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Background: The Coiled-coil domain-containing proteins (CCDCs) are expressed in many cancers, but the role of Coiled-coil 
domain-containing protein 103 (CCDC103) in cancers remains unclear. Further investigations are necessary to ascertain its diagnostic 
significance and understand its biological function in cancers. This study aims to elucidate the biological functionalities of CCDC103 
in glioma and evaluate the correlation between CCDC103 expression with glioma progression.
Methods: Clinical data on glioma patients were acquired from The Cancer Genome Atlas (TCGA), the Chinese Glioma Genome 
Atlas (CGGA), and the Gene Expression Omnibus (GEO). The evaluation encompassed the examination of correlations between 
CCDC103 expression, pathological characteristics, and clinical outcomes. Furthermore, the analysis included the assessment of the 
correlations between CCDC103 expression and immune cell infiltration as well as glioma progression.
Results: Gliomas have higher levels of CCDC103 expression than the para-carcinoma tissues. Poorer prognosis, unfavorable 
histological characteristics, the absence of IDH gene mutations, and the absence of chromosome 1p and 19q deletions were all 
associated with higher expression of CCDC103 in gliomas. In addition to patient age, tumor grade, the absence of IDH mutations, and 
the absence of chromosome 1p and 19q deletions, univariate and multivariate Cox analyses showed that CCDC103 expression was 
independently prognostic of overall survival, disease-free survival, and progression-free survival in patients with glioma. Furthermore, 
tumor infiltration of B cells, neutrophils, macrophages, and dendritic cells were all linked with elevated expression of CCDC103. High 
CCDC103 expression was linked to immune response-related signaling pathways and cell proliferation, according to gene set 
enrichment analysis (GSEA). Notably, the knockdown of CCDC103 in glioma cell lines resulted in a significant reduction in cell 
proliferation and migration.
Conclusion: The correlation between CCDC103 expression and both glioma progression and immune cell infiltration implies that 
CCDC103 expression holds promise as a valuable prognostic biomarker for glioma.
Keywords: glioma, CCDC103, prognosis, biomarker, immune infiltration

Introduction
Gliomas originate from brain glial cells. It is the most common primary intracranial tumor, accounting for about 81% of 
malignant tumors in the central nervous system.1 Temozolomide combined with radiotherapy and chemotherapy is the 
standard treatment after surgery. However, the median survival time of patients is still not more than 2 years.2 The 
discovery of functional lymphatic vessels within the dural sinuses unveils fresh evidence supporting active immune 
surveillance in the central nervous system (CNS). Novel therapeutic avenues for glioma treatment encompass immune 
checkpoint inhibitors (ICIs), viral therapy, CAR-T therapy, and vaccine treatment.3 However, the present immunotherapy 
options for glioma exhibit inadequate therapeutic efficacy due to the intricate immunosuppressive environment and 
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systemic immunosuppression prevalent in gliomas. Hence, the quest for novel immune-related indicators and therapeutic 
targets remains pivotal in fostering advancements in glioma treatment.

Recent research has demonstrated that tumor cells may adapt their actin cytoskeleton in order to respond to a wide 
range of complicated mechanical, biochemical, and microenvironmental cues.4 For instance, cells can influence cell 
proliferation, control changes in cell shape and the structure of the actin skeleton through integrins, and attach to certain 
extracellular matrix (ECM) proteins.5 Similar to this, the development of F-actin stress fibers and actin cytoskeletal 
polymers, which are better able to respond to changes in the extracellular matrix, are crucial for the advancement of the 
cell cycle.6,7 Actin/globin and microtubules are both involved in the nuclear migration of glioma cells, according to 
studies.8 The formation of dynamin-cortactin complexes and the phosphorylation of cortactin by cyclin-dependent kinase 
5 (CDK5), among others, control actin bundles, enabling glioma-derived cells to form filamentous uropods and flaky 
caudate, which further affect tumor cell invasion, migration, and metastasis.9 Similar to how actin serves as the essential 
link in the cytoskeleton of microtubules, which are necessary for long-distance glioma cell communication, cytoplasmic 
dynein inhibition lowers the activity of glioma cells and prevents their proliferation.10,11

