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Background: Despite numerous treatments available, clear cell renal cell

carcinoma (ccRCC) remains a deadly and invasive cancer. Anoikis-related

genes (ARGs) are essential regulators of tumor metastasis and development.

However, the potential roles of ARGs in ccRCC remain unclear.

Methods: Based on the TCGA-KIRC cohort and GeneCards database, we

identified differentially expressed ARGs in ccRCC. Then a 4 ARGs risk model

was created by Cox regression and LASSO. The Kaplan-Meier and receiver

operating characteristic (ROC) curves were utilized to verify the predictive

efficacy of the prognostic signature. Subsequently, the possible molecular

mechanism of ARGs was investigated by functional enrichment analysis. To

assess the immune infiltration, immune checkpoint genes, and immune

function in various risk groups, single sample gene set enrichment (ssGSEA)

algorithm was employed. Furthermore, the low-risk and high-risk groups were

compared in terms of tumor mutation burden (TMB). Ultimately, we analyzed the

protein expression of these four ARGs utilizing the western blot test.

Results: Four genes were utilized to create a risk signature that may predict

prognosis, enabling the classification of KIRC patients into groups with low or

high risk. The reliability of the signature was examined utilizing survival analysis

and ROC analysis. According to the multivariate Cox regression result, the risk

score was a reliable independent prognostic predictor for KIRC patients. The

novel risk model could differentiate between KIRC patients with various clinical

outcomes and represent KIRC’s specific immune status. An analysis of the

correlation of TMB and risk score indicated a positive correlation between

them, with high TMB being potentially linked to worse outcomes.

Conclusion: Based on our findings, the prognostic signature of ARGs may be

employed as an independent prognostic factor for ccRCC patients. It may

introduce alternative perspectives on prognosis evaluation and serve as a

prominent reference for personalized and precise therapy in KIRC.
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1 Introduction

Renal cell carcinoma (RCC) is known as a prevalent and lethal

disease, accounting for 431288 new cases and 179368 fatalities

worldwide in 2020 (1). Clear cell RCC (ccRCC) is the most

prevalent form of RCC and accounts for >70% of tumors that

arise from the renal epithelium (2). Despite the many different

therapeutic modalities available, including surgery, targeted

therapy, chemotherapy, radiation, and the recently suggested

immunotherapy, ccRCC remains one of the most challenging

clinical issues in urology (3). Delays in diagnosis and a high

metastatic rate are the leading causes. Patients with metastatic

RCC still have an unfavorable prognosis, with a 5-year overall

survival rate of< 15% (4). Thus, it is urgent to discover new potential

biomarkers and predictive models for the clinical management

of ccRCC.

The term anoikis describes a form of programmed cell death

that happens when cells separate from their usual extracellular

matrix, thereby interfering with integrin ligation (5). Anoikis is

essential for preserving homeostasis of the tissue and facilitating the

progress by inhibiting the colonization of detached epithelial cells in

other regions (6). The scientific community has paid considerable

attention to anoikis resistance as it is associated with critical phases

of tumor progression, such as epithelial-mesenchymal transition

and anchorage-independent growth, as well as the metastatic spread

of cancer cells, primarily due to the disruption of anoikis regulation

(7). Accumulating evidence indicates that anoikis-related genes

(ARGs) are critical in regulating tumor metastasis and cancer

progression. For example, overexpression of CPT1A is related to

poor clinical results for esophageal squamous cell carcinoma, while

disruption of CPT1A may prevent tumor metastasis and anoikis

resistance (8). In addition, it was found that HER2 overexpressing

breast cancer cells exhibited heightened resistance to anoikis, and

the HER2/GSK3/GLI2 pathway was identified to have a new

function in the resistance to anoikis and metastasis (9). A recent

investigation found that TCF7L2 exhibits high expression levels in

gastric cancer (GC) and is an independent risk factor for bad

prognosis in GC patients, with evidence suggesting that it

contributes to both anoikis resistance and the metastatic cascade

(10). Moreover, in ccRCC, Tim-3 expression disruption may

decrease RCC invasion by accelerating anoikis (11). While the

connection between anoikis and prognosis has been established in

multiple cancers, there have been few studies on an effective

predictive model based on ARGs in RCC.

Herein, we conducted a comprehensive analysis of data from

The Cancer Genome Atlas (TCGA) KIRC cohort to investigate the

connection between ARGs and clinical outcomes in KIRC. A new

gene signature associated with anoikis was generated and validated,

acting as an independent prognostic marker in ccRCC.

Furthermore, when used in conjunction with clinicopathological

features, a nomogram was devised using the signature as a basis,

demonstrating effective predictive capabilities for ccRCC.

Moreover, the study employed immune infiltration and functional

enrichment analyses to investigate the fundamental mechanisms. In

our study, we were able to identify a potential ARGs-based

signature and apply it clinically in KIRC patients.
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2 Materials and methods

2.1 Data collection and preprocessing

The TCGA database (https://portal.gdc.cancer.gov/) was

utilized to collect the transcriptomic profiling of RNA-seq data of

KIRC patients. Our study included 72 normal and 541 KIRC

samples. Subsequently, we gathered the corresponding clinical

data for these patients from TCGA. Samples lacking

corresponding clinical characteristics or possessing a survival time

of less than zero were eliminated, resulting in the inclusion of 532

KIRC samples for the subsequent analysis in this research.
2.2 Collection of differentially expressed
anoikis-related genes

From GeneCards, 496 ARGs were retrieved by relevance score >

0.4 (Supplementary Table S1). The study utilized differentiation

analysis with the “limma” package in R software (log2|fold change

(FC)| >1 and adjusted P< 0.05) to identify differentially expressed

genes (DEGs) in KIRC, comparing all gene expressions in

normal and tumor samples using the Wilcoxon test. Afterward,

by interacting with ARGs, differentially expressed ARGs

were gathered.
2.3 Identification of
anoikis-related signature

The 532 patients with KIRC were separated into training (n =

266) and test (n = 266) groups at random. Table 1 provides a

breakdown of the demographic characteristics for the training, test,

and entire sets. The training and test sets did not show any statistically

significant differences in their clinicopathological variables

To create an anoikis-associated signature, we first identified

potential predictive genes in the training set based on differentially

expressed ARGs using the univariate regression method. A machine

learning technique called LASSO was employed to reduce overfitting.

