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Background: Recent studies highlight the carcinogenesis role of SHC-adaptor protein 1 (SHC1) in cancer initiation, development, and progression. However, its aberrant expression, diagnostic and prognostic value remain unknown in a variety of tumors.
Methods: The SHC1 expression profiles were analyzed using GTEx database, TCGA database, Oncomine and CPTAC database. The survival analysis was conducted using GEPIA2, Kaplan-Meier Plotter, UALCAN, and PrognoScan. The diagnostic values of SHC1 were calculated with the “pROC” package in R software. The genetic alteration of SHC1 and mutations were analyzed using cBioPortal. TIMER2 was employed to estimate the correlations between SHC1 expression and tumor-infiltrating immune cells in the TCGA cohort. Enrichment analysis of SHC1 was conducted using the R package “clusterProfiler.”
Results: SHC1 was ubiquitously highly expressed and closely associated with worse prognosis of multiple major cancer types (all p < 0.05). Further, SHC1 gene mutations were strongly linked to poor OS and DFS in SKCM (all p < 0.05). An enhanced phosphorylation level of SHC1 at the S139 site was observed in clear cell RCC. Additionally, the results revealed SHC1 expression was strongly linked to TMB, MMRs, MSI, TAMs, DNA methylation, m6A RNA methylation, tumor-associated immune infiltration, and immune checkpoints in multiple cancers (all p < 0.05). In addition, the results of the ROC analysis indicated the SHC1 exhibited strong diagnostic capability for KICH (AUC = 0.92), LIHC (AUC = 0.95), and PAAD (AUC = 0.95). Finally, enrichment analysis indicated that SHC1 may potentially involve in the regulation of numerous signaling pathways in cancer metabolism and protein phosphorylation-related functions.
Conclusions: These findings highlight that SHC1 plays an important role in the tumor immune microenvironment, and SHC1 has been identified to have prognostic and diagnostic value in multiple cancers. Thus, SHC1 is a potential target for cancer immunotherapy and effective prognostic and diagnostic biomarker.
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INTRODUCTION
Tumorigenesis is a complex process that makes cancer treatment difficult. Pan-cancer analysis has gained popularity due to its comprehensive and systematic research pattern, and the analysis can be conducted using databases such as The Cancer Genome Atlas (TCGA) (Blum et al., 2018) and Gene Expression Omnibus (GEO) (Clough, 2016), which contain functional genomics data sets from various malignancies.
SHC1, a gene implicated in tumorigenesis, encodes three major isoforms (p52ShcA, p46ShcA, and p66ShcA) with distinct functions and subcellular locations (Pelicci et al., 1992a). Two isoforms, p52ShcA and p46ShcA, are involved in signal transduction of receptor tyrosine kinase, and p66SHCA is engaged in cell senescence, apoptosis, and oxidative stress (Falco et al., 2005; Choi et al., 2015; Ahn et al., 2017a). Previous research demonstrated that high SHC1 expression predicts poor survival in hepatocellular carcinoma (HCC) patients (Ahn et al., 2017a). In breast cancer, the p52ShcA isoform acts as a promoter and plays a key role in 7,12-dimethylbenz(a)anthracene-induced tumorigenesis (Hudson et al., 2014a). Additionally, a recent study found that targeting SHC1 with mir-5582-5p induced cell apoptosis and cycle arrest in colorectal cancer (Cho et al., 2016). In a different study it was revealed that RAB14 has a carcinogenic effect in bladder cancer by downregulating SHC1 expression (Chao et al., 2019a). Moreover, Lai et al. (Lai et al., 2020a) demonstrated that SHC1 targeting DEPDC1B promotes the progression of bladder cancer. However, to date, there are no large-scale pan-cancer analyses and systematic studies on the relationship between SHC1 expression and significant clinical outcomes in various tumor types.
