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Given the importance of tripartite motif (TRIM) proteins in diverse cellular biological processes and that their dysregulation contributes to cancer progression, we constructed a robust TRIM family signature to stratify patients with kidney renal clear cell carcinoma (KIRC). Transcriptomic profiles and corresponding clinical information of KIRC patients were obtained from The Cancer Genome Atlas (TCGA) and the International Cancer Genome Consortium (ICGC) databases. Prognosis-related TRIM family genes were screened and used to construct a novel TRIM family-based signature for the training cohort. The accuracy and generalizability of the prognostic signature were assessed in testing, entire, and external ICGC cohorts. We analyzed correlations among prognostic signatures, tumor immune microenvironment, and immune cell infiltration. The results of univariate Cox regression and Kaplan-Meier survival analyses revealed 27 TRIMs that were robustly associated with the prognosis of patients with KIRC. We applied Lasso regression and multivariate Cox regression analyses to develop a prognostic signature containing the TRIM1, 13, 35, 26, 55, 2, 47, and 27 genes to predict the survival of patients with KIRC. The accuracy and generalizability of this signature were confirmed in internal and external validation cohorts. We also constructed a predictive nomogram based on the signature and the clinicopathological characteristics of sex, age, and T and M status to aid clinical decision-making. We analyzed immune cell infiltration analysis and found that CD8 T cells, memory resting CD4 T cells, and M2 macrophages were the most enriched components in the KIRC tumor immune microenvironment. A higher level of immune infiltration by plasma cells, follicular helper T cells, and activated NK cells, and a lower level of immune infiltration by memory resting CD4 T cells, M1 and M2 macrophages, and resting dendritic cells were associated with higher risk scores. Overall, our eight-gene TRIM family signature has sufficient accuracy and generalizability for predicting the overall survival of patients with KIRC. Furthermore, this prognostic signature is associated with tumor immune status and distinct immune cell infiltrates in the tumor microenvironment.
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Introduction

Renal cell carcinoma (RCC) is the most common malignancy of the kidney. It arises from the renal tubule epithelium and accounts for ~ 90% of all renal tumors (1) and is the sixth most frequently diagnosed cancer in men worldwide, accounting for 5% of all oncological diagnoses each year (2). Based on its histological properties, RCC consists of kidney renal clear cell carcinoma (KIRC), kidney renal papillary cell carcinoma (KIRP), kidney chromophobe (KICH), and other relatively rare subtypes such as collecting duct carcinoma, medullary carcinoma, and other undefined subtypes (3). Epidemiological findings suggest that KIRC is the most common RCC subtype and accounts for 70% of all RCC diagnoses, followed by KIRP (10%–15%) and KICH (4%–6%) of RCC (4). Despite the rapid progress of diagnosis and treatments over the past two decades, RCC remains one of the most lethal malignancies of the urological system. Patients with localized RCC can be managed with surgery, whereas systemic therapy is the mainstay treatment for patients with relapsed or metastatic RCC (5). Tumor recurrence and metastasis are the main causes of RCC-related deaths, and 17% of patients already have distant metastasis by the time of diagnosis. Clinical factors, such as tumor grade and stage, are the main traditional predictors of overall survival (OS) for malignancies. However, the accuracy of prediction based on clinical factors is still poor in RCC owing to the complexity of inter-tumor and intra-tumor heterogeneity at the genomic level (6). Thus, to predict the prognosis of RCC patients remains challenging, and novel, reliable markers are needed to predict patient prognosis.

The tripartite motif (TRIM) superfamily comprises more than 80 genes (7). The proteins encoded by TRIMs have similar characteristic structures. The N-terminus of TRIM proteins is highly conserved and contains a tripartite motif comprising one RING domain, one or two B-box domains, and one coiled-coil domain, and C-terminal domains that are responsible for their diversity (8). Most TRIM proteins act as E3 ubiquitin ligases that regulate the degradation of target proteins, thus playing critical roles in cell proliferation, DNA damage and repair, and immune responses (7, 9, 10). Emerging evidence indicates that TRIMs are associated with the occurrence and development of cancers (11, 12) and might serve as diagnostic or prognostic biomarkers in various tumor types, including KIRC (13, 14).

