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INTRODUCTION 
 

Renal cell carcinoma (RCC) originates from the 

epithelial cells of the renal tubules and accounts for 

approximately 90% of renal cancers [1]. It has a 

mortality rate of nearly 30-40% and brings about a large 

number of deaths per year. The aetiology of RCC is 

complex, including gender, obesity, hypertension, 

smoking, chronic kidney disease, and so on [2]. Recent 

research has reported that the incidence of RCC  
is increasing and causes large-scale public health 

problems [3]. Renal clear cell carcinoma (KIRC), the 

most common type of renal cell carcinoma, accounts for 

about 75% of all renal cell carcinomas [4]. Although 

clear cell carcinoma detected early can be successfully 

cured surgically, metastasis still occurs in up to 30% of 

patients, and the prognosis of this metastatic cancer is 

extremely poor; it seems to be a common problem in 

urological malignancy [5–7]. For these metastatic  

clear cell carcinomas, systemic therapy based on 

immunosuppressive agents or targeted drug therapy is 

an option [8], but their therapeutic efficacy remains 

limited. Therefore, exploring new potential markers for 

prognostic prediction and individualized therapy is of 

great clinical importance. 

 

Exosomes are extracellular vesicles with a diameter of 

about 30–150 nm [9]. Almost all cells in the body can 
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ABSTRACT 
 

Renal cell carcinoma (RCC) is one of the most prevalent types of urological cancer. Exosomes are vesicles 
derived from cells and have been found to promote the development of RCC, but the potential biomarker and 
molecular mechanism of exosomes on RCC remain ambiguous. Here, we first screened differentially expressed 
exosome-related genes (ERGs) by analyzing The Cancer Genome Atlas (TCGA) database and exoRBase 2.0 
database. We then determined prognosis-related ERGs (PRERGs) by univariate Cox regression analysis. Gene 
Dependency Score (gDS), target development level, and pathway correlation analysis were utilized to examine 
the importance of PRERGs. Machine learning and lasso-cox regression were utilized to screen and construct a 
5-gene risk model. The risk model showed high predictive accuracy for the prognosis of patients and proved to 
be an independent prognostic factor in three RCC datasets, including TCGA-KIRC, E-MTAB-1980, and TCGA-KIRP 
datasets. Patients with high-risk scores showed worse outcomes in different clinical subgroups, revealing that 
the risk score is robust. In addition, we found that immune-related pathways are highly enriched in the  
high-risk group. Activities of immune cells were distinct in high-/low-risk groups. In independent immune 
therapeutic cohorts, high-risk patients show worse immune therapy responses. In summary, we identified 
several exosome-derived genes that might play essential roles in RCC and constructed a 5-gene risk signature to 
predict the prognosis of RCC and immune therapy response. 
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secrete exosomes, including mesenchymal stem cells, 

tumour cells and immune cells [10]. Depending on the 

origin of the cell, exosomes contain a variety of 

substances, including nucleic acids, lipids, as well as 

metabolic and cell surface proteins [11]. Exosomes have 

a variety of activities, such as remodelling the 

extracellular matrix and transmitting signals and 

molecules to other cells [12]. Previous studies have 

shown that tumour-derived exosomes play a role in 

regulating tumour immunity and are essential for the 

formation and metastasis of the pre-metastatic niche 

(PMN) [13]. For instance, exosomes derived from 

breast and prostate cancer cells have been found to 

induce tumours by transferring their miRNAs [14]. 

Exosome miR-200 from metastatic breast cancer cells 

could enhance epithelial-mesenchymal transformation 

(EMT) and metastasis [15]. In addition, exosome 

substances stem from different cancer cells, such as 

nucleic acids, signalling proteins, and metabolites, and 

could irritate the tumour-promoting effects of stromal 

cells [16]. Fibroblast-derived exosomes could promote 

breast cell metastasis by inducing Wnt-PCP autocrine 

signalling [17]. In renal clear cell carcinoma, research 

has reported exosomes could promote metastasis and 

other tumour progression events [18, 19]. For example, 

RCC-derived exosomes facilitate tumour development 

by inducing macrophage polarization via transferring 

lncARSR; cancer stem cells (CSC) - derived exosomes 

transported miR-19b-3p into CCRCC cells and 

initiated EMT-promoting metastasis. Therefore, 

exploring the relationship between exosomes and renal 

clear cell carcinoma is necessary for further 

developing potential therapeutic targets based on 

exosomes. So far, research has begun to explore the 

exosome-related potential biomarkers in kidney 

cancer. Yoshino et al. found that exosomal MYO15A 

could be a diagnostic and therapeutic target in RCC 

[20]; He et al. established and validated novel 

exosomal mRNA-based signatures for the early 

detection of ccRCC and differential diagnosis of 

uncertain renal masses [21]. However, few studies 

exploit the potential exosome-related biomarkers 

based on large-scale RNA-sequence data and construct 

exosome-related clinical models for predicting RCC’s 

diagnosis and therapeutic effects. 

 

In our study, we tried to explore potential exosome-

related genes by utilizing large-scale RNA-sequence 

data from TCGA and exoRbase databases. Based on 

Cox regression analysis and multiple machine learning 

methods, we identified a 5-gene risk signature called 

prognosis-related exosome-related genes (PRERGs) 

signature to predict the prognosis of KIRC. External 
independent datasets (E-MTAB-1980 and TCGA-

KIRP) proved that the risk signature is practical. 

Further, tumour immune infiltration analysis and 

external immunotherapeutic datasets revealed that the 

risk signature could predict the effects of patient-

received immune therapy. We hope that these 

organized data can provide a theoretical basis for 

further experimental research based on exosomes in 

KIRC. 

 

MATERIALS AND METHODS 
 

Data acquisition 

 

Exosome-related data containing 15 KIRC and 118 

healthy samples were downloaded from exoRBase 

database (http://www.exorbase.org/). The mRNA 

expression profile and clinical data of the TCGA-KIRC 

dataset, including 535 tumour tissues and 72 normal 

tissues, and TCGA-KIRP, including 285 tumour tissues, 

were downloaded from the public website (https://

xena.ucsc.edu/public). The TCGA-KIRC and KIRP 

datasets’ mRNA expression values were transformed 

into log2(TPM+1) units. E-MTAB-1980 dataset 

containing 101 RCC samples was downloaded from the 

Array Express database (https://www.ebi.ac.uk/

arrayexpress). E-MTAB-1980 is an external RCC data 

that contains clinical data and normalized mRNA 

expression data. Four immune therapy-related datasets, 

GSE135222 (n = 27), GSE78820 (n = 28), GSE79671 

(n = 36), and GSE42664 (n = 45), were downloaded 

from the Gene Expression Omnibus (GEO) database, 

respectively (https://www.ncbi.nlm.nih.gov/geo/). 

 

Differential expression analysis 

 

Differential expression analysis was performed using 

the limma R package to screen for differentially 

expressed genes (DEGs). |log2(Fold change)| >1 and 

P-value < 0.05 were used as filtering thresholds for 

DEGs. 

 

Survival analyses, gDS, and target development 

levels (TDLs) 

 

Based on the survival R package, the mRNA expression 

data matched with clinical survival data was used to 

conduct uni-variable Cox regression analysis. The risk 

regression model assessed the predictive effect to 

identify the prognosis-related genes. The ideal cut-off 

value of gene expression was calculated by the 

surv_cutpoint R function from the survminer R 

package. Then, the data was divided into the high- and 

low-expression groups. Kaplan-Meier survival curves 

were depicted to show the prognostic difference 

between the high- and low-expression groups. gDS 

score of each gene in kidney cancer cells was obtained 

from the CCLE database (https://sites.broadinstitute.

org/ccle/) and was used to demonstrate the importance 
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of each gene for cells. Each gene’s PubTator score and 

target development levels were obtained from a public 

website (https://pharos.nih.gov/targets). 

