ROC curves and the AUC values of the 1-, 3-, and 5-year OS of the nomogram. (d) Calibration curve of the 1-, 3-, and 5-year OS of
the nomogram. (e) Te DCA curves revealed the beneft of individual predictive factors of the nomogram.
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expression was found to infuence dysregulation of several
pathways.

High CCDC25 expression was notably associated with
reprogramming of metabolism, such as cholesterol ho-
meostasis, fatty acid metabolism, glycolysis, and oxidative
phosphorylation. Previous studies have established that
metabolic dysregulation is a hallmark of cancer. Cancer cells
alter various metabolic pathways to increase bioenergy and
biosynthesis, supporting their proliferation and survival
[30, 31]. Here, high CCDC25 expression might be involved
in the dysregulation of metabolism reprogramming of CRC
to promote tumorigenesis. Conversely, low-CCDC25 ex-
pression was associated with the Hedgehog signaling, Notch
signaling, and beta-catenin signaling pathways. Te
hedgehog signaling pathway plays a key role in embryonic
development and it is also crucial in the development and
metastasis of CRC [32, 33]. Besides, the Notch signaling
pathway is involved in many cancers biology and has been
found to be activated in CRC [34–36]. Te beta-catenin
signaling pathway contributes to tumor initiation and
progression [37–39]. Here, we found that low CCDC25
expression was involved in canonical cancer-related path-
ways, suggesting that downregulated CCDC25 might acti-
vate the cancer-related pathways and promote dysregulation
of metabolism reprogramming in CRC.

We found that high CCDC25 expression was associated
with infltrating resting memory CD4+ T cells. Te pop-
ulation of tissue-resident memory CD4 T cells plays a su-
perior protective role against secondary infections [40].
Moreover, we also found diferentially expressed immune
checkpoints in high/low-CCDC25 expression groups. High
CCDC25 expression was associated with increased expres-
sion of BTN3A1, CD226, CD96, KIR2DL4, TNFRSF9,
TNFSF9, CD200, CTLA4, IDO1, KIR2DL1, LGALS3, and
TIGIT, On the contrary, high CCDC25 expression was
associated with decreased expressions of TNFRSF12A and
TNFRSF4. High expression of CCDC25 exhibited a more
sensitive response to anti-PD1 therapy.We next investigated
the infuences of the CCDC25 expression on the prognosis of
CRC. FDFT1, ASAH1, ADAM9, CXCL14, SERPINA1,
NAT1, EREG, and GSR were identifed as the prognostic
gene signature for CRC patients from the DEGs between
high-CCDC25 and low-CCDC25 expression groups. FDFT1
is a gene that encodes the membrane-associated enzyme
squalene synthase, which plays a crucial role in cholesterol
biosynthesis [41]. FDFT1 plays a dual role in diferent
cancers and can be applied as the potential prognostic
marker and target for anticancer therapy [42, 43]. FDFT1 has
been selected as a prognostic marker for CRC [44, 45], and
a high expression of FDFT1 is associated with a better
prognosis in the previous study and the present study [46].
ASAH1 has been found to predict lymph node metastasis in
breast and colorectal cancers [47, 48] and can be used as the
potential biomarker for predicting the treatment outcome of
colon cancer [49]. ADAM9 is overexpressed in many can-
cers, including non-small cell lung, pancreatic, gastric,
breast, ovarian, and CRC [50], and cancer-associated f-
broblasts (CAFs)-derived ADAM9 is implicated in worse

survival in CRC [51]. Te chemokine CXCL14 is widely
upregulated in many malignancies, including ovarian can-
cer, [52] oral cavity squamous cell carcinoma [53], glioma
[54], prostate cancer [55], and CRC [56, 57]. SERPINA1 also
plays an important role in CRC as a novel prognostic
biomarker and candidate therapeutic target in CRC [58, 59].
NAT1 has been found to be downregulated and associated
with poor prognosis in CRC patients [60]. EREG is one of
the EGFR ligands and plays a central role in the development
of CRC [61, 62]. GSR is a key enzyme of amino acid
metabolism and is associated with the immune escape of
CRC [63]. Although our study provides a comprehensive
analysis of the regulatory role of CCDC25 in CRC, there are
still some limitations. Te molecular mechanisms have not
been further validated. Terefore, in future studies, we will
verify the conclusions of this research through in vivo and
in vitro experiments.

5. Conclusion

In this study, based on GWAS summary statistics and
transcriptomic expression fles, we frst investigated the
association between CCDC25 expression and risk of CRC
and explored the crucial role of CCDC25 in CRC. Tese
fndings suggested that CCDC25 might play a protective role
in CRC, and it might be used as a candidate biomarker for
diagnosis and treatment of CRC.
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