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TRIP13 is identified as a prognosis biomarker for renal clear cell carcinoma and promotes renal cell carcinoma cell proliferation, migration and invasion
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Abstract: This work aimed to discover new therapeutic targets in renal clear cell carcinoma by bioinformatics and detect the effect of candidate gene TRIP13 in renal cell carcinoma (RCC) cell proliferation, migration, and invasion. Differentially expressed mRNAs were screened based on The Cancer Genome Atlas (TCGA)-Kidney Renal Clear Cell Carcinoma (KIRC) databases, and functional enrichments, survival analysis, receiver operating characteristic curve (ROC), and Protein–Protein Interaction (PPI) protein interaction analysis were performed by R software to screen the candidate gene TRIP13. Then, the expression of candidate gene TRIP13 in 92 pairs of cancer and adjacent normal tissues of renal clear cell carcinoma patients were detected by qRT-PCR, western blotting, and immunochemical analysis. The TRIP13 level and clinicopathological characteristics of patients with renal clear cell carcinoma were analyzed. Using 186-O and ACHN RCC cell lines with TRIP13 overexpressing or downregulating, the effect of TRIP13 on cell viability and proliferation were detected by CCK8 and EdU staining, respectively. The migration and invasion were detected by Transwell assays. A total of 19858 differentially expressed genes, 5823 differentially expressed genes, 3657 up-regulated genes, and 2166 down-regulated genes were identified. TRIP13 was closed associated with cell cycle regulation, and survival and prognosis of renal clear cell carcinoma were selected as a candidate gene. The mRNA and protein levels of TRIP13 in cancer tissues were higher than that in adjacent normal tissues. TRIP13 level was significantly associated with tumor size, tumor stage, Fuhrman grade, and lymph node metastasis. TRIP13 overexpression significantly increased cell viability, proliferation, migration, and invasion, while downregulating of TRIP13 had opposite effects in both 186-O and ACHN cells. Therefore, TRIP13 promotes RCC proliferation and metastasis, which should be a novel biomarker for early diagnosis, treatment, and prognosis of RCC.
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Introduction

Renal cell carcinoma is the third-largest urinary tract tumor after bladder tumor and prostate cancer (Torre et al., 2015). The incidence rate of renal cancer is 3% of all adult cancers in China (Chen et al., 2016). The average age of the patients is 50–70 years old, and the incidence rate has increased in recent years (Chen et al., 2017; Feng et al., 2019). The overall incidence rate of renal cell carcinoma has increased by 10 times (Chandrashekar et al., 2017). With the progress of medical science and technology, more and more asymptomatic renal cell carcinoma patients have been found, but the death rate of renal cell carcinoma remains high (Chen et al., 2016). Renal cell carcinoma is divided into many pathological types. The most common is renal clear cell carcinoma, accounting for 70–80% of the total incidence rate of renal cell carcinoma (Hsieh et al., 2017; Jonasch et al., 2020). At present, surgical treatment is the most important treatment for early renal cell carcinoma (De Raffele et al., 2020; Tosoian et al., 2020). However, surgery can only solve the visible tumor, but there is still a lack of effective means for the recurrence of the tumor and the treatment of recurrent tumor (Chin et al., 2006; De Raffele et al., 2020). Statistics show that the recurrence rate of patients receiving nephrectomy can be as high as 20% (de Raffele et al., 2020). Moreover, because of its special clinical manifestations, renal cell carcinoma has no obvious signs. When it is clinically diagnosed, most patients are accompanied by distant metastasis of the tumor. For these patients with advanced tumors, surgical intervention often cannot achieve ideal results (Hsieh et al., 2017; Jonasch et al., 2020). Interleukin-α and sunitinib have been used as the standard first-line drugs for renal cell carcinoma but the effective rate is only 15%, while chemotherapy drugs such as gemcitabine and fluorouracil are only effective in the treatment of metastatic non-clear cell carcinoma (Amato and Khan, 2008). Renal clear cell carcinoma is not sensitive to radiotherapy and chemotherapy (Huang et al., 2021; Xu et al., 2020).

