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Background: Elevated expression of Copine-1 (CPNE1) has been proved in various cancers; however, the underlying mechanisms by which it affects clear cell renal cell carcinoma (ccRCC) are unclear.
Methods: In this study, we applied multiple bioinformatic databases to analyze the expression and clinical significance of CPNE1 in ccRCC. Co-expression analysis and functional enrichment analysis were investigated by LinkedOmics, cBioPortal and Metascape. The relationships between CPNE1 and tumor immunology were explored using ESTIMATE and CIBERSORT method. In vitro experiments, CCK-8, wound healing, transwell assays and western blotting were conducted to investigate the effects of gain- or loss-of-function of CPNE1 in ccRCC cells.
Results: The expression of CPNE1 was notably elevated in ccRCC tissues and cells, and significantly correlated with grade, invasion range, stage and distant metastasis. Kaplan–Meier and Cox regression analysis displayed that CPNE1 expression was an independent prognostic factor for ccRCC patients. Functional enrichment analysis revealed that CPNE1 and its co-expressed genes mainly regulated cancer-related and immune-related pathways. Immune correlation analysis showed that CPNE1 expression was significantly related to immune and estimate scores. CPNE1 expression was positively related to higher infiltrations of immune cells, such as CD8+ T cells, plasma cells and regulatory T cells, exhibited lower infiltrations of neutrophils. Meanwhile, elevated expression of CPNE1 was characterized by high immune infiltration levels, increased expression levels of CD8+ T cell exhaustion markers (CTLA4, PDCD1 and LAG3) and worse response to immunotherapy. In vitro functional studies demonstrated that CPNE1 promoted proliferation, migration and invasion of ccRCC cells through EGFR/STAT3 pathway.
Conclusion: CPNE1 is a reliable clinical predictor for the prognosis of ccRCC and promotes proliferation and migration by activating EGFR/STAT3 signaling. Moreover, CPNE1 significantly correlates with immune infiltration in ccRCC.
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1 INTRODUCTION
Renal cell carcinoma (RCC) is one of the most frequently observed malignancies in the urinary system. Its incidence is about 3%, and the 5-year mortality rate is as high as 40% in adult malignancies (Siegel et al., 2022). In recent years, with the continuous improvement and popularization of diagnosis and treatment technology, the incidence of RCC has an obvious upward trend. Clear cell renal cell carcinoma (ccRCC) is the most common pathological type of RCC, accounting for about 75%–80% (Paner et al., 2018). Currently available kinase inhibitors and immune checkpoint inhibitors greatly improved the therapeutic effect (Barata and Rini, 2017; Zhang and George, 2021). However, there are still some challenges to be solved, such as, not all patients with ccRCC receive clinical benefits from these therapies, the development of drug resistance, loss of efficacy of a particular drug (Rini and Atkins, 2009; Posadas et al., 2017). Therefore, it is imperative to further study the mechanisms of ccRCC progression in order to obtain more effective anti-tumor therapy.
Copines are a family of ubiquitously distributed and highly conserved Ca2+-dependent phospholipid-binding proteins during evolution, and share common structural features: two C2 domains at the N-terminus, which act as Ca2+-dependent and phospholipid-binding properties and may be involved in cell signal transduction and cell membrane transport; a Von Willebrand factor A (VWA) domain at the C-terminus, which can mediate the interaction between extracellular matrix proteins and may be served as a protein-binding domain (Creutz et al., 1998; Tomsig and Creutz, 2000; Tomsig et al., 2003; Park et al., 2014). In mammals, nine members of copines family have been identified.
Copine-1 (CPNE1) is located on chromosome 20q11.21 region coding 537-amino acid protein (Yang et al., 2008). CPNE1 is involved in multiple cellular biological processes such as proliferation, apoptosis, autophagy, inflammation, exocytosis, gene transcription, and cytoskeletal organization (Ilacqua et al., 2018). Multiple studies have conclusively proven that CPNE1 was upregulated in malignancies and closely associated with the occurrence and development of cancer. In breast cancer, CPNE1 predicts adverse prognosis and facilitates tumorigenesis and radio-resistance through the AKT pathway (Shao et al., 2020). In lung cancer, CPNE1 acts as a target of miR-335-5p, and the inhibition of CPNE1 could enhance the clinical efficacy of EGFR-tyrosine kinase inhibitors (Tang et al., 2018a). In colorectal cancer, CPNE1 increased aerobic glycolysis via regulating AKT-GLUT1/HK2 pathway, and contributed to chemoresistance (Wang et al., 2021). In osteosarcoma, CPNE1 significantly promoted cell proliferation, colony formation, invasion and metastasis (Jiang et al., 2018a). In prostate cancer, CPNE1 proved to be a significant prognostic biomarker for evaluating recurrence-free survival, and was positively correlated with TRAF2 expression (Liang et al., 2017). In liver cancer, knockdown of CPNE1 inhibited proliferation, migration and invasion via the AKT/P53 signaling (Su et al., 2022). A recent study indicated that CPNE1 might serve as an independent prognostic biomarker for ccRCC by bioinformatics analysis and immunohistochemical staining (Talaat et al., 2022). However, to date, the biological function, molecular mechanisms and immune implication of CPNE1 in ccRCC remains unknown.
In the present study, we performed a series of bioinformatic analyses to investigate expression level and the potential biological functions of CPNE1 in ccRCC, and explored the relationship between CPNE1 and immunology in ccRCC. In addition, gain- or loss-of-function of CPNE1 in vitro to further evaluated the effects of CPNE1 on ccRCC cell proliferation, migration, invasion. Mechanistically, CPNE1 might regulate ccRCC development through EGFR/STAT3 signaling.
2 MATERIALS AND METHODS
2.1 Pan-cancer analysis
The expression of CPNE1 in various cancers, including KIRC (kidney renal clear cell carcinoma), was analyzed using the TIMER (https://cistrome. shinyapps. io/timer/) database based on The Cancer Genome Atlas (TCGA) data (Li et al., 2017a). We used TISIDB (http://cis.hku.hk/TISIDB/) database to analyze the relationships between CPNE1 expression and overall survival (OS), stage and grade in pan-cancer (Ru et al., 2019).
2.2 Analysis of CPNE1 mRNA expression, diagnostic and prognostic value in ccRCC
RNA-sequencing (RNA-seq) data and patients’ clinical information of TCGA-KIRC cohort were acquired from the TCGA database (https://portal.gdc.cancer.gov/). E-MTAB-1980 cohort was abtained from the ArrayExpress database (https://www.ebi.ac.uk/arrayexpress/experiments/E-MTAB-1980/) (Sato et al., 2013). GSE40435 and GSE53757 were served as validation cohorts. The potential value of CPNE1 in ccRCC diagnosis was detected with receiver operator characteristic (ROC) curve (Mandrekar, 2010). And Kaplan-Meier, univariate and multivariate analyses were used for prognostic prediction. Kaplan-Meier analysis using the optimum cut-off value determined by X-tile software (Camp et al., 2004). “rms” package of R software was used to establish the nomogram.
2.3 Co-expression analyses and functional enrichment analyses
Co-expressed genes with CPNE1 were identified using Pearson’s correlation analysis in LinkedOmics (http://www.linkedomics.org) database (Vasaikar et al., 2018). The results were showed via volcano plot and heatmaps. Moreover, we verified the results in the cBioPortal database (http://cbioportal.org) (Cerami et al., 2012). MiRNA-target enrichment was also performed by LinkedOmics. Functional enrichment analysis was carried out via the Metascape online database (http://metascape.org/) (Zhou et al., 2019).
2.4 Tumor immunology analysis
Stromal, immune, and estimate scores were calculated based on the ESTIMATE algorithm, which was generated from the expression data in the TCGA-KIRC dataset (Yoshihara et al., 2013). CIBERSORT provides a deconvolution algorithm that is used to calculate the fractions of the 22 types of tumor infiltrating immune cells (TIICs) (Newman et al., 2015). And we applied CIBERSORT algorithm to estimate the fractions of immune cell types between high- and low-expression groups. We achieved 47 immune checkpoint genes from a literature review (Supplementary Table S1). Subsequently, we analyzed the correlation between CPNE1 and the expression of these immune checkpoint genes in ccRCC using the “limma” package and Pearson test (Ritchie et al., 2015). Moreover, computational methods were used to evaluate the relationship between CPNE1 expression pattern and immunotherapy effect in ccRCC. The tumor immune dysfunction and exclusion (TIDE) algorithm was also used to predict the immunotherapy response. TIDE is a computing architecture developed to evaluate response of each sample to PD-1/PD-L1 and CTLA4 inhibitors based on gene expression profile (Jiang et al., 2018b).