Furthermore, multivariate Cox regression was employed to create a

new anoikis-related signature. A risk score formula according to the

signature we built was established as follows:

Risk Score =on
i=1Coef (i)� exp (i)

where Coef (i) and exp(i) denote the expression value and the

regression coefficient of eachprognosis related anoikis gene for each

patient. The study categorized the cases into high-risk and low-risk

groups based on the threshold of the median risk score.
2.4 Establishment and validation
of nomogram

We performed univariate and multivariate Cox regression

analyses to examine the independence of the risk model
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through the “survival” package. Clinicopathological characteristics

(age, gender, grade, stage) and risk score were employed to

generate a nomogram using the “rms” package, and all variables

were computed and examined to determine the survival

probability of ccRCC patients at 1, 3, and 5 years. To assess the

consistency of the predicted and actual survival outcomes,

calibration curves were employed. Moreover, receiver operating

characteristic (ROC) curves were employed to confirm the
Frontiers in Oncology 03
prognostic precision of the risk score and clinicopathologic

factors via the “pROC” package.
2.5 Functional enrichment analysis

The “limma” package was employed to determine differentially

expressed genes in the low-risk and high-risk groups. The analysis
TABLE 1 Characteristics of training set, test set and entire set of ccRCC patients.

Training set,
N=266

Test set,
N=266

Entire set,
N=532 P

Number (%) Number (%) Number (%)

Age 0.465

≤65 170(63.91) 179(67.29) 349(65.6)

>65 96(36.09) 87(32.71) 183(34.4)

Gender 0.468

Female 98(36.84) 89(33.46) 187(35.15)

Male 168(63.16) 177(66.54) 345(64.85)

Grade 0.871

G1 6(2.26) 8(3.01) 14(2.63)

G2 112(42.11) 116(43.61) 228(42.86)

G3 106(39.85) 100(37.59) 206(38.72)

G4 36(13.53) 40(15.04) 76(14.29)

unknow 6(2.26) 2(0.75) 8(1.5)

Stage 0.447

I 139(52.26) 127(47.74) 266 (50)

II 24(9.02) 33(12.41) 57(10.71)

III 58(21.8) 65(24.44) 123(23.12)

IV 44(16.54) 39(14.66) 83(15.6)

unknow 1(0.38) 2(0.75) 3(0.56)

T 0.755

T1 141(53.01) 131(49.25) 272(51.13)

T2 31(11.65) 38(14.29) 69(12.97)

T3 89(33.46) 91(34.21) 180(33.83)

T4 5(1.88) 6(2.26) 11(2.07)

M 0.908

M0 207(77.82) 214(80.45) 421(79.14)

M1 40(15.04) 39(14.66) 79(14.85)

unknow 19(7.14) 13(4.89) 32(6.02)

N 0.420

N0 123(46.24) 117(43.98) 240(45.11)

N1 6(2.26) 10(3.76) 16(3.01)

unknow 137(51.5) 139(52.26) 276(51.88)
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employed a cutoff of log2| FC | >1 and adjusted P< 0.05.

Furthermore, the Kyoto Encyclopedia of Genes and Genomes

(KEGG) and Gene Ontology (GO) enrichment analyses were

performed using the “clusterProfiler” package.
2.6 Immunity analysis of the signature

Six enrichment analysis algorithms, including the TIMER,

MCPcounter, xCell, CIBERSORT, QuanTIseq, and EPIC

algorithms, were utilized to evaluate cellular elements or cellular

immune responses. The “GSVA” package was utilized to determine

the immune function scores for all cases. Additionally, we

contrasted immune checkpoints expression levels of the low-risk

and high-risk groups. In addition, we assessed the scores of tumor

immune dysfunction and exclusion (TIDE) for each ccRCC sample

by utilizing the TIDE database (http://tide.dfci.harvard.edu/login/)

for predicting the possibility of an immunotherapeutic response.
2.7 Mutation analysis

We utilized the TCGA dataset to obtain the mutation data of

KIRC patients. The data comprising somatic variations were then

evaluated and summarized via the “maftools” package.
2.8 ccRCC sample collection and western
blot assay

Samples of both ccRCC tissues and adjacent normal tissues

were provided by the Department of Urology at Ningbo Yinzhou

No.2 Hospital. It is necessary to respect the privacy of the

individuals involved in the study. The Institutional Research

Ethics Committee of Ningbo Yinzhou No.2 Hospital has

approved the study (batch number: 2023-KY-003).

To conduct the western blot analysis, RIPA buffer (Solarbio) that

contained a protease inhibitor (1% PMSF, Solarbio) was used to lyse

the ccRCC and adjacent normal tissues. 30mg of protein lysates were

then isolated utilizing 10% SDS-PAGE gels and shifted onto aMillipore

PVDF 0.45µm membrane. After the membranes were placed in TBST

buffer with 5% non-fat milk to block, specific primary antibodies were

added and left to incubate overnight at a temperature of 4°C. In this

research, the primary antibodies utilized were: KIF18A (rabbit

polyclonal, 1:1000; ab72417, Abcam), BID (rabbit polyclonal, 1:1000;

10988-1-AP, Proteintech), CHEK2 (rabbit polyclonal, 1:1000; 13954-1-

AP, Proteintech), CEACAM4 (rabbit polyclonal, 1:1000; A10055,

ABclonal), and b-actin (rabbit polyclonal, 1:50,000; AC026,

ABclonal). Following extensive washing with TBST buffer, the

membranes were then subjected to secondary antibodies (goat anti-

rabbit IgG, 1:5000, AS014, ABclonal) at room temperature for another

hour. The presence of stains was identified using an advanced chemical

reaction known as enhanced chemiluminescence (ECL) reagent from

the company Beyotime. The resulting protein bands were then

examined using a gel imaging system (Tanon, China).
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2.9 Expression analysis of ARGs in the
signature at mRNA and protein levels

TCGA and GTEx (https://gtexportal.org/) were utilized to

obtain the mRNA expression levels of 541 tumor samples and

100 normal samples of ARGs in the signature. In addition, we

accessed TCGA to acquire mRNA expression data for the signature

ARGs across 72 paired ccRCC and adjacent normal tissue samples

for paired analysis. Finally, five matched pairs of ccRCC and

paracancer tissues from our center were used to evaluate protein

levels of the signature ARGs.
2.10 Statistical analysis

To compare the differential functions of the two groups, we

employed the Wilcoxon rank-sum test. The survival disparities of

the two cohorts were evaluated utilizing the Kaplan-Meier survival

curve analysis. The pairwise differences between groups were

evaluated utilizing the Student’s t-test. All analyses were executed

on the R software (version 4.1.3) and a statistical significance

threshold of P< 0.05 was applied.
3 Results

3.1 Identification of differentially
expressed ARGs

The procedure flow for our research is displayed in Figure 1.

