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The cysteine-serine-rich nuclear protein (CSRNP) family has prognostic value for various cancers. However, the association between this proteins and prognosis of clear cell renal cell carcinoma (ccRCC) remains unclear. This study aimed to determine the prognostic value of the CSRNP family for patients with ccRCC. Therefore, the gene expression profiling interactive analysis database was used to analyze the mRNA expression of CSRNP family members (CSRNPs) in relation with survival. Combined and independent prognostic values of CSRNPs were evaluated using SurvExpress and multivariate Cox regression analyses, respectively. Potential signaling pathways impacted by CSRNPs were evaluated using Metascape. Associations between the CSRNP family and immunocyte infiltration were determined from single-sample gene set enrichment analysis. Both cBioPortal and MethSurv were used to explore whether genomic and epidemic alterations might influence prognosis. We found that when both CSRNP1 and CSRNP3 had a low expression, patients with ccRCC had a worse overall survival (OS). Therefore, a prognostic signature was constructed as follows: risk score = −0.224 × expmRNA of CSRNP1 + 0.820 × expmRNA of CSRNP2 − 1.428 × expmRNA of CSRNP3. We found that OS was worse in patients from the high- than from the low-risk groups (AUC = 0.69). Moreover, this signature was an independent predictor after adjusting for clinical features. Functional enrichment analysis positively associated CSRNPs with the acute inflammatory response and humoral immune response pathways. This was validated by correlating each CSRNP with 28 types of immunocytes in tumor and normal tissues. A higher expression of CSRNP1 and CSRNP3 was associated with a better prognosis in both the high- and low-mutant burden groups. Cg19538674, cg07772537, and cg07811002 of CSRNP1, CSRNP2, and CSRNP3, respectively, were the predominant DNA methylation sites affecting OS. The CSRNP gene family signature may serve as a prognostic biomarker for predicting OS in patients with ccRCC. The association between CSRNPs and immune infiltration might offer future clinical treatment options.
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Introduction

Renal cell carcinoma (RCC) has multiple histological subtypes; together, they account for nearly 3% of all human malignant carcinomas (1). The incidence and mortality of RCC continue to increase, and predictions in the United States indicated that 73,750 new cases should be expected in 2020, and that these would directly result in 14,830 deaths (2). The most prevalent (70%–80%) histology of RCC is clear cell renal cell carcinoma (ccRCC) (3). However, 20%–30% of patients with ccRCC have confirmed metastasis at the time of diagnosis (4). Furthermore, although targeted therapy is promising, the 5-year survival rate of patients with metastatic ccRCC remains < 10% (5). Therefore, novel effective biomarkers should be explored to predict the prognoses of patients with ccRCC.

The cysteine-serine-rich nuclear protein (CSRNP) family members, CSRNP1, CSRNP2, and CSRNP3, have been considered as nuclear proteins (6). Their corresponding transcription factors, which are conserved from Drosophila to humans (7), play essential roles in many important processes, such as cephalic neural progenitor proliferation, overall zebrafish survival (8), and mouse development (6).

Interleukin-2 induces CSRNP1 (also known as Axin1 upregulated 1; AXUD1) in mouse T cells; it expresses a 1.7 kb transcript with five exons in some malignant cancers, such as kidney, liver, lung, and colon carcinomas (9). Besides, a 4.1 kb CSRNP2 transcript has been detected in numerous mammalian organs, especially in the brain, ovary, and thymus. Finally, CSRNP3 (also known as Mbu-1) is a brain-specific gene (10); it is expressed in the brain and spinal cords of embryonic to adult mice only (11). These findings suggested that the CSRNP gene family might have great value in different cancers. However, few publications have described associations between CSRNP family members and the prognoses of patients with ccRCC.

We therefore explored the distinct expression and multilevel prognostic values of CSRNPs using integrative bioinformatics analysis tools to provide further guidance for the diagnosis and clinical therapy of patients with ccRCC.



Materials and Methods


mRNA Expression of CSRNPs and Patient Survival

We explored whether the expression of CSRNP family members, which are involved in different clinical stages and affect the prognosis of ccRCC, differed between ccRCC and normal tissues. We therefore analyzed mRNA expression, stage-specific expression, overall survival (OS), and CSRNPs matching normal and genotype-tissue expression (GTEx) data derived from The Cancer Genome Atlas (TCGA), using the Gene Expression Profiling Interactive Analysis (GEPIA) online tool (12) (http://gepia.cancer-pku.cn/), to investigate genomic functionality. We obtained the expression profile of TCGA-KIRC from UCSC Xena (https://xenabrowser.net/datapages/?cohort=GDC%20TCGA%20Kidney%20Clear%20Cell%20Carcinoma%20(KIRC)&
removeHub=https%3A%2F%2Fxena.treehouse.gi.ucsc.edu%3A443) and the expression profile and clinical features of GSE29609 from the Gene Expression Omnibus (http://www.ncbi.nlm.nih.gov/geo/).



