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Background

Phosphoinositide 3-kinases (PI3Ks) are lipid enzymes that regulate a wide range of intracellular functions. In contrast to Class I and Class III PI3K, which have more detailed descriptions, Class II PI3K has only recently become the focus of functional research. PIK3C2A is a classical member of the PI3Ks class II. However, the role of PIK3C2A in cancer prognosis and progression remains unknown.





Methods

The expression pattern and prognostic significance of PIK3C2A in human malignancies were investigated using multiple datasets and scRNA-seq data. The PIK3C2A expression in renal clear cell carcinoma (KIRC) was then validated utilizing Western blot. The functional role of PIK3C2A in KIRC was assessed using combined function loss experiments with in vitro experiments. Furthermore, the correlation of PIK3C2A expression with tumor immunity was investigated in KIRC. The TCGA database was employed to investigate PIK3C2A functional networks.





Results

Significant decrease in PIK3C2A expression in KIRC, demonstrated that it potentially influences the prognosis of diverse tumors, particularly KIRC. In addition, PIK3C2A was significantly correlated with the T stage, M stage, pathologic stage, and histologic grade of KIRC. Nomogram models were constructed and used to predict patient survival based on the results of multivariate Cox regression analysis. PIK3C2A knockdown resulted in significantly increased KIRC cell proliferation. Of note, PIK3C2A expression demonstrated a significant correlation with the infiltrating levels of primary immune cells in KIRC.





Conclusion

These findings support the hypothesis that PIK3C2A is a novel biomarker for tumor progression and indicates dynamic shifts in immune infiltration in KIRC. Furthermore, aberrant PIK3C2A expression can influence the biological activity of cancer cells.
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Introduction

Renal cell carcinoma (RCC), which arises from the renal epithelium, accounts for approximately 90% of kidney tumors and 3% of all cancers (1), and the past several decades have seen a significant increase in its mortality rate (2). Renal clear cell carcinoma (KIRC) is the most common pathological subtype of RCC, which accounts for 75–80% of all cases (3). KIRC treatment has been modified over the past few decades owing to emerging research into its biology and pathogenesis. Nonetheless, 25% to 30% of patients are characterized by distant metastases at the time of initial diagnosis, and about 40% experience recurrence following surgical resection (4). In this view, an in-depth understanding of the molecular process holds great promise for KIRC prognosis and treatment.

The immune system protects the body’s homeostasis against exogenous and endogenous, infectious and non-infectious threats, as well as eliminating defective cells before they develop into malignant cells. A subset of malignant cells may evade immune cell surveillance, resulting in tumorigenesis and metastatic spread. Interaction of infiltrating immune cells, one of the major components of the tumor microenvironment, with cancer cells has been shown to influence tumor onset and progression (5, 6). Compelling evidence also indicates that the level of immune cell infiltration in tumor and paracancerous tissues may serve as an indicator to predict prognosis with higher accuracy than the standard clinicopathological parameters (7).

Phosphoinositide 3-kinases (PI3Ks) are a type of enzyme that catalyzes the formation of second messengers for a variety of signaling pathways (8). This family can be classified into three subtypes based on structure and substrate specificity (9). The functions of class II PI3Ks are less well understood than those of class I and class III PI3Ks. As a typical member of PI3K class II, PIK3C2A is an abundantly expressed lipid kinase with critical functions during organism development (10). PIK3C2A has been implicated in a number of cancer pathophysiological pathways due to its ability to catalyze the phosphorylation of lipids phosphatidylinositol (PI) into PI (3)P and PI (4)P into PI (3, 4) P2 (11). However, the roles of PIK3C2A in the progression of cancer remain unknown understood. As such, the present investigation seeks to elucidate the role and mechanism of PIK3C2A in tumor progression.

The prognostic landscape of PIK3C2A was investigated using multiple databases. The correlation of PIK3C2A expression with infiltrating immune cells in various types of cancer was analyzed using the TIMER, TCGA, and GEPIA databases. Utilizing loss-of-function assays, the effect of PIK3C2A on the proliferation of KIRC cells was evaluated in vitro. Last but not least, the underlying mechanism of PIK3C2A was evaluated using the TCGA database. The findings of this research shed light on the effects of PIK3C2A on KIRC prognosis.





Materials and methods




PIK3C2A expression analysis

RNA sequencing data for 33 cancer types were retrieved from the Genomic Data Commons (GDC) data portal website (https://portal.gdc.cancer.gov/) and analyzed using R v4.0.3. Screening distinct mRNAs was performed with the R package ‘DESeq2’ (12); the threshold value was determined to be log2 fold change>1.0 and an adjusted P-value of 0.05 unless otherwise specified. With mRNAseq data from the TIMER database, we compared PIK3C2A expression in cancer tissues versus adjacent tissues (13).





Single-cell RNA sequencing analysis

The scRNA-seq data were analyzed using R (version 4.0.3) with the Seurat package (version 3.1.1). Filtering was performed on sample KIRC cells with < 200 and > 2500 genes and a mitochondrial gene percentage of >10%. The top 2000 most variable genes in the scRNA-seq data were used for principal components analysis (PCA), and the first 20 principal components were used for UMAP analysis. The FindClusters function divided all cells into 14 clusters, with resolution = 0.5.





Evaluating the connection between PIK3C2A and the prognosis of various tumors

Univariate Cox regression analysis was used to assess the relationship between PIK3C2A and the prognosis of malignancies. Based on the median expression value of PIK3C3A, KIRC survival curves were generated using the ‘survival’ R package. PIK3C2A was evaluated via multivariate Cox regression to determine its independence as a predictor of patient survival. Nomogram-based models for predicting patient survival were developed using the R package ‘rms’. The area under the time-dependent ROC curve (AUC) was generated using the ‘timeROC’ (version: 0.4) package to examine the sensitivity and specificity of PIK3C2A in survival prediction.





Cell lines

The human KIRC cell lines 769P, CAKI-1, 786-O, and ACHN cells were obtained from the cancer institute of Zhejiang Caner Hospital. KIRC cell lines were grown in RPMI-1640 medium (BasalMedia, China) containing 10% fetal bovine serum (FBS), 100 units of penicillin, and 50 units of streptomycin per ml.





PIK3C2A siRNA construction and transfection

PIK3C2A siRNA was purchased from Zorinbio Company (China); the PIK3C2A siRNA1 sequence was 5’-CCACUUAUGCUUUACCUUCUATT-3’, the PIK3C2A siRNA2 sequence was 5’-GCUAGUGUGAAGGUCUCCAUUTT-3’, and the PIK3C2A siRNA3 sequence was 5’-GAUGACAGUUUCGAGACUAAATT-3’. Lipofectamine 2000 was used to transfect KIRC cells with siRNA. Control cells were transfected with non-targeting siRNA.

Real-time PCR assay

The TRIzol Reagent (Sigma, St. Louis, MO) was used to isolate total RNA, and the PrimeScript RT Reagent Kit was used to reverse-transcribe this RNA into cDNA, per the manufacturer’s instructions (TaKaRa, Dalian, China). The mRNA expressions of PIK3C2A and GAPDH were measured using an RT-PCR quantitative PCR kit (TaKaRa, Dalian, China).





Western blotting

Cells were lysed in ice-cold RIPA buffer containing protease and phosphatase inhibitors. Proteins from each group were separated using SDS-PAGE and transferred in equal amounts to polyvinylidene fluoride (PVDF) membranes. The membranes were blocked with 5% fat-free milk for one hour and then treated overnight at 4°C with PIK3C2A Mouse mAb (ZENBIO, China). The membranes were then washed thrice in Tris-buffered saline with Tween-20 (TBST) and incubated at room temperature for 1 hour with a secondary antibody conjugated to HRP. Blots were examined with an ECL detection kit (NCM Biotech, China) and processed with Quantity One 1-D Analysis Software (Bio-Rad, San Francisco, CA, USA).





Colony formation and cell proliferation assays

Colony formation tests were performed as described previously (14). Briefly, 3000 cells/well were seeded in 96-well plates, and cell proliferation was evaluated using a Cell Counting Kit-8 (CCK-8; NCM Biotech, China), measuring absorbance at 450 nm based on the instructions.





EdU assay

For cell proliferation assessment, a 5-ethynyl-20-deoxyuridine (EdU) test kit was utilized (Beyotime Biotechnology, China). KIRC cells (2 × 104 cells/well) were seeded in the glass bottom dish and cultured overnight. Afterward, the cells were incubated with 10 μM EdU buffer at 37°C for 2 hours, fixed with 4% formaldehyde for 15 minutes, permeabilized with 0.3% Triton X-100 for 25 minutes, and nuclear-stained with Hoechst. The cells were then examined using a fluorescence microscope. The ratio of EdU-positive cells (red cells) to all Hoechst-positive cells (blue cells) was defined as the EdU incorporation rate.