After evaluating data of gene expression from KIRC samples and

normal controls in TCGA, we collected 4912 DEGs (Figure 2A).

The set of DEGs was compared with 496 ARGs obtained from

GeneCards. As a result of this comparison, 133 ARGs were

determined as being both expressed differentially and shared

between the two sets (Figure 2B).
3.2 Development of the ARGs
prognostic signature

532 patients diagnosed with KIRC were assigned randomly into

two groups: a test set (n=266) and a training set (n=266), as

presented in Table 1. We employed univariate Cox method to

identify 26 significant predictive ARGs from the training set

(Figure 3A). We then performed LASSO-penalized regression to

exclude the overfit gene of signature (Figures 3B, C). Finally, the

signature of four ARGs (KIF18A, BID, CHEK2, and CEACAM4)

was identified employing multivariate cox analysis. Moreover, the

risk model was created utilizing the subsequent formula: risk

factor = KIF18A ×0.5799 + BID × 0.6975 + CHEK2 × 0.5761 +

CEACAM4 × 0.5914. The subjects were categorized into two

groups, namely high- and low-risk, based on the median value of

the risk score.
frontiersin.org

http://tide.dfci.harvard.edu/login/
https://gtexportal.org/
https://doi.org/10.3389/fonc.2023.1211103
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org


Wu et al. 10.3389/fonc.2023.1211103
3.3 Validation of the ARGs
prognostic signature

As displayed in Figures 4A–C, the scatter dot plot distinguished

the risk score and clinical status of KIRC samples. Based on the

heatmap, the KIF18A, CHEK2, BID, and CEACAM4 expressions

were considerably greater in the high-risk group in both cohorts.

The Kaplan-Meier survival curves indicated that in both cohorts,

patients in the high-risk group had poor clinical outcomes

(Figures 4D–F). Moreover, in the entire cohort, Kaplan-Meier

survival analysis revealed that patients in the low-risk group

presented considerably better progression-free survival

(Figure 4G). The outcomes demonstrated that the prognostic

signature based on ARGs can offer a dependable evaluation of the

prognosis for KIRC.
Frontiers in Oncology 05
3.4 The risk model based on ARGs
prognostic signature was an independent
prognosis indicator

The univariate and multivariate cox regression analyses were

used to assess the independence of the risk model. Univariate Cox

regression analysis revealed that age (hazard ratio (HR) = 1.032, P<

0.001), grade (HR = 2.309, P< 0.001), stage (HR = 1.897, P< 0.001),

and risk score (HR = 1.080, P< 0.001) were all highly associated with

overall survival (OS) rate in KIRC (Figure 5A). After conducting a

multivariate Cox analysis, it was discovered that the risk score

remained statistically significant, indicating that the prognostic

signature proposed using ARGs could be independent of other

clinical factors (as depicted in Figure 5B). To capitalize on the

signature’s prognosis value, a novel nomogram was developed by
BA

FIGURE 2

Result of differentially expressed anoikis-related genes (ARGs). (A) Volcano plot of differentially expressed genes (DEGs) in clear cell renal cell
carcinoma (ccRCC). (B) Venn diagram showing the overlapping genes between DEGs and ARGs.
FIGURE 1

Flowchart of this study. DEGs, differentially expressed genes; TMB, tumor mutation burden; GO, Gene Ontology; KEGG, Kyoto Encyclopedia of
Genes and Genomes.
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integrating clinical factors and a risk model for precisely predicting

the 1-, 3-, and 5-year survival possibility of KIRC (Figure 5C). The

calibration plots for predicting survival rates at 1, 3, and 5 years

demonstrated that the nomogram possessed considerable accuracy in

predicting the prognosis (as indicated in Figure 5D). Moreover, the

prognostic model based on ARGs demonstrated strong predictive

ability for 1-, 3-, and 5-year overall survival (OS) based on the high

AUC values in the time-dependent ROC analysis (Figure 5E). The

ROC curve analysis implied that the ARGs prognostic signature had

an AUC of 0.726, indicating a stable and reliable predictive ability

(Figure 5F). The findings suggested that a risk score calculated using

ARGs was found to be an independent predictor of prognosis,

accurately evaluating the survival probability of KIRC patients

relative to clinicopathological characteristics.
Frontiers in Oncology 06
3.5 Role of the signature for OS in the
prognosis of KIRC stratified by
clinicopathological variables

To evaluate the prognostic significance of the ARGs signature in

predicting overall survival (OS) in KIRC patients based on

clinicopathological characteristics, the ccRCC patients were

stratified into high- and low-risk groups among various clinical

and pathological features. Across all the stratifications, the low-risk

group consistently exhibited considerably higher rates of OS in

comparison to the high-risk group, as illustrated in Figure 6. The

study demonstrated that the anoikis-related signature for OS can

provide an accurate prediction for the prognosis of KIRC,

irrespective of the clinicopathological characteristic.
B C

A

FIGURE 3

Identification of the anoikis-related signature (ARS). (A)The forest figure for Univariate Cox regression analysis of the ARGs. (B, C). LASSO regression
analysis shows the minimum lambda and optimal coefficients of the prognostic ARGs.
frontiersin.org

https://doi.org/10.3389/fonc.2023.1211103
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org


Wu et al. 10.3389/fonc.2023.1211103
3.6 Pathway and process
enrichment analyses

KEGG pathway and GO enrichment analyses were conducted

to investigate the biological functions and pathways of genes that

were differentially expressed between the high-risk and low-risk

groups. GO analysis demonstrated enrichment of immune-related

molecular processes such as humoral immune response,
Frontiers in Oncology 07
complement activation, and regulation of B cell activation