2.5 Cell culture and reagents
Renal epithelial cell HK-2, human ccRCC cell line 786-O, OSRC, Caki-2, ACHN and A-498 were obtained from Department of Urology (Tongji Hospital, Wuhan, China). All cell lines were cultured in Dulbecco’s modified Eagle’s medium (DMEM) (HyClone, Logan, UT) containing 10% fetal bovine serum (FBS) (Gibco, Carlsbad, United States). Cells were incubated in a humidified incubator with 5% CO2 at 37°C.
2.6 Cell transfection
Cells were seeded in 6-well plates and incubated overnight to 70% confluent at the time of transfection. CPNE1-siRNA (General Biol, Anhui, China) and overexpression plasmid (GeneChem, Shanghai, China) were transfected into ccRCC cell lines using Lipofectamine 3,000 Transfection Reagent (Invitrogen, Carlsbad, United States) according to the instructions.
2.7 RNA extraction and real-time PCR (RT–PCR)
Total RNA was extracted with Trizol reagent (Invitrogen, Carlsbad, United States). cDNA synthesis was carried out using HiScript II Q RT SuperMix (Vazyme Biotech, Nanjing, China). Real-time PCR analysis was conducted using ChamQ Universal SYBR qPCR Master Mix (Vazyme Biotech, Nanjing, China) with a 7,900 Real-time PCR system (Applied Biosystems, Foster City, United States). The relative mRNA expression of indicated genes were calculated using delta-delta Ct (2−ΔΔCT) method (Livak and Schmittgen, 2001). The primer sequences are available in (Supplementary Table S2).
2.8 Cell counting Kit-8 (CCK8) assay
2 × 103 transfected cells/well were plated into 96-well plates with 100 μL medium. After the cells adhered to the wall, the supernatants were removed, and serum-free medium containing 10% CCK8 was added to each well for another 2 h incubation. Then the OD value at 450 nm for 0, 24, 48, and 72 h were measured through microplate reader (BioTek, Winooski, United States), respectively.
2.9 Wound healing assay
The cells were seeded in six-well plates with DMEM containing 10% FBS to full confluence. Subsequently, the cell monolayer was scratched with a 200 μL pipette tip, washed with PBS twice and cultured in serum-free medium. Wound closures were photographed by a microscope at 0 h and 24 h.
2.10 Transwell assay
Transwell assays were conducted using Transwell chambers (8-μm pores; Corning Costar, Corning, NY, United States) in 24-well plates. For cell invasion assays, the filters were pre-coated with a Matrigel matrix (BD Science, Sparks, MD, United States). 1 × 105 cells in 100 uL serum-free DMEM medium were seeded in the upper chamber, and 600 μL DMEM medium containing 20% FBS was added to the lower chamber, followed by cultured in the incubator for 24 h. Then, the chambers were washed by PBS twice, fixed by paraformaldehyde for 15 min and stained with 0.5% crystal violet for 10 min.
2.11 Western blotting analysis
Total cellular protein was extracted with RIPA lysis buffer (Servicebio, Wuhan, China) containing a proteinase inhibitor cocktail and phosphorylase inhibitor (Servicebio, Wuhan, China). The protein samples were subsequently mixed with 5 × SDS-PAGE loading buffer and boiled at 95°C for 5 min. 30 ug protein samples were subjected to 10% SDS polyacrylamide gel electrophoresis (SDS-PAGE) and transferred to a PVDF membrane (Millipore, Billerica, United States). The membrane was blocked with 5% skimmed milk at room temperature for 1 h and incubated with the following primary antibodies overnight at 4°C: anti-GAPDH antibody (Proteintech, 6,004, 1:20,000), anti-CPNE1 antibody (Abcam, Cambridge, United Kingdom, ab155675, 1:1000), anti-STAT3 (Cell Signaling Technology, Danvers, United States, #9139, 1:1000), anti-p-STAT3 (Cell Signaling Technology, Danvers, United States, #9145, 1:1000), anti -EGFR (Abmart, Shanghai, China, T55112, 1:5000), anti-phospho-EGFR (Cell Signaling Technology, Danvers, United States, #3777, 1:1000). After washing with TBST three times for 10 min each, the membranes were incubated with secondary antibodies (Promoter, Wuhan, China, 1:5000) at room temperature for 1 h. Finally, West Pico Plus Chemiluminescent Substrate (Thermo Fisher Scientific, Waltham, United States) was used to visualize the protein bands.
2.12 Statistical analysis
All statistical analyses were processed using R software (v.4.1.2) and Prism 8.0. The Wilcoxon test or Kruskal–Wallis test was used to analyze the relationship between clinicopathological characteristics and the CPNE1 expression. Correlation analyses were performed by Pearson correlation test. For experimental data, all data were expressed as mean ± SD. Significant differences between groups were determined using the two-tailed Student’s t-test or one-way ANOVA. p < 0.05 was considered significant. *p < 0.05, **p < 0.01, ***p < 0.001.
3 RESULTS
3.1 Expression and prognostic value of CPNE1 in human pan-cancer
TIMER was used to find out differences in mRNA expression of CPNE1, between tumor and normal tissue, in multiple cancers. As shown in Figure 1A, CPNE1 was significantly upregulated in 15 tumor types including KIRC. Subsequently, we carried out a comprehensive expression-clinical analysis of CPNE1 in 33 types of TCGA cancer through LinkedOmics. As shown in Figure 1B, in HNSC (head and neck squamous cell carcinoma), KIRC (kidney renal clear cell carcinoma) and MESO (Mesothelioma), patients with high CPNE1 expression possessed shorter overall survival times. In five types including KIRC, patients with high CPNE1 expression related to higher stage and grade (Figures 1C, D). (Supplementary Table S3 showed a complete list of the TCGA cancer-type abbreviations)
[image: Figure 1]FIGURE 1 | Pan-cancer analysis. (A) CPNE1 was aberrantly expressed among multiple cancer types. (B) High expression of CPNE1 predicted worse prognosis in HNSC, KIRC, and MESO. (C) High expression of CPNE1 was associated with advanced stage in BRCA, COAD, KIRC, KIRP, UCEC. (D) High CPNE1 expression was correlated with high grade in CESC, KIRC, LGG, LIHC, UCEC. *, p < 0.05; **, p < 0.01; ***, p < 0.001 (Supplementary Table S3 showed a complete list of the TCGA cancer-type abbreviations).
3.2 Expression and prognostic significance of CPNE1 in ccRCC
CPNE1 was significantly increased in KIRC tissue compared with adjacent non-cancerous tissue samples both in TCGA and GSE40435 (Figures 2A, B). The area under the ROC curve (AUC) of CPNE1 expression for OS was 0.649 at 1 year, 0.634 at 3 years, and 0.684 at 5 years (Figure 2C). Kaplan-Meier analysis revealed that patients with higher CPNE1 expression exhibited worse outcome than those with lower CPNE1 expression both in TCGA and E-MTAB-1980 dataset (Figures 2D, E).
[image: Figure 2]FIGURE 2 | CPNE1 mRNA expression, diagnostic and prognostic value in ccRCC. (A) CPNE1 was significantly overexpressed in tumors compared with the adjacent normal tissue in TCGA-KIRC dataset (p < 0.001). (B) CPNE1 was significantly overexpressed in tumors compared with the adjacent normal tissue in GSE40435 (p < 0.001). (C) ROC curve showed that the prediction of the AUC of the 1-year, 3-year and 5-year OS were 0.649, 0.634 and 0.684 respectively. (D) Kaplan–Meier plot demonstrated a correlation between poor prognosis and the high CPNE1 expression in TCGA-KIRC dataset (p < 0.001). (E) Kaplan–Meier plot demonstrated a correlation between poor prognosis and the high CPNE1 expression in E-MTA-1980 dataset (p = 0.04).
3.3 Associations between CPNE1 expression and clinicopathological characteristics in ccRCC patients
Based on the CPNE1 expression data and clinical information from TCGA, a total of 537 ccRCC patients were analyzed. The results showed that the expression of CPNE1 was significantly correlated with grade (G2 vs. G3, p = 0.021; G2 vs. G4, p < 0.01; G3 vs. G4, p < 0.01), invasion range (T1 vs. T3, p < 0.01; T1 vs. T4, p < 0.01; T2 vs. T4, p = 0.028; T3 vs. T4, p = 0.036), stage (stage I vs. stage III, p = 0.016; stage I vs. stage IV, p < 0.01; stage II vs. stage IV, p < 0.01; stage III vs. stage IV, p = 0.046) and distant metastasis (M0 vs. M1, p < 0.01), while not correlated with gender (p = 0.41), age (p = 0.86), and lymph node metastasis (p = 0.11) (Figures 3A–G). Moreover, we used E-MTAB-1980 dataset to verify the relationship between CPNE1 expression and grade (Figure 3H), GSE53757 to verify the relationship between CPNE1 expression and stage (Supplementary Figure S1), which were consistent with the results in TCGA. The distribution of clinicopathological features in high- and low expression of CPNE1 groups were further visualized by R package with heatmaps (Figure 3I).