With the development of molecular biology, more and more targeted drugs have been found and used in clinical practice. In 2008, the National Comprehensive Cancer Network (NCCN) and the European Association of Urology (EAU) have approved sorafenib as therapeutic drugs for renal cell carcinoma (Bandini et al., 2018; Cella et al., 2018). In 2017, the Food and Drug Administration (FDA) has approved cabozantinib for the treatment of patients with advanced renal cell carcinoma, which offers benefits over sunitinib (Chen et al., 2020). The application of targeted drugs makes up for the lack of surgical treatment in patients with advanced tumors and improves the prognosis of patients with renal cell carcinoma (Ruppin et al., 2009). However, its side effects are large and individual reactions are different, which can only meet the needs of some patients (Omae et al., 2016). In recent years, anti-angiogenic therapies were developed, although these drugs yield only partial responses in a minority of patients (Di Lorenzo et al., 2016; Tamma et al., 2019; Zeng and Fu, 2020; Zeng et al., 2019a). New and efficient biomarkers for renal cell carcinoma are becoming more and more important. With the development and realization of the human genome project, the function of genes and the genome has attracted more and more attention. Bioinformatics facilitates the discovery of new therapeutic targets (Li et al., 2020; Xie et al., 2020). We used the Cancer Genome Atlas (TCGA) database to explore the expression of genes related to the prognosis of renal clear-cell carcinoma, screened out the gene TRIP13 with obvious differential expression, and discussed the prognostic value of TRIP13 as a new biomarker.

Thyroid hormone receptor-interacting protein 13 (TRIP13) is a member of the AAA+ protein family (Zhu et al., 2019). TRIP13 protein is mainly involved in DNA double-strand break repair, chromosome recombination and cell cycle checkpoint regulation (Vader, 2015). In recent years, more and more studies have shown that TRIP13 plays an important role in the occurrence and development of tumors (Di et al., 2019; Kurita et al., 2016). The abnormal high expression of TRIP13 was detected in hepatocellular carcinoma, colorectal cancer, bladder cancer and esophageal squamous cell carcinoma, and its expression level was closely related to the malignant degree of the tumor (Di et al., 2019; Kurita et al., 2016; Niu et al., 2019; Zhu et al., 2019). However, the relationship between TRIP13 and renal clear cell carcinoma has not been reported. Therefore, this study will focus on the expression of TRIP13 in renal clear cell carcinoma and its mechanism in the occurrence and development of the disease. Therefore, we will compare the expression of TRIP13 mRNA and protein in renal clear cell carcinoma and adjacent tissues and analyze the relationship between the expression of TRIP13 and clinicopathological characteristics and prognosis of patients with renal clear cell carcinoma, and explore the effect of TRIP13 on proliferation, migration, and invasion of renal clear cell carcinoma cells through a series of experiments. These results will provide a new theoretical basis for the early diagnosis, timely treatment, and prognosis of renal clear cell carcinoma.

Materials and Methods

Specimens

Patients with primary renal clear cell carcinoma were identified using universal morphology codes (8050/3, 8260/3, 8310/3, 8317/3, 8318/3, and 8319/3) based on the International Classification of Diseases for Oncology codes (3rd edition). The diagnoses were confirmed by histological examination. Patients who were under 18 years old at diagnosis or had missing data on tumor stage, Fuhrman grade, tumor size, and lymph node metastasis were all excluded from the study. In the end, 92 renal clear cell carcinoma patients at Dongfang hospital fulfilled the inclusion criteria and were included in the study. Demographic and clinical variables such as age at diagnosis, sex, Fuhrman grade (Grades I–II, Grades III–IV), Tumor classification (T1–T2, T3–T4), tumor size (larger or smaller than 4 cm), and lymph node metastasis (Yes, No) were all captured. The AJCC Cancer Staging Manual (7th edition, 2010) was employed to evaluate tumor stages. All participating patients signed informed consent. The collection and utilization of the clinical samples were approved by the Ethical Committee of the Dongfang Hospital affiliated with Xiamen University. The qPCR, western blot, and Immunohistochemistry (IHC) of TRIP13 were performed for all the 92 pair samples.