Correlation analysis between PIK3C2A and immune infiltration

The TIMER database was utilized to evaluate the degree of relatedness between PIK3C2A and infiltrating immune cells, based on how certain markers show up in different tumors. Heat plots were used to show the correlation between PIK3C2A and each immune gene marker; PIK3C2A was plotted on the x-axis, immune markers on the y-axis, and the gene level was adjusted with log2 TPM. The correlation coefficient between PIK3C2A and immune markers was calculated using the Spearman method in GEPIA.

CIBERSORT is a deconvolution algorithm that can be used to describe the cell composition of complex tissues. Fluorescence-activated cell sorting (FACS) has confirmed that this protocol quantifies a terrific amount of specific cell types (15). Thereupon, CIBERSORT was applied to figure out the relative proportions of 22 infiltrating immune cell types in the PIK3C2A high-expression and low-expression groups, using the LM22 signature matrix and 1000 permutations. Immunedeconv, an R package that contains the CIBERSORT algorithm, was used to carry out this procedure (16).





Functional and pathway enrichment analysis

The association of PIK3C2A with protein-coding genes (PCGs) was evaluated using Spearman correlation coefficients, and genes with a Spearman correlation coefficient greater than 0.50 were identified as PIK3C2A-associated PCGs. GO and KEGG pathway enrichment studies on the PIK3C2A-associated PCGs were then performed using the clusterProfiler program (17). P-values <0.05 were set as the threshold for GO/KEGG pathway enrichment analyses. The enrichment outcomes were visualized in R using the ggplot2 package.





Genes set enrichment analysis

The underlying signaling pathways associated with PIK3C2A in KIRC were identified by gene set enrichment analysis (FDR 0.25, adjusted p-value 0.05), based on the expression patterns between the high-expression and low-expression groups. This analysis was conducted with the clusterProfile application (17). The PIK3C2A-related pathway in the Molecular Signatures Database (MSigDB) was visualized using the R program ‘ggplot2’.






Results




Expression levels and prognostic roles of PIK3C2A in various tumor types

The TIMER database was employed to compare the levels of mRNA for PIK3C2A in various kinds of tumors and nearby tissues. Compared with normal controls, PIK3C2A expression was significantly lower in bladder urothelial carcinoma (BLCA), breast invasive carcinoma (BRCA), kidney chromophobe (KICH), kidney renal clear cell carcinoma (KIRC), kidney renal papillary cell carcinoma (KIRP), lung adenocarcinoma (LUAD), lung squamous cell carcinoma (LUSC), prostate adenocarcinoma (PRAD), thyroid carcinoma (THCA), and (UCEC) (Figure 1A). However, PIK3C2A expression was significantly increased in cholangiocarcinoma (CHOL), liver hepatocellular carcinoma (LIHC), and stomach adenocarcinoma (STAD) (Figure 1A). In addition, we retrieved the RNA-seq and clinical data for 33 cancers from the GDC website. Univariate COX analysis revealed that PIK3C2A is a protective factor for overall survival (OS), disease-free survival (DFS), and progression-free survival (PFS) only in KIRC (Figure 1B). As a result, we selected KIRC to further investigate the role of PIK3C2A in tumor progression.




Figure 1 | PIK3C2A expression levels and prognostic roles in different types of human cancers. (A) Increased or decreased expression of PIK3C2A in different cancer tissues, compared with normal tissues in TIMER. *p < 0.05, **p < 0.01, ***p < 0.001. (B) Hazard ratio and p-value of PIK3C2A involved in univariate COX regression analysis and the OS, DFS, and PFS of various malignancies.







PIK3C2A expression in KIRC

Based on the TCGA database, PIK3C2A mRNA expression level was investigated in KIRC. The outcomes exhibited significantly lower mRNA levels of PIK3C2A in KIRC tissues than in normal tissues (Figure 2A). These findings were validated in the GEO database; the results demonstrated lower PIK3C2A expression levels in KIRC tissues than in normal tissues (Figures 2I, J). According to the Human Protein Atlas database (18), the PIK3C2A protein level was significantly lower in KIRC tissues compared with adjacent non-tumor kidney tissues (Figure 2K). PIK3C2A protein expression level was further evaluated in eight pairs of KIRC and neighboring non-tumor kidney tissues by western blot. The results demonstrated lower PIK3C2A protein levels in KIRC tissues than in neighboring non-tumor kidney tissues (Figure 2L). Furthermore, we investigated the expression changes of PIK3C2A in KIRC samples with different clinicopathologic features; the results revealed no significant difference in PIK3C2A expression in KIRC samples with varying gender, age, and N stages (Figure 2B–D). However, PIK3C2A expression decreased with the progression of the T stage, M stage, histologic grade, and pathologic stage (Figures 2E–H).




Figure 2 | PIK3C2A expression status in KIRC. (A) The PIK3C2A expression in KIRC and normal tissues. (B-H) The expression of PIK3C2A in KIRC samples with different gender, ages, T stages, N stages, M stages, histologic grades, and pathologic stages. (I, J) Validation of PIK3C2A expression in KIRC and normal tissues in the GSE66271 and GSE52357 datasets. (K) The protein levels of PIK3C2A in KIRC and normal tissue in the Human Protein Atlas (Antibody HPA037641, 10X). (L) Protein expression of PIK3C2A in select KIRC tissues (T, n = 8) and neighboring non-tumor kidney tissues (N, n = 8).  *p < 0.05, **p <  0.01, ***p <  0.001, ns, no significance.







PIK3C2A expression in scRNA data

PIK3C2A expression in diverse cell subpopulations of KIRC was evaluated using scRNA-seq data. The dataset included 3568 cells from the right KIRC tissue (KIRC1) and 3575 cells from the left KIRC tissue (KIRC2). The data were subjected to UMAP analysis following quality control. Cells in KIRC were classified into 14 distinct categories, including CD8+ cell, T helper cell, Treg cell, NKT cell, effector CD8+ memory T cell, tumor cell, macrophage, vascular endothelial cell, endothelial cell, neutrophil, mesangial cell, B cell, mast cell and collecting duct principal cell, according to data on previously reported markers (Figure 3A). PIK3C2A-expressing cells were displayed on the UMAP plot, revealing that PIK3C2A was primarily expressed in endothelial cells (Figure 3B). Furthermore, we assessed the expression levels of PIK3C2A in each subgroup and discovered that it is expressed in various immune cells (Figure 3C). PIK3C2A expression in tumor cells was dramatically downregulated in the right KIRC tissue (KIRC1) (Figure 3C).




Figure 3 | The expression of PIK3C2A in scRNA data. (A) Uniform manifold approximation and projection (UMAP) visualization of cells from the right (KIRC1) and left (KIRC2) KIRC tissues (KIRC2). (B) The expression pattern of PIK3C2A was plotted in the UMAP plot. (C) Expression level of PIK3C2A in different cell subgroups of KIRC tissues.







Prognostic roles of PIK3C2A in KIRC

The Kaplan-Meier curve confirmed that the OS rate of the high-expression subset was significantly higher than that of the low-expression subset (P-value=3.71e-05, Figure 4A). Besides, the ROC curves were used to evaluate the predictive accuracy of PIK3C2A. PIK3C2A AUCs were 0.631, 0.632, and 0.644 at 1‐, 3‐ and 5‐year OS periods, respectively (Figure 4B). Similarly, the Kaplan Meier statistical analysis revealed that PIK3C2A may be a protective factor for the DFS rate (P-value=7.11e-06, Figure 4D) and PFS rate (P-value=2.19e-04, Figure 4G) of KIRC. The time-dependent ROC curves for DFS demonstrated that the 1-year, 3-year, and 5-year AUC values of PIK3C2A were 0.649%, 0.647%, and 0.678%, respectively (Figure 4E). The time-dependent ROC curves for PFS revealed a 1-year, 3-year, and 5-year AUC value of PIK3C2A of 0.601, 0.613, and 0.666, respectively (Figure 4H). These results demonstrated better predictive performance of PIK3C2A over time.