(Figure 7A). Meanwhile, KEGG pathway studies revealed that

DEGs were abundant in the primary immunodeficiency,

complement and coagulation cascades, cytokine-cytokine receptor

interaction, IL-17 signaling pathway, and chemokine signaling

pathway (Figure 7B). These findings showed that the function of

the ARGs in the tumorigenesis of ccRCC may be regulated by

immune-related signaling pathways.
B

C

D E

F G

A

FIGURE 4

Predictive value of the ARS. (A–C) Distribution plots of the risk score, overall survival (OS) status, and heatmap of gene expressions of the 4
prognostic ARGs in training set, test set and entire set. (D–F) Kaplan–Meier curves of survival outcome between high- and low-risk groups in the
training set, test set and entire set. (G) Kaplan–Meier survival curve showed that the progression free survival of the high-risk group was significantly
shorter than that of the low-risk group in the entire set.
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3.7 Immune status difference between
patients with high-risk and low-risk KIRC

Figure 8A depicted an immune response heatmap based on

several enrichment analysis algorithms. The relationship of

immune cell subsets and associated functions was examined using

ssGSEA, and the results revealed considerable differences in IFN

response, MHC, HLA, T cell functions, checkpoint, cytolytic

activities, APC, CCR, promoting inflammation, and para-

inflammation between the low-risk group and high-risk group
Frontiers in Oncology 08
(Figure 8B). Additionally, our findings revealed a substantial

difference in the gene expression of immune checkpoints such as

TNFRSF9, CD244, IDO2, and PDCD1 between the two groups

(Figure 9A). Because the immune infiltration landscape for

individuals with ccRCC differs noticeably, the efficacy of

immunotherapy in patients with high-risk and low-risk

conditions was further examined. TIDE results revealed that

patients with a high-risk score had a greater TIDE score,

indicat ing that the low-risk group reacted better to

immunotherapy in comparison to high-risk group (Figure 9B).
B

C

D E F

A

FIGURE 5

Independent prognosis analysis of the ARS. (A) Univariate Cox regression analysis and (B) multivariate Cox regression analysis to estimate the
independence of the ARS. (C) Nomogram construction based on the ARS and clinicopathological characteristics. (D) Calibration curves shows the
concordance between predicted and observed 1, 3 and 5-years survival rates. (E) Time-dependent ROC curve shows the AUC at 1-, 3-, and 5-year.
(F) ROC curve shows the accuracy of the risk score and clinicopathological characteristics.
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3.8 The relationship between risk signature
and somatic mutation

First, the somatic variation driver genes of the low-risk and

high-risk groups were compared. The top 15 driver genes with the

highest mutation frequency were shown using a waterfall diagram.

Accordingly, it was discovered that the prevalence of these gene

mutations was generally greater in the high-risk group compared to

the low-risk group (Figures 10A, B). Subsequently, the tumor
Frontiers in Oncology 09
mutation burden (TMB) was examined and the TMB of the high-

risk group was substantially greater than the low-risk group, as

shown by the result (P< 0.001) (Figure 10C). We found a highly

significant positive relationship between the risk score and TMB

(Spearman coefficient: r = 0.24, P< 0.001) (Figure 10D).

Furthermore, we examined the TMB impact on prognosis. Based

on the results, individuals in the high-TMB group exhibited a less

favorable prognosis compared to those in the low-TMB group (P =

0.002) (Figure 10E). TMB and risk score were assessed for their
B

C D

E F

G

A

H

FIGURE 6

Kaplan-Meier survival curves for the high- and low-risk groups stratified by clinicopathological variables. (A, B) Age; (C, D) Gender; (E, F) Grade;
(G, H) Stage.
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impact on prognostic stratification due to their synergistic effect. As

revealed by the outcomes, in both low- and high-TMB groups, the

survival difference of risk score subtypes were significant. (P< 0.001)

(Figure 10F). The findings may present new strategies for exploring

targeted therapy and immunotherapy from the perspectives of gene

mutation and anoikis.
3.9 Investigation of the four ARGs
expression in KIRC

Analysis of TCGA and GTEx data revealed significantly lower

expression of the four ARGs in normal kidney tissues compared to

ccRCC samples (Figures 11A–D). Furthermore, paired analysis

showed higher expression of these four genes in renal cancer

tissues versus matched normal adjacent tissues (Figures 11E–H).

Western blot validation in five ccRCC and paired paracancer tissues

confirmed the mRNA results, with increased protein levels of the

four ARGs in ccRCC compared to paracancer tissues (Figure 11I).
Frontiers in Oncology 10
4 Discussion

ccRCC is defined as the most prevalent histological variant of

RCC, which is likely to have an unsatisfactory outcome due to a lack

of trustworthy biomarkers connected to prognosis (12). To increase

the survival duration of ccRCC patients, early diagnosis, and risk

stratification are crucial. Anoikis is a form of programmed cell

death that is initiated to eliminate detached cells through activation

of both extrinsic and intrinsic apoptotic pathways (13). Cancer cells

use a variety of defense mechanisms to combat anoikis, which

enhances their invasiveness and metastasis potential (14–16).

Recent clinical retrospective research also demonstrated that

anoikis resistance was linked to lymph node metastasis and a

poor prognosis (17). Hence, ARGs have the potential to be

therapeutic targets as well as tumor prognostic indicators.

Herein, we first employed a combined analysis of the TCGA-

KIRC and GeneCards datasets to screen out differentially expressed

ARGs in ccRCC. After conducting stepwise cox regression, we

constructed a novel predictive model consisting of four ARGs
B

A

FIGURE 7

GO and KEGG enrichment analyses of DEGs in the low- and high-risk groups. (A) GO enrichment circle diagram of DEGs. (B) KEGG enrichment
circle diagram of DEGs.
frontiersin.org

https://doi.org/10.3389/fonc.2023.1211103
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org


Wu et al. 10.3389/fonc.2023.1211103
(KIF18A, BID, CHEK2, and CEACAM4). Each patient in both

groups had a signature-correlated risk score, which was divided by

the KIRC cohort’s median risk score to establish whether they were

in the high-risk or low-risk category. The prognosis between the

two groups differs noticeably. Besides, we generated a nomogram

that improved the accuracy of the risk model by combining age,

gender, grade, stage, and risk score. The calibration diagrams

indicated that the nomogram was well-suited for predicting

the prognosis.