 

Pathway correlation analysis 

 

The 50 hallmark pathways’ activities were figured  

using the Gene Set Variation Analysis (GSVA) by 

subjecting the gene sets acquired from the public 

website - MsigDB database (https://www.gsea-

msigdb.org/gsea/index.jsp) to the GSVA R package. 

Then, we calculated the correlation between activity 

score and gene expression using the Pearson method. 

 

Construction of PRERGs risk signature 

 

Three machine learning algorithms, including GBM, 

Coxboost, and Boruta, were performed to select 

potentially essential genes. Then, the dataset was 

separated into training and testing cohorts in terms of a 

ratio of 6:4. The training cohort was used to conduct 

Lasso-penalised Cox regression analyses based on 10-

fold cross-validation from glmnet R-package. Genes 

were finally identified, and risk scores were calculated 

using the following equation: 
 

gene geneRisk score sum (coef Expression )=   

 

The receiver operating characteristic (ROC) curve was 

applied to estimate the predictive efficacy of the risk 

score. Then, the training cohort was divided into high- 

and low-risk groups based on the median risk score 

value. Kaplan-Meier survival curves were depicted to 

determine the prognostic difference between high- and 

low-risk groups. The same analyses were conducted in 

the testing and two external validation cohorts (KIRP 

and E-MTAB-1980 datasets). 

 

Clinical nomogram model 

 

In multivariate Cox regression analysis, the risk score 

was adjusted by age, gender, stage, and grade. Then, 

based on the stepwise methods, the final variables were 

screened and utilized to construct a nomogram model to 

predict 3-/5-/7-year overall survival probability. Time-

dependent ROC curve, calibration curve, and decision 

curve analysis were utilized to estimate the predicted 

efficacy and accuracy of the nomogram model. 

 

PPI network analysis and co-expression analysis  

 

The protein-protein interaction analysis was performed 
by the public website (https://string-db.org/). The 

clinical-actionable genes were downloaded from 

previous research [22]. The correlation between 

clinical-actionable genes and PRERGs was estimated by 

Pearson methods in light of their mRNA expression, 

and the correlation was then shown through a network 

diagram. 

 

Pathway enrichment analysis 

 

Gene ontology (GO), including cell component (CC), 

biological progression (BP), and molecular function 

(MF), were analyzed using the clusterProfiler R 

package. Gene set enrichment analysis (GSEA) of 

hallmark pathways was performed using GSEA 

software. 

 

Tumour immune infiltration analysis 

 

Based on RNA-seq data from TCGA specimens, the 

CIBERSORT algorithm was used to quantify the 

proportion and distribution of tumour-infiltrating 

immune cells (TIICs) by presenting expression matrix 

and reference gene sets. We used the xCell R package 

to assess each sample’s immune, stromal, and tumour 

microenvironment scores. The gene sets of immune 

cells were downloaded from previous research [23]. 

Then, the single sample gene set enrichment analysis 

(ssGSEA) method was used to calculate the activities of 

immune cells. 

 

Statistical analysis 

 

The unpaired t-test was used to compare the differences 

between the two groups. The association between 

variables and overall survival (OS) was assessed using 

univariate and multivariate Cox regression analyses. 

The survival probability differences of the two groups 

in Kaplan-Meier were assessed using the log-rank test. 

Pearson correlation coefficient (PCC) was used to 

quantify the correlation between the two groups. |PCC| 

>0.3 and p-value < 0.05 were regarded as significant. 

 

Data availability 

 

All datasets generated for our research are introduced in 

the article. 

 

RESULTS 
 

Exosome-related genes identification 

 

The Flow diagram is shown in Figure 1. We first 

conducted the differential expression analysis between 

KIRC and normal samples from TCGA and exoRBase. 

3617 differential expression genes (DEGs) in TCGA-

KIRC and 723 DEGs in exoRBase were eventually 

identified (Figure 2A). We further determined 18 

common up-regulated genes and 44 common down-

regulated genes in both datasets based on the Venn 
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diagrams; these genes were named exosome-related 

genes (ERGs) (Figure 2B). The heatmaps and t-SNE 

analysis revealed that the mRNA expression of these 

ERGs could significantly distinguish normal and 

tumour samples (Figure 2C–2F). Therefore, we 

included these genes for further exploration. 

 

Clinical importance evaluation of ERGs 

 

Next, we performed a univariate Cox regression 

analysis to verify the relationship between prognosis 

and ERGs. 26 prognosis-related ERGs (PRERGs) were 

finally determined. Among these, 9 PRERGs were 

recognized as risk factors (TNFSF14, CD7, CDC6, 

BATF, CD82, XK, MEST, XCL2, and CDT1) while 

others as protective factors (LRBA, CTDSPL, OPHN1, 

SNRPN, APP, MFAP3L, ASAP2, FAXDC2, CA2, 

DNAJC6, VEPH1, BMP6, SELP, SUCNR1, DLL4, 

SPX, and ABO) (Figure 3A). The patients with high 

expression of risk genes showed a worse survival 

probability than those with low expression. In the same 

way, patients with low expression of protective genes 

showed a poorer prognosis than those with high 

expression (Supplementary Figure 1). Then, we used 

the gene dependency score (gDS) to assess the 

“importance” of 26 PRERGs. Several genes showed a 

low gDS in most kidney cancer cell lines, such as 

CD82, CD7, MEST, SELP, BMP6, CA2, DNAJC6, and

 

 
 

Figure 1. Flow chart of this research. 
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VEPH1. CDC6 and CDT1, especially, represented the 

lowest gDS in kidney cancer cells, indicating that 

deletion of these two genes severely affects tumour cell 

viability (Figure 3B). In addition, we reviewed the 

target development levels (TDLs) and PubTator scores 

of these genes. We found APP, CA2, SELP, and ABO 

possess a higher PubTator score which is over 2000. 

PubTator scores of DLL4, CD7, LRBA, CD82, BMP6, 

and SNRPN are 200-2000, while others are lower than 

200. Next, we analyzed the drug development status of 

PRERGs and their target development levels (TDLs). 

The TDLs were evaluated by Illuminating the 

Druggable Genome Knowledge Management Center, 

NIH. Three genes, APP, CA2, and SELP, have been 

developed targeted drugs, and SUCNR1 has been 

developed Tchem. Most genes do not have known 

 

 
 

Figure 2. Identification of exosome-related genes in KIRC. (A) The volcano figure shows the differentially expressed genes between 
KIRC and normal control in exoRBase and TCGA-KIRC datasets. (B) The Venn diagram shows the common up-regulated genes and down-
regulated genes in exoRBase and TCGA-KIRC datasets. (C, D) Heatmaps show the expression levels of ERGs in tumours and normal tissues. 
(E, F) T-SNE analyses were performed to show the distribution of tumour tissues and normal tissues based on ERG expression. 
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approved drugs, and their small molecule activities do 

not satisfy the cutoffs of Tclin and Tchem. However, 

they are annotated with experimental evidence or gene 

ontology and are defined as Tbio. MFAP3L and 

FAXDC2 have very few studies and are defined as 

Tdark (Figure 3C). We further explored the relationship 

between these genes and cancer-related pathways by 

calculating the Pearson correlation coefficient (PCC) 

between the mRNA expression value of PRERGs and 

the activity score of cancer-related pathways. These 

PRERGs showed distinct associations with various 

pathways. CDC6 and CDT1, for instance, positively 

correlated with various cycle- and proliferation-related 

pathways, such as E2F targets and G2M checkpoint, 

indicating that they regulate cancer development by 

activating these pathways (Figure 3D). CD7, MEST, 

and XCL2 are highly correlated with IL6/JAK/STAT3, 

inflammatory response, and interferon-gamma/alpha 

response, revealing their peculiar regulation 

mechanism. Notably, CDC6 and CDT1 showed lower 

gDS and PubTator scores, are referred to as Tbio in 

Target development levels, and positively correlated 

with cancer-related pathways, which is worthy of 

further experimental exploration in RCC. 