Human SHC1 (SHC-Adaptor Protein 1), family of adapter proteins, consists of three isoforms which integrate and transduce external stimuli to different signaling networks (Mir et al., 2020). SHC1 plays a key role in proliferation and tumorigenesis through transcriptional activation of downstream signal cascades such as RAS/MAPK and PI3K (Campbell et al., 1994; Lai et al., 2020b). Increased SHC1 gene expression and its transcriptional signature are detected in many cancer types (Miller et al., 2019; Lewis et al., 2020; Zhao et al., 2020; Liang et al., 2021). Notably, bioinformatics analysis revealed that high expression of SHC1 as a prognostic factor displayed worse prognosis in many cancer types (He et al., 2019; Huang et al., 2019; Morais-Rodrigues et al., 2020; Liang et al., 2021). Recent studies also found that SHC1 involved in tumor microenvironment and was a promising immunotherapy target for cancer treatment (Huang et al., 2019; Carrato et al., 2020; Hu et al., 2020; Zhao et al., 2020; Yang et al., 2021). Therefore, it is critical to implement a pan-cancer analysis to understand SHC1 copy number, mRNA and protein expression, and to evaluate its association with clinical outcomes and latent molecular mechanisms in cancer therapy.
In this study, we comprehensively investigated, for the first time, the SHC1 expression characteristics using a pan-cancer analysis of multi-database. Moreover, we investigated the relationship between SHC1 expression and TMB, MMRs, MSI, DNA methylation, m6A RNA methylation, protein phosphorylation, tumor immune infiltration, common immune checkpoint, and tumor-associated macrophage (TAM) from the related public websites. Finally, we evaluated the potential diagnostic value of SHC1 across cancers to understand its underlying mechanisms in pathogenesis and clinical course of cancer.
MATERIALS AND METHODS
SHC1 Expression Analysis in Human Pan-Cancer
The Oncomine database (Rhodes et al., 2007) was used to investigate the variations in SHC1 expression between various types of cancer tissues and normal tissues. Then, TIMER2.0 and GEPIA2.0 were employed to verify SHC1 mRNA levels in 33 cancers based on TCGA expression profile data and the GTEx database (Tang et al., 2019). Additionally, the expression of SHC1 in different pathologic stages of all tumors was analyzed using the “Pathological Stage Plot” module of GEPIA2. All expression data were normalized using log2 [TPM (Transcripts per million) +1] transformation.
The UALCAN portal of CPTAC dataset was used to explore the levels of total protein or phosphoprotein (with phosphorylation at the Y428, S454, and S139 sites) of SHC1 (NP_001123512.1) between the normal tissues and the corresponding datasets of six tumor tissues (Chandrashekar et al., 2017).
Survival and Prognosis Analysis
The correlation between SHC1 gene expression and the survival data in pan-cancer patients was evaluated using GEPIA2.0, Kaplan-Meier Plotter, UALCAN, and PrognoScan (Mizuno et al., 2009; Lánczky et al., 2016; Chandrashekar et al., 2017; Tang et al., 2019). We first obtained the significance map of SHC1 in 33 cancer types, including overall survival (OS) and relapse-free survival (RFS), using the “Survival Map” module of GEPIA2. Then, the relationship between SHC1 expression and OS or RFS in 21 cancer types was evaluated using the “Pan-cancer RNA-seq” module of Kaplan-Meier Plotter. The medians of SHC1 expression values were used as thresholds for bifurcating the low and high-expression groups. Finally, we used the UALCAN web tool and PrognoScan to evaluate the correlation between SHC1 expression and survival outcome in various cancers. In all analyses, statistical significance was determined using p < 0.05.
cBioPortal Data, TMB, and MSI Analyses
The status of gene mutation in SHC1 was investigated using cBioPortal web tool (Gao et al., 2013). The “Cancer Types Summary” module was used to collect mutation characteristics such as changes in copy number, mutation rates or type in pan-cancers. The mutated sites were further examined using the “Mutations” module of cBioPortal. Furthermore, we used the “Comparison” module to compare the data on OS, DSS, and progress free survival (PFS) across all TCGA tumors with or without SHC1 gene mutations. The correlation between SHC1 gene expression and TMB or MSI across different tumors of TCGA was assessed using Spearman’s test and represented via the R “fmsb” package.