Figure 4 | Estimating the predictive value of PIK3C2A for KIRC patients in the TCGA database. (A) Kaplan-Meier survival curve analysis for the Overall Survival of KIRC patients with high or low PIK3C2A expression. The differences between the two curves were determined by the two-sided log-rank test. (B) Time‐dependent ROC curve analysis of PIK3C2A for 1-year, 3- year and 5-year OS in KIRC patients. (C) The nomogram model for predicting the OS of KIRC. (D) Kaplan-Meier survival curve analysis for the Disease-Free Survival of KIRC patients with high or low PIK3C2A expression. The differences between the two curves were determined by the two-sided log-rank test. (E) Time‐dependent ROC curve analysis of PIK3C2A for 1-year, 3-year and 5-year DFS in KIRC patients. (F) The nomogram model for predicting the DFS of KIRC. (G) Kaplan-Meier survival curve analysis for the Progress Free Survival of KIRC patients with high or low PIK3C2A expression. The differences between the two curves were determined by the two-sided log-rank test. (H) Time‐dependent ROC curve analysis of PIK3C2A for 1-year, 3-year and 5-year PFS in KIRC patients. (I) The nomogram model for predicting the PFS of KIRC.







Correlation of PIK3C2A with clinic-pathological properties of KIRC

The relationship between PIK3C2A and the clinical properties of KIRC was investigated using the TCGA database. The results demonstrated a correlation of PIK3C2A with the T stage (p-value<0.001), M stage (p-value=0.004), pathologic stage (p-value<0.001), and histologic grade (p-value<0.001) (Table 1). These findings confirmed that PIK3C2A expression decreases following the progression of the T stage, M stage, pathologic stage, and histologic grade of KIRC.


Table 1 | Correlations of PIK3C2A expression with the clinicopathological features of KIRC.







Independence of PIK3C2A and other clinical characteristics

The independence of PIK3C2A from other clinicopathological characteristics of KIRC was determined using univariate and multivariate Cox regression analysis. Results from the univariate Cox regression analysis of KIRC patients revealed that PIK3C2A expression, T stage, N stage, M stage, histologic grade, and pathologic stage were all significant predictors of OS, DFS, and PFS (Table 2). A multivariate Cox regression analysis revealed that PIK3C2A expression and M stage are independent prognostic variables for OS, DFS, and PFS in KIRC patients (Table 2). In this view, PIK3C2A expression was suggested as a clinically promising biomarker for predicting patient outcomes in KIRC. Using the aforementioned variables, we developed nomograms to forecast the OS, DFS, and PFS of KIRC (Figures 4C, F, I). The C-index in the nomogram model for OS was 0.756, 0.846 for DFS, and 0.809 for PFS.


Table 2 | Univariate and multivariate Cox regression analysis in the TCGA database.







In vitro PIK3C2A downregulation promotes KIRC cell proliferation

Having found that PIK3C2A expression decreased in KIRC tissues, we analyzed the influence of PIK3C2A on the cellular biology of KIRC cells. Firstly, we assessed the relationship between PIK3C2A and tumor-related signal pathways using ssGSEA. According to the results, PIK3C2A expression was negatively correlated with tumor proliferation signature and DNA replication pathways (Spearman’s correlation value = -0.30 and -0.15, respectively, P<0.001; Figures 5A, B). Subsequently, PIK3C2A expression in KIRC cell lines was blocked using small interfering RNAs (siRNAs). Real-time PCR and Western blotting analyses revealed that siRNA2 and siRNA3 could significantly decrease PIK3C2A expression; as such, they were selected for further functional tests (Figures 5C, D). CCK8 detection results demonstrated that inhibiting PIK3C2A expression significantly promoted the proliferation of 769P, CAKI-1, 786-O, and ACHN cells (Figure 5E). Inhibiting the expression of PIK3C2A significantly increased the colony-forming ability of KIRC cells (Figure 5F). The EdU assay revealed a significantly higher proportion of EdU-positive cells in the PIK3C2A knockdown groups than in the control groups (Figure 5G). These results confirmed that PIK3C2A knockdown resulted in significantly increased KIRC cell proliferation in vitro.




Figure 5 | A decrease in PIK3C2A levels facilitated cell growth in KIRC cells. (A, B) The linear relationship of PIK3C2A expression with tumor proliferation signature and DNA replication pathway by Spearman’s correlation. (C, D)The levels of PIK3C2A mRNA and protein were significantly inhibited by siRNA2 and siRNA3. (E) CCK8 assay was used to detect cell proliferation in siRNA2- and siRNA3-transfected 769P,CAKI-1 786-O and ACHN cells. *P < 0.05, ***P < 0.001. (F) Using the colony-forming test, the colony-forming ability of 769P,CAKI-1 786-O and ACHN cells treated with siRNA2 and siRNA3 was evaluated. The number of colonies was counted and compared in the diagrams; significance was determined using one-way ANOVA. *P < 0.05, **P < 0.01, ***P < 0.001. (G) EdU assays were performed to determine the cell proliferation ability of si-PIK3C2A transfected cells. The ratio of EdU-positive cells was calculated and compared in the diagrams; significance was determined using one-way ANOVA. **P < 0.01, ***P < 0.001. ns, no significance.







PIK3C2A alteration in KIRC induces changes in genes and biological processes

We split the samples of the TCGA dataset into high-expression and low-expression groups based on the median value of PIK3C2A expression to determine gene alterations caused by PIK3C2A modifications. Following that, DEGs were identified using the DESeq2 Bioconductor package, with cut-offs set at a log2foldchange (log2FC) >1 and an adjusted P-value (adj. P) < 0.05. The results revealed that 1039 DEGs were up-regulated in the high-expression group, while 2815 PCGs were down-regulated in the low-expression group (Figure 6A). These DEGs were evaluated using the ClusterProfiler package (version: 3.18.0) in R to unravel the underlying functions and pathways. Figures 6B, C depict the distribution of these DEGs across molecular biological roles (BP), functions (MF), cellular components (CC), and KEGG pathways. The Gene Set Enrichment Analysis (GSEA) was used to verify the potential pathways activated or inhibited due to PIK3C2A alterations in KIRC. The Reactome innate immune system was the most significantly enriched signaling pathway (NSE = -3.368, adjusted P-value=0.005; Figure 6D), suggesting that PIK3C2A alterations may contribute to KIRC-related immunological dysfunction.




Figure 6 | The changes of genes and biological processes caused by the PIK3C2A alteration in KIRC. (A) The volcano plot shows the differential expression genes between PIK3C2A high-expression and low-expression groups in KIRC. (B, C) The bubble charts visualize the results of GO term and KEGG pathway enrichment analysis of the differential expression genes. (D) The GSEA results of the differential expression genes.







Effects of PIK3C2A on the immune infiltration level in KIRC

According to the analysis in the TIMER database, PIK3C2A was positively correlated with the infiltration degrees of B cells (R = 0.182, P = 8.92E–05), CD8+ T cells (R = 0.243, P = 2.65E–07), CD4+ T cells (R = 0.349, P =1.28E−14), macrophages (R = 0.421, P = 1.04E–20), neutrophils (R = 0.399, P = 5.87E–19), and dendritic cells (R = 0.255, P = 3.28E−08) in KIRC (Figure 7A). In addition, using the CIBERSORT algorithm, we evaluated the correlation between PIK3C2A status and 22 immune fractions, uncovering a widespread immune infiltration pattern of KIRC. The results revealed a higher infiltration degree of B cell native (adjusted p-value= 6.49E-10), B cell plasma (adjusted p-value=4.88E-02), T cell CD4+ memory resting (adjusted p-value = 8.92E-04), NK cell resting (adjusted p-value= 1.29E-02), Monocyte (adjusted p-value= 3.91E-08), Macrophage M1 (adjusted p-value= 1.69E-02), Macrophage M2 (adjusted p-value=4.64E-04), Myeloid dendritic cell resting (adjusted p-value= 3.84E-02), Mast cell activated (adjusted p-value= 1.62E-05) and Neutrophil (adjusted p-value = 2.72E-05) in the PIK3C2A high-expression group than in the PIK3C2A low-expression group (Figure 7B). On the contrary, the infiltration degree of B cell memory (adjusted p-value= 3.05E-10), T cell CD8+ (adjusted p-value= 9.10E-06), T cell follicular helper (adjusted p-value= 1.33E-10), T cell regulatory (adjusted p-value= 2.56E-15), T cell gamma delta (adjusted p-value=3.59E-03), NK cell activated (adjusted p-value= 2.48E-08), Macrophage M0 (adjusted p-value= 1.16E-06) and Mast cell resting (adjusted p-value= 1.65E-02) was lower in the PIK3C2A high-expression group than in the PIK3C2A low-expression group (Figure 7B). These results highlight a crucial role for PIK3C2A in regulating the immune infiltration microenvironment of KIRC.