TCGA-KIRC data and differentially expressed mRNA analysis

The Cancer Genome Atlas (TCGA)-Kidney Renal Clear Cell Carcinoma (KIRC) mRNA RNAseq reads count data and clinical data were downloaded using TCGA biolinks R package (Colaprico et al., 2016). The mRNA expression data of 606 samples (72 precancerous tissue samples and 534 cancer tissue samples) and clinical data of 621 samples were downloaded. The Deseq2 R package was used to standardize the data and calculate the difference. The parameters p-value and fold-change were set to be less than 0.05 and 2, respectively. The volcano map was drawn with the ggplot2 R package.

Functional enrichment

Through the functional enrichment analysis of the differential gene set, we can find out which biological functions or pathways are significantly related to the differential genes under different conditions. Clusterprofiler R package was used to analyze the enrichment of Go (Gene Ontology) function and KEGG (Kyoto Encyclopedia of Genes and Genomes) pathway. Enrichment analysis is based on the principle of hypergeometric distribution (Yu et al., 2012). GO is a comprehensive database describing gene function, which can be divided into three parts: biological process and cellular component molecular function. For GO functional enrichment, a p-value less than 0.05 is the threshold of significant enrichment. KEGG is a comprehensive database integrating genomic, chemical, and systemic functional information. For KEGG pathway enrichment, a p-value less than 0.05 is the threshold of significant enrichment.

Survival analysis

Survival and survminer packages were used to analyze the effect of 5823 differential gene expression on survival and prognosis. The survival data were input using survival function, and the Kaplan Meier (KM) survival curves were created using survfit function and visualized using the ggsurvplot function. The difference in survival rates of groups was analyzed using the survdiff function with a p-value less than 0.05. The patients were divided into high and low expression groups by using the median expression. The genes significantly associated with the survival and prognosis of patients were screened out.

Receiver operating characteristic curve (ROC) and Protein-Protein Interaction (PPI) analysis

The ROC package was used to analyze the gene expression in 2887 genes and the corresponding survival state of the sample. An area under the curve (AUC) greater than 0.65 were screened out. String database Version: 11.0 was used to find out the genes interact with each other (Szklarczyk et al., 2019). Using the Centiscape2.2 plug-in of Cytoscape software, we calculated the node degree of 206 protein interactions with a score greater than 0.4 and displayed the size of nodes according to the size of degree and established the protein interaction network model.

Immunohistochemistry analysis

Tissues were fixed with 10% formaldehyde solution and then soaked in paraffin subsequently. Paraffin-embedded tissue sections (4 μm) were incubated with anti-TRIP13 for 60 min at 37°C, rewashed in PBS three times, 5 min each, and then used horseradish peroxidase coupled secondary antibodies incubated 40 min at 37°C. The tissue sections were then in PBS washed three times, 5 min each, and incubated in diaminobenzidine (DAB) for 1 min. The tissue sections were finally counterstained with hematoxylin stain for 2 min and dehydrated with step alcohol. Images were observed by an optical microscope (Leica Microsystems Ltd., Wetzlar, Germany) at 200× magnification. The positive cells in the nucleus or cytoplasm showed yellow or yellow-brown.

Cell culture

The 786-O and ACHN cell lines (the Cell Bank of the Chinese Academy of Sciences, Shanghai, China) were maintained in DMEM medium supplemented with 10% fetal bovine serum (FBS, Hyclone) and 1% antibiotic-antimycotic solution (10000 U/mL penicillin, 10000 μg/mL streptomycin, and 25 μg/mL Amphotericin B, Life Technologies, USA) in a humidified atmosphere with 37°C and 5% CO2.