Correlation Between SHC1 Expression and Various Gene Modifications
The TIMER2.0 and GEPIA2.0 databases were employed to determine the correlation between SHC1 expression, DNA mismatch repair system (MMRs) genes, DNA methyltransferase genes, and m6A RNA modification regulators in pan-cancer. The MMRs are composed of five genes: MLH1, MSH2, MSH6, PMS2, and EPCAM; the DNA methyltransferase genes include DNMT, DNMT3A, and DNMT3B; and the m6A RNA modification regulator is composed of 30 genes including ABCF, ALKBH5, CBLL1, EIF3A, EIF4G2, ELAVL1, FTO, FXR1, FXR2, G3BP1 and others. All the correlation analyses were performed using the Spearman’s correlation method.
Immune Characteristics Analysis
The relationship between SHC1 expression and various types of tumor-infiltrating immune cells, such as B cells, CD4 (+) T cells, CD8 (+) T cells, macrophages, dendritic cells, neutrophils, and tumor-associated macrophages (TAMs) was explored across all TCGA tumors using the “Immune-Gene” module of TIMER2.0 (Aran and Butte, 2016). Both the TIMER and CIBERSORT algorithms were used to estimate the immune infiltration levels of various types of tumor-infiltrating immune cells. Next, we used the “Gene_Outcome” module of TIMER2.0 to evaluate the significance of gene expression in clinical outcome. The Spearman’s correlation method was used to evaluate the correlations between SHC1 expression, the immunological checkpoint markers, TAMs markers, M1 and M2 macrophages through TIMER2 and GEPIA2.
Diagnostic Analysis
SHC1 expression data was downloaded from the GTEx and TCGA databases. The RNA-seq data in TPM format were analyzed after log2 conversion. The diagnostic values of SHC1 were calculated using “pROC” packages (Robin et al., 2011) in R version 3.6.3. The ROC curves were visualized using the “ggplot2” package (Wickham, 2016).
Pathway and Enrichment Analysis
The top 50 SHC1-correlated binding proteins were first selected using the STRING to gain the protein network interaction diagram (Cui et al., 2020a). In addition, the “correlation analysis” module was also used to obtain the top 100 SHC1-associated genes according to p values from the GEPIA2. The six most relevant genes were selected from the above-mentioned 150 genes, based on their correlation coefficient. Afterwards, we used GEPIA2 to assess gene correlation between SHC1 and selected genes and create a correlation scatter diagram. Moreover, we used TIMER2 web-based tool to generate a heat map of the relationship between the six selected genes and SHC1 in 32 cancers. Furthermore, the Venn diagram viewer (Bardou et al., 2014) was used to perform an intersection analysis of the SHC1-binding and interacted genes. Finally, the two sets of 150 total genes from GEPIA2 and TIMER2 were imported into enrichment analysis. The statistical analysis and visualization of KEGG and GO analysis were all performed in “clusterProfiler” and the “GGplot2” packages in R (version 3.6.3) (Yu et al., 2012).
Statistical Analysis
All correlation analyses in this study were performed by the Spearman correlation analysis. All statistical analyses were performed through R 3.6.3 Software. p < 0.05 was regarded as statistically significant.
RESULTS
The Aberrant Expression Levels of SHC1 in Pan-Cancer
To evaluate differences in SHC1 expression in various tumor and normal tissues, the levels of SHC1 mRNA were investigated using the Oncomine database. The expression of SHC1 was found to be significantly upregulated in brain and CNS, head and neck, kidney, liver, lung, skin, and prostate tumor samples compared to the normal samples (Figure 1A, p-value = 0.05, fold change = 2). The results of SHC1 expression are described in detail in Table 1. In addition, the SHC1 gene expression across various cancer types in the TCGA were evaluated using TIMER2. The mRNA expression level of SHC1 was higher in tumor tissues of BLCA (p < 0.01), BRCA, CHOL, ESCA, HNSC, KICH, LIHC, LUAD, LUSC, STAD, THCA (p < 0.001), and KIRP (p < 0.05) than in the normal tissues. However, SHC1 expression was found to be significantly lower in KIRC, PRAD (p < 0.001), and UCEC (p < 0.05) than in the corresponding normal tissues.