 

 
 

Figure 3. Importance evaluation of PRERGs in KIRC. (A) The forest diagram shows prognosis-related ERGs (PRERGs). (B) gDS score 
map shows the importance of a single gene to kidney cancer cells. (C) PubTator score and target development level (TDL) of PRERGs. The 
size of the circle represents different PubTator scores; the colour of the circle represents different TDLs. (D) The heatmap reveals a 
correlation between 50 cancer-related hallmark pathways activities and expression of PRERGs in KIRC. 
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PRERGs risk signature construction based on 

machine learning 

 

To explore the relationship between PRERGs and the 

prognosis of RCC patients, we conducted further 

screening by utilizing three machine learning methods, 

including GBM, Boruta, and Cox-Boost. 9 PRERGs were 

finally determined (Figure 4A). Then, we divided the 

TCGA-KIRC dataset into training and testing cohorts and 

conducted a Lasso-cox regression analysis based on the 

mRNA expression of these nine genes in the training 

cohort (Supplementary Figure 2A, 2B). A 5-gene risk 

signature (PRERGs risk signature) was finally 

determined, including TNFSF14, CA2, CDC6, LRBA, 

and MFAP43L. Based on their lasso coefficients and 

mRNA expression values, the risk score per patient was 

calculated by the formula as follows: 
 

Risk score TNFSF14 0.1508474 CA2

0.01339085 + CDC6 0.18011894 LRBA

0.31228396 MFAP3L 0.17567860

=  − 

 − 

− 

 

 
 

Figure 4. Construction of PRERGs signature. (A) The flow chart shows the machine-learning process. (B–E) Kaplan-Meier survival curve 

shows the survival differences in high- and low-risk groups. ROC curve shows the predicted accuracy of the risk score on the prognosis of 
the patients. The risk dot plot shows the number of dead and alive patients with gradually increasing risk scores. Heatmap shows the 
expression of 5 PRERGs that constructed the risk signature in the high- or low-risk group. 
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High-risk patients showed a poorer prognosis than 

low-risk patients (Figure 4B). The risk score showed a 

high accuracy in predicting the prognosis of KIRC 

patients (5 years ROC = 0.7229, 7 years ROC = 

0.7274). In the high-risk group, the number of patients 

proved to be dead was far more than the number of 

patients in the low-risk group. In addition, we 

observed that CDC6 and TNFSF14 are highly 

expressed in the high-risk group, while CA2, LRBA, 

and MFAP3L are highly expressed in the low-risk 

group. Further validation was performed in the testing 

cohort, E-MTAB-1980, and KIRP datasets, and the 

results bear resemblance to the training cohort (For 

testing cohort: 5 years ROC = 0.7341, 7 years ROC = 

0.7295; for E-MTAB-1980: 5 years ROC = 0.7529, 

7 years ROC = 0.6735; for TCGA-KIRP: 5 years  

ROC = 0.6758, 7 years ROC = 0.6645) (Figure 4C–4E). 

In addition, we found that these genes interacted with 

different proteins and positively or negatively 

correlated with different clinically actionable genes, 

indicating that they might regulate cancer by different 

mechanisms and interact with different substrates 

(Supplementary Figure 3A, 3B). 

 

PRERGs risk signature correlated with clinical 

information 

 

Next, we excavated the relationship between clinical 

status and risk score in three RCC datasets. We found 

that PRERG’s risk score was associated with patho-

logical stage and grade of TCGA-KIRC. Specifically, 

patients with advanced stages and grades are mainly 

distributed in the high-risk group (Figure 5A). The 

risk score was then adjusted by other clinical variables 

such as age, gender, grade, and stage during 

multivariate Cox regression analysis. The results 

showed that the PRERG risk score was an 

independent prognostic factor (Figure 5B). What is 

more, the risk scores were practical in different 

clinical subgroups. Patients with high risk always 

showed worse outcomes than patients in low-risk 

groups (Figure 5C). The same analyses were 

performed in another two datasets and revealed 

similar results (Supplementary Figures 4 and 5). 

Notably, the risk score showed no correlation with 

stage and grade in the E-MTAB-1980 dataset, which 

might be due to small sums of samples. However, we 

still observed that more patients with advanced stages 

and grades were distributed in the high-risk group 

than in the low-risk group. Despite different datasets, 

PRERGs still acted as an independent prognostic 

factor, and the high-risk group invariably showed a 

lower survival rate than the low-risk group, indicating 
that PRERGs were steady and robust in predicting the 

prognosis of RCC patients. 

Clinical model construction 

 

Using multivariate Cox regression analysis and stepwise 

regression method in the TCGA-KIRC dataset, a 

nomogram model was subsequently established to 

estimate 3-/5-/7-year survival probability (Figure 6A). 

Time-dependent ROC and calibration curves revealed 

that the model possesses a discriminative accuracy 

(3 years AUC = 0.8079; 5 years AUC = 0.7733; 7 years 

AUC = 0.7510). Decision curve analysis (DCA) 

illustrates that this nomogram model could receive more 

clinical benefit than single variables (Supplementary 

Figure 6A). Based on the nomogram model, a risk score 

was finally determined, and the patients in different risk 

groups showed significant survival differences (Figure 

6A). The same analyses were performed in another two 

external validation cohorts, and the results proved to be 

the same trends (Figure 6B, 6C; Supplementary Figure 

6B, 6C). We then compared our PRERG signature with 

nine other risk signatures [24–32]. PRERGs risk 

signature showed the top 3 of AUC for 3-/5-/7-year 

prognosis of the KIRC patients (Supplementary Figure 

7A–7C), indicating that our risk signature has a higher 

predicted accuracy. 

 

Potential molecular mechanism 

 

To demonstrate the potential molecular mechanism 

between the high PRERGs risk group and the low 

PRERGs risk group, we performed enrichment analysis 

by submitting the differentially expressed genes 

screened from the high-/low-risk group to the 

clusterProfiler R package. We found cell components, 

such as blood microparticles, immunoglobulin complex, 

immunoglobulin complex circulating, plasma 

lipoprotein particle, and protein-lipid complex, highly 

enriched in the high-risk group. In the case of biological 

progression, antibacterial humoral response, anti-

microbial humoral response, positive regulation of 

T cell migration, regulation of CD4-positive alpha-beta 

T cell differentiation, and regulation of T cell migration 

are highly enriched in the high-risk group. Meanwhile, 

molecular function, antigen binding, chemokine 

activity, chemokine receptor binding, fatty acid binding, 

and immunoglobulin receptor binding are highly 

enriched in high-risk groups (Supplementary Figure 

8A–8C). By presenting the mRNA expression profile 

ordered by risk score per sample to GSEA software, we 

found no hallmark pathways significantly enriched in a 

high-risk group. In contrast, several pathways showed a 

correlation with the low-risk group. The top 5 hallmark 

pathways that were enriched in the low-risk group are 

adipogenesis, heme metabolism, fatty acid metabolism, 
bile acid metabolism, and peroxisome pathways, 

indicating that low enrichment of these genes in the 
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high-risk group might be the reason causing poor 

outcomes in the patients (Supplementary Figure 8D). 

 

Immune infiltration and therapeutic response 

 

We further explored the infiltration levels of different 

immune cells in these two groups. As expected, we 

found that CD4+ T cells and CD8+ T cells show higher 

fraction and infiltration levels in high-risk groups. 