Cell transfection

When cell growth about 50–60% confluence, cells were washed with PBS and starved with 4 mL DMEM medium without FBS for 2 h at 37°C. Then, mixtures of 500 μL of DMEM (Invitrogen, USA) without FBS and 30 μL lipofectamine3000 reagent (Invitrogen, USA), and 20 μg plasmid (pcDNA3.0 empty plasmid, pcDNA3.0-TRIP13, shCTRLACCGAGTTTGAAAGATCCATGTCAA, and shTRIP13 ACCTGAGTGTTAGAAAGCTACTCAA, respectively, Genepharma, USA) and 30 μL lipofectamine3000 reagent were mixed and placed for 5 min at room temperature, and then incubated the cells for 15 min. After 6 h, the medium was replaced by fresh DMEM containing 10% FBS. Cell transfection efficiency was detected by qRT-PCR after 24 h and confirmed by Western blot after 48 h. In this study, we obtained a 70% transfection efficiency.

Cell Counting Kit-8 (CCK8)

The cells were divided into five groups: control group, pcDNA3.0 empty plasmid, pcDNA3.0-TRIP13, shCTRL, and shTRIP13. The cells were seeded in a 96-well plate with 5000 cells/well, and 6 multiple wells were set in each group. After 6–8 h, the cells were changed into a medium containing 10% FBS and cultured in a 37°C incubator. After 48 h of transfection, 10 μL of CCK-8 (Beyotime, China) was added into each well. The 96-well plate was placed in an incubator for 2 h, and the absorbance at 450 nm was determined by an enzyme reader.

Real-time quantitative polymerase chain reaction (qRT-PCR)

The tissue was fully ground in liquid nitrogen, and 1 mL Trizol (cat. 9109, Takara, Japan), shaken and mixed, placed at 4°C for 5 min; 0.2 mL of chloroform was added, shaken violently for 15 s, placed at 4°C for 3 min, and centrifuged (12000 rpm) at 4°C for 15 min to transfer the upper water phase into a new tube. An equal volume of isopropyl alcohol was added, mixed well, and let stand at −20°C for 20 min; then, the sample was centrifuged (12000 rpm) at 4°C for 15 min to remove the supernatant; the precipitate was washed with 1 mL of 75% DEPC alcohol and centrifuged (8000 rpm) at 4°C for 5 min. After drying at room temperature, 30 μL of ddH2O water treated by DEPC was added to dissolve RNA, and 1.5 uL of sample solution was determined by Ultra Micro Ultraviolet Analyzer (q6000uv, Quawell Technology) and frozen at −80°C for standby. Using 2 μg total RNA as a template, the reverse transcription reaction system was prepared according to the instructions of the Bestar qPCR RT Kit (cat.2220, DBI). The total system was 10 μL, 37°C, 15 min; 98°C, 5 min. The first strand of cDNA was synthesized with sequence (5’–3’) of primers as below: GAPDH (F) TGTTCGTCATGGGGTGAAC, GAPDH (R) ATGGCATGGACTGTGGTCAT, TRIP13 (F) ACTGTTGCACTTCACATTTTCCA, and TRIP13 (R) TCGAGGAGATGGGATTTGACT. The reaction system of real-time PCR was 20 μL Sybr Green qPCR master Mix (cat. 2043, DBI). The PCR reaction conditions were 95°C for 2 min, 94°C for 20 s, 58°C for 20 s, 72°C for 20 s, 40 cycles. Melting curve analysis: 94°C for 30 s, 65°C for 30 s, 94°C for 30 s, each sample repeated three times. Agilent Stratagene fluorescence quantitative PCR (Mx3000p, Agilent) was used to carry out a fluorescent quantitative PCR experiment. The data were processed by the 2−ΔΔCt method.