Here, we comprehensively analyzed TRIM genes in KIRC based on datasets from The Cancer Genome Atlas (TCGA) and the International Cancer Genome Consortium (ICGC). Prognosis-related TRIM genes were identified and used to construct a robust prognostic signature in KIRC. The accuracy and specificity of the signature to predict the prognosis of patients with KIRC were validated in internal and external cohorts. We also analyzed associations between the prognostic signature and immune cell infiltration in patients with KIRC.



Materials And Methods


Data Acquisition and Processing

Transcriptome profiling data in fragment per kilobase method (FPKM) format of 539 KIRC tumor tissues and 72 non-tumor tissues were acquired from the TCGA (https://portal.gdc.cancer.gov/) database. The corresponding clinical information of KIRC patients were also obtained from the TCGA database. Additional gene expression matrix containing clinical information of KIRC patients were downloaded from the ICGC (https://dcc.icgc.org/projects) database and was regarded as the external validation cohort. Patient with missing clinical information were excluded for further analysis.



Construction and Validation of the Prognostic Gene Signature of TRIM Family

We first identified prognosis-related genes of TRIM family by performing univariate Cox regression analysis and Kaplan-Meier survival analysis in TCGA KIRC cohort. Genes with P-value less than 0.05 in both analyses were considered as prognosis-related TRIM genes in KIRC. Subsequently, the TCGA KIRC cohort (entire cohort) was randomly classified into a training cohort and a testing cohort in a ratio of approximately 1:1. In training cohort, LASSO (Least absolute shrinkage and selection operator) regression analysis was conducted using glmnet package in R to prevent the occurrence of overfitting and obtain candidate genes. Then, stepwise multivariate Cox proportional hazards regression analysis was performed to calculate the corresponding coefficient and we ultimately developed an eight-gene prognostic signature of TRIM family in KIRC. The risk score of KIRC patients were calculated on the basis of linear combination of gene expression values and regression coefficients and the formula was as follow:   (Exp = gene expression value; Coe = regression coefficient). Later, patients in training cohort, testing cohort, entire cohort, and external validation cohort were categorized into high- and low-risk groups according to the median risk score value in training cohort. Kaplan-Meier survival analysis was applied to compare the overall survival between high- and low-risk groups using survival package in R. The sensitivity and specificity of the eight-gene signature were estimated by performing time-dependent receiver operating characteristic (ROC) curve analysis using survivalROC package.



Functional Enrichment Analyses

Differentially expressed genes between high- and low-risk groups were identified in both TCGA and ICGC cohorts using edgeR package. Genes with |log2FC| >0.5 and FDR <0.01 were regarded as DEGs. Shared DEGs in the two cohorts were subjected to GO (Gene Ontology) and KEGG (Kyoto Encyclopedia of Genes and Genomes) enrichment analysis using org.Hs.eg.db and clusterProfiler package in R. Gene set enrichment analysis (GSEA) were performed to detect potential biological processes and cellular pathways enriched in low- or high-risk subgroups in TCGA and ICGC cohorts.



Construction and Validation of a Predictive Nomogram

A nomogram comprising risk score and traditional prognosis-related clinical variables including age, gender, and T and M status was developed in TCGA cohort to quantitatively predict the prognosis of KIRC patients. The calibration curves were utilized to evaluate the sensitivity and accuracy of the nomogram in predicting the possibilities of 1-, 3- and 5-year overall survival for KIRC patients in TCGA and ICGC cohorts.



Immune Cell Infiltration Analysis

The proportion of immune cell infiltration in each KIRC sample were estimated using the CIBERSORT algorithm. Briefly, normalized gene expression matrixes from the TCGA and ICGC cohorts were converted into 22 types of immune cell matrixes. After filtering with the criteria of P-value less than 0.05, the content of 22 types of immune cells between high- and low-risk groups in TCGA and ICGC cohorts were compared.



Tissue Collection

A total of 22 frozen tissue samples including 11 kidney renal clear cell carcinoma tissues and 11 adjacent normal tissues were collected from patients with a histopathological diagnosis of KIRC undergoing surgery in Renmin hospital of Wuhan university between September 2020 and August 2021. These samples were harvest after resection and stored at -80°C. All the patients were given informed consent. The research was approved by the Ethics Committee of Renmin Hospital of Wuhan University.