However, we observed that Tregs are highly enriched in 

the high-risk group (Figure 7A, 7B). Furthermore, the 

immune and microenvironment scores in the high-risk 

group show a high enrichment, while the stroma score 

shows no significant difference in these two risk groups 

 

 
 

Figure 5. Clinical relevance and robustness of PRERGs risk score in TCGA-KIRC dataset. (A) The heatmap shows the distribution 
of clinical variables in the high- or low-risk groups. (B) The results of multiple Cox-regression analysis in the TCGA-KIRC dataset. (C) Kaplan-
Meier shows the prognostic differences between high- and low-risk groups in classified clinical variables. *P-value < 0.05; **P-value < 0.01; 
***P-value < 0.001; ****P-value < 0.0001. 
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(Figure 7C). The immune checkpoints PDCD1 (also 

known as PD1) and CTLA4 show a higher expression 

in the high-risk group, while CD274 (also known as 

PDL1) shows a higher expression in the low-risk group 

(Figure 7C). To explore whether the PRERGs risk 

signature could predict immune therapy response, we 

further carried out Tumor Immune Dysfunction and 

Exclusion (TIDE) (http://tide.dfci.harvard.edu/) analysis 

by presenting a normalized gene expression profile of 

TCGA-KIRC [33]. The results reveal that most 

responders (R) harboured in low-risk groups, though the 

distribution did not show statistical significance 

(Supplementary Figure 9). We then validated the 

speculation using four other external immune therapy 

cohorts (including GSE135222, GSE78820, GSE79671, 

and GSE42664). We extracted the mRNA expression of 

PRERGs from normalized datasets and then calculated 

the risk score. Then, we matched the risk score with the 

clinical data of each dataset; among these, GSE135222 

and GSE78820 contain survival data that enable us to 

perform survival analysis. The high- and low-risk 

groups were determined by ideal cutoff value, and we 

also observed that high-risk group patients showed low 

survival probability in these two cohorts, even though 

the difference was not significant statistically, that 

might be due to the small sums of samples (Figure 7D, 

7E). We further analyzed another three immune 

therapeutic cohorts (GSE78820, GSE79671, and 

GSE42664); conformably, no responders in these 

datasets showed a higher risk score, while those proved 

to be responders represented a lower risk score (Figure 

7F, 7H and 7J). We calculated the proportion of 

responders and non-responders harboured in the high- 

or low-risk group. The results revealed that a higher 

proportion of no-responders were distributed in the 

high-risk group. In contrast, only a slight collection of 

non-responders was located in the low-risk group 

(Figure 7F–7K). These results suggested that the

 

 
 

Figure 6. Nomogram construction in three RCC datasets. (A–C) A nomogram was constructed based on PRERGs and clinical variables 

to predict the 3-/5-/7-year survival probability of the patients in the TCGA-KIRC, TCGA-KIRP, and E-MTAB-1980 datasets. ROC and 
calibration analysis were performed to estimate the predicted accuracy. The Kaplan-Meier survival curve was depicted to show the 
prognosis difference of high- or low-risk groups which was calculated by nomogram. 
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PRERG risk signature might act as a predictor for 

predicting the reaction of patients who received immune 

therapy. 

 

DISCUSSION 
 

Kidney cancer is one of the common malignant tumours 

of the urinary system. Its early symptoms are hidden 

and difficult to detect. Metastasis usually occurs after 

the appearance of clinical symptoms [34]. Its incidence 

rate is increasing, and the incidence rate in developed 

countries is generally higher than in developing 

countries [2]. One of the primary reasons for the 

increase in incidence is the improvement of medical 

resources and the public’s awareness of their health 

[35]. Although early diagnosis and treatment have 

reduced the mortality rate of renal cancer, metastasis 

after treatment still exists, so there is a need to find a 

new therapeutic target to treat this type of disease 

effectively. 

 

 
 

Figure 7. Relevance between tumour immune infiltration and PRERGs risk signature. (A) Fraction of immune-related cells in the 

high- or low-risk group. (B) Activity score of immune-related cells in the high- or low-risk group. (C) Immune score, stromal score, 
microenvironment score, and three immune checkpoint expressions in the high- or low-risk group. (D, E) Kaplan-Meier survival curves were 
portrayed to show the survival difference in the high- or low-risk group in the GSE135222 and GSE78820 datasets. (F, G) Boxplot shows the 
risk scores of CR/PR and SD/PD groups in the GSE78820 dataset. The barplot shows the distribution of high- or low-risk groups in CR/PR and 
SD/PD groups. (H, I) Boxplot shows the risk score of the response and no-response groups in the GSE79671 dataset. The barplot shows the 
distribution of high- or low-risk groups in the response and no-response groups. (J, K) Boxplot shows the risk score of CR/PR and SD/PD 
groups in the GSE42664 dataset. The barplot shows the distribution of high- or low-risk groups in CR/PR and SD/PD groups. Abbreviations: 
CR: complete response; PR: partial response; SD: stable disease; PD: progressive disease. *P-value < 0.05; **P-value < 0.01; ***P-value 
< 0.001; ****P-value < 0.0001. 
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Recent research has revealed that exosomes, as part of 

the extracellular environment, can remodel the 

extracellular environment and transmit signals and 

molecules to neighbouring cells [12]. Tumour-derived 

exosomes can secrete miRNA to induce tumour cell 

metastasis and mediate the reconstruction of the tumour 

microenvironment [36, 37]. In addition, exosomes are 

critical for pre-metastatic niche (PMN) formation and 

metastasis by intercellular communication between 

tumour cells and the distant organ microenvironment 

[13]. Several studies demonstrated that tumour-derived 

exosomes promote the development of renal cancer 

cells and are non-invasive bioindicators for clinical 

diagnosis and assessment of renal cancer prognosis [19, 

38]. Our study identified 26 potential exosome-related 

genes based on exoRBase-KIRC and TCGA-KIRC 

datasets. Gene Dependency Score, Target development 

levels, and cancer pathway correlation analysis were 

performed to explore the potential function and clinical 

targets. We found several interesting genes, such as 

APP, which has been developed as Tclin. APP is 

overexpressed with APLP in multiple cancers, including 

glioblastoma and breast, pancreatic, lung, colon, and 

prostate cancer, which is known to participate in the 

progression, proliferation, and migration of cancer cells 

[39]. However, the univariate Cox regression result 

revealed that APP is a protective factor for the KIRC 

patient’s prognosis. gDS showed that APP deletion 

slightly affects several kidney cancer cells’ viability, 

which reduces the possibility of APP acting as a target 

in kidney cancer. CDC6 and CDT1, which act as risk 

factors for patients’ prognosis, showed a low enough 

gDS in all kidney cancer cells to show that their 

deletion severely influences cells’ viability. Even 

though little research concerns these two genes, there is 

still some evidence indicating that they will be novel 

therapeutic targets. For CDC6, evidence has been 

accumulated that it acts as an oncogene promoting 

tumour progression and as a potential driver of 

tumourigenesis [40]. Aberrant CDT1 expression has 

been reported to promote tumourigenesis, and its small 

molecular inhibitor showed an obvious tumour-

inhibition function by inducing DNA damage [41]. In 

addition, we also found that these two genes show a 

highly positive correlation with multiple tumour-related 

pathways, such as E2F targets and G2M checkpoint 

pathways. Among these, E2F pathways have been 

found to promote cancer and are considered for 

developing therapeutic strategies [42]. Therefore, it is 

considered that CDC6 and CDT1 promote kidney 

cancer by regulating these oncogenic pathways. Recent 

research also found that down-regulated CDC6 

expression in bladder cancer cells and exosomes could 
inhibit the malignant processes of bladder cancer cells 

[43], revealing that targeting this exosome-derived gene 

might be a promising treatment strategy against 

tumours. However, whether these exosome-derived 

genes act as promising targets in kidney cancer still 

needs further validation. 

 

Previous research has pointed to the use of big clinical 

data to construct predictive models as an important 

strategy in current clinical practice [44, 45]. In this 

study, we used three machine learning methods to 

screen genes that potentially closely correlate with the 

prognosis of kidney cancer patients. Then, Lasso-cox 

regression was performed to determine the final 

PRERGs; 5 genes were selected to construct the 

PRERGs risk score. CDT1 was excluded after the 

screening process, whereas CDC6 was included. To 

some degree, CDC6 and CDT1 might act as similar 

functions, not only for their resemblance on gDS score 

but for their consistent correlation with potential cancer-

related pathways. Considering that increasing CDC6 

expression is largely correlated with poor prognosis of 

KIRC patients, it is reasonable to expel CDT1 during 

the progression of Lasso-cox regression. In multiple 

kidney cancer datasets, PRERGs risk scores were 

practical and acted as an independent prognostic factor, 

suggesting that PRERGs risk score was a better 

predictive factor on patient prognosis. 