Figure 7 | The correlation of PIK3C2A expression with immune infiltration levels in KIRC. (A) PIK3C2A expression has no relation with tumor purity and a significant positive correlation with infiltrating ranks of B cell, CD8+ T cell, CD4+ T cell, macrophage, neutrophil, and dendritic cell. (B) The immune score distribution of 22 immune cell subtypes in the PIK3C2A high-expression and low-expression group of KIRC. The horizontal axis represents different groups of samples. The vertical axis represents the gene expression distribution, where different colors represent different groups, and the significance of the two groups was tested by the Wilcox test. Asterisks denote levels of significance (*p < 0.05, **p < 0.01, ***p < 0.001). (C) The heatmap displays the relationship between PIK3C2A expression and gene markers of immune cells in KIRC (*p < 0.05, **p < 0.01, ***p < 0.001).







Correlation between PIK3C2A and immune markers

Based on data from the TIMER and TCGA databases, we analyzed the correlations between PIK3C2A and a wide range of immunological indicators in KIRC to shed light on the potential links between this gene and invading immune cells. The PIK3C2A level was found to be closely correlated with 37 out of 57 immune cell markers in KIRC, after adjusting for the purity in the TIMER database (Supplementary Table 1). The TCGA database analysis revealed that NOS2 and PTGS2 of the M1 phenotype (Figure 7C), CD163, VSIG4, and MS4A4A of the M2 phenotype (Figure 7C), IL10 of TAMs (Figure 7C), CD86 and CSF1R of monocytes (Figure 7C), CEACAM8 and ITGAM of neutrophils (Figure 7C) were significantly correlated with PIK3C2A expression in KIRC. The GEPIA database was used to determine whether the association between the two immune cell types and PIK3C2A expression in KIRC and comparable normal tissues was distinct. The analysis yielded comparable findings to TCGA results; the correlations between PIK3C2A expression and macrophages or neutrophils were quite robust, with 12 out of 14 immune cell markers; However, 2 out of 14 immune cell indicators correlated significantly with PIK3C2A expression in renal tissues (Table 3). These data suggested a potential regulatory role of PIK3C2A on macrophage polarization and neutrophil infiltration in KIRC, but this activity was extremely poor in normal tissues.


Table 3 | Correlation analysis between PIK3C2A and gene markers of immune cells in GEPIA.



Furthermore, there was a considerable variation in the correlation of PIK3C2A expression with B cells, natural killer cells, dendritic cells (DCs), T regulatory cells (Tregs), T helper cells (Th cells), and T cell exhaustion in KIRC or normal tissues. The results demonstrated that the markers of B cells, including CD19 and CD79A (Figure 7C), are negatively correlated with PIK3C2A expression. For natural killer cells, we found a positive correlation of PIK3C2A with KIR2DL1 and KIR2DL3 in KIRC but not in normal tissues (Figure 7C). PIK3C2A was highly relevant to DC infiltration in KIRC (Figure 7C). Further research is warranted to establish whether PIK3C2A has dual effects on cancer immunity. PIK3C2A was closely correlated with T cell exhaustion and Treg; PIK3C2A was positively linked to CCR8, STAT5B, and TGFB1, and negatively related to FOXP3, PDCD1, and LAG3 (Figure 7C). Also, we found a strong correlation between PIK3C2A and biomarkers of T helper cells, including Th1, Th2, Tfh, and Th17 cells (Figure 7C). These add to the evidence that PIK3C2A is strongly linked to immune infiltration in KIRC and may play a dualistic role in tumor immune responses.





PIK3C2A networks of genes

The correlation of PIK3C2A with PCGs was evaluated using Spearman correlation analysis to determine the precise mechanism of PIK3C2A in KIRC carcinogenesis. The results revealed that 2345 PCGs and 466 PCGs were positively and negatively correlated with PIK3C2A, respectively (Spearman’s correlation coefficient>0.5, adjusted p-value<0.05); the top 50 positively correlated and negatively correlated PCGs are shown in Figures 8A, B, respectively. Functional enrichment analysis demonstrated that PIK3C2A correlated PCGs were primarily enriched in 245 gene ontology (GO) terms (adjust p-value<0.001; Supplementary Table 2) and 22 Kyoto Encyclopedia of Genes and Genomes (KEGG) pathways (adjust p-value<0.001; Supplementary Table 3); the typical GO terms and KEGG pathways are displayed in Figures 8C, D, respectively.




Figure 8 | Functional enrichment analysis of the PCGs associated with PIK3C2A. (A) The heatmap exhibits the top 50 genes positively related to PIK3C2A. (B) The heatmap indicates the top 50 genes negatively associated with PIK3C2A. (C, D) The bubble charts visualize the results of GO term and KEGG pathway enrichment analysis of the PCGs co-expressed with PIK3C2A.








Discussion

There is growing evidence that tumor cells can escape killing by the innate body’s anti-tumor mechanisms. Furthermore, the dynamic interaction between malignancies and the immune system is an important factor influencing the development of treatment resistance in cancer cells (19). Human tumor tissues contain a wide range of immune cell types known as tumor-infiltrating immune cells, which have been shown to affect the prognosis of various cancers and to be potential immunotherapy targets. The infiltrating immune cell-based immunological score is considered an independent risk factor affecting cancer prognosis (20, 21). Significant and rapid progress has been made in the last few decades in terms of understanding how the immune system control cancer progression. Parallel to these studies, cancer immunotherapies have been created to activate the immune system and hence induce potent anti-tumor responses (22). Recent advances in the development of cancer immunotherapies have improved the way cancer treated. Tumor recurrence and severe side effects, such as autoimmunity and nonspecific inflammation, are common problems reported in many patients (23, 24). As such, a synthetical and translational analysis is required to characterize the tumor immunophenotypes and predict the anti-tumor immune responses, as well as reveal the underlying molecular mechanisms of cancer immunity.

To date, no comprehensive study has been conducted to evaluate the role of PIK3C2A in cancer, and characterize its prognostic landscape. Therefore, several data sources were screened to fully comprehend the functions of PIK3C2A in cancer. According to the TIMER analysis of TCGA data, PIK3C2A expression was discovered to be significantly overexpressed in KIRC compared to adjacent normal tissues. The expression of PIK3C2A was also reduced as the T stage, M stage, pathologic stage, and histologic grade of KIRC increased. Further analysis of scRNA data showed that the PIK3C2A enrichment was higher in endothelial cells than in KIRC cells. PIK3C2A was also found to be correlated with the prognosis of numerous cancers, and predicted favorable OS, DFS, and PFS in KIRC. This was also confirmed by the time-dependent ROC curve analysis. According to the results of in vitro functional experiments, downregulation of PIK3C2A expression significantly increased the proliferative capacities of KIRC cells. For these results, an increase in PIK3C2A level enhanced the ability of the cells to inhibit oncogenesis and progression of KIRC. Moreover, GO functional results showed that the biological process of the humoral immune response was enriched in PIK3C2A-related DEGs. These DEGs exhibited high enrichment in signal pathways involved in the Reactome’s innate immune system as indicated by the GSEA results. Moreover, the results of scRNA data indicated that PIK3C2A was enriched in several types of immune cells. Collectively, these results suggest that PIK3C2A’s influence on the immune system may be responsible for its pleiotropic involvement in the development of KIRC.

Immunocyte populations are the primary components in the tumor immune network and have a significant impact on the development and incidence of malignancies. In this work, the relationships between PIK3C2A and tumor immunocyte infiltration were investigated by relying on the TIMER database. It was found that PIK3C2A influenced immunocyte infiltration in many cancers, particularly KIRC. There was a strong positive relationship between PIK3C2A level and infiltration degree of macrophages, neutrophils, CD4+ T cells, DCs, and B cells. Additionally, the interrelation between PIK3C2A and the biomarkers of immunocytes suggested that PIK3C2A was involved in the modulation of cancer immunity in KIRC. First, PIK3C2A was not related to tumor purity in KIRC, indicating that PIK3C2A was both expressed in malignant cells and the tumor microenvironment. Nevertheless, macrophages, master regulators of inflammation and antigen-presenting had the highest correlation coefficient with PIK3C2A compared with other immune cells. After adjustment for tumor purity, M1 and M2 macrophage markers exhibited strong correlations with PIK3C2A expression. These results demonstrated the underlying modulatory role of PIK3C2A in the polarized alternatively of tumor-associated macrophages (TAM) in KIRC.