RNA Isolation and qRT-PCR

RNA was isolated using TRizol reagent (Invitrogen, Carlsbad, CA, United States) according to the manufacturer’s protocol, and was reverse transcribed into cDNA. Subsequently, quantitative real-time PCR (qRT-PCR) was performed to detect the relative gene expressions using the SYBR green PCR mix (vazyme, Nanjing, China). The primer sequences were list as follow: TRIM1, forward, 5’-ACTGGCCAGGCTAACTTCAT-3’ and reverse, 5’-TCGGGTAGGTTCACTGTTCC-3’; TRIM2, forward, 5’-TAACCAACCAAAAGGCCAGC-3’ and reverse, 5’-CGCTCATCTGCTTCTTCACC-3’; TRIM26, forward, 5’-ACCCATTGCTCGAGTGGTTA-3’ and reverse, 5’-ACTTCCCAGTAGACCTTGCC-3’; TRIM13, forward, 5’-AGCAAGATTCCCTGGAGCTT-3’ and reverse, 5’-TGCACACAAATTCTGCCACA-3’; TRIM27, forward, 5’-TGGATTCTGGGCAGTGTCTT-3’ and reverse, 5’-TCCCTCCCGAGTAACTCAGA-3’; TRIM55, forward, 5’-TACAAGCAGGAGTCCACCAG-3’ and reverse, 5’-CTGATCACTCCCTGGACTCG-3’; TRIM47, forward, 5’-AATCATCCCAAGCTGTCCGT-3’ and reverse, 5’-TAGGACACAGCACCCTCTTG-3’; TRIM35, forward, 5’-GCTTCGCGAGTTCTTGAGAG-3’ and reverse, 5’-GACATCGATAAGCATGCCGG-3’; GAPDH, forward, 5’-CTGAGTACGTCGTGGAGTCC-3’ and reverse, 5’-GTCTTCTGGGTGGCAGTGAT-3’;



Statistical Analysis

All the statistical analyses were performed using R software (version 4.1.0). Kaplan-Meier survival curve analysis and a two-sided log-rank test was applied to compare overall survival between high- and low-risk groups. The Wilcoxon rank-sum test was employed to compare differences in the proportion of immune cell infiltration between two groups. A P-value less than 0.05 was regarded as statistically significant.




Results


Identification of Prognosis-Related TRIM Family Genes in KIRC and Construction of a Protein-Protein Interaction Network

Figure 1A shows the expression profiles of TRIMs in KIRC tumor tissues and adjacent normal tissues. Among 83 genes in the TRIM family, 54 were differentially expressed between tumor and adjacent normal tissues (Figure 1B). Moreover, the findings of univariate Cox regression and Kaplan-Meier survival analyses revealed that 27 genes were robustly associated with the prognosis of patients with KIRC (Figure 1B). Fourteen of these 27 genes were protective (HR < 1) and 13 were risk factors (HR>1) for KIRC (Figure 1C). Figure 1D shows correlations among the 27 prognosis-related TRIMs. A protein-protein interaction network of these genes was constructed using STRING (https://string-db.org/) and visualized using Cytoscape (Figure 1E). Hub gene analysis suggested that TRIM23, 44, and 19 were the top three genes in a PPI network (Figure 1F).




Figure 1 | Identification of prognosis-related TRIMs in KIRC and construction of a protein-protein interaction network. (A) The expression profile of TRIMs in tumor tissues and adjacent normal tissues. (B) Venn plot showing the differentially expressed TRIMs between KIRC tissues and adjacent non-tumor tissues, and prognosis-related TRIMs. (C) Volcano plot showing the prognosis-related TRIMs. (D) Correlation heatmap of the 27 prognosis-related TRIMs. (E) Protein-protein interaction network of the 27 prognosis-related TRIMs. (F) Hub genes in the PPI network.