 

Over the past decade, cancer immunotherapy, which 

eliminates tumour cells by modulating the patient’s 

immune system, has revolutionized the contours of 

cancer treatment [46]. Thus, the immune system and 

therapy are scientific issues of deep interest in current 

clinical cancer practice. In our study, we found multiple 

immune-related progressions highly enriched in the 

high-risk group, indicating that high-risk patients 

showed an activation of the immune system. 

Apparently, immune activation is largely considered 

good for patients’ prognosis, but high-risk patients still 

represent poor clinical outcomes. By relating to the 

immune infiltration microenvironment, we found that 

CD8+ T-cells showed a higher proportion and activity 

in the high-risk group, while CD4+ T-cells naive and 

memory resting CD4+ T-cells were adverse. In 

addition, we also observed that Treg cells were highly 

enriched in the high-risk group. Tregs are reported to 

mediate the immune system and prevent autoimmune 

disease [47]. In addition, Tregs can inhibit effector T 

cell proliferation and cytokine production, thus limiting 

immune-mediated inflammation [47]. Due to their 

inhibition of effector T-cell responses, Tregs have a 

risky impact on cancer patients’ survival [48]. 

Therefore, we hypothesize that the high activity of 

Tregs might be the reason for the poor prognosis of the 

patients in the high-risk group. Notably, the survival 
and function of Tregs have been revealed to rely on 

lipid metabolism, and free fatty acid could match their 

metabolic requirement [49]. In our study, we found the 
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molecular function of fatty acid binding highly enriched 

in the high-risk group; this might have provided a 

survival environment for Tregs in this cohort. Exosomes 

have been found to be released by cancer cells to alter 

the tumour microenvironment, such as altering stromal 

cell types to promote cancer progression and promote 

tumour angiogenesis [50]. In addition, exosomes can 

inhibit immune response by expressing molecules such 

as PD-L1 [51]. Tumour-derived exosomes can 

inactivate CD8+ T cells and promote regulatory T cell 

expression to suppress the immune system [52]. These 

findings revealed that exosome-based immunotherapy 

was a promising therapeutic strategy. In our research, 

we found that KIRC patients in the low-risk group 

might benefit from immune therapy through TIDE 

analysis. Interestingly, the results of three other immune 

therapy datasets bear a resemblance to the finding; that 

is, low-risk groups show a higher proportion of the 

immune response rate. Even though these immune 

therapy datasets come from different cancer cohorts, 

they also provide a potential verification that the 

PRERGs risk signature could stratify the specific 

patients who might benefit from immune therapy. After 

conducting immune therapy, low-risk patients might 

receive long-term survival, while high-risk patients who 

are treated with immune therapy should consider other 

treatment strategies as precautions. For example, 

considering TNFSF14 and CDC6 show higher 

expression in the high-risk group, they could be 

regarded as potential targets for treating RCC patients in 

the high-risk cohorts. However, whether these exosome-

derived genes could act as potential targets and be 

applied to clinics still needs large-scale pre-clinical and 

clinical trials to verify. 
 

CONCLUSION 
 

Our study constructed a PRERGs risk signature based 

on large-scale exosome-related and RCC tissue datasets. 

The risk signature could independently predict the 

prognosis of RCC patients and immunotherapeutic 

response. However, more research should be conducted 

to learn the concrete mechanism of these exosome or 

tissue-derived genes in regulating RCC. We hope these 

organized data can provide a theoretical basis for further 

experimental research on exosomes in KIRC. 
 

AUTHOR CONTRIBUTIONS 
 

Conception and design: Zhihong Zhang, E Du, Chao 

Gao; Development of methodology: Chao Gao, Wei 

Huang, Qiang Su; Acquisition of data: Chao Gao, Wei 

Huang, Qiang Su, Wei Wang, Yuanjiong Qi; Analysis 

and interpretation of data: Chao Gao, Jingxian Li; 

Writing, review, and/or revision of the manuscript: 

Chao Gao, Wei Huang, Qiang Su, Jingxian Li; 

Administrative, technical, or material support: Chao 

Gao, Wei Huang, Qiang Su, Jingxian Li, Wei Wang; 

Study supervision: Zhihong Zhang, E Du. 

 

CONFLICTS OF INTEREST 
 

The authors declare no conflicts of interest related to 

this study. 

 

FUNDING 
 

This work was supported by The National Natural 

Science Foundation of China (No. 22076138). 

 

REFERENCES 
 
1. Siddiqi A, Rani M, Bansal P, Rizvi MMA. Renal cell 

carcinoma management: A step to nano-
chemoprevention. Life Sci. 2022; 308:120922. 
https://doi.org/10.1016/j.lfs.2022.120922 
PMID:36058262 

2. Capitanio U, Bensalah K, Bex A, Boorjian SA, Bray F, 
Coleman J, Gore JL, Sun M, Wood C, Russo P. 
Epidemiology of Renal Cell Carcinoma. Eur Urol. 2019; 
75:74–84. 
https://doi.org/10.1016/j.eururo.2018.08.036 
PMID:30243799 

3. Lu Y, Zhang M, Zhou J, Liu X, Wang L, Hu X, Mao Y, 
Gan R, Chen Z. Extracellular vesicles in renal cell 
carcinoma: challenges and opportunities coexist. 
Front Immunol. 2023; 14:1212101. 
https://doi.org/10.3389/fimmu.2023.1212101 
PMID:37469514 

4. Li Y, Lih TM, Dhanasekaran SM, Mannan R, Chen L, 
Cieslik M, Wu Y, Lu RJ, Clark DJ, Kołodziejczak I, 
Hong R, Chen S, Zhao Y, et al, and Clinical Proteomic 
Tumor Analysis Consortium. Histopathologic and 
proteogenomic heterogeneity reveals features of 
clear cell renal cell carcinoma aggressiveness. Cancer 
Cell. 2023; 41:139–63.e17. 
https://doi.org/10.1016/j.ccell.2022.12.001 
PMID:36563681 

5. Jonasch E, Walker CL, Rathmell WK. Clear cell renal 
cell carcinoma ontogeny and mechanisms of lethality. 
Nat Rev Nephrol. 2021; 17:245–61. 
https://doi.org/10.1038/s41581-020-00359-2 
PMID:33144689 

6. Jiang LJ, Guo SB, Zhou ZH, Li ZY, Zhou FJ, Yu CP, Li M, 
Huang WJ, Liu ZW, Tian XP. Snai2-mediated 
upregulation of NADSYN1 promotes bladder cancer 
progression by interacting with PHB. Clin Transl Med. 
2024; 14:e1555. 
https://doi.org/10.1002/ctm2.1555 

7634

https://doi.org/10.1016/j.lfs.2022.120922
https://pubmed.ncbi.nlm.nih.gov/36058262
https://doi.org/10.1016/j.eururo.2018.08.036
https://pubmed.ncbi.nlm.nih.gov/30243799
https://doi.org/10.3389/fimmu.2023.1212101
https://pubmed.ncbi.nlm.nih.gov/37469514
https://doi.org/10.1016/j.ccell.2022.12.001
https://pubmed.ncbi.nlm.nih.gov/36563681
https://doi.org/10.1038/s41581-020-00359-2
https://pubmed.ncbi.nlm.nih.gov/33144689
https://doi.org/10.1002/ctm2.1555


www.aging-us.com 14 AGING 

PMID:38239078 

 7. Jiang LJ, Guo SB, Huang ZY, Li XL, Jin XH, Huang WJ, 
Tian XP. PHB promotes bladder cancer cell 
epithelial-mesenchymal transition via the Wnt/ 
β-catenin signaling pathway. Pathol Res Pract. 2023; 
247:154536. 
https://doi.org/10.1016/j.prp.2023.154536 
PMID:37235908 