In addition, an inverse correlation was found between the level of PIK3C2A and the gene markers of T-cell exhaustion. Cancer cells rely heavily on exhausted T cells evade the immune system because these cells have low cytokine levels and effector function (25). In addition, numerous studies have demonstrated that inhibition of the causes of T-cell exhaustion represents a novel therapeutic approach for improving reactive antitumor immunity. Blocking antibodies for PD-1/PD-L and LAG-3 are effective therapeutic methods for activating dormant T cells (26, 27). Thus, upregulating PIK3C2A expression may be a feasible combination strategy to bolster the antineoplastic effectiveness of checkpoint inhibitors by decreasing levels of T cell exhaustion and reversing T cell depletion.

Further analysis revealed strong relationships between PIK3C2A levels and Treg genetic markers. Foxp3 is the most prominent transcription factor in Treg, and its expression is inversely related to that of PIK3C2A. Although it plays an important in escape mechanisms against autoimmunity, FOXP3+ Treg dampens tumor immunity (28). Moreover, the CIBERSORT results revealed that the infiltration degree of Treg was negatively correlated with PIK3C2A expression. Therefore, we speculate that PIK3C2A can transform Tregs into proinflammation cells which have anti-cancer-promoting utility by decreasing the expression of FOXP3. Besides, PIK3C2A is associated with several markers of T-helper subpopulations. T helper cells belong to the CD4+ T lymphocytes, which participate in adaptive immune responses (29). To properly orchestrate immune responses against tumor cells, a healthy balance of Th subtypes is required (30). Studies have shown that T helper cells have varying effects on cancer clinical outcomes; with elevated Th17 biomarkers predicting poor outcomes, whereas those with elevated Th1 biomarkers have longer DFS (31). In conclusion, PIK3C2A participates in the recruitment and modulation of immunocyte infiltration in KIRC, suggesting that adjusting PIK3C2A expression may be a useful therapeutic strategy to restore an effective anti-tumor immune response.

Moreover, according to the function-rich study, the genes co-expressed with PIK3C2A were primarily associated with ubiquitin, which is the essential mechanism through which its regulates the translation of innate immune response signals (32). Moreover, KEGG enrichment analysis revealed that these genes were enriched in mTOR signaling. Thus, it is now considered to regulate several features of the immunosuppressive tumor microenvironment (33). In addition, the KEGG enrichment results demonstrated that these genes were highly enriched in the insulin signaling pathway. Previous research has shown that insulin stimulation can activate PIK3C2A and that the activated PIK3C2A in turn stimulates the synthesis of PIP2 and PIP3 (34). Consequently, the relationship between PIK3C2A, ubiquitin, insulin, and the mTOR signaling pathway may be an important modulator of tumor immunity.

In conclusion, PIK3C2A may be an independent prognostic marker and it regulates the infiltration of immune cells in many types of malignancies. Specifically, in KIRC, PIK3C2A overexpression is associated with a better prognosis and increased immunocyte infiltration. Moreover, KIRC’s proliferative capacities are altered by aberrant PIK3C2A expression. Further research is needed to develop anti-tumor agents based on these results.





Data availability statement

The original contributions presented in the study are included in the article/Supplementary Material. Further inquiries can be directed to the corresponding authors.





Author contributions

DM and YY contributed to the conception and design of the study. CQ, SL, and QW drafted the manuscript. CQ, SL, SZ, XX, JH, XY, and ZW collected and analyzed the data. DM and YY revised the manuscript. All authors contributed to the manuscript revision and read and approved the submitted version.





Funding

This study was supported by the Traditional Chinese Medicine Science and Technology Plan Program of Zhejiang Province (2023ZL020), the Basic Public Welfare Research Program of Zhejiang Province (LGD22H160011), the Natural Science Foundation of Zhejiang Province (LY19H160005, LY20H160004) and the Medical Health Science and Technology Project of Zhejiang Province (2021KY104, 2022KY628).




Acknowledgments

This work benefited from public databases, including Oncomine, GEPIA, the Human Protein Atlas, TIMER, and TCGA. We are grateful for access to the resources and the efforts of the staff to expand and improve the databases.





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.





Supplementary material

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fimmu.2023.1114572/full#supplementary-material




References

1. Hsieh, JJ, Purdue, MP, Signoretti, S, Swanton, C, Albiges, L, Schmidinger, M, et al. Renal cell carcinoma. Nat Rev Dis Primers (2017) 3:17009. doi: 10.1038/nrdp.2017.9

2. Bray, F, Ferlay, J, Soerjomataram, I, Siegel, RL, Torre, LA, and Jemal, A. Global cancer statistics 2018: GLOBOCAN estimates of incidence and mortality worldwide for 36 cancers in 185 countries. CA Cancer J Clin (2018) 68(6):394–424. doi: 10.3322/caac.21492

3. Li, D, Liu, S, Xu, J, Chen, L, Xu, C, Chen, F, et al. Ferroptosis-related gene CHAC1 is a valid indicator for the poor prognosis of kidney renal clear cell carcinoma. J Cell Mol Med (2021) 25(7):3610–21. doi: 10.1111/jcmm.16458

4. Kim, SH, Park, B, Hwang, EC, Hong, SH, Jeong, CW, Kwak, C, et al. Retrospective multicenter long-term follow-up analysis of prognostic risk factors for recurrence-free, metastasis-free, cancer-specific, and overall survival after curative nephrectomy in non-metastatic renal cell carcinoma. Front Oncol (2019) 9:859. doi: 10.3389/fonc.2019.00859

5. Fridman, WH, Zitvogel, L, Sautès-Fridman, C, and Kroemer, G. The immune contexture in cancer prognosis and treatment. Nat Rev Clin Oncol (2017) 14(12):717–34. doi: 10.1038/nrclinonc.2017.101

6. Candeias, SM, and Gaipl, US. The immune system in cancer prevention, development and therapy. Anticancer Agents Med Chem (2016) 16(1):101–7. doi: 10.2174/1871520615666150824153523

7. Li, R, Liu, X, Zhou, XJ, Chen, X, Li, JP, Yin, YH, et al. Identification of a prognostic model based on immune-related genes of lung squamous cell carcinoma. Front Oncol (2020) 10:1588. doi: 10.3389/fonc.2020.01588

8. Boukhalfa, A, Nascimbeni, AC, Ramel, D, Dupont, N, Hirsch, E, Gayral, S, et al. PI3KC2α-dependent and VPS34-independent generation of PI3P controls primary cilium-mediated autophagy in response to shear stress. Nat Commun (2020) 11(1):294. doi: 10.1038/s41467-019-14086-1

9. Vanhaesebroeck, B, Guillermet-Guibert, J, Graupera, M, and Bilanges, B. The emerging mechanisms of isoform-specific PI3K signalling. Nat Rev Mol Cell Biol (2010) 11(5):329–41. doi: 10.1038/nrm2882

10. Mountford, JK, Petitjean, C, Putra, HW, McCafferty, JA, Setiabakti, NM, Lee, H, et al. The class II PI 3-kinase, PI3KC2α, links platelet internal membrane structure to shear-dependent adhesive function. Nat Commun (2015) 6:6535. doi: 10.1038/ncomms7535

11. Gulluni, F, De Santis, MC, Margaria, JP, Martini, M, and Hirsch, E. Class II PI3K functions in cell biology and disease. Trends Cell Biol (2019) 29(4):339–59. doi: 10.1016/j.tcb.2019.01.001

12. Love, MI, Huber, W, and Anders, S. Moderated estimation of fold change and dispersion for RNA-seq data with DESeq2. Genome Biol (2014) 15(12):550. doi: 10.1186/s13059-014-0550-8

13. Li, B, Severson, E, Pignon, JC, Zhao, H, Li, T, Novak, J, et al. Comprehensive analyses of tumor immunity: implications for cancer immunotherapy. Genome Biol (2016) 17(1):174. doi: 10.1186/s13059-016-1028-7

14. Chang, RM, Yang, H, Fang, F, Xu, JF, and Yang, LY. MicroRNA-331-3p promotes proliferation and metastasis of hepatocellular carcinoma by targeting PH domain and leucine-rich repeat protein phosphatase. Hepatology (2014) 60(4):1251–63. doi: 10.1002/hep.27221

15. Gentles, AJ, Newman, AM, Liu, CL, Bratman, SV, Feng, W, Kim, D, et al. The prognostic landscape of genes and infiltrating immune cells across human cancers. Nat Med (2015) 21(8):938–45. doi: 10.1038/nm.3909