Construction of a Novel Signature Comprising Eight TRIM Genes in the Training Cohort

We analyzed the 27 prognosis-related TRIMs using Lasso regression followed by multivariate Cox regression in the training cohort (Figures 2A, B). We ultimately developed a prognostic signature of eight genes namely, TRIM1, 13, 35, 26, 55, 2, 47, and 7 to predict the survival of patients with KIRC. Figure 2C and Table 1 show the coefficients and details of these eight genes. Risk scores for each patient in the training cohort were calculated on the expression and coefficients of the eight genes as TRIM1 × (-0.202) + TRIM13 × (-0.167) + TRIM2× (-0.044) + TRIM35× (-0.133) +TRIM26 × (-0.075) +TRIM55× (-0.058) + TRIM47 × 0.039 +TRIM27 × 0.318.




Figure 2 | Construction of a novel eight-gene signature of TRIM family in the training cohort. (A) Lasso coefficients profiles of the prognosis-related TRIMs. (B) The association between deviance and log (lambda). (C) The coefficients of the eight TRIM genes. (D) Risk score distribution of KIRC patients in training cohort. (E) The distribution of survival time and survival status of KIRC patients in training cohort. (F) The expression profile of the eight TRIM genes. (G) Kaplan-Meier survival analysis in the training cohort. (H) Time-dependent ROC curve for 1-, 2-, and 3-year predictions in training cohort.




Table 1 | Details of the eight TRIM genes in the prognostic signature.



Patients in the training cohort were allocated to high- or low-risk groups based on their median risk scores (Figure 2D). Figure 2E shows the survival status and survival duration of patients in the training cohort. The results suggested that patients in the low-risk group tended to have a lower death rate and prolonged survival. Figure 2F shows the expression profiles of the eight genes in the high- and low-risk groups. The results indicated that compared to those in the low-risk group, more TRIM47 and 27 and less TRIM1, 13, 35, 26, 55, and 2 were expressed in the high-risk group. Kaplan-Meier curves revealed a better OS for patients in the low-risk group compared to that for patients in the high-risk group (Figure 2G). We evaluated the sensitivity and specificity of the eight-gene signature for predicting the prognosis of patients with KIRC using time-dependent receiver operator characteristics (ROC) curves. The areas under the ROC curves (AUCs) for 1-, 2-, and 3-year survival were 0.806, 0.756, and 0.768, respectively, indicating the accuracy of the prognostic signature (Figure 2H).



Validation of Eight-Gene Signature in Internal and External Cohorts

We calculated risk scores of the patients in the testing and entire cohorts using the same algorithm to validate the predictive ability of the eight-gene signature. Patients were allocated to high- or low-risk groups based on the median risk score in the training cohort (Figures 3A, B). The death rates were higher and survival was shorter in the high-risk group (Figures 3C, D). Figures 3E, F show the expression profiles of the eight genes in the test and entire cohorts. Kaplan-Meier curves revealed significantly better OS in the low-risk group compared to that in the high-risk group (Figures 3G, H). The AUCs for 1-, 2-, and 3-year OS were 0.697, 0.661, and 0.675, respectively in the test cohort (Figure 3I), and 0.753, 0.711, and 0.718, respectively, in the entire cohort (Figure 3J). These results showed that the signature of the eight TRIM genes has a strong prognostic value in both cohorts.




Figure 3 | Validation of the eight-gene signature of TRIM family in the internal validation cohorts. (A, B) Risk score distribution of KIRC patients in testing and entire cohorts. (C, D) The distribution of survival time and survival status of KIRC patients in testing and entire cohorts. (E, F) The expression profile of the eight TRIM genes in testing and entire cohorts. (G, H) Kaplan-Meier survival analysis in testing and entire cohorts. (I, J) Time-dependent ROC curve for 1-, 2-, and 3-year predictions in testing and entire cohorts.



We calculated the risk scores and set the median in the training cohort as the cut-off to stratify patients into high- and low-risk groups and further evaluate the generalizability and accuracy of signature (Figure 4A). Figure 4B shows a higher death rate among patients with KIRC in the high-risk group compared to that among patients in the low-risk group. Figure 4C shows the expression profiles of eight genes in the high- and low-risk groups. Kaplan-Meier curves indicated a significantly worse OS for patients in the high-risk group compared to that in the low-risk group (Figure 4D). The AUCs of the 1-, 2-, and 3-year OS in the external cohort were 0.697, 0.680, and 0.608, respectively (Figure 4E). Overall, these findings indicated that our eight-gene prognostic signature of the TRIM family had robust and stable prognostic ability.