Western blot

Protein was extracted by RIPA (Beyotime, China). BCA kit (Beyotime, China) was used to detect the protein concentration. The extracted protein samples were boiled in a water bath for about 10–15 min and centrifuged at a speed of 12000 × g for 5 min at room temperature. SDS-PAGE gel electrophoresis at constant voltage 80 V, 110 min. The protein was transferred to the PVDF membrane with a constant current of 260 mA and 120 min. PVDF membrane was blocked in 5% skimmed milk prepared with 100 mL.

Table 1: The top 30 genes with significant prognosis
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Table 2: Association between TRIP13 expression and clinicopathological features in RCC patients
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TBST solution for 2 h. 2% BSA in TBST was prepared for dilution of primary antibody anti-TRIP13 (1:200, ab128153, Abcam, USA). The primary antibody was incubated overnight in a shaker in a refrigerator at 4°C. HPR-conjugated secondary antibody (1:5000, mouse anti-rabbit IgG, Beyotime, China) was used to incubate for 2 h. Immunolabeling was detected with ECL chemiluminescence (Millipore, USA) according to the manufacturer’s instructions.

Cell migration and invasion

Cells were suspended to single-cell suspension with a density of 5 × 105/mL. Transwell (Matrigel pre-coated for invasion, but not for migration; Corning, USA) was placed into a 24-well culture plate. 100 μL cell suspension (about 5 × 104 cells) was added into the upper chamber, and 500 μL DMEM containing 10% FBS was added into the lower chamber. The 24 well plates were incubated in 5% CO2 and at 37°C in an incubator for 24 h. The cells in the upper chamber were carefully wiped off with cotton balls, fixed with 4% paraformaldehyde for 20 min, washed with PBS twice, stained with 0.1% crystal violet for 30 min, washed with PBS twice, and then observed and photographed directly under the microscope.

Statistical analysis

SPSS software (v19.0, SPSS, USA) was used to analyze the experimental data. The association between differentially expressed genes and pathological characteristics were analyzed by chi-square test. The measurement data were expressed by mean ± standard deviation (X ± SD), and the difference of data was compared by t-test, and the statistical significance between multiple groups of samples was compared by analysis of variance (ANOVA). When p < 0.05, there was a statistical difference.