Prognostic Values of the CSRNP Family Signature

We aimed to construct a comprehensive CSRNP family signature to better predict the OS of ccRCC patients. The SurvExpress online tool (13) (http://bioinformatica.mty.itesm.mx:8080/Biomatec/SurvivaX.jsp) was utilized to construct and evaluate the prognostic value of the CSRNP family signature. Here, a risk score formula was obtained, and the risk score for each patient was automatically generated. Patients were assigned to high- or low-risk groups based on the median cutoff value of the risk scores. Moreover, the independent prognostic value of the CSRNP family signature was determined using multivariate Cox regression analysis incorporating age, gender, grade, stage, and the signature.



Functional Enrichment Analysis of Differentially Expressed Genes (DEGs) Between Healthy and Tumor Groups and High- and Low- Risk Groups

We then investigated the correlations between potentially critical pathways and the risk score model. First, DEGs between normal or adjacent tissues and ccRCC (|log2FC| > 1 and P < 0.05) were detected using volcano plots. Then, samples were classified as belonging to the high- or low-risk groups based on the median cutoff of the risk score model; DEGs between these two groups (|log2FC| > 1 and P < 0.05) were also identified via volcano plots. Finally, DEGs that merged in Venn diagrams were considered as risk-related DEGs and selected for further analysis by Metascape (14) (http://metascape.org/gp/index.html).



Correlations Between CSRNPs and Immune Infiltration

According to the results of the functional enrichment analysis, CSRNP family members may play a role in ccRCC immunotherapy-related signaling pathways. To further verify this finding, we calculated the immune infiltration of 28 immunocytes using a set of genes determined by single-sample gene set enrichment analysis (ssGSEA) (15). Subsequently, the correlations between each CSRNP family gene and the 28 immunocytes were evaluated in normal kidney and ccRCC tumor samples.



Prognosis of Genetic and Epigenetic Changes in CSRNP Family Members

Since the transcriptional gene expression profile could be affected by genetic and epigenetic changes (16, 17), we examined whether CSRNP family genetically and epigenetically influenced the prognosis of ccRCC.

First, genetic alterations, which mainly comprised missense and truncating mutations, amplification, and deep deletion, were analyzed using cBioPortal (18) (http://www.cbioportal.org/). Patients were assigned to groups with a high- or a low-mutant burden based on the median cutoff value, and their survival was analyzed using Kaplan-Meier (K-M) curves according to the genetic alterations found in each CSRNP family gene.

Then, we assessed epigenetic changes in the CSRNP family, and evaluated the relative DNA methylation site data from TCGA using the comprehensive bioinformatics platform MethSurv (19) (https://biit.cs.ut.ee/methsurv/). Moreover, the prognostic values of all methylation sites associated with CSRNP family members were assessed.



Statistical Analysis

Univariate and multivariate Cox regression analyses of CSRNP family members were performed for assessing the OS of patients, using hazard ratios (HR) and a 95% confidence interval (95% CI). Paired t-tests were conducted to compare tumor and adjacent normal tissues from patients from the TCGA-KIRC dataset. OS was evaluated using the K-M curves. P values < 0.05 were considered statistically significant.




Results


mRNA Expression Levels of CSRNP Family and OS

CSRNP1, CSRNP2, and CSRNP3 were significantly less abundant in ccRCC (n = 532) than in normal (n = 72) tissue sample data from TCGA-KIRC database (Figures 1A–C). Moreover, comparisons of paired tumor and adjacent normal tissues from patients generated similar results (Figures 1A–C). We also found that CSRNP1 displayed significantly different stage-specific expression: the more advanced the ccRCC stage, the lower the CSRNP1 expression (Figure 1D). However, the expression of CSRNP2 did not differ between stages (Figure 1E), whereas CSRNP3 showed a higher expression in stage I than in stage II-IV ccRCC samples (Figure 1F). We also compared the expression of CSRNPs across different Fuhrman grades based on GSE29609 and found no significant differences (Figure S1).