16. Sturm, G, Finotello, F, Petitprez, F, Zhang, JD, Baumbach, J, Fridman, WH, et al. Comprehensive evaluation of transcriptome-based cell-type quantification methods for immuno-oncology. Bioinformatics (2019) 35(14):i436–436i445. doi: 10.1093/bioinformatics/btz363

17. Yu, G, Wang, LG, Han, Y, and He, QY. clusterProfiler: an r package for comparing biological themes among gene clusters. OMICS (2012) 16(5):284–7. doi: 10.1089/omi.2011.0118

18. Uhlen, M, Zhang, C, Lee, S, Sjöstedt, E, Fagerberg, L, Bidkhori, G, et al. A pathology atlas of the human cancer transcriptome. Science (2017) 357(6352):eaan2507. doi: 10.1126/science.aan2507

19. Vahidian, F, Duijf, P, Safarzadeh, E, Derakhshani, A, Baghbanzadeh, A, and Baradaran, B. Interactions between cancer stem cells, immune system and some environmental components: Friends or foes. Immunol Lett (2019) 208:19–29. doi: 10.1016/j.imlet.2019.03.004

20. Yang, J, Xie, K, and Li, C. Immune-related genes have prognostic significance in head and neck squamous cell carcinoma. Life Sci (2020) 256:117906. doi: 10.1016/j.lfs.2020.117906

21. Liu, T, Wu, H, Qi, J, Qin, C, and Zhu, Q. Seven immune-related genes prognostic power and correlation with tumor-infiltrating immune cells in hepatocellular carcinoma. Cancer Med (2020) 9(20):7440–52. doi: 10.1002/cam4.3406

22. Olson, B, Li, Y, Lin, Y, Liu, ET, and Patnaik, A. Mouse models for cancer immunotherapy research. Cancer Discovery (2018) 8(11):1358–65. doi: 10.1158/2159-8290.CD-18-0044

23. Riley, RS, June, CH, Langer, R, and Mitchell, MJ. Delivery technologies for cancer immunotherapy. Nat Rev Drug Discovery (2019) 18(3):175–96. doi: 10.1038/s41573-018-0006-z

24. Chen, DS, and Mellman, I. Elements of cancer immunity and the cancer-immune set point. Nature (2017) 541(7637):321–30. doi: 10.1038/nature21349

25. Jiang, Y, Li, Y, and Zhu, B. T-Cell exhaustion in the tumor microenvironment. Cell Death Dis (2015) 6(6):e1792. doi: 10.1038/cddis.2015.162

26. Wang, JC, Xu, Y, Huang, ZM, and Lu, XJ. T Cell exhaustion in cancer: Mechanisms and clinical implications. J Cell Biochem (2018) 119(6):4279–86. doi: 10.1002/jcb.26645

27. Ye, B, Li, X, Dong, Y, Wang, Y, Tian, L, Lin, S, et al. Increasing LAG-3 expression suppresses T-cell function in chronic hepatitis b: A balance between immunity strength and liver injury extent. Med (Baltimore) (2017) 96(1):e5275. doi: 10.1097/MD.0000000000005275

28. Whiteside, TL. FOXP3+ treg as a therapeutic target for promoting anti-tumor immunity. Expert Opin Ther Targets (2018) 22(4):353–63. doi: 10.1080/14728222.2018.1451514

29. Zhu, J, Yamane, H, and Paul, WE. Differentiation of effector CD4 T cell populations (*). Annu Rev Immunol (2010) 28:445–89. doi: 10.1146/annurev-immunol-030409-101212

30. Rahimi, K, Ahmadi, A, Hassanzadeh, K, Soleimani, Z, Sathyapalan, T, Mohammadi, A, et al. Targeting the balance of T helper cell responses by curcumin in inflammatory and autoimmune states. Autoimmun Rev (2019) 18(7):738–48. doi: 10.1016/j.autrev.2019.05.012

31. Tosolini, M, Kirilovsky, A, Mlecnik, B, Fredriksen, T, Mauger, S, Bindea, G, et al. Clinical impact of different classes of infiltrating T cytotoxic and helper cells (Th1, th2, treg, th17) in patients with colorectal cancer. Cancer Res (2011) 71(4):1263–71. doi: 10.1158/0008-5472.CAN-10-2907

32. Mansour, MA. Ubiquitination: Friend and foe in cancer. Int J Biochem Cell Biol (2018) 101:80–93. doi: 10.1016/j.biocel.2018.06.001

33. Zeng, H. mTOR signaling in immune cells and its implications for cancer immunotherapy. Cancer Lett (2017) 408:182–9. doi: 10.1016/j.canlet.2017.08.038

34. Margaria, JP, Ratto, E, Gozzelino, L, Li, H, and Hirsch, E. Class II PI3Ks at the intersection between signal transduction and membrane trafficking. Biomolecules (2019) 9(3):104. doi: 10.3390/biom9030104




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.


Copyright © 2023 Qin, Liu, Zhou, Wang, Xia, Hu, Yuan, Wang, Yu and Ma. 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.


OEBPS/Images/fimmu-14-1114572-g002.jpg
e

a Szv_n_u; Nmﬁ
WZOEMId 10 uoissaidxe ay|

L
2
© ~ o

o :,fzx&v Nmo._
WZOEMId JO UdIssaldxe ay |

o
L
© - o

::,_x&v NmS
WYZOEMId JO uoissaidxa ay )

re

:+EVE& Nme‘_
VZOEMI JO Uoissaidxa ay |

-
@, ©
© ©
: 2 g s 8
i s =2 =R
5¢ = 8 2 B
S Iz
) 27 -
3 ] i
2 =0 - x
Co Pl — ﬂ B
g<
58 4 )
B |
g I z ~ - z
° <
= - =
H (1+3id) %Bo & o |
VZOEMId O Udissaidxe ay) . |
z — z
. 8 - -
g8 i ¥
t T L3 o o
i 2 mv M =z z
@ 33 L % |
2 HE $ &
" |.||’| R > - -
3 ! z 2
¥ i g - o
¢ - TRt 8
e s £ < =
uoissaidxe uiej01d vZOeNId 3 2 3 H
o (1+nYid) 2607 g 3 8 3
YZOEMId 10 udissaidxa ay Y g Z g 2
2 -
2 =
g )
.“ S
§ K
© =
2
g Qo
2 : st o B8
@ @ @& @
© b o+ ® « -
TR (1+dd) %607
VZOeMId O udissaidxe ay . i
® .
2 E
A 5 N )
®@ | .
gz
)
alg] o
o g
5 | —@ e 1.
g o - " g
S < 5 5
= l"l c g 5
b= i 3
L) 3
. v r v . . ; . ] i
=3 © © < ~ 3 3 % < -
— uoissaidxa uolsseidxe
w (L+pids) 6o ! vZoesild - ) RS

YZOEMId JO uoissaidxs ay|

[ Yo

KIRC





OEBPS/Images/fimmu-14-1114572-g004.jpg
H
¢
y
4
g
H

PFS (Progress Frec Survival)

Log-rnk

Median time:6

Pei7ie0s

HROigh exp-0.51%
037,008

PIK3C2A sroups
= oups-High .
=+ woupmLow o

Time (years)

o0 Median time:9.6

PIK3C2A groups
= soups-High o
= g Lowey

: Time (years) :
Loz-rank P=000021 PIKSCIA grovps

HRGHgh exp-0.543
IO .078)

o0] Median ime:102 3nd 63

“Time (years)

= eroupsHighcwp
= eouprLoves

T posle racion

e
— Ve AU 95CH0.57-0.69%)
— Ve AUC-O6295%CH0 S2-065)

SV AUCHO6495CI0 9106

N o T
Fabeposiive action

Tro postvs facion

e
— Y AUC-O H99SHCIO ST 0729)
— Ve AUC-064795HCKD S5-0.705)
— SV AUC-OGTRISHCID1-0736)

Fase psiive faction

Falseposive racion

os

DFS

PFS

Points

Tstage

N stage

M stage

Pathologic stage

Histologic grade

PIK3C2A

Total Points

Linear Predictor

1-year Survival Probability

3-year Survival Probability

S-year Survival Probability

Points
Tstage

N stage

Mstage

Pathologic stage
Histologic grade

PIK3C2A

Total Points

Linear Predictor

1-year Survival Probability
3-year Survival Probability

5-year Survival Probability

Points
T stage

N stage

M stage

Pathologic stage
Histologic grade

PIK3C2A

Total Points.