The proteins containing coiled-coil domains (CCDC) are proteins with unique α-helical coils that mediate a variety of 
biological functions, including intracellular material transport, adjustment and control of cell polarity, composition of 
cytoskeleton, molecular identification, and signal transduction pathway.12 At present, a variety of CCDC proteins have 
been confirmed to be related to the occurrence and development of papillary thyroid carcinoma,13 gastric cancer,14 breast 
tumor,15 bladder cancer16 and esophageal squamous cell carcinoma,17 which offer an academic foundation for targeted 
therapies of tumors. Unlike other proteins containing coiled-coil domains. CCDC103 (Coiled-Coil Domain Containing 
103) is a genetic locus responsible for encoding a protein with a predicted molecular weight of 29 kDa. This protein 
exhibits notable features, including N- and C-terminal coiled-coil regions, as well as an internal α-helical RPAP3_C 
structural domain. Notably, the RPAP3_C domain is also found in the RNA polymerase II-associated protein3 and 
SPAG1, a recognized dynein assembly factor.18 The biophysical properties of CCDC103 are indeed intriguing, as it 
demonstrates the capacity to form dimers and higher-order structures in the presence of detergent. Moreover, it exhibits 
remarkable stability against heating-induced denaturation and the ability to reassemble such structures after exposure to 
thermal stress.19 Dysregulation of its expression can result in primary ciliary dyskinesia, which leads to the development 
of asthenozoospermia and infertility.20 However, there are no report of CCDC103 in solid tumors.

To comprehend the potential role of CCDC103 in glioma, this study conducted a comprehensive investigation into the 
diagnostic and prognostic significance of CCDC103 in glioma through the utilization of data mining techniques on 
datasets from the Chinese Glioma Genome Atlas (CGGA), The Cancer Genome Atlas (TCGA), and the Gene Expression 
Omnibus (GEO) database. Subsequently, gene ontology (GO) analysis and gene set enrichment analysis (GSEA) were 
performed to determine the possible biological functions and pathways of CCDC103 in glioma. The relationship between 
CCDC103 expression and the infiltration of immune cells in glioma was analyzed from different algorithms, including 
the “ssGSEA” algorithm, the “ESTIMATE” algorithm, and the “QUANTISEQ” algorithm. In addition, the role of 
CCDC103 in glioma expression was analyzed experimentally by immunohistochemistry (IHC), qRT-PCR, growth curve, 
transwell, and wound healing assays. These findings suggest that CCDC103 possesses the capability to modulate the 
infiltration of immune cells within gliomas. Furthermore, the expression level of CCDC103 holds promise as a potential 
prognostic biomarker for patients afflicted with these tumors.

Materials and Methods
Data Processing and Differential Expression Analysis
Tumor RNA-seq data (TCGA) (https://portal.gdc.cancer.gov/)21 from the Cancer Genome Atlas (TCGA) database could 
be acquired through the Genomic Data Commons (GDC) data portal website. Each tumor was linked with a normal tissue 
sample that included mRNA expression data. For statistical analysis, R software v4.0.3 was used. Two sets of data were 
detected using the rank sum test, and a P value of 0.05 was considered statistically significant. We downloaded the 
standardized pan-cancer dataset from the UCSC(https://xenabrowser.net/) database: TCGA TARGET GTEx (PANCAN, 
N=19131,G=60499), further we extracted ENSG00000167131(CCDC103) gene expression data in each sample, and 
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further we screened the sample sources as follows: Solid Tissue Normal, Primary Solid Tumor, Primary Tumor, Normal 
Tissue, Primary Blood Derived Cancer - Bone Marrow, Primary Blood Derived cancer-peripheral Blood samples, in 
addition, samples whose expression level is 0 were filtered, and log2(x+0.001) was further transformed for each 
expression value. Finally, Cancer species with less than 3 samples in a single cancer species were excluded. Finally, 
the expression data of 34 cancer species were obtained. TCGA-GBMLGG (lower grade glioma and glioblastoma) cohort 
data and corresponding clinical information of 706 glioma patients were downloaded from the TCGA website. CGGA- 
GBMLGG cohort data and corresponding clinical information of 325 glioma patients were downloaded from The CGGA 
(Chinese Glioma Genome Atlas) (www.cgga.org.cn) website. Data analysis was performed with the R (version 3.6.3) and 
ggplot2 [3.3.3] packages. The expression data were normalized to transcripts per kilobase million (TPM) values before 
further analysis. Two sets of data were detected using the rank sum test, and significant analysis was considered when the 
false discovery rate (FDR) was less than 0.01 and the p-value was less than 0.05.

The GSE4290 was downloaded from the GEO database22 (https://www.ncbi.nlm.nih.gov/gds), and it was used to 
analyze the differential expression of genes.

Correlation Between CCDC103 Expression and Clinicopathological Features of 
Glioma Patients
We analyzed the correlation between CCDC103 expression and clinicopathological features of glioma patients by using 
TCGA and CGGA (Chinese Glioma Genome Atlas) (www.cgga.org.cn)23 database. Clinicopathological features included 
tumor tissue types, tumor grade, isocitrate dehydrogenase (IDH) status, IDH codel subtype, chromosomes 1p/19q 
codeletion status, MGMT promoter status, transcriptome subtype, gender, chemo status, etc.