[image: Figure 3]FIGURE 3 | CPNE1 was correlated with various clinicopathological parameters in ccRCC. High CPNE1 expression was positively correlated with (A) tumor grade, (B) invasion range, (C) stage and (D) distant metastasis. CPNE1 was not associated with (E) age, (F) gender and (G) lymph node metastasis in TCGA-KIRC dataset. (H) High CPNE1 expression was associated with advanced tumor grade in E-MTAB-1980 dataset. (I) Heatmap showed the association of CPNE1 and clinicopathological features. *, p < 0.05; **, p < 0.01; ***, p < 0.001.
3.4 CPNE1 is an independent prognostic factor in ccRCC
Univariate and multivariate Cox regression analyses were performed to determine independent prognostic factors. The results showed that CPNE1 (HR = 1.958, 95% CI: 1.444–2.656, p < 0.001), age (HR = 1.031, 95% CI: 1.016–1.046, p < 0.001), grade (HR = 1.471, 95% CI: 1.170–1.850, p < 0.001) and stage (HR = 1.618, 95% CI: 1.389–1.886, p < 0.001) were independent prognostic factors for ccRCC (Figures 4A, B). In addition, to predict the prognosis of each patient, a nomogram integrated expression of CPNE1, gender, grade, age and stage was established (Figure 4C).
[image: Figure 4]FIGURE 4 | Independent prognostic analysis. (A) Univariate analysis showed that CPNE1, age, grade and stage were related to OS (p < 0.01). (B) Multivariate analysis showed that CPNE1, age, grade and stage were strong independent prognostic factors. (C) Nomogram represented the multivariate model. *, p < 0.05; **, p < 0.01; ***, p < 0.001.
3.5 Co-expression genes of CPNE1 and enrichment analysis in patients with ccRCC
To explore the potential genes co-expressed with CPNE1, we used the function module of LinkedOmics database. The CPNE1 association results were analyzed and visualized in the volcano plot (Figure 5A). The heatmaps were used to identify the top 50 significant positively/negatively correlated genes with CPNE1, as shown in Figures 5B, C. Subsequently, we employed the co-expression module of the cBioPortal database to verify the results, which showed that DNTTIP1(Pearson: 0.62, p < 0.01) and BCL2L12 (Pearson: 0.54, p < 0.01) were positively related to CPNE1, and LRBA (Pearson: −0.52, p < 0.01) was negatively related to CPNE1 (Figures 5D–F). To further explore the targets of CPNE1 in ccRCC, we analyzed miRNA network of co-expressed genes with CPNE1. The top five most significant miRNAs related to CPNE1 expression were miR-302c, miR-330, miR-496, miR-448, and miR-23 (Figure 5G). Using Metascape database, we found that these co-expressed genes were primarily involved in metabolism of RNA, ncRNA processing, cell cycle, E2F pathway and immune system process (Figures 6A, B).
[image: Figure 5]FIGURE 5 | Co-expression genes of CPNE1 and miRNA-target enrichment analysis. (A) Heatmaps showed top 50 genes positively correlated with CPNE1. (B) Heatmaps showed top 50 genes negatively correlated with CPNE1. (C) Volcano plot showed the CPNE1 highly correlated genes. Positive correlations are displayed in red and negative correlations in green color. The top 3 genes co-expressed with CPNE1 were verified in the cBioPortal database. (D) CTNNBL1 was positively correlated with CPNE1 (R = 0.62, p < 0.001). (E) BCL2L12 was positively correlated with CPNE1 (R = 0.54, p < 0.001). (F) LRBA was negatively correlated with CPNE1 (R = −0.52, p < 0.001). (G) miRNA-target enrichment of CPNE1 based on LinkedOmics. R, Pearson correlation coefficient.
[image: Figure 6]FIGURE 6 | Function enrichment analysis of co-expressed genes with CPNE1 by Metascape. (A) GO annotation showed that CPNE1 was related to the GO term “cellular process”, “metabolic process” and “regulation of biological process.” (B) KEGG pathway showed that CPNE1 was related to “metabolism of RNA”, “Cell Cycle” and “ncRNA processing”.
3.6 Correlation between CPNE1 expression with immune cell infiltration, immune modulators and immune therapy
In the tumor microenvironment, the presence of immune cells plays a crucial role in cancer development. To understand the microenvironment of ccRCC, stromal, immune, and estimate scores were calculated by applying the ESTIMATE algorithm to the expression data downloaded from TCGA dataset. The results showed that CPNE1 expression was significantly related to immune and estimate scores, but not to stromal score (Figure 7A), implying that a higher immune cell content in the high CPNE1 expression group. Tumor-infiltrating immune cells play indispensable roles during cancer development (Gajewski et al., 2013). We then used CIBERSOR to calculate 22 kinds of infiltrating immune cells in patients with different CPNE1 expression level. As shown in Figures 7B, C, the high CPNE1 expression group exhibited higher infiltrations of immune cells, such as CD8+ T cells, plasma cells, regulatory T cells, follicular helper T cells and CD4 memory activated T cells, exhibited lower infiltrations of neutrophils, CD4 memory resting T cells and M2 macrophages. Immunomodulators are involved in other intrinsic immune escape mechanisms and play an essential role in cancer immunotherapy (Tang et al., 2018b). Meanwhile, the high CPNE1 expression group exhibited elevated expression levels of CD8+ T cell exhaustion markers (Díaz-Montero et al., 2020), including CTLA4, PDCD1, and LAG3 when compared to the low CPNE1 expression group (Figure 7D). T cell exhaustion has been extensively described as a mechanism for inhibiting the cell proliferation and the cytotoxic potential of CD8+T cells (Zajac et al., 1998; Jansen et al., 2019). Thorsson et al. implemented a pan-cancer classification identifying six immune subtypes (C1–C6), revealed that the immune subtype C1 was featured by a high proliferation rate and a poor prognosis than the other immune subtypes, while C3 and C5 had better outcome and represent immune equilibrium (Thorsson et al., 2018). It is worth noting that C1 was enriched in high CPNE1 expression group, while C3 and C5 were enriched in low CPNE1 expression group (Supplementary Figure S2). Overall, although the high CPNE1 expression group exhibited higher immune infiltrations, there might exist extrinsic immune escape mechanisms that leading to worse prognosis. The low CPNE1 expression group may represent immune equilibrium and result in a better outcome. We then applied the TIDE model to predict the efficacy of immunotherapy. The results showed that the high CPNE1 expression group had higher TIDE scores than the low expression group (Figure 7E), which indicated a higher potential for immune evasion and a fewer benefit from immunotherapy in the high CPNE1 expression group. Furthermore, the scores of T-cell dysfunction and T-cell exclusion (Figures 7F, G) were significantly different in these two groups. The above results suggested that the expression of CPNE1 was related to the immune escape and immunotherapy responses.
[image: Figure 7]FIGURE 7 | Tumor immunology analysis. (A) CPNE1 was positively correlated with immune and estimate scores. (B) CPNE1 high- and low-expression groups displayed different fraction of immune cell types. The x-axis represents the types of immune cell. The y-axis represents the proportion of each immune cell type. (C) CPNE1 was significantly related to the proportions of multiple immune cell types. (D) Heatmap showed CPNE1 was associated with multiple immune checkpoint members. Heatmap colors: correlation (cor) coefficient. CPNE1 high -expression groups displayed higher (E) TIDE score, (F)T cell dysfunction score, and (G) T cell exclusion score. *, p < 0.05; **, p < 0.01; ***, p < 0.001.
3.7 The expression level of CPNE1 in ccRCC cell lines and construction of knockdown cell lines
Based on the above results, a series of gain-of-function and loss-of-function experiments were conducted to further determine the potential role of CPNE1 in ccRCC cells. We performed RT-PCR and WB in renal epithelial cell (HK-2), and five human ccRCC cell lines (786-O, OS-RC-2, Caki-2, ACHN and A-498) to verify CPNE1 mRNA. Compared with HK-2 cell, the protein and mRNA expression level of CPNE1 in 786-O, OS-RC-2, ACHN and A-498 was generally upregulated, which suggested the expression level of CPNE1 in ccRCC cell lines was generally higher than that in renal epithelial cell (Figure 8A). The result was consistent with our bioinformatic analysis.