Results

TRIP13 is closely associated with RCC survival and prognosis

TCGA database was downloaded for differential mRNA screening (Fig. 1A). A total of 19858 differentially expressed genes, 5823 differentially expressed genes, 3657 up-regulated genes, and 2166 down-regulated genes were identified (Suppl. Tab. 1). GO analysis, pathway analysis, and PPI analysis were performed on the differentially expressed mRNAs (Figs. 1B–1D). From the results of GO enrichment analysis, the most significant 30 terms (the top 10 for each classification) were selected to draw a histogram, as shown in the Fig. 1B. The top 10 BP included T cell activation, regulation of leukocyte activation, leukocyte cell-cell adhesion, regulation of cell-cell adhesion, regulation of lymphocyte activation, positive regulation of cell adhesion, regulation of T cell activation, leukocyte proliferation, regulation of leukocyte cell-cell adhesion, and regulation of leukocyte proliferation. The top 10 CC included extracellular matrix, collagen-containing extracellular matrix, external side of the plasma membrane, plasma membrane protein complex, side of the membrane, receptor complex, transmembrane transporter complex, transporter complex, ion channel complex, and the anchored component of membrane. The top 10 MF included passive transmembrane transporter activity, channel activity, substrate-specific channel activity, receptor regulator activity, ion gated channel activity, gated channel activity, receptor-ligand activity, ion channel activity, glycosaminoglycan binding, and metal ion transmembrane transporter activity. The differentially expressed genes in the Top 30 GO items are shown in Suppl. Tab. 2. From the KEGG enrichment results, the most significant 20 KEGG pathways were selected to draw the bubble diagram, as shown in Fig. 1C. The top 20 KEGG pathways included: Cytokine-cytokine receptor interaction, Neuroactive ligand-receptor interaction, Staphylococcus aureus infection, Cell adhesion molecules, Complement and coagulation cascades, Viral protein interaction with cytokine and cytokinereceptor, Allograft rejection, Intestinal immune network for IgA production, Graft-versus-host disease, Autoimmune thyroid disease, Protein digestion and absorption, Type I diabetes mellitus, Systemic lupus erythematosus, Retinol metabolism, Hematopoietic cell lineage, Phagosome, Rheumatoid arthritis, Viral myocarditis, Asthma, and Antigen processing and presentation. The differentially expressed genes in the Top 20 KEGG pathways are shown in Suppl. Tab. 3. Among 5823 differentially expressed genes, 2887 genes had a significant effect on survival and prognosis. The top 30 genes significantly associated with prognosis were SBNO2, DONSON, CHFR, KCNN4, ANKRD56, ATP6V1C2, KL, SLC4A5, ITPKA, C15orf42, PITX1, IL20RB, MC1R, DLX4, OTOF, SLC16A12, FKBP11, CDHR4, JAK3, PTPRH, ZIC2, SLC27A2, LEPRE1, CRHBP, PTTG1, CCDC19, CYP3A7, CDCA3, ITIH4, and FBXL6 (Tab. 1). Among the 2887 genes, a total of 206 genes with AUC greater than 0.65 were screened out (Suppl. Tab. 4), and the protein interaction regulatory network of 206 genes was investigated (Fig. 1D). TRIP13 was closed associated with regulation of cell cycle phase, with survival (p < 0.001, Fig. 1E), and with a specificity of 0.63 and a sensitivity of 0.66 (Fig. 1F) were selected as a candidate gene.
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Figure 1: Screening of the gene closely associated with RCC survival and prognosis. (A) The volcano map of differentially expressed genes. In the volcano map, red represents upregulated genes, green represents downregulated genes, and black represents genes with no significant difference. The abscissa of the volcano map is log2 fold-change. Fold-change is the fold of differential expression. The higher the log2 fold-change value is, the greater the upregulation of the gene is. p-value indicated that the difference was statistically significant. (B) GO enrichment analysis. The abscissa is the GO term, and the ordinate is the percentage of genes under the GO term. Different colors represent BP, CC, and MF. (C) KEGG pathway analysis. The abscissa is the ratio of the number of enriched differential genes to the total number of differential genes, and the ordinate is the KEGG pathway. The point size represents the number of enriched genes in the KEGG pathway. Color from blue to red represents the significance of enrichment. (D) Protein interaction regulatory network (combined score > 0.4). There are 50 genes in this network. (E) Survival curve of TRIP13. The patients were divided into high and low expression groups by using the median expression. (F) ROC curve of TRIP13. Threshold (specificity, sensitivity) and AUC were shown.
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Figure 2: The mRNA and protein levels of TRIP13 in RCC patients. (A) HE-staining of RCC cancer (Cancer) and adjacent normal (Normal) tissues. The tissue-specific differences were indicated by arrows. (B) IHC staining of TRIP13. (C) mRNA level of TRIP13 in 92 patients. (D) A represent blot images of TRIP13 in 4 pairs of RCC tissues. N, paracancerous normal tissue; C, RCC cancer tissue. ***p < 0.001 vs. normal.
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Figure 3: Effect of TRIP13 on RCC cell proliferation.