Survival Prognosis Analysis
We acquired the CCDC103 expression data and clinically relevant information of glioma from the TCGA and CGGA 
databases. We analyzed the effect of CCDC103 on the prognosis of glioma patients. At the same time, we also analyzed 
whether the impact of CCDC103 on the prognosis of glioma patients was correlated with clinicopathological features.

GO and KEGG Pathway Enrichment Analysis
The Kyoto Encyclopedia of Genes and Genomes (KEGG),24 Gene Ontology enrichment pathways25 and GSEA 
enrichment analysis26 were used to explore the biological processes and molecular functions of CCDC103 in glioma. 
To determine the underlying mechanism of CCDC103, we first performed Pearson correlation analysis (|r| > 0.4 and p < 
0.05) to analyze the relevant genes in the data set. Significant analysis was considered when the false discovery rate 
(FDR) was less than 0.01 and the p-value was less than 0.05.

Relationship Between CCDC103 and Tumor Immune Environment in Glioma
In order to roundly explore whether the expression of CCDC103 was related to the immune cell infiltration in glioma, the data 
of immune infiltrating cells were analyzed from the different algorithms, included “ssGSEA” algorithm,27 “ESTIMATE” 
algorithm28 and “QUANTISEQ” algorithm.29 In addition, we also analyzed the correlation between CCDC103 and immune 
checkpoint molecules through the database. In the end, we used the TIDE (http://tide.dfci.harvard.edu/)30 to predict the 
correlation between CCDC103 expression and immunotherapy sensitivity.

Cell Culture
The glioma cell lines A172, T98G, U251, and SF295, along with Normal Human Astrocytes(NHA), were procured from 
the Cell Bank of the Kunming Institute of Zoology and cultured in DMEM (Corning) containing with 10% fetal bovine 
serum (FBS) and 1% penicillin/streptomycin at 37°C with 5% CO2. All cells were passaged three times, and the medium 
was changed every two days.
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Cell Transfection
The CCDC103 siRNA plasmid and control siRNA were synthesized by GenePharma (Shanghai, China). U251 and 
SF295 cells were treated with Lipofectamine 3000 reagent (Invitrogen, Carlsbad, CA, United States) on 6-well plate. The 
CCDC103 siRNA sequence were: GCAGGACCAUAAUAAGAAACC. Scrambled siRNA was used as negative control.

Quantitative Real-Time PCR
Total RNA from glioma was extracted by TRIzol reagent (Invitrogen, USA) and reverse transcribed by EasyScript First- 
Strand cDNA Synthesis SuperMix Kit (TransGen Biotech, China). Fast Start Universal SYBR Green Master was used for 
RT-PCR (Roche, Cat. 04194194001). The following primers were used: CCDC103-F: GAATGCTGCCAAGTTACGGG, 
CCDC103-R: TGATGCAAGGACAATACCCCT; 18sRNA-F: AACCCGTTGAACCCCATT, 18sRNA-R: CCATCCAA 
TCGGTAGTAGCG. Expression was quantified using the 2−ΔΔCt method.30

Western Blotting
Protein samples were separated using 10% sodium lauryl sulfate–polyacrylamide gel electrophoresis (SDS–PAGE) and 
then transferred to a polyvinylidene fluoride (PVDF) membrane before blocking at room temperature for 1 h in 5% skim 
milk. Next, the membrane was incubated with the primary antibody (CCDC103,CUSABIO, CSB-PAS12877LA01HU, 
China,1:1000;β-actin, Proteintech, Cat No. 81115-1-RR, 1:5000, China) at 4 °C overnight and then incubated with the 
secondary antibody (Proteintech, Cat. No. SA00001− 2;1:5000, China) at room temperature.

Immunohistochemistry
Antigen retrieval was performed using an antigen retrieval kit (Transgenitor bio). The slides were dewaxed and treated with 
3% hydrogen peroxide and BSA (5%, Bioss). The diluted primary antibody was added to the slides and incubated overnight. 
The primary antibody was anti-CCDC103 (CUSABIO, CSB-PAS12877LA01HU, China), and the secondary antibody was 
anti-Rabbit IgG (K5007, Agilent Technologies, USA). DAB kit (K5007, Agilent Technologies, USA) was used for staining 
and hematoxylin was used for restaining. Slides are viewed under a laboratory microscope (Nikon, Japan).

GrowthCurve
1×104 cells were planted on 6-well plates. After 24 hours, tumor cells were digested with trypsin and 20ul cells were 
absorbed and placed on slides for counting, once a day for 6 consecutive days.