Above, 4 ARGs of our risk model were identified as connected

to the ccRCC OS rate. These genes have all been shown to be closely

related to tumors. KIF18A belongs to the kinesin superfamily. The

primary role of KIF18A is to influence dynamics at the plus end of

kinetochore microtubules, ensuring accurate chromosomal

placement and spindle tension (18). The transcriptional and

translational levels of KIF18A were both increased in lung

adenocarcinoma. In lung adenocarcinoma cells, KIF18A
Frontiers in Oncology 11
knockdown caused apoptosis and G2/M phase arrest, as well as a

reduction in their capability for proliferating both in vitro and in

vivo (19). In hepatoma cells, silencing KIF18A reduced the

expression of cyclin B1, MMP-9, MMP-7, and Akt-related

proteins and inhibited hepatoma cell growth, invasion, and

metastasis (20). A higher level of KIF18A expression in ccRCC

promoted cell proliferation and was indicative of a poor prognosis

(21). These data suggested that KIF18A facilitated the development

of malignant traits in certain tumors, which was consistent with our

findings that KIF18A was abundantly expressed in high-risk

cohorts. BID is a member of the Bcl-2 protein family, responsible

for controlling the permeability of the outer membrane of

mitochondria, which is a critical step in the process of apoptosis

(22). According to a recent study, truncated BID controls the

cisplatin response in ovarian cancer by triggering the

mitochondrial apoptosis pathway (23). Genome stability is

essential to preventing cancer risk caused by genes with inherited
B

A

FIGURE 8

Immune status difference between high- and low-risk groups. (A) Heatmap for the tumor-infiltrating immune cells by different algorithms among
high- and low-risk groups. (B) Immune-related function between high- and low-risk groups. ***P< 0.001.
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loss-of-function variants in DNA damage recovery and genome

integrity checkpoint control (24). A well-known illustration is the

checkpoint kinase 2 (CHEK2) gene, which produces the serine-

threonine kinase protein CHK2 that controls cell-cycle progression

and apoptosis when DNA damage occurs (25). The analysis of

function revealed that harmful missense variants in CHEK2 were

linked to a higher risk of cancer (26). Another study found that

germline CHEK2 mutations have a significant correlation with

ovarian and breast cancer (27). An investigation to observe how

common germline mutations are in genes that contribute to cancer

susceptibility among patients with advanced renal cell carcinoma

revealed that out of 254 patients, 41 (16.1%) had germline

mutations, and the most frequent mutations were found in the

CHEK2 gene (28). These results demonstrated that certain anoikis-

related gene mutations were connected to an increased risk of RCC.

CEACAM4 is a member of the CEACAM subfamily of the

immunoglobulin superfamily. For decades, CEACAM5 (CEA), a

member of the same superfamily, has been used as a biomarker to

observe the progression of several types of cancer following surgery

(29). At the moment, significant progress has been made with CEA-

targeted cancer immunotherapies such as bispecific antibodies for

radioimmunotherapy and imaging, chimeric antigen receptor T

cells, and bispecific T cell engagers (30). These findings have
Frontiers in Oncology 12
significant ramifications for comprehending the complex biology

of CEACAMs in both normal and malignant tissues as well as their

novel function in immunotherapy for tumor.

It is believed that RCC is an immunogenic tumor. In recent

times, immunotherapy has emerged as a novel treatment option for

this type of cancer (31). TMB is emerging as a potential biomarker

among various cancer types to predict immune checkpoint

inhibitor efficacy (32). Many studies have demonstrated a

significant association between immunotherapy response and

TMB (33–35). Therefore, we further examined the efficacy of this

signature as applied to the immune and TMB factors of ccRCC.

Firstly, we compared immune cell infiltration and immune function

in both high- and low-risk groups. In comparison to the low-risk

group, the high-risk group exhibited a higher level of infiltration by

immune cells, including B cells, CD8+T cells, CD4+T cells,

macrophages, neutrophils, and myeloid dendritic cells.

Additionally, immune functions in the high-risk group were

stronger in comparison to that in the low-risk group,

demonstrating that the high-risk group displayed increased anti-

tumor immune activity compared to the low-risk group. Further

analysis was conducted to see if this signature could be used as a

reference for immunotherapy response. We examined the

expression levels of immune checkpoints, which are the classical
B

A

FIGURE 9

Analysis of immune checkpoints and immunotherapeutic response. (A) Expression of immune checkpoints between high- and low-risk groups.
(B) TIDE score in two risk groups. * P< 0.05; ** P< 0.01; *** P< 0.001.
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molecules utilized for assessing the effectiveness of immunotherapy.

The result showed that most immune checkpoints had considerably

greater expression levels in the high-risk group in comparison to the

low-risk group. Moreover, we discovered that the TIDE score is

lower in the low-risk group, implying that immunotherapy could be

ineffective for patients in the high-risk group. Lastly, we investigated

the connection between the risk score of the prognosis signature

and TMB. There was a positive correlation between the risk score

and TMB, and the high-risk group patients showed a tendency to

have higher TMB than patients in the low-risk group. Meanwhile,
Frontiers in Oncology 13
we analyzed the TMB impact on prognosis. As indicated by the

results, high TMB might be related to poorer outcomes, which is

line with previous studies (36–39).

Although the efficacy of our suggested signature in predicting

the prognosis of KIRC patients is impressive, there are several

limitations in the current project. To begin with, the TCGA dataset

was the only source used to gather clinical cohorts of KIRC cases,

requiring the use of external data to verify the results. In addition,

further biochemical studies with ARGs in KIRC, both in vitro and in

vivo, are necessary.
B

C D

E F

A

FIGURE 10

Mutation profile and relationship between tumor mutation burden (TMB) and risk score. (A) Mutation profile of the high-risk group. (B) Mutation
profile of the low-risk group. (C) TMB differences in the high- and low-risk groups. (D) Positive correlation between tumor mutation burden and the
risk score. (E) Association of overall survival and TMB in ccRCC patients. (F) Association of overall survival and TMB combined with risk score in
ccRCC patients.
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To summarize, we developed a robust gene signature in KIRC.