TRIP13 is correlated with RCC progression and metastasis

The mRNA and protein levels of TRIP13 were detected by qPCR, Western blot, and IHC (Fig. 2), and the association between the expression level and pathological characteristics were analyzed (Tab. 2). As shown in Figs. 2A and 2B, the histological change was consistent with TRIP13 increasing in RCC cancer tissues. TRIP13 were significantly associated with tumor size (p < 0.001), tumor stage (p < 0.05), Fuhrman grade (p < 0.01), and lymph node metastasis (p < 0.001), but not significantly associated with age and gender (Tab. 2), suggesting TRIP13 was involved in RCC progression and metastasis. TRIP13 mRNA and protein were increased in RCC cancer tissues compared with paracancerous normal tissues (p < 0.001, Figs. 2C and 2D).

TRIP13 induced RCC cell proliferation

To detect the role of TRIP13 in RCC, cell viability and proliferation were detected by CCK8 and EdU staining (Fig. 3). Both 786-O and ACHN cells were transfected with TRIP13 overexpressing and shRNA vectors. Results showed that TRIP13 overexpression significantly increased the cell viability of 786-O and ACHN cells, while TRIP13 shRNA significantly inhibited the cell viability (Figs. 3A and 3B). The proliferation of 786-O and ACHN cells were significantly increased by TRIP13 overexpression and significantly reduced by TRIP13 shRNA (Figs. 3C–3F). Thus, TRIP13 induced RCC cell viability and proliferation.
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Figure 4: Effect of TRIP13 on RCC cell migration and invasion.

TRIP13 induced RCC cell migration and invasion

To evaluate the role of TRIP13 in RCC metastasis, cell migration and invasion were detected by Transwell assays (Fig. 4). Both 786-O and ACHN cells were transfected with TRIP13 overexpressing and shRNA vectors. Results showed that TRIP13 overexpression significantly increased cell migration of 786-O and ACHN cells, while TRIP13 shRNA significantly inhibited the cell migration (Figs. 4A, 4B, 4D, and 4E). The invasion of 786-O and ACHN cells were significantly increased by TRIP13 overexpression and significantly reduced by TRIP13 shRNA (Figs. 4A, 4C, 4D, and 4F). Thus, TRIP13 induced RCC cell migration and invasion, suggesting a critical role of TRIP13 in RCC metastasis.

Discussion

In this study, we analyzed high-throughput RNA SEQ data from the TCGA database to screen differentially expressed genes related to the development and prognosis of renal clear cell carcinoma and verified TRIP13 with a large number of clinical samples. The biological function of TRIP13 was also studied.

The ability of rapid proliferation of malignant tumor cells is different from that of normal cells (Mier, 2019; Nakagawa et al., 2020). The imbalance of cell cycle will affect the proliferation and apoptosis of tumor, and the invasion and migration of tumor cells are considered to be the main cause of death (Zeng, 2018; Zeng et al., 2019). Therefore, it is important to elucidate the proliferation, cycle, apoptosis, invasion, and migration of malignant tumors for targeted therapy of cancer. The pathogenesis of renal clear cell carcinoma is complex. A wide range of signal pathways and regulatory factors play an important role in the occurrence and development of renal clear cell carcinoma. Any change of cell signal pathway will lead to the loss of cell proliferation, apoptosis, cycle, invasion, and migration, and promote the occurrence and development of renal clear cell carcinoma (Hsieh et al., 2017; Jonasch et al., 2020).

TRIP13 is a member of the AAA+ ATPase superfamily (Zhu et al., 2019). At present, studies have confirmed that TRIP13 is closely related to tumor proliferation, cycle, invasion, and migration. TRIP13, as a key regulatory protein, can restore the integrity of damaged DNA by promoting the repair mechanism of genomic DNA, and maintain spindle assembly during cell division (Di et al., 2019; Kurita et al., 2016). This study found that TRIP13 plays an important role in the biological function of renal clear cell carcinoma cells. Downregulation of TRIP13 expression in renal clear cell carcinoma cell lines 186-O and ACHN by transfection of interference plasmid can significantly inhibit the proliferation, invasion and migration, induce cell cycle arrest, and promote apoptosis.