Figure 4 | Validation of the eight-gene signature of TRIM family in external ICGC cohort. (A) Risk score distribution of KIRC patients in ICGC cohort. (B) The distribution of survival time and survival status of KIRC patients in ICGC cohort. (C) The expression profile of the eight TRIM genes in ICGC cohort. (D) Kaplan-Meier survival analysis in ICGC cohort. (E) Time-dependent ROC curve for 1-, 2-, and 3-year predictions in ICGC cohort.





Stratification Analysis of Eight-Gene Prognostic Signature Based on Clinicopathological Features

We further assessed the predictive power of the eight-gene prognostic signature as follows. We assigned patients with KIRC in the entire cohort into subgroups based on the clinicopathological features of sex (female vs. male), age (≤ 60 vs. > 60 y), grade (T1/2 vs. T3/4), stage (I/II vs. III/IV), T (1/2 vs. T3/4), and M stage (M0 vs. M1). Compared to that in the high-risk group with different clinicopathological features, Kaplan-Meier curves (Figures 5A) indicated a better OS among patients with KIRC in the low-risk group.




Figure 5 | KM survival analysis of subgroups stratified by gender (A), age (B), grade (C), stage (D), and T and M status (E, F).





Prognostic Independence of the Signature and Construction of a Nomogram for KIRC

We analyzed the entire TCGA cohort using univariate and multivariate Cox regression to determine the independence of the eight-gene signature as a risk factor for KIRC. The results suggested that the risk score and the clinicopathological characteristics of age, grade, and T stage, were independent risk factors for patients with KIRC (Table 2). We then developed a prognostic nomogram to help clinicians decide how to treat or mange individual patients with KIRC. Risk scores, gender, age, T, and M stages in TCGA and ICGC cohorts were included in the nomogram (Figure 6A). Calibration curves for 1-, 3-, and 5-year survival predicted by the nomogram confirmed its predictive accuracy for KIRC in both TCGA and ICGC cohorts (Figures 6B, C).


Table 2 | Univariable and multivariable analysis of the signature based on TRIM genes and clinical factors in the TCGA cohort.






Figure 6 | Construction and validation of a nomogram in TCGA and ICGC KIRC cohorts. (A) The nomogram comprising clinicopathological factors including gender, age, T and M status, and risk score based on the eight-TRIM gene signature. (B, C) The calibration curves displayed the concordance between predicted and observed 1-, 3-, and 5-year overall survival in TCGA (B) and ICGC (C) KIRC cohorts.





Functions and Pathways Correlated With the Signature

We further investigated the potential function of the signature using limma filtration and identified 970 shared differentially expressed genes (DEGs) between the high- and low-risk groups in TCGA and ICGC cohorts (Figure 7A). Figures 7B, C show expression profiles of these DEGs in TCGA and ICGC cohorts. Gene Ontology (GO) and Kyoto Encyclopedia of Genes and Genomes (KEGG) analyses of the 970 DEGs revealed significantly enriched DEGs in the biological processes of positive regulation of leukocyte activation, establishment of protein localization to the membrane, positive regulation of lymphocyte activation, regulation of inflammatory response, and complement activation. Ribosomes, ribosomal subunits, and cytosolic ribosomes were the three most enriched cellular components. We found that DEGs were particularly enriched in the molecular functions of GTPase regulator activity, GTPase activator activity, structural constituents of ribosomes, GTPase binding, and small GTPase binding (Figure 7D) and in the KEGG MAPK, Ras, phospholipase D signaling, ribosome, and oxidative phosphorylation pathways (Figure 7E). Gene set enrichment was compared between the high- and low-risk groups in TCGA and ICGC gene expression matrices. Oxidative phosphorylation and ribosome pathways were significantly enriched in the high-risk group in both TCGA and ICGC gene expression matrices. In contrast, adherens junction, ErbB signaling, mTOR signaling, WNT signaling renal cell carcinoma, and ubiquitin-mediated proteolysis pathways were enriched in the low-risk group (Figures 7F, G).