[image: Figure 8]FIGURE 8 | Construction of CPNE1 knockdown cell lines and cell proliferation assays. (A) The mRNA and protein expression level of CPNE1 in ccRCC cell lines was generally higher than that in renal epithelial cell. (B) Successful knockdown by the siRNA was confirmed by RT-PCR and WB in 786-O cells. (C) Successful knockdown by the siRNA was confirmed by RT-PCR and WB in OS-RC-2 cells. (D) Knockdown of CPNE1 inhibited 786-O cells proliferation. (E) Knockdown of CPNE1 inhibited OS-RC-2 cells proliferation. **, p < 0.01; ***, p < 0.001. NC: Negative control. Si: ccRCC cells transfected with CPNE1-small interfering RNA.
The CPNE1 expression in mRNA level was the highest in OS-RC-2 cell, followed by 786-O, ACHN, A-498 and caki-2 cells. Therefore, we chose OS-RC-2 and 786-O cells to construct CPNE1-knockdown cell models for subsequent experiments. OS-RC-2 and 786-O cells were transiently transfected with small interfering RNA (siRNA) against CPNE1 or control siRNA. Knockdown efficiency was detected 24 h later by RT-qPCR and 48 h later by Western blot. Compared with the control siRNA, CPNE1 expression levels were significantly reduced by siRNA transfection both in OS-RC-2 and 786-O cells (Figures 8B, C). Si-CPNE1-1 and si-CPNE1-3 presented better knockdown efficiency and therefore were chosen for following experiments. We further examined the mRNA expression of all other eight copines family members and verified that the silence of CPNE1 did not affect the expression of CPNE2-CPNE9 (Supplementary Figure S3).
3.8 CPNE1 knockdown suppresses ccRCC cell proliferation, migration and invasion in Vitro
CCK8 assay was performed to evaluate the cell proliferation differences between control siRNA and CPNE1-siRNA transfected groups. The results revealed that the proliferation of 786-O and OS-RC-2 cells was significantly decreased after CPNE1 knockdown (Figures 8D, E).
The above bioinformation analysis showed that patients with distant metastasis had higher CPNE1 expression than patients without distant metastasis. In addition, elevated CPNE1 was also related to late stage in ccRCC. Therefore, we next detected the cytological effect of CPNE1 on the migration ability of ccRCC cells using a scratch-healing assay. The results showed CPNE1 knockdown significantly inhibited 786-O and OS-RC-2 cell migration (Figures 9A, B). Transwell invasion assay revealed that CPNE1 silencing also decreased the invasiveness of 786-O and OS-RC-2 cells (Figure 9C).
[image: Figure 9]FIGURE 9 | Biological functions of CPNE1 knockdown in vitro. (A) Knockdown of CPNE1 decreased migration of 786-O cells (scale bar: 50 μm). (B) Knockdown of CPNE1 decreased migration of OS-RC-2 cells (scale bar: 50 μm). (C) CPNE1 knockdown significantly inhibited 786-O and OS-RC-2 cells invasion (scale bar: 200 μm). (D) EGFR and STAT3 phosphorylation were inhibited by the knockdown of CPNE1 in 786-O cells. (E) EGFR and STAT3 phosphorylation were inhibited by the knockdown of CPNE1 in OS-RC-2 cells. NC: Negative control. Si: ccRCC cells transfected with CPNE1-small interfering RNA. **, p < 0.01; ***, p < 0.001.
3.9 CPNE1 regulates EGFR/STAT3 pathway in ccRCC
EGFR signaling play an important role in tumorigenesis and progression (Tomas et al., 2014). Previous studies showed that CPNE1 is a critical factor in the tumorigenesis of lung cancer and that its mechanism involves the EGFR signaling pathway (Tang et al., 2018a; Wang et al., 2022). Therefore, we detected the effect of CPNE1 on the regulation of EGFR signaling pathway in ccRCC. Protein expression levels of EGFR and p-EGFR, STAT3 and p-STAT3 were detected by Western blot analysis. In comparison with the negative control (NC) group, the CPNE1-siRNA groups showed significantly decreased expression levels of p-EGFR and p-STAT3 (p < 0.01), while the total EGFR and STAT3 protein expression level remained unchanged (Figures 9D, E). These results indicated that CPNE1 might activate the EGFR/STAT3 signaling pathway to promote ccRCC cell growth.
3.10 Effects of CPNE1 overexpression on ccRCC cells
To further characterize the function of CPNE1 in ccRCC cells, A-498 cell was used for subsequent CPNE1 overexpression experiments. Transfection efficiency of overexpression plasmid for CPNE1 was confirmed by RT-qPCR and Western blot analysis. Compared to the NC group, the mRNA and protein expression levels of CPNE1 in transfected cell were both significantly elevated (Figure 10A). CCK-8 assays showed an increased cell growth in CPNE1-overexpressing A-498 cell (Figure 10B). Next, we investigated the effects of CPNE1 overexpression on ccRCC cell invasion and migration ability using wound healing assay and transwell assay. We observed that the CPNE1-overexpressing A-498 cells migration and invasion abilities were significantly stronger than that of the NC group (Figures 10C, D). In addition, the protein expression level of p-EGFR and p-STAT3 in CPNE1-overexpressing A-498 cell was markedly increased, while the expression level of total EGFR and STAT3 exhibited no noticeable changes in A-498 cell (Figure 10E).
[image: Figure 10]FIGURE 10 | Biological functions of CPNE1 overexpression in vitro. (A) The successful construction of CPNE1 overexpression (ov) plasmid was validated via RT-PCR and WB in A-498 cells. (B) Overexpression of CPNE1 promoted proliferation in A-498 by CCK8 assays. (C) Scratch-wound healing assays demonstrated that migration abilities of A-498 cells were enhanced by overexpression of CPNE1 (scale bar: 50 μm). (D) Invasive capacities of A-498 cells were enhanced by CPNE1 overexpression (scale bar: 200 μm). (E) EGFR and STAT3 phosphorylation were activated by the overexpression of CPNE1 in A-498 cells. NC: negative control. ***, p < 0.001.
4 DISCUSSION
KIRC is one of the most common malignancies threatening public health and posing significant global health issues. Despite aggressive treatment regimens, patient prognosis is often poor and marked by tumor recurrence and/or metastasis (Barata and Rini, 2017). The occurrence and development of ccRCC is a complex process involving multiple signaling pathways (Jonasch et al., 2021). Therefore, exploring the molecular mechanisms of malignant proliferation and metastasis of renal cancer cells is an effective approach for discovering new drug targets. In addition, this is very critical to the development of individualized and effective therapy strategy.
Copine 1 is one of the nine members of the Copine family (CPNE1–9). Copine 1, which encoded by CPNE1, is a calcium-dependent phospholipid-binding protein that plays an essential role in calcium-mediated intracellular processes (Tomsig et al., 2004). CPNE1 tertiary structure folds into three distinct domains: the N-terminal two tandem C2 domains and the C-terminal one vWA domain (Perestenko et al., 2010). CPNE1 is a highly conserved protein and is ubiquitously expressed in various tissues, including brain, lung, prostate, liver, colon, kidney and heart (Tomsig and Creutz, 2000). CPNE1 was involved in intracellular signal transduction and membrane trafficking, and interact with intracellular proteins (Perestenko et al., 2010; Smith et al., 2010). A recent study indicated that CPNE1 might serve as an independent prognostic biomarker for ccRCC (Talaat et al., 2022). However, the biological function, molecular mechanisms and immune implication of CPNE1 in ccRCC remains unknown.
Accumulating evidence reveals a key role of CPNE1 in cancer progression and metastasis. CPNE1 is able to regulate glycolysis, and promote colorectal cancer cell growth and drug resistance through AKT-GLUT1/HK2 pathway (Wang et al., 2021). CPNE1 influenced cell proliferation, cytochrome c-mediated caspase cascade apoptosis and arrested cell cycle in gastric cancer via DDIT3-FOS-MKNK2 axis (Li et al., 2022). In addition, CPNE1 is highly expressed in prostate cancer. Its expression is positively correlated with advanced tumor stages, poor prognosis and TRAF2 expression (Liang et al., 2017). Consist with these studies, we demonstrated that CPNE1 was significantly upregulated in ccRCC tissues compared to adjacent normal tissues. Elevated CPNE1 expression was related to advanced tumor stage, histological grade, distant metastasis, and shorter survival time. Moreover, overexpression of CPNE1 promoted the proliferation, migration and invasion of ccRCC. These results demonstrated that CPNE1 might be a potential target for ccRCC treatment and also added to an emerging understanding of the biological functions of CPNE1 in ccRCC.