This anoikis-related signature can be employed as an independent

prognostic factor in ccRCC patients to identify immune conditions

and evaluate immunotherapy response. Our research offers new

idea and understandings of a new prospective clinical approach for

KIRC patients.
Data availability statement

Publicly available datasets were analyzed in this study. The

original contributions presented in the study are included in the
Frontiers in Oncology 14
Jianguoyun Raw Data link (https://www.jianguoyun.com/p/

DWzF5wcQlIXMCxies54FIAA), further inquiries can be directed

to the corresponding author.
Ethics statement

The study was approved by the ethical committee of Ningbo

Yinzhou No.2 Hospital (2023-KY-003) and followed the guidelines

of the Declaration of Helsinki. Written informed consent was

obtained from all individual patients included in the study. The

studies were conducted in accordance with the local legislation and
B C D

E F G H

A

I

FIGURE 11

The expression of the four genes in this signature. Expression of KIF18A (A), BID (B), CHEK2 (C), and CEACAM4 (D) in ccRCC and normal samples
from TCGA and GTEx. Expression of KIF18A (E), BID (F), CHEK2 (G), and CEACAM4 (H) in paired ccRCC and adjacent normal tissue samples from
TCGA. (I) Western blot analysis was conducted to examine the protein expression of four genes among ccRCC tissues and matched adjacent normal
tissues. *** P< 0.001.
frontiersin.org

https://www.jianguoyun.com/p/DWzF5wcQlIXMCxies54FIAA
https://www.jianguoyun.com/p/DWzF5wcQlIXMCxies54FIAA
https://doi.org/10.3389/fonc.2023.1211103
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org


Wu et al. 10.3389/fonc.2023.1211103
institutional requirements. The participants provided their written

informed consent to participate in this study.
Author contributions

Conceptualization: QW, ML. Methodology: QW, XQ, SH.

Formal analysis and investigation: QW, YS. Writing - original

draft preparation: QW. Writing - review and editing: ML, XW.

Funding acquisition: GW. Resources: SH, XQ. Supervision: GW. All

authors commented on previous versions of the manuscript. All

authors contributed to the art ic le and approved the

submitted version.
Funding

This study was supported by Medicine and Health Project of

Zhejiang Province (2019KY630). The fund was not involved in any

study design, data collection, analysis and interpretation, report

writing, and article submission for publication.
Frontiers in Oncology 15
Conflict of interest

The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could be

construed as a potential conflict of interest.
Publisher’s note

All claims expressed in this article are solely those of the authors

and do not necessarily represent those of their affiliated organizations,

or those of the publisher, the editors and the reviewers. Any product

that may be evaluated in this article, or claim that may be made by its

manufacturer, is not guaranteed or endorsed by the publisher.
Supplementary material

The Supplementary Material for this article can be found online

at: https://www.frontiersin.org/articles/10.3389/fonc.2023.1211103/

full#supplementary-material
References
1. Sung H, Ferlay J, Siegel RL, Laversanne M, Soerjomataram I, Jemal A, et al. Global
cancer statistics 2020: GLOBOCAN estimates of incidence and mortality worldwide for
36 cancers in 185 countries. CA Cancer J Clin (2021) 71(3):209–49. doi: 10.3322/
caac.21660

2. Diaz-Montero CM, Rini BI, Finke JH. The immunology of renal cell carcinoma.
Nat Rev Nephrol (2020) 16(12):721–35. doi: 10.1038/s41581-020-0316-3

3. Chang K, Yuan C, Liu X. Ferroptosis-related gene signature accurately predicts
survival outcomes in patients with clear-cell renal cell carcinoma. Front Oncol (2021)
11:649347. doi: 10.3389/fonc.2021.649347

4. Siegel RL, Miller KD, Fuchs HE, Jemal A. Cancer statistics, 2022. CA Cancer J Clin
(2022) 72(1):7–33. doi: 10.3322/caac.21708

5. Wang J, Luo Z, Lin L, Sui X, Yu L, Xu C, et al. Anoikis-associated lung cancer
metastasis: mechanisms and therapies. Cancers (Basel) (2022) 14(19). doi: 10.3390/
cancers14194791

6. Adeshakin FO, Adeshakin AO, Afolabi LO, Yan D, Zhang G, Wan X.
Mechanisms for modulating anoikis resistance in cancer and the relevance of
metabolic reprogramming. Front Oncol (2021) 11:626577. doi: 10.3389/
fonc.2021.626577

7. Taddei ML, Giannoni E, Fiaschi T, Chiarugi P. Anoikis: an emerging hallmark in
health and diseases. J Pathol (2012) 226(2):380–93. doi: 10.1002/path.3000

8. Tian T, Lu Y, Lin J, Chen M, Qiu H, Zhu W, et al. CPT1A promotes anoikis
resistance in esophageal squamous cell carcinoma via redox homeostasis. Redox Biol
(2022) 58:102544. doi: 10.1016/j.redox.2022.102544

9. Gupta P, Gupta N, Fofaria NM, Ranjan A, Srivastava SK. HER2-mediated GLI2
stabilization promotes anoikis resistance and metastasis of breast cancer cells. Cancer
Lett (2019) 442:68–81. doi: 10.1016/j.canlet.2018.10.021

10. Zhang T, Wang B, Su F, Gu B, Xiang L, Gao L, et al. TCF7L2 promotes anoikis
resistance and metastasis of gastric cancer by transcriptionally activating PLAUR. Int J
Biol Sci (2022) 18(11):4560–77. doi: 10.7150/ijbs.69933

11. Yu M, Lu B, Liu Y, Me Y, Wang L, Li H. Interference with Tim-3 protein
expression attenuates the invasion of clear cell renal cell carcinoma and aggravates
anoikis. Mol Med Rep (2017) 15(3):1103–8. doi: 10.3892/mmr.2017.6136

12. Zhong W, Zhang F, Huang C, Lin Y, Huang J. Identification of an apoptosis-
related prognostic gene signature and molecular subtypes of clear cell renal cell
carcinoma (ccRCC). J Cancer (2021) 12(11):3265–76. doi: 10.7150/jca.51812