Colony Formation Experiment
The transfected cells were grown in 6-well plates with the medium changed every two days. After 14 days, the cells were 
fixed with a fixative solution, stained with crystal violet, and photographed for statistics.

Transwell Assay
The migration ability of tumor cells was detected by transwell cell culture system. 1×105 cells were suspended in 1mL 
serum-free DMEM medium, and 100ul cell suspension was placed in transwell chamber. After one day, the cells were 
stained with crystal violet and counted.

Wound healing Assay
The 1×105 cells were planted in the six-well plate. After 24 hours, the 6-well plates were scratched with the head of 
a pipetting gun. At this time, the width of the scratches was recorded under a microscope. Thirty-six hours later, the six- 
well plate was again placed under a microscope and photographed to record the width of the scratches.

Statistical Analysis
The expression of CCDC103 in tumors was analyzed by using the CGGA and TCGA databases. Log rank test was used 
for survival analysis. The relationships between genes were assessed by P value and Spearman correlation modulus. 
Wilcoxon rank-sum test was used for continuous variables and chi-square test was used for categorical variables to assess 
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the correlation between CCDC103 and pathological features. The expression of CCDC103 in normal glial cells and 
tumor cells was detected by ANOVA (Analysis of Variance). All cytological experiments were repeated three times. 
P-value less than 0.05 was defined statistically significant.

Results
Expression Analysis of CCDC103 in Normal Tissues and Tumor Tissues in Human
We evaluated the differential expression of CCDC103 between human normal tissues and tumor tissues through TCGA 
database. Our results indicated that CCDC103 was upregulated in Glioblastoma(GBM), Low grade glioma (LGG), Breast 

Figure 1 The expression of CCDC103 in human cancer. (A)The expression of CCDC103 in pan-cancer examined using the TCGA database. (B–C) The expression of 
CCDC103 in glioma examined by using TCGA and GEO databases. (D and E) The expression of CCDC103 in various glioma tissues types and tumor-grade based on the 
TCGA and CGGA databases. (F) ROC curve demonstrated the sensitivity and specificity of CCDC103 in the diagnosis of glioma. **P<0.01, ***P<0.001, ****P<0.0001.
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invasive carcinoma (BRCA), Lung adenocarcinoma(LUAD), Esophageal carcinoma., (ESCA), Kidney renal papillary 
cell carcinoma(KIRP), Colon adenocarcinoma, (COAD), Prostate adenocarcinoma(PRAD), Stomach adenocarcinoma, 
(STAD), Head and Neck squamous cell carcinoma(HNSC), Kidney renal clear cell carcinoma(KIRC), Liver hepatocel-
lular carcinoma(LIHC), Skin Cutaneous Melanoma(SKCM), Bladder Urothelial Carcinoma(BLCA), Thyroid carcinoma-
(THCA), Ovarian serous cystadenocarcinoma(OV), Pancreatic adenocarcinoma(PAAD), Acute Myeloid 
Leukemia(LAML), Adrenocortical carcinoma(ACC) and Gallbladder cancer(CHOL), but downregulated in Testicular 
Germ Cell Tumors(TGCT) and Kidney Chromophobe(KICH) (Figure 1A and Supplementary Figure 1). Subsequently, 
we also demonstrated the high expression of CCDC103 in glioma by using TCGA (Figure 1B) and GEO (Figure 1C) 
databases. In addition, through TCGA and CGGA database analysis, we found that CCDC103 expression was sig-
nificantly different in different glioma tissue types (Figure 1D), and the expression level of CCDC103 was positively 
correlated with the grade of glioma (Figure 1E). Receiver operating characteristic (ROC) analysis CCDC103 showed an 
Area Under Curve (AUC) value of 0.905 in low grade glioma patients and an AUC value of 0.939 in GBM patients 
(Figure 1F). These results confirmed that CCDC103 has the potential to be used as a diagnostic indicator for glioma.

Figure 2 Association Between CCDC103 Expression and Clinicopathologic Characteristics of glioma patients. (A and B) Correlation between CCDC103 expression and 
clinicopathological characteristics in glioma by TCGA database. (C) Correlation between CCDC103 expression and clinicopathological characteristics in glioma by CGGA 
database.*P<0.05, **P<0.01, ***P<0.001.
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Correlation Between CCDC103 Expression and Clinicopathological Features of 
Glioma Patients
TCGA and CGGA databases were used to evaluate the relationships between CCDC103 and clinicopathological features 
of glioma patients. The results showed that CCDC103 expression was related with isocitrate dehydrogenase (IDH) 
mutation status, IDH codel subtype, chromosomes 1p/19q co-deletion status, MGMT promoter status, pan-glioma RNA 
expression cluster, pan-glioma DNA methylation cluster, transcriptome subtype, chemotherapy status and gender in 
glioma (Figure 2A–C and Table 1). These results demonstrated that CCDC103 expression was significantly associated 
with the development and progression of glioma.