 8. Atkins MB, Tannir NM. Current and emerging 
therapies for first-line treatment of metastatic clear 
cell renal cell carcinoma. Cancer Treat Rev. 2018; 
70:127–37. 
https://doi.org/10.1016/j.ctrv.2018.07.009 
PMID:30173085 

 9. Boriachek K, Islam MN, Möller A, Salomon C, Nguyen 
NT, Hossain MSA, Yamauchi Y, Shiddiky MJA. 
Biological Functions and Current Advances in Isolation 
and Detection Strategies for Exosome Nanovesicles. 
Small. 2018; 14. 
https://doi.org/10.1002/smll.201702153 
PMID:29282861 

10. Yang D, Zhang W, Zhang H, Zhang F, Chen L, Ma L, 
Larcher LM, Chen S, Liu N, Zhao Q, Tran PHL, Chen C, 
Veedu RN, Wang T. Progress, opportunity, and 
perspective on exosome isolation - efforts for 
efficient exosome-based theranostics. Theranostics. 
2020; 10:3684–707. 
https://doi.org/10.7150/thno.41580 
PMID:32206116 

11. Hade MD, Suire CN, Suo Z. Mesenchymal Stem Cell-
Derived Exosomes: Applications in Regenerative 
Medicine. Cells. 2021; 10:1959. 
https://doi.org/10.3390/cells10081959 
PMID:34440728 

12. Pegtel DM, Gould SJ. Exosomes. Annu Rev Biochem. 
2019; 88:487–514. 
https://doi.org/10.1146/annurev-biochem-013118-
111902 
PMID:31220978 

13. Wortzel I, Dror S, Kenific CM, Lyden D. Exosome-
Mediated Metastasis: Communication from a 
Distance. Dev Cell. 2019; 49:347–60. 
https://doi.org/10.1016/j.devcel.2019.04.011 
PMID:31063754 

14. Melo SA, Sugimoto H, O’Connell JT, Kato N, Villanueva 
A, Vidal A, Qiu L, Vitkin E, Perelman LT, Melo CA, Lucci 
A, Ivan C, Calin GA, Kalluri R. Cancer exosomes 
perform cell-independent microRNA biogenesis and 
promote tumorigenesis. Cancer Cell. 2014; 26:707–
21. 
https://doi.org/10.1016/j.ccell.2014.09.005 
PMID:25446899 

15. Le MT, Hamar P, Guo C, Basar E, Perdigão-Henriques R, 
Balaj L, Lieberman J. miR-200-containing extracellular 
vesicles promote breast cancer cell metastasis. J Clin 
Invest. 2014; 124:5109–28. 
https://doi.org/10.1172/JCI75695 
PMID:25401471 

16. Fong MY, Zhou W, Liu L, Alontaga AY, Chandra M, 
Ashby J, Chow A, O’Connor ST, Li S, Chin AR, Somlo G, 
Palomares M, Li Z, et al. Breast-cancer-secreted miR-
122 reprograms glucose metabolism in premetastatic 
niche to promote metastasis. Nat Cell Biol. 2015; 
17:183–94. 
https://doi.org/10.1038/ncb3094 
PMID:25621950 

17. Luga V, Zhang L, Viloria-Petit AM, Ogunjimi AA, 
Inanlou MR, Chiu E, Buchanan M, Hosein AN, Basik M, 
Wrana JL. Exosomes mediate stromal mobilization of 
autocrine Wnt-PCP signaling in breast cancer cell 
migration. Cell. 2012; 151:1542–56. 
https://doi.org/10.1016/j.cell.2012.11.024 
PMID:23260141 

18. Wang L, Yang G, Zhao D, Wang J, Bai Y, Peng Q, Wang 
H, Fang R, Chen G, Wang Z, Wang K, Li G, Yang Y, 
et al. CD103-positive CSC exosome promotes EMT of 
clear cell renal cell carcinoma: role of remote MiR-
19b-3p. Mol Cancer. 2019; 18:86. 
https://doi.org/10.1186/s12943-019-0997-z 
PMID:30975145 

19. Zhang W, Zheng X, Yu Y, Zheng L, Lan J, Wu Y, Liu H, 
Zhao A, Huang H, Chen W. Renal cell carcinoma-
derived exosomes deliver lncARSR to induce 
macrophage polarization and promote tumor 
progression via STAT3 pathway. Int J Biol Sci. 2022; 
18:3209–22. 
https://doi.org/10.7150/ijbs.70289 
PMID:35637970 

20. Yoshino H, Tatarano S, Tamai M, Tsuruda M, Iizasa S, 
Arima J, Kawakami I, Fukumoto W, Kawahara I, Li G, 
Sakaguchi T, Inoguchi S, Yamada Y, Enokida H. 
Exosomal microRNA-1 and MYO15A as a target for 
therapy and diagnosis in renal cell carcinoma. 
Biochem Biophys Res Commun. 2022; 630:71–6. 
https://doi.org/10.1016/j.bbrc.2022.09.056 
PMID:36150242 

21. He X, Tian F, Guo F, Zhang F, Zhang H, Ji J, Zhao L, He 
J, Xiao Y, Li L, Wei C, Huang C, Li Y, et al. Circulating 
exosomal mRNA signatures for the early diagnosis of 
clear cell renal cell carcinoma. BMC Med. 2022; 
20:270. 
https://doi.org/10.1186/s12916-022-02467-1 
PMID:36002886 

22. Li J, Han L, Roebuck P, Diao L, Liu L, Yuan Y, Weinstein 
JN, Liang H. TANRIC: An Interactive Open Platform to 

7635

https://pubmed.ncbi.nlm.nih.gov/38239078
https://doi.org/10.1016/j.prp.2023.154536
https://pubmed.ncbi.nlm.nih.gov/37235908
https://doi.org/10.1016/j.ctrv.2018.07.009
https://pubmed.ncbi.nlm.nih.gov/30173085
https://doi.org/10.1002/smll.201702153
https://pubmed.ncbi.nlm.nih.gov/29282861
https://doi.org/10.7150/thno.41580
https://pubmed.ncbi.nlm.nih.gov/32206116
https://doi.org/10.3390/cells10081959
https://pubmed.ncbi.nlm.nih.gov/34440728
https://doi.org/10.1146/annurev-biochem-013118-111902
https://doi.org/10.1146/annurev-biochem-013118-111902
https://pubmed.ncbi.nlm.nih.gov/31220978
https://doi.org/10.1016/j.devcel.2019.04.011
https://pubmed.ncbi.nlm.nih.gov/31063754
https://doi.org/10.1016/j.ccell.2014.09.005
https://pubmed.ncbi.nlm.nih.gov/25446899
https://doi.org/10.1172/JCI75695
https://pubmed.ncbi.nlm.nih.gov/25401471
https://doi.org/10.1038/ncb3094
https://pubmed.ncbi.nlm.nih.gov/25621950
https://doi.org/10.1016/j.cell.2012.11.024
https://pubmed.ncbi.nlm.nih.gov/23260141
https://doi.org/10.1186/s12943-019-0997-z
https://pubmed.ncbi.nlm.nih.gov/30975145
https://doi.org/10.7150/ijbs.70289
https://pubmed.ncbi.nlm.nih.gov/35637970
https://doi.org/10.1016/j.bbrc.2022.09.056
https://pubmed.ncbi.nlm.nih.gov/36150242
https://doi.org/10.1186/s12916-022-02467-1
https://pubmed.ncbi.nlm.nih.gov/36002886


www.aging-us.com 15 AGING 

Explore the Function of lncRNAs in Cancer. Cancer 
Res. 2015; 75:3728–37. 
https://doi.org/10.1158/0008-5472.CAN-15-0273 
PMID:26208906 

23. Bindea G, Mlecnik B, Tosolini M, Kirilovsky A, Waldner 
M, Obenauf AC, Angell H, Fredriksen T, Lafontaine L, 
Berger A, Bruneval P, Fridman WH, Becker C, et al. 
Spatiotemporal dynamics of intratumoral immune 
cells reveal the immune landscape in human cancer. 
Immunity. 2013; 39:782–95. 
https://doi.org/10.1016/j.immuni.2013.10.003 
PMID:24138885 