From the protein co-expression analysis, we found CTNNBL1, BCL2L12 and LRBA were most highly correlated with CPNE1. CTNNBL1 is overexpressed in ovarian cancer cell lines and related to poor prognosis. Besides, it increased ovarian cancer proliferation, migration and invasion (Li et al., 2017b). BCL2L12 (Bcl2-like 12) universally overexpressed in human glioma specimens and contributed to important disease characteristics, including resistance to chemotherapy-induced apoptosis (Stegh et al., 2007). High expression of BCL2L12 was related to unfavorable prognosis in nasopharyngeal carcinoma and might suggest a novel biomarker for predicting short-term relapse (Fendri et al., 2011). LRBA, a member of the BEACH-WD40 protein family, is essential for immune function. It had a role in regulating cell surface expression of CTLA4, a key inhibitor of T-cell activation and proliferation (Vardi et al., 2020). Further functional enrichment analyses showed that these co-expressed genes were primarily involved in metabolism of RNA, immune system process, ncRNA processing, regulation of cell cycle, E2F pathway and transcriptional regulation by TP53. CcRCC is known as a highly metabolic disease and metabolic changes provide the basis for progression to advanced ccRCC (Wettersten et al., 2017). Tp53 is known as an important cell cycle regulator and a tumor suppressor. A previous study reported the abilities of CPNE1 to stimulate the proliferation and cell migration mediated by AKT/P53 signaling in liver cancer cells (Su et al., 2022). E2F is a family of transcription factors that modulate the expression of genes involved in cellular proliferation and cell cycle (Azechi et al., 2001). In kidney cancer, E2F1 could enhance the metastatic potential of tumor cells through the activation of matrix metalloproteinase (MMP) 2 and MMP9 (Ma et al., 2013). Another study had suggested that E2F1 induced the senescence of ccRCC tumor cells via p27 (Mans et al., 2013). Therefore, we speculated that CPNE1 might function by E2F to modulate the proliferation ability and cell cycle of ccRCC.
For exploring regulators potentially responsible for CPNE1 dysregulation, we predicted several potential miRNA targets. miR-302c, miR-330, and miR-496 were the mainly miRNA targets of CPNE1 in ccRCC. Several studies have reported that miR-302c is involved in cancer-related processes and positively correlated with the prognosis of cancer. For example, miR-302c was identified as a potent estrogen receptor α-regulatory miRNA and inhibited the estrogen-induced growth in breast cancer (Leivonen et al., 2009; Yoshimoto et al., 2011). Moreover, miR-302c repressed EMT and metastasis via targeting TFAP4, and it might serve as a potential prognostic factor and therapeutic target for colorectal cancer (Ma et al., 2018). Increasing miR-330 expression in human colorectal cancer cells was reported to induce apoptosis and suppresses cell viability and migration through inhibition of HMGA2 and Smad3 expression (Mansoori et al., 2020). Elevated miR-330 could overcome cell proliferation, migration, invasion, and metastasis of renal cancer cells (Liu et al., 2022).
Previous studies indicated tumor-infiltrating immune cells in microenvironment serve an essential function in tumor development, metastasis, response to immunotherapy, thus influence prognosis in patients with malignancies (Bindea et al., 2013; Bremnes et al., 2016). Before the initiation of immunotherapy, ccRCC had been known as a typical tumor type to be responsive to immunotherapies, such as cytokine-based regimens (Choueiri and Motzer, 2017). Treatment with immune checkpoint inhibitors have dramatically improved the outcomes of patients with metastatic ccRCC. Thus, exploring new biomarkers or immunotherapeutic targets of ccRCC is of major clinical importance. In the current study, we found that CPNE1 expression was significantly related to immune and estimate scores, but not to stromal score. Interestingly, higher CD8+ T cells infiltration level was observed in high CPNE1 expression group, which is related to worse prognosis in KIRC. These results seemed paradoxical. CD8+ T cells constitute the majority of microenvironment, which are the major effect cells in anti-tumor immunity (van der Leun et al., 2020). However, the complex and dynamic microenvironment is heterogeneous among different tumor types. In ccRCC, CD8+ T cells were related to increased expression levels of immune evasive biomarkers and promoted immune escape. Unlike many other solid tumors, the high infiltration of CD8+ T cells in ccRCC predicts poor survival outcomes (Giraldo et al., 2015; Qi et al., 2020). Coherently with the literature, positive relationships were observed between CPNE1 expression and critical immune checkpoint genes, including CTLA4, PDCD1 and LAG3, indicating a tendency for immune evasion. It has been well established that immune checkpoints negatively regulated the immune system (Chen and Mellman, 2017), which once activated would weaken antitumor immune response. Moreover, patients in high CPNE1 expression group exhibited higher TIDE, T-cell exclusion, and T-cell dysfunction scores, which indicated a fewer benefit from immunotherapy and consistent with the results of immune cell infiltration. Therefore, this might be a probable explanation for why high CPNE1 expression group exhibited high CD8+T cell infiltration and had poor prognosis. Overall, these results indicated that CPNE1 might play an important role in regulating tumor immunity, and act as a potential therapeutic biomarker for ccRCC immunotherapy.
In this study, we found CPNE1 might activate the EGFR/STAT3 signaling pathway to promote ccRCC cell growth. Epidermal growth factor receptor (EGFR), a member of tyrosine kinase receptors, was involved in the pathogenesis and progression of many malignancies (Huang et al., 2018). Previous studies have shown that upregulation of EGFR is one of the common events in ccRCC. and it has also been suggested to play a primary role in tumor initiation and progression (Petrides et al., 1990). EGFR phosphorylation activates downstream signaling pathways and increases STAT3 (Lv et al., 2017), AKT (He et al., 2018)and ERK1/2 (Zhou et al., 2020) phosphorylation levels. All these pathways are involved in epithelial-mesenchymal transition (EMT), which is considered to be vital to the cancer metastatic process (Jiang et al., 2019).
However, this study had some limitations. Firstly, our findings were just confirmed in public databases, instead of collecting samples from the real world. Secondly, although we confirmed that CPNE1 could affect EGFR/STAT3 signaling, further intensive studies are needed to elucidate the mechanisms of CPNE1 involved in the development of ccRCC. Lastly, the effect of CPNE1 on tumor immunity will be further investigated.
5 CONCLUSION
In this study, we demonstrated that CPNE1 was significantly upregulated in ccRCC tissues compared to adjacent normal tissues. Elevated CPNE1 expression was related to poor prognosis. Overexpression of CPNE1 promoted the proliferation, migration and invasion through activating the EGFR/STAT3 signaling pathway in ccRCC. In addition, CPNE1 significantly correlated with immune infiltration and immunotherapy responses in ccRCC. In general, our findings suggested that CPNE1 might potentially act as a prognostic biomarker in ccRCC and highlighted the potential value of the CPNE1/EGFR/STAT3 axis as a promising target for combating ccRCC progression.
DATA AVAILABILITY STATEMENT
The datasets presented in this study can be found in online repositories. The names of the repository/repositories and accession number(s) can be found in the article/Supplementary Material.
AUTHOR CONTRIBUTIONS
HX provided funding, and revised the manuscript. HiZ conducted data analysis, experiments and wrote the manuscript. YiH, YoH, RL, HoZ, and XX contributed to proposing some constructive suggestions and help to revise the manuscript.
FUNDING
This research was supported by the Chinese Society of Clinical Oncology Foundation of Hengrui Medicine (Grant No. Y-HR2020MS-1039) and Bethune Cancer Basic Research Program (Grant No. J202101E005).
ACKNOWLEDGMENTS
We would like to thank TCGA, TIMER, LinkedOmics, GEO, Metascape and TISIDB public databases.
PUBLISHER’S NOTE
All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.