Figure 7 | Identification of risk-related differential expressed genes and functional enrichment analysis. (A) Venn plot exhibiting differentially expressed genes between high- and low-risk groups in TCGA and ICGC cohorts. (B–C) The expression profiles of the differentially expressed genes in TCGA and ICGC cohorts. (D) GO enrichment analysis of the differentially expressed genes. (E) KEGG enrichment analysis of the differentially expressed genes. (F, G) Gene set enrichment analysis in TCGA and ICGC cohorts.





The Signature Correlated With Tumor Immune Cell Infiltration

We further explored the association between signature and tumor immune cell infiltration in KIRC. Figure 8A and Supplementary Figure 1A show the proportions of 22 types of infiltrative immune cells in each KIRC sample in TCGA and ICGC cohorts. The three most enriched components in the tumor immune microenvironment were CD8 T cells, memory resting CD4 T cells, and M2 macrophages. Figure 8B and Supplementary Figure 1B show correlations among these cells in KIRC samples. We compared the content of tumor immune cell infiltration between the high- and low-risk groups of KIRC samples from TCGA and ICGC cohorts. Figures 8C, D and Supplementary Figures 1C, D show higher proportions of plasma cells, follicular helper T cells, and activated NK cells and lower proportions of memory resting CD4 T cells, resting dendritic cells, and M1 and M2 macrophages in the high-risk group. These findings suggested that the tumor immune microenvironment was closely associated with the prognosis of patients with KIRC.




Figure 8 | The signature was correlated with tumor immune cell infiltration in TCGA KIRC cohort. (A) Stacked bar chart showing the abundance of 22 immune cell types in each KIRC sample of the TCGA cohort. (B) The correlation heatmap of the infiltrating immune cells in the TCGA cohort. (C, D) Heatmap and violin plot exhibiting immune cell infiltrates in KIRC patients at high- and low-risk groups.





Expression and Kaplan-Meier Survival Analysis of the Eight TRIM Family Genes

We analyzed expression of the eight TRIM genes and applied Kaplan-Meier curves to determine the survival of patients with KIRC derived from the public database and our experimental validations. Compared to that in adjacent normal tissues, we found significantly lower TRIM1, 2, and 26 (Figures 9A–C and Figures 10A–C) and significantly higher TRIM13, 27, 55, 47, and 35 expressions in KIRC tumor (Figures 9D–H and Figures 10D–H). Kaplan-Meier curves associated lower TRIM1, 2, 26, 13, 55, and 35 expressions with a poorer prognosis of KIRC (Figures 9I–L, N, P), and lower TRIM27 and TRIM47 expression with a better OS (Figures 9M, O).




Figure 9 | Expression and survival analysis of the eight genes of TRIM family. (A–H) The expression levels of TRIM1, TRIM2, TRIM26, TRIM13, TRIM27, TRIM55, TRIM47, and TRIM35 in KIRC tumor tissues and adjacent normal tissues. (I–P) Kaplan-Meier curve analyses of the eight genes in TCGA KIRC cohort.






Figure 10 | qRT-PCR was employed to detect the expression levels of TRIM1 (A), TRIM2 (B), TRIM26 (C), TRIM13 (D), TRIM27 (E), TRIM55 (F), TRIM47 (G), and TRIM35 (H) in clinical KIRC samples. *P < 0.05, **P < 0.01, ***P < 0.001.






Discussion

With the advancement of high-throughput sequencing and its application to cancer research, numerous prognostic biomarkers in diverse tumor types have been identified through bioinformatics analyses (15, 16). Recent reanalysis of datasets in public databases has provided an avenue to identify potential therapeutic targets, diagnostic or prognostic biomarkers, and predictor of response to therapy. An integrated analysis of glycolysis-related genes in clear cell renal cell carcinoma (ccRCC) by Lv et al. using TCGA and GEO datasets resulted in the construction of a seven-gene signature that predicted OS in ccRCC (17). The accuracy and generalizability of a prognostic signature for ccRCC created by Wu et al. based on ubiquitin-related genes has been verified in an independent dataset derived from the ArrayExpress database (18). Verbiest et al. found that the ccRCC molecular subtypes (ccrcc1 to 4), established based on unsupervised clustering of whole genome mRNA-expression data (19), could identify molecularly different patient populations and selected patients for systemic therapies, and they were predictive of sunitinib or pazopanib response in metastatic ccRCC (20, 21). These findings have provided new insights into the development of novel prognostic biomarker in KIRC.