Figure 1 | mRNA expression, stage-specific expression, and overall survival of CSRNP gene family members according to GEPIA. (A–C) mRNA expression of CSRNP family members in tumor and normal tissues (upper image), and paired tumor and normal tissues (lower image). Green: tumor tissues; gray: normal tissues. (D–F) Stage-specific mRNA expression of CSRNP family members. (G–I) Kaplan-Meier curves of the overall survival analysis in relation to the CSRNP family.



We then evaluated whether CSRNP mRNA levels affected the prognosis of ccRCC, and found that high mRNA levels of CSRNP1 (HR: 0.60, P = 0.001) and CSRNP3 (HR: 0.55, P < 0.001) were significantly correlated with favorable OS (Figures 1G, I). In contrast, the mRNA expression of CSRNP2 was not significantly associated with a favorable OS (Figure 1H).



Combined Prognostic Value of the CSRNP Family Signature

We constructed a CSRNP family signature risk score model as follows: risk score = −0.224 × expmRNA of CSRNP1 + 0.820 × expmRNA of CSRNP2 – 1.428 × expmRNA of CSRNP3, according to the coefficient indexes shown in Table 1. Differences in the expression patterns of CSRNPs were observed between the low- and high-risk (n = 234 each) groups based on the median cutoff value of risk scores. A lower expression of CSRNP1 and CSRNP3 was observed in the high-risk group, whereas there was a higher expression of CSRNP2, compared to those levels observed in the low-risk group (Figures 2A–C). As expected, the low-risk group had a better OS than the high-risk group (Figure 2D; HR: 2.30, 95% CI: 1.63–3.24, P < 0.001). Moreover, the area under the curve (AUC) of a time-dependent ROC increased to 0.69 during the follow-up period (Figure 2E). In addition, we compared the distribution of clinical features between the low- and high-risk groups and found similar age and sex distributions between them. However, more patients in the high-risk group had advanced tumor stages or tumor grades (Table 2).


Table 1 | Cox proportional hazard regression analysis result shows the coefficient of CSRNP family.






Figure 2 | Prognostic values of the CSRNP family signature determined using SurvExpress. (A) Patients were assigned to high- and low-risk groups based on median cutoff risk scores. (B) Heat map of CSRNP family members expression. (C) Comparison of the expression of CSRNP genes between low- and high-risk groups. (D) Survival analysis of low- (green) and high-risk (red) groups. (E) Time-dependent receiver operating characteristics (ROC) curves. (F) Multivariate Cox regression analysis of variables and CSRNP family signature risk scores. *P < 0.05, **P < 0.01, ***P < 0.001.




Table 2 | Summarization of clinical features.



Results from a multivariate Cox regression analysis suggested that the CSRNP family signature was an independent predictor for the prognosis of patients with ccRCC (Figure 2F; HR: 1.550, 95% CI: 1.084–2.220, P = 0.0163).



Functional Enrichment Analysis of CSRNP Impacted Genes

Significant DEGs between normal and ccRCC tumor tissues (| log2FC| > 1 and P < 0.05; Figure 3A) and between high-and low-risk groups were selected (|log2FC| > 1 and P < 0.05; Figure 3B). Then, DEGs that were significantly upregulated in tumor tissues and the high-risk group (481 genes) and those significantly downregulated in tumor tissues and the low-risk group (44 genes) (Figure 3C) were further analyzed using Metascape. The results showed that CSRNPs were associated with different pathways, including the acute inflammatory response, humoral immune response, natural killer cell differentiation involved in immune response, and regulation of immune effector process (Figures 3D, E).




Figure 3 | Functional enrichment analysis of differentially expressed genes (DEGs). (A) Volcano plot of DEGs between patients with and without ccRCC. (B) Volcano plot of DEGs between patients in the high- and low-risk groups. (C) Venn diagram merging DEGs from (A, B). (D, E) Functional enrichment analysis of significantly (D) upregulated genes associated with both tumors and increased risk of tumors, and (E) downregulated genes associated with tumors and decreased risk of tumors.





Correlations Between CSRNPs and Immune Infiltration

The functional enrichment analysis associated the CSRNP family with immune infiltration signaling pathways. To further verify this, we calculated the immune infiltration of 28 immunocytes between tumor and paracancerous tissues, and found that 22 out of the 28 immunocytes were more abundant in tumor than in paracancerous tissues (Figure 4A).




Figure 4 | Correlations between CSRNP family and immune infiltration. (A) Normalized enrichment scores (NES) of 28 immunocytes between normal and tumor tissues. (B, C) Correlations between CSRNP family and significant infiltrated immunocytes in tumor (B) and normal (C) tissues.