13. Tan K, Goldstein D, Crowe P, Yang JL. Uncovering a key to the process of
metastasis in human cancers: a review of critical regulators of anoikis. J Cancer Res Clin
Oncol (2013) 139(11):1795–805. doi: 10.1007/s00432-013-1482-5

14. Bose M, Sanders A, De C, Zhou R, Lala P, Shwartz S, et al. Targeting tumor-
associated MUC1 overcomes anoikis-resistance in pancreatic cancer. Transl Res (2023)
253:41–56. doi: 10.1016/j.trsl.2022.08.010
15. Jin L, Chun J, Pan C, Kumar A, Zhang G, Ha Y, et al. The PLAG1-GDH1 axis
promotes anoikis resistance and tumor metastasis through camKK2-AMPK signaling
in LKB1-deficient lung cancer. Mol Cell (2018) 69(1):87–99 e7. doi: 10.1016/
j.molcel.2017.11.025

16. Zhang HF, Hughes CS, Li W, He JZ, Surdez D, El-Naggar AM, et al. Proteomic
screens for suppressors of anoikis identify IL1RAP as a promising surface target in ewing
sarcoma. Cancer Discov (2021) 11(11):2884–903. doi: 10.1158/2159-8290.CD-20-1690

17. Mattila TT, Patankar M, Vayrynen JP, Klintrup K, Makela J, Tuomisto A, et al.
Putative anoikis resistant subpopulations are enriched in lymph node metastases and
indicate adverse prognosis in colorectal carcinoma. Clin Exp Metastasis (2022) 39
(6):883–98. doi: 10.1007/s10585-022-10184-5

18. Lin Y, Wei YL, She ZY. Kinesin-8 motors: regulation of microtubule dynamics
and chromosome movements. Chromosoma (2020) 129(2):99–110. doi: 10.1007/
s00412-020-00736-7

19. Zhong Y, Jiang L, Lin H, Li X, Long X, Zhou Y, et al. Overexpression of KIF18A
promotes cell proliferation, inhibits apoptosis, and independently predicts unfavorable
prognosis in lung adenocarcinoma. IUBMB Life (2019) 71(7):942–55. doi: 10.1002/
iub.2030

20. Luo W, Liao M, Liao Y, Chen X, Huang C, Fan J, et al. The role of kinesin
KIF18A in the invasion and metastasis of hepatocellular carcinoma.World J Surg Oncol
(2018) 16(1):36. doi: 10.1186/s12957-018-1342-5

21. Chen QI, Cao B, Nan N, Wang YU, Zhai XU, Li Y, et al. Elevated expression of
KIF18A enhances cell proliferation and predicts poor survival in human clear cell renal
carcinoma. Exp Ther Med (2016) 12(1):377–83. doi: 10.3892/etm.2016.3335

22. Salisbury-Ruf CT, Bertram CC, Vergeade A, Lark DS, Shi Q, Heberling ML, et al.
Bid maintains mitochondrial cristae structure and function and protects against cardiac
disease in an integrative genomics study. Elife (2018) 7. doi: 10.7554/eLife.40907

23. Dai Y, Zhao XJ, Li F, Yuan Y, Yan DM, Cao H, et al. Truncated bid regulates
cisplatin response via activation of mitochondrial apoptosis pathway in ovarian cancer.
Hum Gene Ther (2020) 31(5-6):325–38. doi: 10.1089/hum.2019.206

24. Jeggo PA, Pearl LH, Carr AM. DNA repair, genome stability and cancer: a
historical perspective. Nat Rev Cancer (2016) 16(1):35–42. doi: 10.1038/nrc.2015.4

25. Zannini L, Delia D, Buscemi G. CHK2 kinase in the DNA damage response and
beyond. J Mol Cell Biol (2014) 6(6):442–57. doi: 10.1093/jmcb/mju045

26. Boonen R, Wiegant WW, Celosse N, Vroling B, Heijl S, Kote-Jarai Z, et al.
Functional analysis identifies damaging CHEK2 missense variants associated with
increased cancer risk. Cancer Res (2022) 82(4):615–31. doi: 10.1158/0008-5472.CAN-
21-1845

27. Kleiblova P, Stolarova L, Krizova K, Lhota F, Hojny J, Zemankova P, et al.
Identification of deleterious germline CHEK2 mutations and their association with
breast and ovarian cancer. Int J Cancer (2019) 145(7):1782–97. doi: 10.1002/ijc.32385
frontiersin.org

https://www.frontiersin.org/articles/10.3389/fonc.2023.1211103/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fonc.2023.1211103/full#supplementary-material
https://doi.org/10.3322/caac.21660
https://doi.org/10.3322/caac.21660
https://doi.org/10.1038/s41581-020-0316-3
https://doi.org/10.3389/fonc.2021.649347
https://doi.org/10.3322/caac.21708
https://doi.org/10.3390/cancers14194791
https://doi.org/10.3390/cancers14194791
https://doi.org/10.3389/fonc.2021.626577
https://doi.org/10.3389/fonc.2021.626577
https://doi.org/10.1002/path.3000
https://doi.org/10.1016/j.redox.2022.102544
https://doi.org/10.1016/j.canlet.2018.10.021
https://doi.org/10.7150/ijbs.69933
https://doi.org/10.3892/mmr.2017.6136
https://doi.org/10.7150/jca.51812
https://doi.org/10.1007/s00432-013-1482-5
https://doi.org/10.1016/j.trsl.2022.08.010
https://doi.org/10.1016/j.molcel.2017.11.025
https://doi.org/10.1016/j.molcel.2017.11.025
https://doi.org/10.1158/2159-8290.CD-20-1690
https://doi.org/10.1007/s10585-022-10184-5
https://doi.org/10.1007/s00412-020-00736-7
https://doi.org/10.1007/s00412-020-00736-7
https://doi.org/10.1002/iub.2030
https://doi.org/10.1002/iub.2030
https://doi.org/10.1186/s12957-018-1342-5
https://doi.org/10.3892/etm.2016.3335
https://doi.org/10.7554/eLife.40907
https://doi.org/10.1089/hum.2019.206
https://doi.org/10.1038/nrc.2015.4
https://doi.org/10.1093/jmcb/mju045
https://doi.org/10.1158/0008-5472.CAN-21-1845
https://doi.org/10.1158/0008-5472.CAN-21-1845
https://doi.org/10.1002/ijc.32385
https://doi.org/10.3389/fonc.2023.1211103
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org