The TRIM proteins play vital roles in various biological processes, and changes in them are involved in diverse pathological conditions, such as neurodegenerative diseases, immune-related diseases, and cancers (22–25). Dysregulated TRIM protein tumors are oncogenic or function as tumor suppressors (26–28). Many TRIMs are aberrantly expressed in RCC and might serve as prognostic biomarkers of RCC. For example, decreased TRIM2 expression in ccRCC, than that in adjacent normal renal tissues, is associated with a poor prognosis for patients with ccRCC (29). In contrast, increased TRIM44 expression is significantly associated with a worse OS in RCC (30). Abnormal TRIM expression contributes to the malignant biological behavior of cancer cells through diverse mechanisms. The mRNA and protein levels of TRIM47 were higher in human renal cancer tissues than those in paired normal adjacent tissues. Functionally, TRIM47 is an oncogene in RCC, and its overexpression accelerates cell proliferation and invasion by promoting P53 ubiquitination and degradation (14). TRIM37 is dysregulated in RCC, and its increased expression is associated with aggressive neoplastic phenotypes and poorer survival. Mechanistically, TRIM37 promotes the malignant progression of RCC via TGF-β1/SMAD signaling through its direct mediation by ubiquitinating-H2A modifications (31). Taken together, these findings indicate that TRIM proteins are associated with the occurrence and development of RCC and are potential biomarkers for prognostic prediction.

Given their important roles in RCC, our integrated analysis of TRIMs in KIRC, which is the most common RCC subtype, revealed that 54 (65%) of 83 TRIM family genes were differentially expressed between KIRC tissues and adjacent non-tumor tissues, further indicating the vital role of TRIMs in KIRC. Moreover, the results of univariate Cox regression and Kaplan-Meier curves showed that 27 TRIMs were robustly related to the prognosis of patients with KIRC. This prompted us to develop an eight-gene prognostic signature and further stratify patients into high- and low-risk groups. Compared to that in the low-risk group, the findings of Kaplan-Meier curves of all internal and external cohorts showed worse OS of patients in the high-risk group. We stratified patients into diverse subgroups based on the clinicopathological features of sex, age, grade, stage, and T and M status. Kaplan-Meier curves showed that survival was consistently worse in the high-risk groups compared to that in the low-risk groups in all subgroups. We verified the sensitivity and specificity of our prognostic signature based on TRIMs using time-dependent ROC analysis. Taken together, our findings showed that our TRIM-based signature is accurate and clinically useful for predicting the prognoses of patients with KIRC. Former research by Wu et al. analyzed the expression, mutations, and prognosis of 13 tumor stem cell associated TRIM genes (TRIM6, TRIM8, TRIM11, TRIM14, TRIM16, PML, TRIM21, TRIM24, TRIM25, TRIM27, TRIM28, TRIM32, and TRIM71) in KIRC, and they utilized these TRIM genes to construct a risk model and confirmed its prediction performance in internal but not in external KIRC cohort (23). Here, the accuracy of our TRIM-based signature was verified in both internal and external cohorts, suggesting the generalizability of the prognostic signature. Moreover, we constructed a prognostic nomogram based on risk scores, sex, age, and T and M stages. Our nomogram was helpful for clinical decision-making and personalizing the management of KIRC patients. To further determine the potential function of the eight-gene signature of the TRIM family, we identified DEGs between the high- and low-risk groups and analyzed functional enrichment. We found that immune-related biological processes were significantly enriched. Gene set enrichment analysis between the high- and low-risk groups revealed that tumor-related pathways, including adherens junction, ErbB, mTOR and WNT signaling pathways, renal cell carcinoma, and ubiquitin-mediated proteolysis were obviously enriched. We assessed the association of the eight-gene signature with tumor immune cell infiltration in KIRC and found that the high- and low-risk groups differed in terms of immune status and distinctive immune cell proportions. The importance of infiltrated immune cell for immunotherapy and prognosis had been recognized. The infiltrated B cells played role in the response to immune checkpoint blockade treatment (32). In localized ccRCC, a subgroup of patients whose tumors were infiltrated with polyclonal and poorly cytotoxic CD8+PD-1+ Tim-3+Lag-3+ cells and CD4+ICOS+ T cells had a very high risk of early disease progression (33). In KIRC, a higher level of infiltration memory resting CD4 T cells and resting dendritic cells was associated with improved outcome (34), and we found lower proportions of memory resting CD4 T cells and resting dendritic cells in high-risk group, which was consistent with predictive performance of these infiltrated immune cells in KIRC. Thus, our TRIM-based signature was closely associated with tumor immune cell infiltration and might be utilized to predict the response to immunotherapy, and TRIM genes might participate in this process. Former research reported that some of the TRIMs were interferon (IFN)-inducible proteins. For example, the expression of TRIM22 was increased during T lymphocyte activation with IL-15 (35). In tumor, IL-15 was associated with lymphocyte infiltration in the micro-environment (36), and we might speculate that TRIM22 mediated this process and further exploration awaits.