Linear Predictor

1-year Survival Probability
3-year Survival Probabilty

5-year Survival Probability

0 20 ] 0 80 100
TasTa
—_r
TI8T2
N1
—_ L
No
M1
Mo
Stage llisStage IV
—
Stage I8Stage Il
63864
—_
1862
Low  Crindex: 0.756(0.729-0.783)
— 1 1 ¥
High

—————————————————
0 100 200 300

————————
-1 o 1 2

095 o 08 07 080504

0 08 07 06 05040302 01005

08 07 06 05040302 01005 001

o 2w 6 s 100
TasTa
Ti§12
N
—
No
i
L1
o
Stage ll&Stage IV
R RS s i
Stage 18stage I
Gasc4
L
il Ceindex; 0.846(0.822-0.871)
Low
| S T S R R o
Hgh
o 00 200 300

059 097 095 09 08 070605

097 095 09 08 0706050403020

097 095 09 08 070605040302 01 008

0 20 40 60 80 100
T38T4
—
T1aT2
Nt
AL
No
M
LR ARARIRRLARRY BROARRONORN RARN NORRRRE. |
Mo
Stage lll&Stage IV
PRRR AR LR AR RN RO B i
Stage 18Stage I
63864
EARANY s
61362 }
Low | Crindex: 0.809(0.784-0.834)
N S . 4
High
0 100 200 300

095 09 08 070605040302 0.1

09 08 07 060504030201 001

AT TR SO S I I T ™Y





OEBPS/Images/fimmu-14-1114572-g007.jpg
[ woa I O] oo e [ Senaiecal
— peracr =018 arielcon= 0783 il cor = 0558 + pertaloor = 0755
A, 2008 Cl e r g ¥y . P eeon)

Level (log2 TPM)
Ko

9560 o2 o4 05 oo o1 02 03
Infiltration Level c

035 ok o075 10000 01 02 03

sk Rkk % kiok ok dkekk Rk Rk

PIK3C2A group

PIK3C2A

Log, (TPM+1)
o N & o
H

(CIBERSORT Scors

E3 high-expression
e £5 low-expresson
g ¥ noS2 ]
. s . M1 Macrophage|  NOS2
P S 7 cote3 |
o . M2 Macrophage|  vsiG4 |
i i ci il b i
00 a - - & TAMs L0

Monocyte

Neutrophil
B cell

Natural killer cell| yean) 4 |
Teell (general)  cD30 | |
[

D T S S ok i ot
5 PIK3C2A group Dendritle cell [~ coic
£3 high-expression anes [MUMERARY T !

£3 low-expresson Th2cell|  Tarsa (LA

) PDCD1
T cell exhaustion LAG3
HAver2 | ] |
Tth cell BCLS ’H ‘
{0 Il

0

ThiZcell  STATS
TeX21
Thicell|  STAT4
R
FoXP3
ceRe
Tregeell|  srars ()] ‘ |

ToFB1

Z-score





OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        PIK3C2A is a prognostic biomarker that is linked to immune infiltrates in kidney renal clear cell carcinoma

      

        		

          Background

        



        		

          Methods

        



        		

          Results

        



        		

          Conclusion

        



        		

          Introduction

        



        		

          Materials and methods

        

          		

            PIK3C2A expression analysis

          



          		

            Single-cell RNA sequencing analysis

          



          		

            Evaluating the connection between PIK3C2A and the prognosis of various tumors

          



          		

            Cell lines

          



          		

            PIK3C2A siRNA construction and transfection

          



          		

            Western blotting

          



          		

            Colony formation and cell proliferation assays

          



          		

            EdU assay

          



          		

            Correlation analysis between PIK3C2A and immune infiltration

          



          		

            Functional and pathway enrichment analysis

          



          		

            Genes set enrichment analysis

          



        



        



        		

          Results

        

          		

            Expression levels and prognostic roles of PIK3C2A in various tumor types

          



          		

            PIK3C2A expression in KIRC

          



          		

            PIK3C2A expression in scRNA data

          



          		

            Prognostic roles of PIK3C2A in KIRC

          



          		

            Correlation of PIK3C2A with clinic-pathological properties of KIRC

          



          		

            Independence of PIK3C2A and other clinical characteristics

          



          		

            In vitro PIK3C2A downregulation promotes KIRC cell proliferation

          



          		

            PIK3C2A alteration in KIRC induces changes in genes and biological processes

          



          		

            Effects of PIK3C2A on the immune infiltration level in KIRC

          



          		

            Correlation between PIK3C2A and immune markers

          



          		

            PIK3C2A networks of genes

          



        



        



        		

          Discussion

        



        		

          Data availability statement

        



        		

          Author contributions

        



        		

          Funding

        



        		

          Acknowledgments

        



        		

          Conflict of interest

        



        		

          Supplementary material

        



        		

          References

        



      



      



    



  



OEBPS/Images/fimmu-14-1114572-g005.jpg
A

log8) = 17.30.p.

015 Clys

5 108.5) = 1718, = 4.766-08,Bucrme 024,006
foxs.-022) Bd5) = 17187 ¢ J

169612 Bueuma

030, Clye,

Log2 (PIK3C2A TPM + 1) Log2 (PIK3C2A TPM + 1)

(9]

769P

VR A A4 P Ay aard
D_ onas 150 e
& PR &
o *"’ ‘z‘\% P Ry e“‘i@v & 8 sf‘yw@v i e“v g &

[ e L R —

E. oo o o CAKLT . o A
el - siRNA2 ~ SRNAZ
3] ToRwas | TR y S| TIRE
B 22
H H
3 8
' .
o o
o o sen o 2n 4n 7 s 10 T zin n Tih sen 130 o zn 4 7 sen 10
Ve time time. time
Control sRNA2 SRNAY
Control sRNA2 SRNAS - o
Tesp 7850 P e o i
i i i i
H 12 : 2=
i- j i i
caki- E . . |
ACHN o 3 s
& &S & & & & &
i~ g~
Control sz {- i
g e
3 . 3 2
Te9p 7860 H i
il i L
0 AN
- -- - i
§e e
3 e
il i






OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/fimmu-14-1114572-g001.jpg
>

*xn

wrn

wx *x *rn *rn

PIK3C2A Expression Level (log2 TPM)

®.
| .

- h ; & f
5585855555 8b8bb S5 bbb bbb 50000 BENbb8bEEb8b5855
EefectegeeeEeEeeceecEeeceEecegecececegeeececEeegecegEeecee
AR R R R R P R R R R P R R R P R R R P S LR A R R R T

Pt 3 % 52825 5252 52558 3
83E0505880389080220 880z k38298089353 08855o85282338338383
fE R EESTEB5308c 00525929 EXEI"T53333Y FREENISES0LPEEESS°°

2 %a L s _‘,= [oRad e w L= % e 3-3 = 5 o« = 3

gex S
o n
Lo 0 28
2 22
£%
os DFS PFS
Cancer  Pvalue  Hazard Ratio(95% CI) Pvalue  Hazard Ratio(95% CI) Pvalue  Hazard Ratio(95% CI)
acc 00958 10460992,1.103) —_— 00033 1073010241124 —— o071 1.05(0.995.1.107)
BLCA 06205 1.005(0.985,1.026) ’r 00364 1.021(1.001,1.042) - 05768 1.007(0.982,1.032)
BRCA 04361 1.0040.994,1.013) 09441 10991,1.01) » 09146 0.999(0.986,1.012) L
asc o Lozz09w.1057) e ooos 1020971069 —— oasis Lo2098s,1.06) -~
CHOL 0.975(0.922,1.032) —— 00988 0.955(0.903,1.009)  F——g—rt 04587 0.978(0.921,1.038) —_—
COAD 0.5498 0.994(0.973,1.015) sl 0.4886 0.993(0.975,1.012) - 0.1293 0.977(0.947,1.007) L
DLBC 08295 LOIS089,1157) b 04474 1.042(0.937,1.16) ————t 05772 1.05(0.885,1.246) —_——
ESCA 09990.983,1.014) L 03909 0.994(0.979,1.008) Ll 08508 0.998(0.98,1.017) I
GeM 9998081016y L & 0.7392 1.003(0.984,1.022) I 09266 0.999(0.98,1.018)
HNSC 0Mee IR0 010 L o 08283 0.998(0.981,1.016) 0.7885 0.997(0.976,1.019) L
Kicx e HOs10:02,1.081) 00977 1.029(0.995,1.063) —— 00817 1.04(0.995,1.087)

< sm096,008

Klkc olooot 097200.961,0.983) L <0.0001 0.971(0.96,0.983) L <0.0001 0.961(0.946,0.976) Ll
osn o0809.109

e R 10080 105%) ™ 0.5795 1.007(0.982,1.033) —_— 0.5327 1011(0.977,1.047) Lol
LAML 0.993(0.97,1.016) -

0.0063 1.012(1.003,1.02) » 0.003 1.015(1.005,1.025) »
L6 ooms Lorsq.ons 1029 e

00793 1.024(0.997,1.052) —_— 04279 1.016(0.976,1.058) -
LIHC 00345 1.032(1.002,1.063) -

0.1006 1.007(0.999,1.015) L] 0777 0.997(0.982,1.012)
LUAD 0.5493 0.996(0.984,1.008) "

00858 1.015(0.998,1.032) Laal 0.107 1.017(0.996,1.039)
se oz Laos09931023) .