Prognostic Value of CCDC103 in Glioma
Through TCGA analysis, it was discovered that CCDC103 is associated with the prognosis of various types of tumors. 
Specifically, high expression of CCDC103 was found to be correlated with poor prognosis in glioma patients. This finding was 
further validated using data from the CGGA database, which indicated that CCDC103 plays a negative role in the prognosis of 
glioma patients (Figure 3A and Supplementary Figure 1). The Kaplan–Meier curves were plotted in subgroups of data from 
TCGA database, including tumor grade, IDH mutation status, 1p/19q codeletion, patient gender, patient age, histological type, 
and primary therapy outcome. Subgroup analysis indicated that CCDC103 overexpression was significantly affected the 
overall survival in glioma cases of grade G2 (P=0.037), G3&G4 (p<0.001), IDH status WT (P<0.001), 1p/19q non-codel 
(P<0.001), male (P<0.001), female (p=0.003), astrocytoma (P=0.006), and primary therapy outcome SD (P=0.007), respec-
tively (Figure 3B–D). CGGA database was used to confirm the above results from CGGA database (Figure 3E and F).

Logistics regression analysis was used to prove which factors were risk factors for glioma patients. We found that 
glioma tumor grade, IDH mutation status, 1p/19q co-deletion status, patient age and glioma tissue type are risk factors for 

Table 1 The Correlation Between CCDC103 Expression and Clinical Features in Glioma

Characteristics Low Expression of 
CCDC103

High Expression of 
CCDC103

P value

n 348 351
WHO grade, n (%) < 0.001

G2 150 (23.5%) 74 (11.6%)
G3&G4 172 (27%) 241 (37.8%)

IDH status, n (%) < 0.001

WT 102 (14.8%) 144 (20.9%)
Mut 243 (35.3%) 200 (29%)

1p/19q codeletion, n (%) < 0.001

Non-codel 229 (33.1%) 291 (42.1%)
Codel 117 (16.9%) 55 (7.9%)

Primary therapy outcome, n (%) 0.029

PD 48 (10.3%) 64 (13.8%)
SD 80 (17.2%) 68 (14.6%)

PR 29 (6.2%) 36 (7.7%)

CR 84 (18.1%) 56 (12%)
Gender, n (%) 0.186

Female 157 (22.5%) 141 (20.2%)

Male 191 (27.3%) 210 (30%)
Age, n (%) 0.599

<= 60 274 (39.2%) 282 (40.3%)

> 60 74 (10.6%) 69 (9.9%)
Histological type, n (%) < 0.001

Astrocytoma 77 (13.7%) 119 (21.1%)

Oligodendroglioma 126 (22.3%) 74 (13.1%)
Glioblastoma 64 (11.3%) 104 (18.4%)
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Figure 3 Analysis of the prognostic value of CCDC103 in different glioma subgroups. Analysis of the prognostic value of CCDC103 in different subgroups, including(A) OS 
(B) WHO grade (C–D) IDH mutation status,1p/19q, therapy outcome, age, histology type and gender.(E–F) in CGGA result.*P<0.05, **P<0.01, ***P<0.001.
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glioma (Table 2). Meanwhile, Nomogram diagram and Calibration curve were used to predict the effects of various 
variables on the prognosis of glioma patients. We found that 1-,3-, and 5-year Overall Survival and Disease Free Survival 
were associated with CCDC103 expression, IDH mutation status, 1p/19q co-deletion status, primary therapy outcome 
and patient age in patients with glioma (Figure 4A–D). Univariate and multivariate analyses showed that CCDC103 was 
an independent predictor of prognosis in patients with glioma (Figure 4E, F and Table 3). These results suggested that 
high expression of CCDC103 in gliomas was associated with poor prognosis.

Enrichment Analysis of CCDC103 in Glioma
To investigate the molecular mechanisms of CCDC103 in glioma, functional enrichment analyses were executed. The 
enriched Gene Ontology(GO) items in Biological Process(BP) included humoral immune response, lymphocyte mediated 
immunity, B cell mediated immunity and immunoglobulin mediated immune response (Figure 5A). The enriched GO 
items in Cellular Component(CC) included synaptic membrane, immunoglobulin complex, presynapse, extemal side of 
plasma membrane, transporter complex and postsynaptic membrane (Figure 5B). The enriched GO items in Molecular 
Function(MF) included passive transmembrane transporter activity, channel activity, substrate-specific channel activity, 
ion channel activity, metal ion transmembrane transporter activity, gated channel activity and antigen binding 
(Figure 5C). KEGG pathway analysis indicated enrichment in MAPK signaling pathway, Ras signaling pathway, 
cAMP signaling pathway, Calcium signaling pathway, GABAergic synapse and synaptic vesicle cycle (Figure 5D). 
These results showed that CCDC103 was highly correlated with immune activation.

