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INTRODUCTION  
 

Glioma is an aggressive brain tumor with high recurrence 

rates [1ï3]. Universal treatment strategies for glioma 

involves surgical resection with postoperative 

chemotherapy and radiotherapy, but the clinical 

prognoses for patients suffering from glioma still remain 

poor due to its lethal malignancy [4ï7]. Nowadays, a 

need still exists to find more advanced treatments for 

glioma. 
 

Aging is an essentially universal characteristic of 

living organisms, is considered to involve a progressive 

decline of internal cellular functions and is a hot spot 

in tumor research [8ï10]. Tumor, like the other 

diseases of aging, become much more prevalent 

beginning at around the midpoint of life. Cellular 

senescence plays significant role in contributing the 

aging progress and developing of tumor, while the 

mechanisms of it on tumor are extremely complex, 

which can both stimulate and suppress tumor 

malignancy [11ï13]. For example, some in vivo 

experiments indicated cellular senescence could 

restrict tumorigenesis in early-stage prostate cancer 

and Braig et al. revealed H3K9me-mediated cellular 

senescence as a novel mechanism to suppress the 
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ABSTRACT 
 

An accumulation of studies has indicated aging to be a significant hazard factor for the development of tumors. 
Cellular senescence is positively associated with aging progress and aging-related genes (AGs) can regulate 
cellular senescence and tumor malignancy. While the association between AGs and the prognosis of patients 
with glioma is still unclear. In our study, we initially selected four survival-associated AGs and performed 
consensus clustering for these AGs based on The Cancer Genome Atlas (TCGA) database. We then explored the 
potential biological effects of four selected AGs. A prognostic risk model was constructed according to four 
selected AGs (LEP, TERT, PON1, and SSTR3) in the TCGA dataset and Chinese Glioma Genome Atlas (CGGA) 
database. Then we indicated the risk score was an independent prognostic index, and was also positively 
correlated with immune scores, estimate score, immune cell infiltration  level, programmed death ligand 1 (PD-
L1) expression, and expression of proinflammatory factors in patients with glioma. Finally, we performed the 
RT-qPCR and immunohistochemistry assay to validate our bioinformatics results. Thus, this study indicated the 
risk model was concluded to possibly have potential function as an immune checkpoint inhibitor and to provide 
promising targets for developing individualized immunotherapies for patients with glioma. 
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formation of lymphomas [14, 15]. While some studies 

indicated an obvious ability of injected senescent 

fibroblasts to stimulate the proliferation of human 

epithelial tumor cells in immunocompromised mice  

[16, 17], which was closely associated with the 

senescence-associated secretory phenotype (SASP) 

[18]. Aging-related genes (AGs) can regulate cellular 

senescence and play a key role in tumor malignancy 

[11, 19]. There is, however, limited knowledge about 

the relationships between AGs and the prognosis of 

patients with glioma. 

 

In our study, we selected four survival-associated  

AGs and performed consensus clustering for these 

AGs based on The Cancer Genome Atlas (TCGA) 

database. We then explored the potential biological 

effects of four selected AGs. Then a prognostic  

risk model was constructed, we indicated the risk  

score was an independent prognostic index, and  

was positively correlated with immune scores, 

estimate score, immune cell infiltration level, 

programmed death ligand 1 (PD-L1) expression, and 

proinflammatory factors expression in patients with 

glioma. Finally, we performed some laboratory 

experiment to validate our bioinformatics results. Our 

research revealed their underlying implication as 

biomarkers for predicting clinical prognosis of patients 

with glioma. 

 

RESULTS 
 

Selection the AGs association with the prognostic of 

patients with glioma 

 

To find differentially expressed AGs, we initially 

selected 676 differentially expressed genes based on 

TCGA database (Figure 1A, 1C). Then we identified 4 

differentially expressed AGs from 676 differentially 

expressed genes: LEP and TERT were upregulated 

while PON1 and SSTR3 were downregulated (Figure 

1B, 1D). We then found that these AGs were correlated 

with the prognosis of patients with glioma (P < 0.01, 

Figure 1E). We also identified that the frequency  

of these survival-associated AG genetic alterations  

(< 1.8%, Figure 1F). 