02154 1.025(0.986,1.066) —— 1.045(0.999,1.093) (o ol
MESO 000 Losaorz10m) ——

02366 0.98%(0.972,1.007) Ll 0246 0.988(0.969,1.008) Ll
ov 03931 0992(0.973,1.011) L

02184 1.013(0.992,1.034) - 0.1836 1.016(0.992,1.041;
PAAD 0.1349 1.017(0.995.1.039) Laal g " 9 ) [

o 0410981106 - o 1370.028,2
PCPG a0l 1104(1.01,1.207) 192 1.041(0.98,1.106) —— 016 1.137(1.024,1.261) ——
[ prae oamss 09950981,1009) v 07 L0070952.1066) -
READ 00528 0.947(0.895,1.001) 01252 0.968(0.929,1.009) —— 0.0876 0.936(0.868,1.01) ——
SARC 02997 0.988(0.966,1011) o 02636 0.98%(0.971,1.008) (ol 03599 0.989(0.965,1.013) 'I
B A N 00238 09909520.999) " 041 0996(0.986.1.006)
6 oan o 8 o6 09980956.1011) I oams 1006092102 "
TeT ossis oommaiIny —a——y 09329 09980.964,1.034) 08556 09890:571,1.122) ——
THEA,  jose 1.0280.991,1.066) [ o 02765 0.988(0.966,1.01) - 07381 1.010.952,1.071) —_—
THYM 05931 10160.959,1.076) il Y 03121 097609281025 —o—t 01521 LT R T S S————
UCEC  06sis 0996(0977,1014) " 09083 0999%0.985,1.014) By 08574 09980977.1.02) "
ucs 0.4969 1.022(0.96,1.088) —_— 02354 1.037(0.977,1.101) —_——t 05716 1.019(0.955,1.088) —_—
uvMm Be-04 1.019(1.008.1.03) " <0.0001 1.028(1.016,1.04) L dc-04 1.02(1.009,1.032)
AL NIRRT N
09,095 1 105 L1 11512 3095 1 1o 11 L1s 0@ 08 05 11075 12
Hazard Ratio Hazard Ratio Hazard Ratio





OEBPS/Images/table2.jpg
Characteristics

(N)

Univariate analysis

Hazard ratio (95%
Cl)

P
value

Multivariate analysis

Hazard ratio (95%
Cl)

P
value

T stage (T3&T4 vs. T1&T2) 539 3.228 (2.382-4.374) <0.001 1.777 (0.770-4.100) 0.178
N stage (N1 vs. NO) 257 3.453 (1.832-6.508) <0.001 1593 (0.798-3.180) 0.187
M stage (M1 vs. M0) 506 4.389 (3.212-5.999) <0.001 2.667 (1.579-4.506) <0.001
Pathologi 11T IV vs.

sthologic staee (Stase HlodmacVive: Sage 536 3946 (2.872-5.423) <0.001 1131 (0.440-2.907) 0.798
1&Stage 11)
Histologic grade (G3&G4 vs. G1&G2) 531 2702 (1.918-3.807) <0.001 1.579 (0.951-2.623) 0.078
PIK3C2A (High vs. Low) 539 0.480 (0.351-0.658) <0.001 0.634 (0.404-0.993) 0.047

DFS
Univariate analysis Multivariate analysis
Characteristics Total(N) .
Hazard ratio 95% C) | Pvalue | o 5% P value

T stage (T3&T4 vs. T1&T2) 528 5.542 (3.652-8.411) <0.001 1.729 (0.724-4.129) 0.218
N stage (N1 vs. NO) 255 3.852 (1.825-8.132) <0.001 1.328 (0.610-2.892) 0.474
M stage (M1 vs. MO) 495 9.108 (6.209-13.361) <0.001 4.006 (2.192-7.321) <0.001
Pathologic st: Stage ITI&Stage IV vs. St:

athologic stage (Stage llOtage IV vs, Stage 525 9835 (5925-16325) | <0.001 2240 (0.731-6.863) 0.158
1&Stage II)
Histologic grade (G3&G4 vs. G1&G2) 520 4793 (2.889-7.952) <0.001 1.609 (0.806-3.213) 0.178
PIK3C2A (High vs. Low) 528 0.349 (0.228-0.534) <0.001 0.389 (0.209-0.722) 0.003

PEFS
Univariate analysis Multivariate analysis
Characteristics Total(N) "
Hazard ratio (95%
Hazard ratio (95% CI) P value azar Cr:'«;)m ( P value

T stage (T3&T4 vs. TI&T2) 537 4.522 (3.271-6.253) <0.001 1261 (0.604-2.636) 0.537
N stage (N1 vs. NO) 256 3.682 (1.891-7.167) <0.001 1211 (0.600-2.444) 0.593
M stage (M1 vs. MO) 504 8.968 (6.464-12.442) <0.001 4,480 (2.606-7.700) <0.001
Pathologi juit IV vs.

athologic stage (Stage ITT&Stage IV vs. Stage 534 6.817 (4.770-9.744) <0.001 2782 (1.115-6.943) 0.028
1&Stage I1)
Histologic grade (G3&G4 vs. G1&G2) 529 3.646 (2.503-5.310) <0.001 1.498 (0.884-2.539) 0.133
PIK3C2A (High vs. Low) 537 0.504 (0.364-0.698) <0.001 0.578 (0.352-0.950) 0.030

Significant results (P<0.05) are given in bold.
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Cell type

TAM

M1 Macrophage

M2 Macrophage

Monocyte

Neutrophils

Significant results (P<0.05) are given in bold.
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levels ow expression of PIK3C2A High expression of PIK3C

n 269 270

T stage, n (%) T1 112 (20.8%) 166 (30.8%) < 0.001
T2 40 (7.4%) 31 (5.8%)
T3 111 (20.6%) 68 (12.6%)
T4 6 (1.1%) 5 (0.9%)

N stage, n (%) NO ‘ 121 (47.1%) 120 (46.7%) 0.238

‘ N1 11 (4.3%) 5 (1.9%)

M stage, n (%) Mo 201 (39.7%) 227 (44.9%) 0.004
M1 51 (10.1%) 27 (5.3%)

Pathologic stage, n (%) Stage T 110 (20.5%) 162 (30.2%) < 0.001
Stage 11 29 (5.4%) 30 (5.6%)
Stage I1T 74 (13.8%) 49 (9.1%)
Stage IV 54 (10.1%) 28 (5.2%)

Primary therapy outcome, n (%) PD 7 (4.8%) 4 (2.7%) 0.051
SD . 0 (0%) 6 (4.1%) .
PR 1(0.7%) 1(0.7%)
CR 52 (35.4%) 76 (51.7%)

Age, n (%) <=60 124 (23%) 145 (26.9%) 0.093
>60 145 (26.9%) 125 (23.2%)

Histologic grade, n (%) Gl 3 (0.6%) 11 (2.1%) < 0.001
G2 96 (18.1%) 139 (26.2%)
G3 112 (21.1%) 95 (17.9%)
G4 54 (10.2%) 21 (4%)

Serum calcium, n (%) Elevated 6 (1.6%) 4 (1.1%) 0.399
Low 98 (26.8%) 105 (28.7%)
Normal 84 (23%) 69 (18.9%)

Hemoglobin, n (%) Elevated 2 (0.4%) 3(0.7%) 0.573
Low 142 (30.9%) 121 (26.4%)
Normal 94 (20.5%) 97 (21.1%)

Laterality, n (%) Left 131 (24.3%) 121 (22.5%) 0.391
Right 137 (25.5%) 149 (27.7%)

Significant results (P<0.05) are given in bold.