[image: Figure 1]FIGURE 1 | Expression profiles of SHC1 in tumors at different pathological stages. (A) Increased SHC1 expression of different cancers versus normal tissues from the Oncomine database. (B) The mRNA expression profiles of SHC1 in different cancers determined using TIMER2.0 (*p < 0.05; **p < 0.01; ***p < 0.001). (C) ACC, DLBC, GBM, PAAD, SKCM, THYM, CESC, LGG, LAML, OV, SARC, and TGCT in the TCGA database and the controls from the GTEx database. Data were expressed as box plots. (*p < 0.01) (D) Boxplot results of the expression levels of SHC1 in breast cancer, ovarian cancer, colon cancer, clear cell RCC and UCEC analyzed using the CPTAC dataset. (#p > 0.05, ***p < 0.001). (E) The mRNA values of SHC1 of COAD, THCA, LUAD, PAAD, KICH, and KIRP evaluated at the main pathological stages (stage I, stage II, stage III, and stage IV) using the GEPIA2. Log2 (TPM+1) was used for log-scale.
TABLE 1 | SHC1 expression in cancers verus normal tissue in Oncomine database.
[image: Table 1]Using the GTEx dataset as controls and the TCGA data as tumor groups, we discovered an aberrant difference in SHC1 expression between tumor tissues and normal tissues in ACC, DLBC, GBM, PAAD, PCPG, SKCM, and THYM (Figure 1C, p < 0.01). However, no significant differences were recorded in CESC, LGG, LAML, OV, SARC, or TGCT. The results from the CPTAC dataset further confirmed that total protein of SHC1 was significantly higher clear cell RCC, LUAD (Figure 1D, p < 0.001), and lower in UCEC (p < 0.001) than in the corresponding normal tissues. Furthermore, the SHC1 mRNA levels correlated to pathological stage of COAD, THCA, LUAD, PAAD, KICH, and KIRP cancer (Figure 1E, p < 0.05). Taken together, these results strongly suggested that the SHC1 gene was abnormally regulated in multiple cancers as opposed to normal tissues.
Multifaceted Prognostic Value of SHC1 in Cancers
We dichotomized the cancer cohort into high and low groups based on the median SHC1 mRNA-expression. Next, we evaluated the relationship between SHC1 expression and patient clinical outcomes across different tumors using the Kaplan-Meier analysis. It was realized that high levels of SHC1 expression correlated with poor OS in patients with CESC (p = 0.0078), GBM (p = 0.045), KIRP (p = 0.028), LGG (P = 2e−04), LUAD (p = 0.00031), MESO (p = 0.00011), and UVM (p = 7.1e−05) from the TCGA dataset (Figure 2A). Furthermore, high SHC1 expression was significantly correlated with poor disease-free survival (DFS) in patients with ACC (p = 0.0016), KIRP (p = 0.0036), LGG (p = 6.6e−05), READ (p = 0.023), and UVM (p = 0.002). Conversely, it was found that high SHC1 expression was linked to a greater DFS in PCPG (p = 0.022). The overall effect of SHC1 expression on the prognosis of all cancers was demonstrated in Figure 2C. We found that high expression of SHC1 was generally strongly correlated with a worse prognosis in cancers (OS: total number = 9502, HR = 1.4, logrank p = 1.1e−16; DFS: total number = 9502, HR = 1.2, logrank p = 8.4E−06).
[image: Figure 2]FIGURE 2 | Correlation between SHC1 expression and survival prognosis values in various cancers. The overall survival (OS) (A) disease-free survival (DFS) (B) of different tumors, overall survival, and disease-free survival of all cancer types (C) in TCGA determined by GEPIA2. The survival map and Kaplan-Meier curves with positive results are shown. Relationship between SHC1 expression and patient prognosis of different cancer datasets obtained using PrognoScan (D). Kaplan-Meier survival curves showing the survival of patients with high and low expression of SHC1 in Kaplan-Meier Plotter (E). Kaplan-Meier survival curves showing the comparison between the high and low expression of SHC1 in UALCAN (F). DFS, disease-free survival; DMFS, distant metastasis-free survival; RFS, relapse-free survival; OS, overall survival; PFS, progression-free survival.