We then evaluated the correlation between CSRNPs and the 28 immunocytes in normal kidney and ccRCC samples. The results indicated that the immune infiltration profiles of the CSRNPs differed between normal and ccRCC tissues. Moreover, the CSRNP family was significantly correlated with more immunocytes in tumor than in normal tissues. We found that all three CSRNPs were positively associated with the infiltration of type 2 T helper cells, mast cells, and natural killer cells, and negatively associated with the abundance of CD56bright natural killer cells and activated CD8 T cells (Figure 4B). These results indicated that the CSRNP family might impact the immune environment of ccRCC through the above-mentioned immunocytes. The immune infiltration profile is different in normal kidney tissues. CSRNP1 only positively regulated the infiltration of eight immunocytes and did not negatively regulate any, which was significantly different from its effects in ccRCC tissues. Meanwhile, CSRNP2 and CSRNP3 were both mostly positively associated with effector memory CD4 T cells, but not with type 2 T cells in tumor tissues (Figure 4C).



Genetic Alteration in CSRNPs

Genetic alterations play an important role in the regulation of gene expression. We found that the genetic alterations in CSRNP1, CSRNP2, and CSRNP3 were approximately 11%, 0.2%, and 0.8%, respectively (Figure 5A). We then evaluated the prognostic values of CSRNPs in high- and low- mutant burden patients in all enrolled patients with ccRCC, and found that both CSRNP1 and CSRNP3 act as protective factors in both high- and low-mutant burden patients (Figures 5B, E, D, G). Meanwhile, although we did not find a significant effect of CSRNP2 on ccRCC OS in the entire group, we found that CSRNP2 was a remarkable hazard factor in patients with a high-, but not with a low-mutant burden (Figures 5C, F).




Figure 5 | Genetic alterations and overall survival in patients with high- and low-mutant burden within CSRNP family according to cBioPortal. (A) Genetic alterations of CSRNP genes in patients from TCGA dataset (each rectangle represents one patient; not all patients were shown [n = 532]); (B–G) Overall survival of patients with high- (B–D) and low- (E–G) mutant burden within CSRNP family.





DNA Methylation Sites Within CSRNPs

DNA methylation also plays a pivotal role in the regulation of gene expression and affects clinical outcomes. The DNA methylation sites of the CSRNP genes and the prognostic values of each CpG obtained from TCGA database were analyzed by MethSurv (Figures 6A–C and Table 3). We found that cg19538674 of CSRNP1, cg07772537 of CSRNP2, and cg07811002 of CSRNP3 were the most methylated sites (Figures 6A–C). However, cg03540589 (HR: 2.87, 95% CI: 1.571-5.243, P < 0.001), cg23618218 (HR: 2.037, 95% CI: 1.196-3.469, P = 0.009), and cg07811002 (HR: 0.588, 95% CI: 0.392-0.879, P = 0.010) of CSRNP1, CSRNP2, and CSRNP3, respectively, were the most powerful and DNA methylation locational risk factors. Overall, nine, ten, and two CpGs of CSRNP1, CSRNP2, and CSRNP3, respectively, indicated aberrant prognosis (Figures 6A–C).




Figure 6 | DNA methylation analysis of CSRNP family members using MethSurv. The DNA methylation clustered expression and forest plot of CSRNP1 (A), CSRNP2 (B), and CSRNP3 (C). Red to blue scale indicates high to low expression. Various colorful side boxes were used to characterize the ethnicity, race, age, event, and relation to UCSC_CpG_island and UCSC_refGene_Group.




Table 3 |
 The significantly prognostic values of CpG in the CSRNP family.






Discussion

With the rapid development of bioinformatics tools for analyzing multiple databases with many clinical samples, outcomes, and different clinical features, prognoses can be predicted and specific cancers can be detected using biomarker molecules, especially some gene families. This study mainly explored the prognostic value and biology of CSRNP family genes in ccRCC using online bioinformatics tools.