SUPPLEMENTARY MATERIAL
The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fcell.2023.1157269/full#supplementary-material
REFERENCES
 Azechi, H., Nishida, N., Fukuda, Y., Nishimura, T., Minata, M., Katsuma, H., et al. (2001). Disruption of the p16/cyclin D1/retinoblastoma protein pathway in the majority of human hepatocellular carcinomas. Oncology 60 (4), 346–354. doi:10.1159/000058531
 Barata, P. C., and Rini, B. I. (2017). Treatment of renal cell carcinoma: Current status and future directions. CA a cancer J. Clin. 67 (6), 507–524. doi:10.3322/caac.21411
 Bindea, G., Mlecnik, B., Tosolini, M., Kirilovsky, A., Waldner, M., Obenauf, A. C., et al. (2013). Spatiotemporal dynamics of intratumoral immune cells reveal the immune landscape in human cancer. Immunity 39 (4), 782–795. doi:10.1016/j.immuni.2013.10.003
 Bremnes, R. M., Busund, L. T., Kilvær, T. L., Andersen, S., Richardsen, E., Paulsen, E. E., et al. (2016). The role of tumor-infiltrating lymphocytes in development, progression, and prognosis of non-small cell lung cancer. J. Thorac. Oncol. official Publ. Int. Assoc. Study Lung Cancer 11 (6), 789–800. doi:10.1016/j.jtho.2016.01.015
 Camp, R. L., Dolled-Filhart, M., and Rimm, D. L. (2004). X-Tile: A new bio-informatics tool for biomarker assessment and outcome-based cut-point optimization. Clin. cancer Res. official J. Am. Assoc. Cancer Res. 10 (21), 7252–7259. doi:10.1158/1078-0432.CCR-04-0713
 Cerami, E., Gao, J., Dogrusoz, U., Gross, B. E., Sumer, S. O., Aksoy, B. A., et al. (2012). The cBio cancer genomics portal: An open platform for exploring multidimensional cancer genomics data. Cancer Discov. 2 (5), 401–404. doi:10.1158/2159-8290.CD-12-0095
 Chen, D. S., and Mellman, I. (2017). Elements of cancer immunity and the cancer-immune set point. Nature 541 (7637), 321–330. doi:10.1038/nature21349
 Choueiri, T. K., and Motzer, R. J. (2017). Systemic therapy for metastatic renal-cell carcinoma. N. Engl. J. Med. 376 (4), 354–366. doi:10.1056/NEJMra1601333
 Creutz, C. E., Tomsig, J. L., Snyder, S. L., Gautier, M. C., Skouri, F., Beisson, J., et al. (1998). The copines, a novel class of C2 domain-containing, calcium-dependent, phospholipid-binding proteins conserved from Paramecium to humans. J. Biol. Chem. 273 (3), 1393–1402. doi:10.1074/jbc.273.3.1393
 Díaz-Montero, C. M., Rini, B. I., and Finke, J. H. (2020). The immunology of renal cell carcinoma. Nat. Rev. Nephrol. 16 (12), 721–735. doi:10.1038/s41581-020-0316-3
 Fendri, A., Kontos, C. K., Khabir, A., Mokdad-Gargouri, R., and Scorilas, A. (2011). BCL2L12 is a novel biomarker for the prediction of short-term relapse in nasopharyngeal carcinoma. Mol. Med. Camb. Mass) 17 (3-4), 163–171. doi:10.2119/molmed.2010.00056
 Gajewski, T. F., Schreiber, H., and Fu, Y. X. (2013). Innate and adaptive immune cells in the tumor microenvironment. Nat. Immunol. 14 (10), 1014–1022. doi:10.1038/ni.2703
 Giraldo, N. A., Becht, E., Pagès, F., Skliris, G., Verkarre, V., Vano, Y., et al. (2015). Orchestration and prognostic significance of immune checkpoints in the microenvironment of primary and metastatic renal cell cancer. Clin. cancer Res. official J. Am. Assoc. Cancer Res. 21 (13), 3031–3040. doi:10.1158/1078-0432.CCR-14-2926
 He, L., Liu, X., Yang, J., Li, W., Liu, S., Liu, X., et al. (2018). Imbalance of the reciprocally inhibitory loop between the ubiquitin-specific protease USP43 and EGFR/PI3K/AKT drives breast carcinogenesis. Cell Res. 28 (9), 934–951. doi:10.1038/s41422-018-0079-6
 Huang, F., Shi, Q., Li, Y., Xu, L., Xu, C., Chen, F., et al. (2018). HER2/EGFR-AKT signaling switches TGFβ from inhibiting cell proliferation to promoting cell migration in breast cancer. Cancer Res. 78 (21), 6073–6085. doi:10.1158/0008-5472.CAN-18-0136
 Ilacqua, A. N., Price, J. E., Graham, B. N., Buccilli, M. J., McKellar, D. R., and Damer, C. K. (2018). Cyclic AMP signaling in Dictyostelium promotes the translocation of the copine family of calcium-binding proteins to the plasma membrane. BMC Cell Biol. 19 (1), 13. doi:10.1186/s12860-018-0160-5
 Jansen, C. S., Prokhnevska, N., Master, V. A., Sanda, M. G., Carlisle, J. W., Bilen, M. A., et al. (2019). An intra-tumoral niche maintains and differentiates stem-like CD8 T cells. Nature 576 (7787), 465–470. doi:10.1038/s41586-019-1836-5
 Jiang, P., Gu, S., Pan, D., Fu, J., Sahu, A., Hu, X., et al. (2018). Signatures of T cell dysfunction and exclusion predict cancer immunotherapy response. Nat. Med. 24 (10), 1550–1558. doi:10.1038/s41591-018-0136-1
 Jiang, S., Wang, X., Song, D., Liu, X., Gu, Y., Xu, Z., et al. (2019). Cholesterol induces epithelial-to-mesenchymal transition of prostate cancer cells by suppressing degradation of EGFR through APMAP. Cancer Res. 79 (12), 3063–3075. doi:10.1158/0008-5472.CAN-18-3295
 Jiang, Z., Jiang, J., Zhao, B., Yang, H., Wang, Y., Guo, S., et al. (2018). CPNE1 silencing inhibits the proliferation, invasion and migration of human osteosarcoma cells. Oncol. Rep. 39 (2), 643–650. doi:10.3892/or.2017.6128
 Jonasch, E., Walker, C. L., and Rathmell, W. K. (2021). Clear cell renal cell carcinoma ontogeny and mechanisms of lethality. Nat. Rev. Nephrol. 17 (4), 245–261. doi:10.1038/s41581-020-00359-2
 Leivonen, S. K., Mäkelä, R., Ostling, P., Kohonen, P., Haapa-Paananen, S., Kleivi, K., et al. (2009). Protein lysate microarray analysis to identify microRNAs regulating estrogen receptor signaling in breast cancer cell lines. Oncogene 28 (44), 3926–3936. doi:10.1038/onc.2009.241
 Li, T., Fan, J., Wang, B., Traugh, N., Chen, Q., Liu, J. S., et al. (2017). Timer: A web server for comprehensive analysis of tumor-infiltrating immune cells. Cancer Res. 77 (21), e108–e110. doi:10.1158/0008-5472.CAN-17-0307
 Li, Y., Guo, H., Jin, C., Qiu, C., Gao, M., Zhang, L., et al. (2017). Spliceosome-associated factor CTNNBL1 promotes proliferation and invasion in ovarian cancer. Exp. Cell Res. 357 (1), 124–134. doi:10.1016/j.yexcr.2017.05.008
 Li, Y., Li, L., Liu, H., and Zhou, T. (2022). CPNE1 silencing inhibits cell proliferation and accelerates apoptosis in human gastric cancer. Eur. J. Pharm. Sci. official J. Eur. Fed. Pharm. Sci. 177, 106278. doi:10.1016/j.ejps.2022.106278
 Liang, J., Zhang, J., Ruan, J., Mi, Y., Hu, Q., Wang, Z., et al. (2017). CPNE1 is a useful prognostic marker and is associated with TNF receptor-associated factor 2 (TRAF2) expression in prostate cancer. Med. Sci. Monit. Int. Med. J. Exp. Clin. Res. 23, 5504–5514. doi:10.12659/msm.904720
 Liu, J., Song, X., and Ren, Z. (2022). The effect of microRNA-330 replacement on inhibition of growth and migration in renal cancer cells. Biotechnol. Appl. Biochem. 69 (2), 558–566. doi:10.1002/bab.2132
 Livak, K. J., and Schmittgen, T. D. (2001). Analysis of relative gene expression data using real-time quantitative PCR and the 2(-Delta Delta C(T)) Method. Methods (San Diego, Calif. 25 (4), 402–408. doi:10.1006/meth.2001.1262
 Lv, D., Li, Y., Zhang, W., Alvarez, A. A., Song, L., Tang, J., et al. (2017). TRIM24 is an oncogenic transcriptional co-activator of STAT3 in glioblastoma. Nat. Commun. 8 (1), 1454. doi:10.1038/s41467-017-01731-w
 Ma, W., Liu, B., Li, J., Jiang, J., Zhou, R., Huang, L., et al. (2018). MicroRNA-302c represses epithelial-mesenchymal transition and metastasis by targeting transcription factor AP-4 in colorectal cancer. Biomed. Pharmacother. = Biomedecine Pharmacother. 105, 670–676. doi:10.1016/j.biopha.2018.06.025
 Ma, X., Gao, Y., Fan, Y., Ni, D., Zhang, Y., Chen, W., et al. (2013). Overexpression of E2F1 promotes tumor malignancy and correlates with TNM stages in clear cell renal cell carcinoma. PloS one 8 (9), e73436. doi:10.1371/journal.pone.0073436
 Mandrekar, J. N. (2010). Receiver operating characteristic curve in diagnostic test assessment. J. Thorac. Oncol. official Publ. Int. Assoc. Study Lung Cancer 5 (9), 1315–1316. doi:10.1097/JTO.0b013e3181ec173d
 Mans, D. A., Vermaat, J. S., Weijts, B. G., van Rooijen, E., van Reeuwijk, J., Boldt, K., et al. (2013). Regulation of E2F1 by the von Hippel-Lindau tumour suppressor protein predicts survival in renal cell cancer patients. J. pathology 231 (1), 117–129. doi:10.1002/path.4219
 Mansoori, B., Mohammadi, A., Naghizadeh, S., Gjerstorff, M., Shanehbandi, D., Shirjang, S., et al. (2020). miR-330 suppresses EMT and induces apoptosis by downregulating HMGA2 in human colorectal cancer. J. Cell. physiology 235 (2), 920–931. doi:10.1002/jcp.29007
 Newman, A. M., Liu, C. L., Green, M. R., Gentles, A. J., Feng, W., Xu, Y., et al. (2015). Robust enumeration of cell subsets from tissue expression profiles. Nat. methods 12 (5), 453–457. doi:10.1038/nmeth.3337