The relationships between SHC1 expression and the outlook of each cancer type was determined using the PrognoScan web-based tool. Notably, high SHC1 expression has negative effects on six cancers, including BRCA (DFS: total number = 54, HR = 1.48, Cox p = 0.003169), NSCLC (RFS: total number = 138, HR = 1.33, Cox p = 0.022761), SKCM(OS: total number = 38, HR = 6.33, Cox p = 0.001820), UVM (distant metastasis-free survival (DMFS): total number = 63, HR = 4.61, Cox p = 0.006817), LGG (OS: total number = 50, HR = 1.77, Cox p = 0.003169), and OV(progression-free survival (PFS): total number = 110, HR = 1.77, Cox p = 0.008976). In contrast, high SHC1 expression had a protective impact on the BRCA (DMFS: total number = 200, HR = 0.45, Cox p = 0.003648) (Figure 2D).
The SHC1-related overall survival and relapse free survival were then evaluated using the Kaplan-Meier Plotter database. Similarly, SHC1 overexpression was found to be a prognostic risk factor for LUAD patients (OS: HR = 1.55, 95% CI from 1.15 to 2.07, logrank p = 0.0032), KIRC (OS: HR = 1.93, 95% CI from 1.41 to 2.64, logrank p = 2.4e−05), KIRP (OS: HR = 2.36, 95% CI from 1.23 to 4.51, logrank p = 0.0075; RFS, HR = 3.49, 95% CI from 1.61 to 7.57, logrank p = 0.00075), LIHC (RFS, HR = 1.61, 95% CI from 1.13 to 2.3, logrank p = 0.0077), PAAD (RFS, HR = 10.39, 95% CI from 1.38 to 78.17, logrank p = 0.0053), TGCT (RFS, HR = 2.34, 95% CI from 1.04 to 5.22, logrank p = 0.033), and UCEC (RFS, HR = 1.76, 95% CI from 1.03 to 3.01, logrank p = 0.038). Conversely, low expression levels of SHC1 were found to be related to poor RFS for ESCA (HR = 0.31, 95% CI from 0.12 to 0.82 logrank p = 0.012), LUSC (HR = 0.52, 95% CI from 0.28 to 0.94, logrank p = 0.028), OV (HR = 0.67, 95% CI from 0.46 to 0.98, logrank p = 0.037), PCPG (HR = 0.11, 95% CI from 0.01 to 1.1, logrank p = 0.023) (Figure 2E).
As expected, UALCAN data demonstrated that patients with high SHC1 levels had were significantly related to a poor survival rate for ACC (p = 0.0065), CESC (p = 0.027), HNSC (p = 0.00058), KIRC (p < 0.0001), KIRP(p = 0.00018), LGG (p < 0.0001), LUAD (p = 0.00015), READ (p = 0.008), THYM (p = 0.04), MESO (p = 0.00022), and UVM (p < 0.0001) (Figure 2F).
The relationship between SHC1 expression and OS, PFS, DFI, and DSS in 33 cancer types were shown by the forest plots (Supplementary Figure S1). The expression of SHC1 was linked to patient survival and appeared to be a risk factor in 12 types of cancer, including ACC, CESC, HNSC, KICH, KIRC, KIRP, LAML, LGG, LIHC, LUAD, MESO, and UVM (Supplementary Figure S1A). Similarly, we found that the abnormal expression of SHC1 was associated with poor PFS in 11 types of cancer, including CESC, HNSC, KICH, KIRC, KIRP, LGG, LIHC, LUAD, MESO, THCA and UVM (Supplementary Figure S1B). Notably, SHC1 expression was significantly correlated with DFS in various types of cancer, including BRCA, CESC, KICH, KIRC, KIRP, LGG, LIHC, LUAD, READ, UCEC, and UVM (Supplementary Figure S1C). Moreover, SHC1 expression was found to affect DSS in patients of seven cancer types, including ACC, BRCA, KIRP, LIHC, MESO, PAAD, and UCEC (Supplementary Figure S1D).