Ultimately, we analyzed the signaling pathways involved in CCDC103 by GSEA. The results showed that CCDC103 
was involved in JAK-STAT signaling pathway, aurora B pathway, DNA methylation, P53 downstream pathway, antigen 
processing cross presentation, cancer immunotherapy by PD1 blockade, primary immunodeficiency, G2/M checkpoints 
and CTLA4 pathway (Figure 6A–C).

Relationship Between CCDC103 and Tumor Immune Environment in Glioma
Tumor-infiltrating cells influence tumor progression and patient survival.31 We investigated whether CCDC103 expres-
sion in glioma patients was related to the degree of immune infiltration. We assessed the relationship between the 
expression of CCDC103 and immune infiltration. Based on “ssGSEA” algorithm, we found that CCDC103 expression 
was correlated with immune infiltration (Figure 7A–D). In addition, based on “ESTIMATE” (Figure 7E–G) and 
“QuanTIseq” algorithms (Supplementary Figure 2), we again demonstrated that CCDC103 was associated with immune 
invasion in glioma.

Immune checkpoint molecules regulated immune responses to prevent inappropriate immune activation and allow 
self-tolerance.32 Then, we analyzed the correlation between CCDC103 and immune checkpoint molecules in glioma 
using TCGA database. The results showed that CCDC103 was positively correlated with several immune checkpoint 
molecules, such as CD274, CTLA4, HAVCR2, PDCD1, PDCD1LG2 and SIGLEC15 (Figure 8A–C and Supplementary 
Figure 3). Importantly, there was a significant difference in the strength of the immune response in the high and low 
CCDC103 expression groups, and the weak immune response in the high expression group, indicating that the high 
expression group had a higher possibility of immune escape, while the low expression group was more beneficial to anti- 
PD1-CTLA4 (Figure 8D).

Table 2 Logistic Analysis of the Correlation Between CCDC103 Expression and Clinical Features in Glioma

Characteristics Total (N) OR (95% CI) P value

WHO grade (G3&G4 vs G2) 637 2.840 (2.021–3.991) < 0.001
IDH status (Mut vs WT) 689 0.583 (0.425–0.799) < 0.001

1p/19q codeletion (Codel vs Non-codel) 692 0.370 (0.257–0.532) < 0.001

Age (> 60 vs <= 60) 699 0.906 (0.627–1.309) 0.599
Primary therapy outcome (CR vs PR) 205 0.537 (0.296–0.973) 0.040

Histological type (Glioblastoma vs Oligodendroglioma) 368 2.767 (1.812–4.226) < 0.001
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CCDC103 Knockdown Inhibits Glioma Cell Growth and Migration
By using qRT-PCR assay and Western blotting, we observed that CCDC103 demonstrated a high level of expression in 
glioma cell lines, particularly in U251 and SF295 cells, while normal human astrocytes exhibited no expression 
(Figure 9A and B). Additionally, immunohistochemistry analysis revealed that CCDC103 expression level was con-
siderably higher in glioma tissues compared to paracancer tissues (Figure 9C). Through qRT-PCR assay, we confirmed 
that knockdown of CCDC103 in glioma cell lines significantly decreased cell proliferation (Figure 9D). Notably, the 
growth curve data revealed that CCDC103 knockdown considerably impeded glioma cell proliferation rates (Figure 9E). 
Knockdown of CCDC103 significantly suppressed colony formation ability, indicating the crucial role of gene CCDC103 

Figure 4 Construction a nomogram to evaluate the prognosis of CCDC103 in glioma. (A and B) Construction of a nomogram to evaluate the survival in patients with 
glioma. (C and D) The calibration curve used to analyze the TCGA-glioma cohort for OS and DSS. (E and F) Univariate and multivariate regression survival model of 
prognostic covariates in patients with glioma.
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in promoting clonogenic potential (Figure 9F and G). Furthermore, we employed Transwell and Wound Healing tests to 
evaluate the impact of CCDC103 knockdown on the migratory ability of glioma cells, and our findings indicated that it 
inhibited their migration (Figure 9H–K). Overall, these results suggest that CCDC103 is highly expressed in glioma cells 
and is significantly associated with glioma cell proliferation and migration.