24. Li J, Liu X, Qi Y, Liu Y, Du E, Zhang Z. A risk signature 
based on necroptotic-process-related genes predicts 
prognosis and immune therapy response in kidney 
cell carcinoma. Front Immunol. 2022; 13:922929. 
https://doi.org/10.3389/fimmu.2022.922929 
PMID:36189275 

25. Wang R, Liu Y, Li J, Zhao Y, An R, Ma Z. A risk signature 
of ubiquitin-specific protease family predict the 
prognosis and therapy of kidney cancer patients. BMC 
Nephrol. 2023; 24:153. 
https://doi.org/10.1186/s12882-023-03215-0 
PMID:37259026 

26. He Z, Shi J, Zhu B, Tian Z, Zhang Z. Transcriptomics 
analysis revealed that TAZ regulates the proliferation 
of KIRC cells through mitophagy. BMC Cancer. 2024; 
24:229. 
https://doi.org/10.1186/s12885-024-11903-9 
PMID:38373978 

27. Li B, Kong Z, Liu Y, Xu B, Liu X, Li S, Zhang Z. A 
polyamine metabolism risk signature for predicting 
the prognosis and immune therapeutic response of 
kidney cancer. Transl Cancer Res. 2023; 12:2477–
92. 
https://doi.org/10.21037/tcr-23-344 
PMID:37969387 

28. Fu Q, Yi B, Su Q, Huang Y, Wang L, Zhang Z. A 
prognostic risk model for programmed cell death and 
revealing TRIB3 as a promising apoptosis suppressor 
in renal cell carcinoma. Aging (Albany NY). 2023; 
15:13213–38. 
PMID:38006403 

29. Yi B, Wei X, Liu D, Jing L, Xu S, Zhang M, Liang Z, Liu R, 
Zhang Z. Comprehensive analysis of disulfidptosis-
related genes: a prognosis model construction and 
tumor microenvironment characterization in clear cell 
renal cell carcinoma. Aging (Albany NY). 2024; 
16:3647–73. 
PMID:38358909 

30. Li SC, Jia ZK, Yang JJ, Ning XH. Telomere-related gene 
risk model for prognosis and drug treatment 

efficiency prediction in kidney cancer. Front Immunol. 
2022; 13:975057. 
https://doi.org/10.3389/fimmu.2022.975057 
PMID:36189312 

31. Sun Z, Tao W, Guo X, Jing C, Zhang M, Wang Z, Kong 
F, Suo N, Jiang S, Wang H. Construction of a Lactate-
Related Prognostic Signature for Predicting Prognosis, 
Tumor Microenvironment, and Immune Response in 
Kidney Renal Clear Cell Carcinoma. Front Immunol. 
2022; 13:818984. 
https://doi.org/10.3389/fimmu.2022.818984 
PMID:35250999 

32. Luo G, Wang L, Zheng Z, Gao B, Lei C. Cuproptosis-
Related Ferroptosis genes for Predicting Prognosis in 
kidney renal clear cell carcinoma. Eur J Med Res. 
2023; 28:176. 
https://doi.org/10.1186/s40001-023-01137-z 
PMID:37189176 

33. Fu J, Li K, Zhang W, Wan C, Zhang J, Jiang P, Liu XS. 
Large-scale public data reuse to model 
immunotherapy response and resistance. Genome 
Med. 2020; 12:21. 
https://doi.org/10.1186/s13073-020-0721-z 
PMID:32102694 

34. Gray RE, Harris GT. Renal Cell Carcinoma: Diagnosis 
and Management. Am Fam Physician. 2019; 
99:179–84. 
PMID:30702258 

35. Sung WW, Wang SC, Hsieh TY, Ho CJ, Huang CY, Kao 
YL, Chen WJ, Chen SL. Favorable mortality-to-
incidence ratios of kidney Cancer are associated with 
advanced health care systems. BMC Cancer. 2018; 
18:792. 
https://doi.org/10.1186/s12885-018-4698-6 
PMID:30081855 

36. Zhao S, Mi Y, Guan B, Zheng B, Wei P, Gu Y, Zhang Z, 
Cai S, Xu Y, Li X, He X, Zhong X, Li G, et al. Tumor-
derived exosomal miR-934 induces macrophage M2 
polarization to promote liver metastasis of colorectal 
cancer. J Hematol Oncol. 2020; 13:156. 
https://doi.org/10.1186/s13045-020-00991-2 
PMID:33213490 

37. Meng W, Hao Y, He C, Li L, Zhu G. Exosome-
orchestrated hypoxic tumor microenvironment. Mol 
Cancer. 2019; 18:57. 
https://doi.org/10.1186/s12943-019-0982-6 
PMID:30925935 

38. Ding M, Zhao X, Chen X, Diao W, Kan Y, Cao W, Chen 
W, Jiang B, Qin H, Gao J, Zhuang J, Zhang Q, Guo H. 
Cancer-associated fibroblasts promote the stemness 
and progression of renal cell carcinoma via exosomal 
miR-181d-5p. Cell Death Discov. 2022; 8:439. 

7636

https://doi.org/10.1158/0008-5472.CAN-15-0273
https://pubmed.ncbi.nlm.nih.gov/26208906
https://doi.org/10.1016/j.immuni.2013.10.003
https://pubmed.ncbi.nlm.nih.gov/24138885
https://doi.org/10.3389/fimmu.2022.922929
https://pubmed.ncbi.nlm.nih.gov/36189275
https://doi.org/10.1186/s12882-023-03215-0
https://pubmed.ncbi.nlm.nih.gov/37259026
https://doi.org/10.1186/s12885-024-11903-9
https://pubmed.ncbi.nlm.nih.gov/38373978
https://doi.org/10.21037/tcr-23-344
https://pubmed.ncbi.nlm.nih.gov/37969387
https://pubmed.ncbi.nlm.nih.gov/38006403
https://pubmed.ncbi.nlm.nih.gov/38358909
https://doi.org/10.3389/fimmu.2022.975057
https://pubmed.ncbi.nlm.nih.gov/36189312
https://doi.org/10.3389/fimmu.2022.818984
https://pubmed.ncbi.nlm.nih.gov/35250999
https://doi.org/10.1186/s40001-023-01137-z
https://pubmed.ncbi.nlm.nih.gov/37189176
https://doi.org/10.1186/s13073-020-0721-z
https://pubmed.ncbi.nlm.nih.gov/32102694
https://pubmed.ncbi.nlm.nih.gov/30702258
https://doi.org/10.1186/s12885-018-4698-6
https://pubmed.ncbi.nlm.nih.gov/30081855
https://doi.org/10.1186/s13045-020-00991-2
https://pubmed.ncbi.nlm.nih.gov/33213490
https://doi.org/10.1186/s12943-019-0982-6
https://pubmed.ncbi.nlm.nih.gov/30925935


www.aging-us.com 16 AGING 

https://doi.org/10.1038/s41420-022-01219-7 
PMID:36319622 

39. Lee HN, Jeong MS, Jang SB. Molecular Characteristics 
of Amyloid Precursor Protein (APP) and Its Effects in 
Cancer. Int J Mol Sci. 2021; 22:4999. 
https://doi.org/10.3390/ijms22094999 
PMID:34066808 

40. Lim N, Townsend PA. Cdc6 as a novel target in 
cancer: Oncogenic potential, senescence and 
subcellular localisation. Int J Cancer. 2020; 
147:1528–34. 
https://doi.org/10.1002/ijc.32900 
PMID:32010971 

41. Karantzelis N, Petropoulos M, De Marco V, Egan DA, 
Fish A, Christodoulou E, Will DW, Lewis JD, Perrakis A, 
Lygerou Z, Taraviras S. Small Molecule Inhibitor 
Targeting CDT1/Geminin Protein Complex Promotes 
DNA Damage and Cell Death in Cancer Cells. Front 
Pharmacol. 2022; 13:860682. 
https://doi.org/10.3389/fphar.2022.860682 
PMID:35548337 