 Paner, G. P., Stadler, W. M., Hansel, D. E., Montironi, R., Lin, D. W., and Amin, M. B. (2018). Updates in the eighth edition of the tumor-node-metastasis staging classification for urologic cancers. Eur. Urol. 73 (4), 560–569. doi:10.1016/j.eururo.2017.12.018
 Park, N., Yoo, J. C., Lee, Y. S., Choi, H. Y., Hong, S. G., Hwang, E. M., et al. (2014). Copine1 C2 domains have a critical calcium-independent role in the neuronal differentiation of hippocampal progenitor HiB5 cells. Biochem. biophysical Res. Commun. 454 (1), 228–233. doi:10.1016/j.bbrc.2014.10.075
 Perestenko, P. V., Pooler, A. M., Noorbakhshnia, M., Gray, A., Bauccio, C., and Jeffrey McIlhinney, R. A. (2010). Copines-1, -2, -3, -6 and -7 show different calcium-dependent intracellular membrane translocation and targeting. FEBS J. 277 (24), 5174–5189. doi:10.1111/j.1742-4658.2010.07935.x
 Petrides, P. E., Bock, S., Bovens, J., Hofmann, R., and Jakse, G. (1990). Modulation of pro-epidermal growth factor, pro-transforming growth factor alpha and epidermal growth factor receptor gene expression in human renal carcinomas. Cancer Res. 50 (13), 3934–3939.
 Posadas, E. M., Limvorasak, S., and Figlin, R. A. (2017). Targeted therapies for renal cell carcinoma. Nat. Rev. Nephrol. 13 (8), 496–511. doi:10.1038/nrneph.2017.82
 Qi, Y., Xia, Y., Lin, Z., Qu, Y., Qi, Y., Chen, Y., et al. (2020). Tumor-infiltrating CD39+CD8+ T cells determine poor prognosis and immune evasion in clear cell renal cell carcinoma patients. CII 69 (8), 1565–1576. doi:10.1007/s00262-020-02563-2
 Rini, B. I., and Atkins, M. B. (2009). Resistance to targeted therapy in renal-cell carcinoma. Lancet Oncol. 10 (10), 992–1000. doi:10.1016/S1470-2045(09)70240-2
 Ritchie, M. E., Phipson, B., Wu, D., Hu, Y., Law, C. W., Shi, W., et al. (2015). Limma powers differential expression analyses for RNA-sequencing and microarray studies. Nucleic acids Res. 43 (7), e47. doi:10.1093/nar/gkv007
 Ru, B., Wong, C. N., Tong, Y., Zhong, J. Y., Zhong, S. S. W., Wu, W. C., et al. (2019). Tisidb: An integrated repository portal for tumor-immune system interactions. Bioinforma. Oxf. Engl. 35 (20), 4200–4202. doi:10.1093/bioinformatics/btz210
 Sato, Y., Yoshizato, T., Shiraishi, Y., Maekawa, S., Okuno, Y., Kamura, T., et al. (2013). Integrated molecular analysis of clear-cell renal cell carcinoma. Nat. Genet. 45 (8), 860–867. doi:10.1038/ng.2699
 Shao, Z., Ma, X., Zhang, Y., Sun, Y., Lv, W., He, K., et al. (2020). CPNE1 predicts poor prognosis and promotes tumorigenesis and radioresistance via the AKT singling pathway in triple-negative breast cancer. Mol. Carcinog. 59 (5), 533–544. doi:10.1002/mc.23177
 Siegel, R. L., Miller, K. D., Fuchs, H. E., and Jemal, A. (2022). Cancer statistics, 2022. CA a cancer J. Clin. 72 (1), 7–33. doi:10.3322/caac.21708
 Smith, T. S., Pineda, J. M., Donaghy, A. C., and Damer, C. K. (2010). Copine A plays a role in the differentiation of stalk cells and the initiation of culmination in Dictyostelium development. BMC Dev. Biol. 10, 59. doi:10.1186/1471-213X-10-59
 Stegh, A. H., Kim, H., Bachoo, R. M., Forloney, K. L., Zhang, J., Schulze, H., et al. (2007). Bcl2L12 inhibits post-mitochondrial apoptosis signaling in glioblastoma. Genes & Dev. 21 (1), 98–111. doi:10.1101/gad.1480007
 Su, J., Huang, Y., Wang, Y., Li, R., Deng, W., Zhang, H., et al. (2022). CPNE1 is a potential prognostic biomarker, associated with immune infiltrates and promotes progression of hepatocellular carcinoma. Cancer Cell Int. 22 (1), 67. doi:10.1186/s12935-022-02485-2
 Talaat, I. M., Abu-Gharbieh, E., Hussein, A., Hachim, M., Sobhy, I., Eladl, M., et al. (2022). Prognostic value of copine 1 in patients with renal cell carcinoma. Anticancer Res. 42 (1), 355–362. doi:10.21873/anticanres.15493
 Tang, H., Zhu, J., Du, W., Liu, S., Zeng, Y., Ding, Z., et al. (2018). CPNE1 is a target of miR-335-5p and plays an important role in the pathogenesis of non-small cell lung cancer. J. Exp. Clin. cancer Res. CR 37 (1), 131. doi:10.1186/s13046-018-0811-6
 Tang, J., Shalabi, A., and Hubbard-Lucey, V. M. (2018). Comprehensive analysis of the clinical immuno-oncology landscape. Ann. Oncol. official J. Eur. Soc. Med. Oncol. 29 (1), 84–91. doi:10.1093/annonc/mdx755
 Thorsson, V., Gibbs, D. L., Brown, S. D., Wolf, D., Bortone, D. S., Ou Yang, T. H., et al. (2018). The immune landscape of cancer. Immunity 48 (4), 812–830.e14. doi:10.1016/j.immuni.2018.03.023
 Tomas, A., Futter, C. E., and Eden, E. R. (2014). EGF receptor trafficking: Consequences for signaling and cancer. Trends Cell Biol. 24 (1), 26–34. doi:10.1016/j.tcb.2013.11.002
 Tomsig, J. L., and Creutz, C. E. (2000). Biochemical characterization of copine: A ubiquitous Ca2+-dependent, phospholipid-binding protein. Biochemistry 39 (51), 16163–16175. doi:10.1021/bi0019949
 Tomsig, J. L., Snyder, S. L., and Creutz, C. E. (2003). Identification of targets for calcium signaling through the copine family of proteins. Characterization of a coiled-coil copine-binding motif. J. Biol. Chem. 278 (12), 10048–10054. doi:10.1074/jbc.M212632200
 Tomsig, J. L., Sohma, H., and Creutz, C. E. (2004). Calcium-dependent regulation of tumour necrosis factor-alpha receptor signalling by copine. Biochem. J. 378, 1089–1094. doi:10.1042/BJ20031654
 van der Leun, A. M., Thommen, D. S., and Schumacher, T. N. (2020). CD8(+) T cell states in human cancer: Insights from single-cell analysis. Nat. Rev. Cancer 20 (4), 218–232. doi:10.1038/s41568-019-0235-4
 Vardi, I., Chermesh, I., Werner, L., Barel, O., Freund, T., McCourt, C., et al. (2020). Monogenic inflammatory bowel disease: It's never too late to make a diagnosis. Front. Immunol. 11, 1775. doi:10.3389/fimmu.2020.01775
 Vasaikar, S. V., Straub, P., Wang, J., and Zhang, B. (2018). LinkedOmics: Analyzing multi-omics data within and across 32 cancer types. Nucleic acids Res. 46 (D1), D956–D963. doi:10.1093/nar/gkx1090
 Wang, A., Yang, W., Li, Y., Zhang, Y., Zhou, J., Zhang, R., et al. (2022). CPNE1 promotes non-small cell lung cancer progression by interacting with RACK1 via the MET signaling pathway. Cell Commun. Signal. CCS 20 (1), 16. doi:10.1186/s12964-021-00818-8
 Wang, Y., Pan, S., He, X., Wang, Y., Huang, H., Chen, J., et al. (2021). CPNE1 enhances colorectal cancer cell growth, glycolysis, and drug resistance through regulating the AKT-GLUT1/HK2 pathway. OncoTargets Ther. 14, 699–710. doi:10.2147/OTT.S284211
 Wettersten, H. I., Aboud, O. A., Lara, P. N., and Weiss, R. H. (2017). Metabolic reprogramming in clear cell renal cell carcinoma. Nat. Rev. Nephrol. 13 (7), 410–419. doi:10.1038/nrneph.2017.59
 Yang, W., Ng, P., Zhao, M., Wong, T. K., Yiu, S. M., and Lau, Y. L. (2008). Promoter-sharing by different genes in human genome--CPNE1 and RBM12 gene pair as an example. BMC genomics 9, 456. doi:10.1186/1471-2164-9-456
 Yoshihara, K., Shahmoradgoli, M., Martínez, E., Vegesna, R., Kim, H., Torres-Garcia, W., et al. (2013). Inferring tumour purity and stromal and immune cell admixture from expression data. Nat. Commun. 4, 2612. doi:10.1038/ncomms3612
 Yoshimoto, N., Toyama, T., Takahashi, S., Sugiura, H., Endo, Y., Iwasa, M., et al. (2011). Distinct expressions of microRNAs that directly target estrogen receptor α in human breast cancer. Breast cancer Res. Treat. 130 (1), 331–339. doi:10.1007/s10549-011-1672-2
 Zajac, A. J., Blattman, J. N., Murali-Krishna, K., Sourdive, D. J., Suresh, M., Altman, J. D., et al. (1998). Viral immune evasion due to persistence of activated T cells without effector function. J. Exp. Med. 188 (12), 2205–2213. doi:10.1084/jem.188.12.2205
 Zhang, T., and George, D. J. (2021). Immunotherapy and targeted-therapy combinations mark a new era of kidney cancer treatment. Nat. Med. 27 (4), 586–588. doi:10.1038/s41591-021-01320-x
 Zhou, Q., Huang, T., Jiang, Z., Ge, C., Chen, X., Zhang, L., et al. (2020). Upregulation of SNX5 predicts poor prognosis and promotes hepatocellular carcinoma progression by modulating the EGFR-ERK1/2 signaling pathway. Oncogene 39 (10), 2140–2155. doi:10.1038/s41388-019-1131-9
 Zhou, Y., Zhou, B., Pache, L., Chang, M., Khodabakhshi, A. H., Tanaseichuk, O., et al. (2019). Metascape provides a biologist-oriented resource for the analysis of systems-level datasets. Nat. Commun. 10 (1), 1523. doi:10.1038/s41467-019-09234-6
Conflict of interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.
Copyright © 2023 Zhou, He, Huang, Li, Zhang, Xia and Xiong. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.
OPS/images/fcell-11-1157269-g005.gif