 

Consensus clustering for four survival-associated 

AGs and with the prognoses of patients with glioma 

 

To explore the association of four survival-associated 

AGs, we performed correlation analysis according to 

their mRNA expression level in the TCGA datasets. 

Our results revealed the expression of PON1 was 

crucially positive associated with SSTR3 in glioma, 

while there were a crucial negative association between 

the expression of PON1 and TERT, and the expression 

of LEP was negatively associated with PON1 and 

SSTR3 (Figure 2A). Consensus clustering analysis was 

used to sort samples into subtypes based on the 

expression profiles of the above-identified four 

survival-associated AGs in the TCGA datasets. The 

resulting cumulative distribution function (CDF) curves 

and SigClust analysis indicated a K value of = 2 (Figure 

2B, 2C and Supplementary Figure 1), categorization of 

two subtypes (cluster1 (n = 317) and cluster2 (n = 311)) 

on the basis of different expression levels of the  

four survival associated AGs. The expression levels of 

the four selected AGs were statistically different 

between the two subtypes, which showed cluster2 with 

the upregulated expression levels of the risk factors 

(TERT and LEP) and clsuter1 with the upregulated 

expression of protective factors (SSTR3 and PON1, 

Figure 2D). Then we further revealed the gene 

expression profiles between the two subtypes were 

differentiated well by using principal component 

analysis (PCA, Figure 2E). The Kaplan-Meier (KM) 

curves indicated a poor prognosis for the samples in 

cluster2 (P < 0.001, Figure 2F). Furthermore, high 

grade, old age, mutant-type isocitrate dehydrogenase 

(IDH) status, 1p19q non-codeletion status were 

presented in cluster2 than cluster1 (Figure 2D and 

Supplementary Table 1). 

 

Consensus clustering analysis revealed the potential 

cellular biological effects of four survival-associated 

AGs 

 

Since cluster2 presented the low OS, the malignancy-

related mechanisms were further explored in this 

subtype. We selected differentially expressed genes 

between cluster2 and cluster1, and analyzed some 

biological processes significantly correlated with 

cluster2. Compared with cluster1, genes whose products 

are involved in neutrophil degranulation, neutrophil 

activation, ras protein signal transduction and regulation 

of cell morphogenesis were positively enriched in 

cluster2 (Figure 3A). A Kyoto Encyclopedia of Genes 

and Genomes (KEGG) analysis also revealed a crucial 

positive enrichment of genes involved in human 

papillomavirus infection, the wnt signaling pathway, 

cellular senescence, and the AMPK signaling pathway 

(Figure 3B). In addition, we further showed malignant 

hallmarks by carrying out a gene set enrichment 

analysis (GSEA), which indicated that the IL6 JAK 

STATS signaling (NES = 1.53, normalized P = 0.039), 

apoptosis (NES = 1.60, normalized P = 0.013), DNA 

repair (NES = 1.89, normalized P = 0.004), and G2M 

checkpoint (NES = 1.68, normalized P = 0.03) were 

significantly positively associated with cluster2 (Figure 
3C). In conclusion, our results might provide novel 

insights for cellular biological function related to four 

survival-associated AGs. 
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Identification of the prognostic value of selected AGs 

and risk model derived from four select AGs 

 

The least absolute shrinkage and selection operator 

(Lasso) Cox regression algorithm was used to build a 

prognostic risk model according to the expression levels 

of the four selected AGs in the TCGA datasets, and 

coefficients were obtained to calculate the risk scores 

for each patient with glioma (Supplementary Figure 2). 