42. Kent LN, Leone G. The broken cycle: E2F dysfunction 
in cancer. Nat Rev Cancer. 2019; 19:326–38. 
https://doi.org/10.1038/s41568-019-0143-7 
PMID:31053804 

43. Shen Y, Ye H, Zhang D, Yang M, Ji Y, Tang L, Zhu X, 
Yuan L. The role of exosomal CDC6 in the hirudin-
mediated suppression of the malignant phenotype of 
bladder cancer cells. Gene. 2022; 821:146269. 
https://doi.org/10.1016/j.gene.2022.146269 
PMID:35150820 

44. Poldrack RA, Huckins G, Varoquaux G. Establishment 
of Best Practices for Evidence for Prediction: A 
Review. JAMA Psychiatry. 2020; 77:534–40. 
https://doi.org/10.1001/jamapsychiatry.2019.3671 
PMID:31774490 

45. Guo SB, Pan DQ, Su N, Huang MQ, Zhou ZZ, Huang 
WJ, Tian XP. Comprehensive scientometrics and 
visualization study profiles lymphoma metabolism 
and identifies its significant research signatures. Front 
Endocrinol (Lausanne). 2023; 14:1266721. 
https://doi.org/10.3389/fendo.2023.1266721 
PMID:37822596 

46. Guo SB, Du S, Cai KY, Cai HJ, Huang WJ, Tian XP.  
A scientometrics and visualization analysis of 
oxidative stress modulator Nrf2 in cancer profiles its 
characteristics and reveals its association with 
immune response. Heliyon. 2023; 9:e17075. 
https://doi.org/10.1016/j.heliyon.2023.e17075 
PMID:37342570 

47. Sakaguchi S. Naturally arising CD4+ regulatory t cells 
for immunologic self-tolerance and negative control 
of immune responses. Annu Rev Immunol. 2004; 
22:531–62. 
https://doi.org/10.1146/annurev.immunol.21.120601.
141122 
PMID:15032588 

48. Wang H, Franco F, Ho PC. Metabolic Regulation of 
Tregs in Cancer: Opportunities for Immunotherapy. 
Trends Cancer. 2017; 3:583–92. 
https://doi.org/10.1016/j.trecan.2017.06.005 
PMID:28780935 

49. Berod L, Friedrich C, Nandan A, Freitag J, Hagemann 
S, Harmrolfs K, Sandouk A, Hesse C, Castro CN, Bähre 
H, Tschirner SK, Gorinski N, Gohmert M, et al. De 
novo fatty acid synthesis controls the fate between 
regulatory T and T helper 17 cells. Nat Med. 2014; 
20:1327–33. 
https://doi.org/10.1038/nm.3704 
PMID:25282359 

50. Bebelman MP, Smit MJ, Pegtel DM, Baglio SR. 
Biogenesis and function of extracellular vesicles in 
cancer. Pharmacol Ther. 2018; 188:1–11. 
https://doi.org/10.1016/j.pharmthera.2018.02.013 
PMID:29476772 

51. Xu Z, Zeng S, Gong Z, Yan Y. Exosome-based 
immunotherapy: a promising approach for cancer 
treatment. Mol Cancer. 2020; 19:160. 
https://doi.org/10.1186/s12943-020-01278-3 
PMID:33183286 

52. Sharma P, Diergaarde B, Ferrone S, Kirkwood JM, 
Whiteside TL. Melanoma cell-derived exosomes in 
plasma of melanoma patients suppress functions of 
immune effector cells. Sci Rep. 2020; 10:92. 
https://doi.org/10.1038/s41598-019-56542-4 
PMID:31919420 

 

 

7637

https://doi.org/10.1038/s41420-022-01219-7
https://pubmed.ncbi.nlm.nih.gov/36319622
https://doi.org/10.3390/ijms22094999
https://pubmed.ncbi.nlm.nih.gov/34066808
https://doi.org/10.1002/ijc.32900
https://pubmed.ncbi.nlm.nih.gov/32010971
https://doi.org/10.3389/fphar.2022.860682
https://pubmed.ncbi.nlm.nih.gov/35548337
https://doi.org/10.1038/s41568-019-0143-7
https://pubmed.ncbi.nlm.nih.gov/31053804
https://doi.org/10.1016/j.gene.2022.146269
https://pubmed.ncbi.nlm.nih.gov/35150820
https://doi.org/10.1001/jamapsychiatry.2019.3671
https://pubmed.ncbi.nlm.nih.gov/31774490
https://doi.org/10.3389/fendo.2023.1266721
https://pubmed.ncbi.nlm.nih.gov/37822596
https://doi.org/10.1016/j.heliyon.2023.e17075
https://pubmed.ncbi.nlm.nih.gov/37342570
https://doi.org/10.1146/annurev.immunol.21.120601.141122
https://doi.org/10.1146/annurev.immunol.21.120601.141122
https://pubmed.ncbi.nlm.nih.gov/15032588
https://doi.org/10.1016/j.trecan.2017.06.005
https://pubmed.ncbi.nlm.nih.gov/28780935
https://doi.org/10.1038/nm.3704
https://pubmed.ncbi.nlm.nih.gov/25282359
https://doi.org/10.1016/j.pharmthera.2018.02.013
https://pubmed.ncbi.nlm.nih.gov/29476772
https://doi.org/10.1186/s12943-020-01278-3
https://pubmed.ncbi.nlm.nih.gov/33183286
https://doi.org/10.1038/s41598-019-56542-4
https://pubmed.ncbi.nlm.nih.gov/31919420


www.aging-us.com 17 AGING 

SUPPLEMENTARY MATERIALS 
 

Supplementary Figures 
 

 
 

Supplementary Figure 1. The samples of TCGA-KIRC were separated into high/low expression groups according to the ideal 
cut-off value determined by the surv_cutpoint R function; the Kaplan-Meier survival curve was depicted to show the 
survival differences of the high/low expression groups. 
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Supplementary Figure 2. The Lasso-cox regression progression (A) and the coefficients of ERGs (B). 
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Supplementary Figure 3. (A) The network diagram reveals the potential mutually interacted proteins with the 5 PRERGs. (B) The network 

revealed the relation between 5 PRERGs and clinically actionable genes in mRNA expression levels. 
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Supplementary Figure 4. Clinical relevance and robustness of PRERGs risk score in E-MTAB-1980 dataset. (A) The heatmap 
shows the distribution of clinical variables in the high- and low-risk groups. (B) Multiple Cox-regression analysis results in the E-MTAB-1980 
dataset. (C) Kaplan-Meier shows the prognostic differences between high- and low-risk groups in classified clinical variables. 
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Supplementary Figure 5. Clinical relevance and robustness of PRERGs risk score in TCGA-KIRP dataset. (A) Heatmap shows the 
distribution of clinical variables in high- and low-risk groups. (B) Multiple Cox-regression analysis results in the TCGA-KIRP dataset. (C) Kaplan-
Meier shows the prognostic differences between high- and low-risk groups in classified clinical variables. 
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Supplementary Figure 6. Decision curve analysis was conducted to evaluate the clinical benefit of the constructed nomogram on 

predicting prognosis in TCGA-KIRC (A), E-MTAB-1980 (B), and TCGA-KIRP (C) datasets. 
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Supplementary Figure 7. (A–C) ROC curve was used to estimate the predicted accuracy of PRERGs risk signature and other existing risk 

signatures for 3-/5-/7-year survival. 
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Supplementary Figure 8. GSEA analysis by corresponding software to show the significantly enriched cell components (A), Biological 

progression (B), Molecular function (C), and Hallmark pathways (D). 
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Supplementary Figure 9. Block chart shows the distribution number of responders (R) and non-responders (NR) in high- 
and low-risk groups. 
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