OPS/images/fcell-11-1157269-g006.gif





OPS/images/fcell-11-1157269-g003.gif





OPS/images/fcell-11-1157269-g004.gif
i>

A |

fe— . B . o

S . - e .
n amer u@.. o s ;-?—<
pr— e FER e — s

e






OPS/images/fcell-11-1157269-g009.gif





OPS/images/fcell-11-1157269-g007.gif
"l
/'ZQ”'

PEEE)

7
Gl 75
7 s /






OPS/images/fcell-11-1157269-g008.gif
00 valus 4s00m)

oscz

0D vae tnm)






OPS/xhtml/nav.xhtml
Contents

		Cover

		Comprehensive analysis of prognostic value, immune implication and biological function of CPNE1 in clear cell renal cell carcinoma		1 Introduction

		2 Materials and Methods		2.1 Pan-cancer analysis

		2.2 Analysis of CPNE1 mRNA expression, diagnostic and prognostic value in ccRCC

		2.3 Co-expression analyses and functional enrichment analyses

		2.4 Tumor immunology analysis

		2.5 Cell culture and reagents

		2.6 Cell transfection

		2.7 RNA extraction and real-time PCR (RT–PCR)

		2.8 Cell counting Kit-8 (CCK8) assay

		2.9 Wound healing assay

		2.10 Transwell assay

		2.11 Western blotting analysis

		2.12 Statistical analysis





		3 Results		3.1 Expression and prognostic value of CPNE1 in human pan-cancer

		3.2 Expression and prognostic significance of CPNE1 in ccRCC

		3.3 Associations between CPNE1 expression and clinicopathological characteristics in ccRCC patients

		3.4 CPNE1 is an independent prognostic factor in ccRCC

		3.5 Co-expression genes of CPNE1 and enrichment analysis in patients with ccRCC

		3.6 Correlation between CPNE1 expression with immune cell infiltration, immune modulators and immune therapy

		3.7 The expression level of CPNE1 in ccRCC cell lines and construction of knockdown cell lines

		3.8 CPNE1 knockdown suppresses ccRCC cell proliferation, migration and invasion in Vitro

		3.9 CPNE1 regulates EGFR/STAT3 pathway in ccRCC

		3.10 Effects of CPNE1 overexpression on ccRCC cells





		4 Discussion

		5 Conclusion

		Data availability statement

		Author contributions

		Funding

		Acknowledgments

		Publisher’s note

		Supplementary material

		References









OPS/images/cover.jpg
& frontiers | Frontiers in Cell and Developmental Biology






OPS/images/fcell-11-1157269-g001.gif





OPS/images/fcell-11-1157269-g002.gif





OPS/images/fcell-11-1157269-g010.gif









OPS/images/crossmark.jpg
©

|





OPS/images/logo.jpg
, frontiers ‘ Frontiers in Cell and Developmental Biology