The signature comprised TRIM1, 13, 35, 26, 55, 2, 47, and 27 genes. Among these, the expression of TRIM1, 2, and 26 was significantly lower in KIRC tumor, compared to that in adjacent normal tissues. This predicted a poorer prognosis and suggested a tumor-suppressive effect in patients with KIRC. However, the role of TRIM1 remains unclear, whereas TRIM2 plays dual roles by acting as an oncogene or as a tumor suppressor (37–39). In ccRCC, TRIM2 functions as an antitumor gene as well as a specific prognostic indicator, and its exogenous overexpression suppresses cell proliferation, migration, and invasion (29). TRIM26 functions as a tumor suppressor in hepatocellular carcinoma, papillary thyroid carcinoma, and non-small cell lung cancer (40–42), but its role in KIRC awaits future exploration. The expression of TRIM27 and TRIM47 was remarkably higher in KIRC tumor compared to that in normal tissues, and their increased expression was associated with worse OS, indicating an oncogenic role in KIRC. In fact, TRIM27 is a potent oncogene in various tumor types. Silencing or genetic knockout of TRIM27 ubiquitination-dependently or -independently inhibits malignant biological behavior in breast, colorectal, and ovarian cancers (43–45). The expression of TRIM27 in RCC is a specific prognostic indicator, and its overexpression accelerates cell proliferation by promoting IκBα ubiquitination and inducing the activation of NF-κB signaling (46). Although more TRIM13, 35, and 55 mRNA was expressed in KIRC tumor tissues, this might favor a better clinical prognosis for patients with KIRC. Therefore, the increased expression of TRIM13, 35, and 55 in KIRC tissues was inconsistent with their predictive performance in KIRC. Levels of TRIM13 protein are downregulated in ccRCC and associated with a short OS (47). The forced expression of TRIM13 reduces cell proliferation, migration, and invasion. TRIM35 is a tumor suppressor in HCC but suppresses HCC cell tumorigenicity by blocking PKM2 phosphorylation (48). TRIM35 plays a vital role in the tumoral growth of lung cancer and might be a potential diagnostic and prognostic target for patients with lung cancer (49). Thus, TRIM35 exerts both oncogenic and tumor suppressor roles in diverse types of tumors and its role in KIRC requires further exploration. Abundant TRIM55 is expressed in cardiac and skeletal muscles and plays significant roles in cardiomyocyte hypertrophy and apoptosis (50, 51). The forced expression of TRIM55 inhibits hepatocellular carcinoma cell migration and invasion by reversing the epithelial to mesenchymal transition (52). However, its role in KIRC and other types of tumors remains unknown and awaits further investigation.

Our study has some limitations. Our analysis was based on retrospective cohorts from public databases. Therefore, validation of the TRIM-based signature in prospective cohorts is required. The sample size used to verify the expression of the eight TRIM genes is a little small and the expression of eight TRIM genes should also be detected in non-neoplastic kidney pathologies. The functional roles of the eight prognostic TRIM genes in KIRC require further exploration in vitro and in vivo.

In conclusion, we constructed a novel gene signature of the TRIM family in KIRC and showed that it could predict the prognosis of patients with KIRC. Furthermore, our prognostic signature is associated with tumor immune status and distinct immune cell infiltrates in the tumor microenvironment.
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