We sorted glioma samples into two subtypes by the 

median risk scores. The KM curves revealed that the 

samples in the high-risk categories had a poorer OS 

than did those in the low-risk categories based on 

training and validation databases (P < 0.001, Figure 4A, 

4B). The area under the time-dependent receiver 

operating characteristic (ROC) curve (AUC) values 

were calculated to assess the value of our four-AG risk 

model which was 0.805 for the TCGA dataset, 0.801 for 

the Chinese Glioma Genome Atlas (CGGA) datasets 

(Figure 4C, 4D). These results showed the accuracy of 

 

 
 

Figure 1. Selection of differentially expressed and survival-associated AGs based on TCGA datasets. (A) Heatmap of all genes 

with significant differences between lower-grade glioma (LGG) and glioblastoma (GBM) samples. (C) Volcano plot of all genes based on TCGA 
datasets, light blue represented downregulated of genes, and pink represented upregulated of genes. (B) Differentially expressed AGs are 
showed in heatmap between LGG and GBM samples. (D) Volcano plot of the four selected differentially expressed AGs, light blue 
represented downregulated of AGs, and pink represented upregulated of AGs. (E) Forest plot of the four differentially expressed AGs.  
(F) Genetic changes of the four survival-associated AGs. 
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Figure 2. Two categories of patients based on distinct clinical characteristics and the OS according to the expression levels of 
the four survival-associated AGs in the TCGA datasets. (Aύ {ǇŜŀǊƳŀƴΩǎ ŎƻǊǊŜƭŀǘƛƻƴ ŀƴŀƭȅǎƛǎ ƻŦ ǘƘŜ ŦƻǳǊ ǎǳǊǾƛǾŀƭ-associated AGs (LEP, 
TERT, PON1, and SSTR3) in the TCGA datasets. (B) The relative change of the area under the cumulative distribution function (CDF) for K =2-9. 
(C) The consistency clustering CDF curve for K = 2-9. (D) Clinical characteristics of two clusters identified based on the expression levels of the 
four survival-associated AGs in the TCGA datasets. (E) Principal component analysis (PCA) for the total mRNA expression profile based on 
TCGA datasets. (F) Kaplan-Meier (KM) curves for 628 cluster1 and cluster2 glioma patients based on the TCGA datasets. * P < 0.05,  
** P < 0.01, and *** P < 0.001. 
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our four-AGs risk model for glioma prognosis. The risk 

plot distribution, survival status of patients with glioma, 

and heatmap of the expression of included genes were 

determined based on the TCGA and CGGA databases 

(Figure 4E, 4F). 

Positive correlations of the risk model with the OS 

and clinical characteristics of patients with glioma 
 

The correlations between the risk scores and clinical 

characteristics of patients with glioma were examined 

 

 
 

Figure 3. The potential biological functions of four selected associated-survival genes. (A, B) Functional annotations of 

differentially expressed genes in clsuter2 compared with cluster1 based on TCGA datasets determined from Geno Ontology (GO) and Kyoto 
Encyclopedia of Gene and Genomes (KEGG) pathway analyses. (C) Malignancy hallmarks positively enriched in cluster2 determined using 
gene set enrichment analysis (GSEA) in the TCGA datasets. 
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using the Wilcoxon test, which showed significant 

differences between risk scores in groups stratified by 

the Word Health Organization (WHO) tumor grade (P < 

0.001), age (P < 0.001), 1p/19q status (P < 0.001) and 

IDH status (P < 0.001, Figure 4Gï4K). Univariate Cox 

regression analyses revealed that the WHO grade, age, 

IDH status, 1p/19q status, and risk score were 

significantly correlated with prognosis of patients in the 

 

 
 

Figure 4. Construction of a risk model and the association of the risk model with clinical characteristics of patients with 
glioma. (A, B) Kaplan-Meier (KM) curves for overall survival (OS) prediction based on the training (TCGA) and validation (CGGA) datasets.  
(C, D) Receiver operating characteristic (ROC) curves for the risk model both in the training and validation datasets. (E, F) Risk plot 
distribution, survival status of patients, and heatmap of expression of included genes in the training and validation datasets. (GςK) 
Relationships between the risk score and clinical characteristics (grade, age, 1p19q status, IDH status, and gender) of patients with glioma. 
Non-significant (ns) P > 0.05, * P < 0.05, ** P < 0.01, and *** P < 0.001. 