Sheng et al. (2018) found that the expression of TRIP13 in colorectal cancer is significantly higher than that in normal tissues, and its expression level is closely related to tumor stage, metastasis, and prognosis of patients (Sheng et al., 2018). They believe that TRIP13 can be used as a potential molecular marker of colorectal cancer. Zhang et al. (2019) found that TRIP13 was highly expressed in glioma cells, and the proliferation, migration, and invasion of glioma cells (Zhang et al., 2019). It is suggested that TRIP13 plays an important role in glioma. Further study of its mechanism showed that TRIP13 could stabilize c-myc by inhibiting the transcription of FBXW7, the E3 ubiquitin ligase of c-myc, directly binding to the promoter region of FBXW7, and knockdown of TRIP13 expression could significantly inhibit reducing the expression of FBXW7 (Zhang et al., 2019). Wang et al. also confirmed in the study that TRIP13 can promote the progress of multiple myeloma, and the small molecule inhibitor DCZ0415 of TRIP13 can bind with TRIP13, thus playing its anti-myeloma activity. Kurita et al. (2016) confirmed in the study that TRIP13 is highly expressed in colorectal cancer tissues, and interference with TRIP13 can significantly inhibit the proliferation, migration, and invasion of colorectal cancer cells. Downregulation of TRIP13 inhibited the growth of myeloma cells, induced apoptosis, and reduced the burden of the tumor. Overexpression of TRIP13 in human myeloma cells can promote cell growth and drug resistance. At the same time, interfering with the expression of TRIP13 can significantly inhibit the growth of myeloma cells in xenografted nude mice, induce apoptosis, and reduce the tumor load. The mechanism is that TRIP13 induces proteasome-mediated MAD2 degradation through the Akt pathway, thus destroying spindle physical examination points. Tumor invasion and migration-related epithelial–mesenchymal transition (EMT) need to be further studied (Yang and Tian, 2019; Zhang, 2019). In addition, renal clear cell carcinoma is fundamentally a metabolic disease and it is characterized by reprogramming of energetic metabolism. In particular, the metabolic flux through glycolysis is partitioned (Bianchi et al., 2017; Lucarelli et al., 2019), and mitochondrial bioenergetics and OxPhox are impaired as well as lipid metabolism (Lucarelli et al., 2018). It is important and needed to test whether TRIP13 induces modifications in cancer cell metabolism through the AKT/mTOR signaling via interacting, for example, with ACTN4 in the future.

In conclusion, overexpression of TRIP13 promotes proliferation, migration and invasion, and knockdown of TRIP13 inhibits proliferation, migration and invasion. The specific mechanism of TRIP13 regulating the biological function of renal clear cell carcinoma cells needs to be further explored. Recent studies have shown that overexpression of TRIP13 was associated with reduced sensitivity to anticancer drugs in squamous cell carcinoma of the head and neck (Banerjee et al., 2014). It would be interesting to evaluate if knockdown of TRIP13 in renal clear cell carcinoma cells is associated with increased sensitivity of chemotherapy such as cisplatin.
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Age (years) <55 37 19 (51.35) 18 (48.65) 0.9668
>55 55 27 (49.10) 28 (50.90)

Gender Female 49 24 (48.98) 25 (51.02) 0.8345
Male 43 22 (51.16) 21 (48.84)

Tumor size {cm) <4 42 13 (30.95) 29 (69.05) <0.001
>4 50 33 (66.00) 17 (34.00)

Tumor stage T1-T2 44 16 (36.36) 28 (63.64) <0.05
T3-T4 48 30 (62.50) 18 (37.50)

Fuhrman grade 1-11 45 16 (35.56) 29 (64.44) <0.01
-1V 47 30 (63.83) 17 (36.17)

Lymph node metastasis Yes 40 28 (70.00) 12 (30.00) <0.001
No 52 18 (34.62) 34 (65.38)
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