Discussion
The prognosis of diffuse glioma is still poor even after thorough treatment, such as surgery, radiation or chemotherapy, 
and tumor electric field therapy. Glioblastomas account for more than 60% of diffuse gliomas, and their typical overall 
survival time is between 14 and 16 months.33 Because of the specific anatomical location, biological characteristics, and 
developmental, genetic, epigenetic, and microenvironmental properties of gliomas that cause them to acquire resistance 
to both conventional and novel therapies, the prognosis for gliomas has slightly improved over the past 15 years. 
Therefore, Patients with glioma urgently need more accurate and focused diagnostic biomarkers as well as possible 
treatment targets. Human CCDC103 is a compact protein consisting of 242 amino acids (AA). It comprises conserved 
central RPAP3_C domain flanked by N- and C-terminal coiled-coil domains.19 The pivotal function of CCDC103 lies in 
proper docking and assembly of outer dynein arms, which play a crucial role in promoting ciliary motion. Interestingly, 
CCDC103 has also been observed to localize throughout the cytoplasm of both ciliated and non-ciliated cells.34 In vitro 
investigations have demonstrated the ability of CCDC103 to form self-organizing oligomers. Additionally, it periodically 
binds to cytoplasmic microtubules, supporting the stability of assembled microtubules.18,19 Despite these extensive 
investigations, the precise role of CCDC103 in cancer remains unclear.

Table 3 Univariate and Multivariate Analysis of the Prognostic Value of CCDC103 in Glioma

Characteristics Total(N) Univariate Analysis Multivariate Analysis

Hazard Ratio (95% CI) P value Hazard Ratio (95% CI) P value

WHO grade 636

G2 223 Reference Reference
G3 245 2.967 (1.986–4.433) < 0.001 2.124 (1.334–3.383) 0.002

G4 168 18.600 (12.448–27.794) < 0.001 8.201 (2.516–26.732) < 0.001

IDH status 688
WT 246 Reference Reference

Mut 442 0.116 (0.089–0.151) < 0.001 0.509 (0.305–0.850) 0.010

1p/19q codeletion 691
Non-codel 520 Reference Reference

Codel 171 0.225 (0.147–0.346) < 0.001 0.598 (0.343–1.042) 0.070

Primary therapy outcome 464
PD 112 Reference Reference

SD 148 0.440 (0.294–0.658) < 0.001 0.367 (0.222–0.607) < 0.001

PR 65 0.167 (0.073–0.385) < 0.001 0.204 (0.073–0.569) 0.002
CR 139 0.131 (0.063–0.273) < 0.001 0.162 (0.075–0.350) < 0.001

Age 698

<= 60 555 Reference Reference
> 60 143 4.696 (3.620–6.093) < 0.001 4.148 (2.520–6.828) < 0.001

Gender 698

Female 297 Reference Reference
Male 401 1.250 (0.979–1.595) 0.073 1.750 (1.115–2.747) 0.015

CCDC103 698

Low 347 Reference Reference
High 351 1.460 (1.142–1.865) 0.002 0.747 (0.482–1.159) 0.194

Notes: Primary therapy outcome: including PD, SD, PR and CR. 
Abbreviations: PD, progressive disease; SD, stable disease; PR, partial response; CR, complete response.
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The current study, to our knowledge, is the first to thoroughly assess CCDC103 expression and its relationship with 
clinical and prognostic outcomes in glioma using a variety of open databases. We found that high expression of 
CCDC103 was associated with higher tumor grades, histological type, IDH mutation status,1p/19q chromosome co- 
deletion outcome, and poor OS in patients with glioma. We developed a nomogram based on multivariate Cox analysis to 
predict the prognosis of patients with glioma by detecting CCDC103 expression and stratifying glioma patients with 
better performance, and the outcomes showed that CCDC103 expression, WHO grade, IDH status, 1p/19q codeletion, 
and age were independent predictive factors for overall survival in glioma patients. ROC analysis also confirmed the 
diagnostic value of CCDC103. To explore more molecular mechanisms of CCDC103 in glioma. GO, KEGG, and GSEA 
enrichment studies revealed that most of the diverse pathways, including the MAPK signaling route, Ras signaling 
pathway, and cAMP signaling pathway, were connected to immune responses.

Various studies have shown that immune cells play a very important role in tumors.35–38 The immunosuppressive tumor 
microenvironment (TME) of glioma facilitates the immune evasion of neoplastic cells and is a crucial element impeding the 
advancement of glioma therapy.39 Immunosuppressive cells, including GAMs, Tregs, and MDSCs, play a paramount role in 
maintaining an immunosuppressive TME.40–42 A recent investigation has revealed that the immunosuppressive glioma 