CSRNP1 has been considered as an immediate early gene (20) that binds the specific sequence AGAGTG and contains domains rich in cysteine and serine. The results of single, double, or triple gene knockouts in vivo indicated that the expression of CSRNP1 could be highly induced by IL-2 in mouse T lymphocytes (6). In this study, we found that CSRNP1 expression is positively associated with the infiltration of type 2 T helper cells in both normal and ccRCC tissues, confirming the previous findings. Noteworthy, in Drosophila, upregulated CSRNP1 disturbs cell cycle progression by downregulating Cdk1 activity and promoting apoptosis in a JNK-dependent manner (21). Besides, AXUD1 (CSRNP1) upregulates cytokine-increased MMP1 expression in the articular chondrocytes (22). These findings might facilitate our understanding of the role of CSRNP1 in the progression of various types of cancers. However, whether it affects the prognosis of patients with ccRCC requires further investigation. In this study, we found that CSRNP1 could be an important suppressive prognostic factor. Decreased mRNA expression of CSRNP1 was associated with a poor prognosis in patients with ccRCC; whereas stage-specific expression profiles significantly differed. Moreover, in terms of potential genetic and epidemic alterations, CSRNP1 acts as a protective factor in patients with high- and low-mutant burdens. In addition, nine CpGs of CSRNP1 were correlated with a significantly aberrant prognosis.

CSRNP2 has been positively associated with many aberrant non-cancerous diseases, including obesity and type 2 diabetes mellitus (23). Moreover, Vargas et al. (24) reported that CSRNP2 acts as a potential drug repositioning candidate for the treatment of Alzheimer’s disease. However, the present study found that CSRNP2 did not sufficiently correlated with the OS of patients with ccRCC to serve as an important prognostic factor, according to the GEPIA analysis results. Furthermore, CSRNP2 was a remarkable hazard factor for patients with a high-, but not with a low-, mutant burden. In addition, the DNA methylation sites of CSRNP2 showed significant hazard ratios, suggested that CSRNP2 might be a meaningful target gene for epigenetic therapy.

CSRNP3 was found to encode a transcriptional factor for muscle development in growing pigs (25), and was reported as a target gene to treat obesity and metabolic syndrome in an exome-wide mediated study (26). However, the role of CSRNP3 in cancer development requires further investigation. We found that mRNA expression of CSRNP3, like that of CSRNP1, was lower in ccRCC, and was associated with a poor prognosis. Moreover, CSRNP3 may be a protective factor in patients with high- and low-mutant burdens. In addition, two CpGs of CSRNP3 positively correlated with significantly aberrant prognosis, which might help clarify detailed biological functions.

The prognostic values of CSRNP genes were consistent with the above details. We constructed a novel risk score model based on the expression of the CSRNP family to improve the prediction of OS. We also classified all the samples into high- and low-risk groups according to the median cutoff value of the risk score. The expression profiles of the CSRNP family members were different between these groups, especially those of CSRNP1 and CSRNP3. The low-risk group had a better OS. Importantly, the AUC of the time-dependent ROC curve reached 0.69 over time. Moreover, this signature was an independent predictor of prognosis among patients with ccRCC. Our model exhibited good diagnostic and predictive capacities, but further improvement is needed. The CSRNP family, particularly CSRNP1 and CSRNP3, was validated as a useful prognostic biomarker for patients with ccRCC.

Further investigation on functional enrichment analysis implied that the CSRNP family might function via immune-related biological pathways. We found that immunocyte infiltration was higher in tumor than in paracancerous tissues. The immune infiltration profile of the CSRNP family genes in ccRCC tumor tissues was different from that in normal tissues; natural killer cells and plasmacytoid dendritic cells showed positive correlations. It is known that natural killer cells destroy various cancer cells (27–29), including renal cell carcinoma (30). Plasmacytoid dendritic cell (pDC) infiltration predicts better survival in triple-negative breast cancer (31) and melanoma (32). In addition, effector memory CD4 T cells could be considered as a protective factor in HIV (33) and cytomegalovirus disease (34). Consistently, we found that CSRNP2 and CSRNP3 were both mostly positively associated with effector memory CD4 T cells in normal tissues. Taken together, the CSRNP family might play an important role in ccRCC immune infiltration and impact the immune environment of ccRCC through immunocyte infiltration.

There were some limitations to this study. The most important was that we generated conclusions mostly based on online integrative bioinformatics analysis tools; therefore, data from in vitro or in vivo experiments, and clinical validation are urgently needed. Limitations are also imposed by the retrospective design of the study and the small sample size. Therefore, we plan to cooperate with several urological centers to conduct a prospective study and maximize the sample size. We will also continue to conduct in-depth investigations into the occurrence and development of CSRNP family genes in ccRCC to support our conclusion that the CSRNP family could serve as a useful prognostic biomarker.

In conclusion, we comprehensively explored the prognostic value of the CSRNP family using online integrative bioinformatics analysis tools. The CSRNP family signature may serve as a prognostic biomarker to predict the OS of patients with ccRCC. The risk score model based on the CSRNP showed good diagnostic and independent predictive capacity. The association between the CSRNP family and immune infiltration might offer another clinical treatment option.
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