Wu et al. 10.3389/fonc.2023.1211103
28. Carlo MI, Mukherjee S, Mandelker D, Vijai J, Kemel Y, Zhang L, et al. Prevalence
of germline mutations in cancer susceptibility genes in patients with advanced renal cell
carcinoma. JAMA Oncol (2018) 4(9):1228–35. doi: 10.1001/jamaoncol.2018.1986

29. Wakabayashi-Nakao K, Hatakeyama K, Ohshima K, Ken Yamaguchi K,
Mochizuki T. Carcinoembryonic antigen-related cell adhesion molecule 4
(CEACAM4) is specifically expressed in medullary thyroid carcinoma cells. BioMed
Res (2014) 35(4):237–42. doi: 10.2220/biomedres.35.237

30. Han ZW, Lyv ZW, Cui B, Wang YY, Cheng JT, Zhang Y, et al. The old
CEACAMs find their new role in tumor immunotherapy. Invest New Drugs (2020) 38
(6):1888–98. doi: 10.1007/s10637-020-00955-w

31. Lee MH, Jarvinen P, Nisen H, Bruck O, Ilander M, Uski I, et al. T and NK cell
abundance defines two distinct subgroups of renal cell carcinoma. Oncoimmunology.
(2022) 11(1):1993042. doi: 10.1080/2162402X.2021.1993042

32. Chan TA, Yarchoan M, Jaffee E, Swanton C, Quezada SA, Stenzinger A, et al.
Development of tumor mutation burden as an immunotherapy biomarker: utility for
the oncology clinic. Ann Oncol (2019) 30(1):44–56. doi: 10.1093/annonc/mdy495

33. Buttner R, Longshore JW, Lopez-Rios F, Merkelbach-Bruse S, Normanno N, Rouleau
E, et al. Implementing TMB measurement in clinical practice: considerations on assay
requirements. ESMO Open (2019) 4(1):e000442. doi: 10.1136/esmoopen-2018-000442
Frontiers in Oncology 16
34. Chalmers ZR, Connelly CF, Fabrizio D, Gay L, Ali SM, Ennis R, et al. Analysis of
100,000 human cancer genomes reveals the landscape of tumor mutational burden.
Genome Med (2017) 9(1):34. doi: 10.1186/s13073-017-0424-2

35. Samstein RM, Lee CH, Shoushtari AN, Hellmann MD, Shen R, Janjigian YY,
et al. Tumor mutational load predicts survival after immunotherapy across multiple
cancer types. Nat Genet (2019) 51(2):202–6. doi: 10.1038/s41588-018-0312-8

36. Fernandez EM, Eng K, Beg S, Beltran H, Faltas BM, Mosquera JM, et al. Cancer-
specific thresholds adjust for whole exome sequencing-based tumor mutational burden
distribution. JCO Precis Oncol (2019) 3. doi: 10.1200/PO.18.00400

37. Hwang WL, Wolfson RL, Niemierko A, Marcus KJ, DuBois SG, Haas-Kogan D.
Clinical impact of tumor mutational burden in neuroblastoma. J Natl Cancer Inst
(2019) 111(7):695–9. doi: 10.1093/jnci/djy157

38. Owada-Ozaki Y, Muto S, Takagi H, Inoue T, Watanabe Y, Fukuhara M, et al.
Prognostic impact of tumor mutation burden in patients with completely resected non-
small cell lung cancer: brief report. J Thorac Oncol (2018) 13(8):1217–21. doi: 10.1016/
j.jtho.2018.04.003

39. Wu HX, Wang ZX, Zhao Q, Chen DL, He MM, Yang LP, et al. Tumor
mutational and indel burden: a systematic pan-cancer evaluation as prognostic
biomarkers. Ann Transl Med (2019) 7(22):640. doi: 10.21037/atm.2019.10.116
frontiersin.org

https://doi.org/10.1001/jamaoncol.2018.1986
https://doi.org/10.2220/biomedres.35.237
https://doi.org/10.1007/s10637-020-00955-w
https://doi.org/10.1080/2162402X.2021.1993042
https://doi.org/10.1093/annonc/mdy495
https://doi.org/10.1136/esmoopen-2018-000442
https://doi.org/10.1186/s13073-017-0424-2
https://doi.org/10.1038/s41588-018-0312-8
https://doi.org/10.1200/PO.18.00400
https://doi.org/10.1093/jnci/djy157
https://doi.org/10.1016/j.jtho.2018.04.003
https://doi.org/10.1016/j.jtho.2018.04.003
https://doi.org/10.21037/atm.2019.10.116
https://doi.org/10.3389/fonc.2023.1211103
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

	Development and validation of a novel anoikis-related gene signature in clear cell renal cell carcinoma
	1 Introduction
	2 Materials and methods
	2.1 Data collection and preprocessing
	2.2 Collection of differentially expressed anoikis-related genes
	2.3 Identification of anoikis-related signature
	2.4 Establishment and validation of nomogram
	2.5 Functional enrichment analysis
	2.6 Immunity analysis of the signature
	2.7 Mutation analysis
	2.8 ccRCC sample collection and western blot assay
	2.9 Expression analysis of ARGs in the signature at mRNA and protein levels
	2.10 Statistical analysis

	3 Results
	3.1 Identification of differentially expressed ARGs
	3.2 Development of the ARGs prognostic signature
	3.3 Validation of the ARGs prognostic signature
	3.4 The risk model based on ARGs prognostic signature was an independent prognosis indicator
	3.5 Role of the signature for OS in the prognosis of KIRC stratified by clinicopathological variables
	3.6 Pathway and process enrichment analyses
	3.7 Immune status difference between patients with high-risk and low-risk KIRC
	3.8 The relationship between risk signature and somatic mutation
	3.9 Investigation of the four ARGs expression in KIRC

	4 Discussion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Supplementary material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