Figure 5 Function enrichment analysis of CCDC103 in glioma. (A–C) GO analyses of genes co-expressed with CCDC103 were performed by using TCGA data. (B–D) 
KEGG analyze of genes co-expressed with CCDC103 was performed by using TCGA database.
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microenvironment is interrelated with the gut microbiota, which is implicated in the incidence, progression, and treatment of 
GBM.43 Deciphering the gut-immune-brain cancer axis and examining the composition of the gut microbiota can provide 
novel opportunities for developing efficacious immunotherapies for malignant brain cancer.44 Accumulating evidence 
indicates that immune cells are suppressed in the glioma microenvironment through various mechanisms, including the 
presence of immune checkpoints like PD-1/PD-L1 and CTLA-4.45,46 Some studies have shown that the expression of 
immune checkpoint genes limits the immune surveillance of TME.30 Studies have shown that antibodies targeting CD274, 
CTLA-4, and PDCD1 (immune checkpoint molecules) could promote anti-tumor T cell activity and improve clinical 
outcomes in a variety of cancers.47–49 In this research, We explored the correlation between CCDC103 and immune 
checkpoint molecules and found that CCDC103 was significantly correlated with CD274, CTLA4, HAVCR2, PDCD1, 
PDCD1LG2 and SIGLEC15. Importantly, there was a significant difference in the strength of the immune response in the 
high and low CCDC103 expression groups, and the weak immune response in the high expression group, indicating that the 
high expression group had a higher possibility of immune escape, while the low expression group was more beneficial to 

Figure 6 The signaling pathways involved in CCDC103 were analyzed by GSEA tool. (A–C) The involvement of genes co-expressed with CCDC103 in glioma signaling 
pathways as examined by GSEA.
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Figure 7 The effects of CCDC103 expression on immune cell infiltration in glioma. (A–D) Correlation between CCDC103 and immune cell infiltration in glioma based on 
“ssGSEA” algorithm. (E–G) Correlation between CCDC103 and immune cell infiltration in glioma based on “ESTIMATE” algorithm. *P<0.05, **P<0.01, ***P<0.001.
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anti-PD1-CTAL4. Consequently, our findings validate that CCDC103 may modulate immune cell infiltration, thereby 
serving as a prognostic biomarker for immunotherapy in glioma patients. Moreover, both immunohistochemistry and 
Western blot analysis substantiated that CCDC103 was abundantly expressed in glioma tissue and glioma cell lines. The 
biological functions of CCDC103 in these cells were assessed by CCDC103 knockdown, which considerably suppressed 
glioma cell proliferation and migration. These outcomes propose that CCDC103 could function as an oncogene in glioma; 
nevertheless, further investigations are required to validate these observations.

Limitations
This study is subject to several limitations. Although the correlation between CCDC103 and immune cell infiltration in 
glioma patients was explored, the function of CCDC103 in regulating the tumor microenvironment in glioma was not 
determined. Moreover, although the study demonstrated that depletion of CCDC103 could inhibit the cell migration of 
glioma cells, the potential molecular mechanisms of CCDC103 in cancer metastasis remain unclear. Additionally, the 
present study only assessed the expression and biological roles of CCDC103 in databases of patients with glioma and 

Figure 8 Correlation between CCDC103 expression and immune checkpoint molecules. (A–C) The correlation between CCDC103 expression and immune checkpoint 
molecules. (D) The correlation between CCDC103 expression and immunotherapy sensitivity. *P<0.05, **P<0.01, ***P<0.001.
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cultured cells, not in vivo. Therefore, further studies are required to evaluate the function of CCDC103 in glioma 
metastasis and its role in regulating the glioma tumor microenvironment.

Conclusions
In summary, The present study unveiled that CCDC103 was expressed in glioma and its high expression level was 
associated with unfavorable patient prognosis. Silencing of CCDC103 in glioma cells resulted in decreased proliferation 

Figure 9 Knockdown CCDC103 expression inhibits the proliferation and migration of glioma cells. (A)The expression of CCDC103 in glioma cell line was analyzed by qRT- 
PCR assay. (B)The expression of CCDC103 in glioma cell line was analyzed by Western blotting. (C)Immunohistochemistry detection of CCDC103 in para-carcinoma 
tissues and glioma tissues.Scale bar, 50 μm. (D)Detection of CCDC103 knockdown efficiency in glioma cells by qRT-PCR assay. (E) Effect of knockdown CCDC103 
expression on growth ability of glioma cells by GrowthCurve assay. (F and G) Effect of knockdown CCDC103 expression on colon information ability of glioma cells. (H–K) 
Effect of knockdown CCDC103 expression on migration of glioma cells by Transwell and wound healing assays.Scale bar, 100 μm. Each experiment were repeated at least 
three times. **P<0.01, ***P<0.001.
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and migration capabilities. These findings suggest that CCDC103 exerts a crucial function in the progression of glioma 
and has the potential to serve as a novel prognostic biomarker for patients with gliomas.
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