These results indicated that SHC1 expression is significantly correlated with the prognosis of patients with certain cancer types, particularly CESC, KICH, KIRC, KIRP, LGG, LIHC, LUAD, and UVM.
Genetic Alteration Analysis in Cancers
We used the cBioPortal database to estimate the genetic alteration status of SHC1, including mutations, structural variants, amplifications, deep deletions, and multiple alterations. The highest mutation frequency of SHC1 (>13%) was found in patients with CHOL, with “Amplification” as the predominant type (Figure 3A). The “mutation,” as the primary type, was found in UCEC patients. It is worth noting that copy number amplification of SHC1 was found in cases of CHOL, UCEC, PAAD, and ACC with genetic mutation (2–8% frequency). Additionally, based on the sites and number of cases of the SHC1 genetic alteration (Figure 3B), we noted that missense mutation of SHC1 was the predominant form in various cancer types. Specifically, the percentage change in genetic variations of SHC1 across all TCGA tumors was 5% (Figure 3C). Furthermore, we estimated the potential relationships between SHC1genetic changes and clinical outcomes in various cancers. It was found that SKCM cases with altered SHC1 had a markedly worse prognosis in OS (p = 5.323e−3) and DSS (p = 4.794e−3), but were not remarkably associated with PFS (p = 0.480, Figure 3D). Currently, numerous studies have revealed that TMB and MSI may act as a potential predictive markers of cancer immunotherapeutic response and prognosis (Davis et al., 2017; Yarchoan et al., 2017; Hellmann et al., 2018; Zhao et al., 2019). Therefore, we assessed the correlation between SHC1 expression and TMB/MSI in pan-cancer. It was discovered that SHC1 expression was negatively correlated with TMB in BRCA (p < 0.001), COAD (p < 0.05), PRAD (p < 0.05), THCA (p < 0.01), and THYM (p < 0.001), but positively correlated with TMB in KIRC (p <0.01), and LGG (p < 0.001) (Figure 3E). The expression of SHC1 was negatively correlated with MSI in BRCA (p < 0.01), DLBC (p < 0.001), PCPG (p < 0.05), and STAD (p < 0.05), but positively correlated with MSI in COAD (p < 0.05), HNSC (p < 0.001), TGCT (p < 0.05), and UVM (p < 0.05) (Figure 3F).
[image: Figure 3]FIGURE 3 | The landscape of mutation signatures of SHC1 in TCGA. The relative frequency of each mutation type (A) and mutation site (B). (C) OncoPrint visualization of SHC1 alterations. (D) Kaplan–Meier plots showing the comparison of OS, DSS, PFS in cases with/without SHC1 gene alterations in SKCM developed using the cBioPortal tool. The radargram of TMB (E), MSI (F), and SHC1 expressions in various cancers. (Spearman Correlation test, p values < 0.05 was considered statistically significant, *p < 0.05, **p < 0.01, and ***p < 0.001).
The Relationship Between SHC1 Expression Levels and MMR, DNMT, and m6A RNA Modification Regulator Genes in Human Pan-Cancer
The relationship between the expression levels of SHC1 and DNA methyltransferases and MMR gene levels were assessed using the TIMER2.0 and the GEPIA2.0 database was used to verify the role of SHC1 in tumorigenesis. It was revealed that SHC1 and five MMR genes (MLH1, MSH2, MSH6, PMS2, and EPCAM) were positively correlated in human cancers (Figure 4A), especially in the LIHC (Figures 4B,C). Evidently, there was a close relationship between SHC1 expression and the levels of DNMT1, DNMT3A, and DNMT3B in DLBC, KICH, KIRC, KIRP, LGG, LIHC, LUAD, MESO, TGCT, and UVM (Figures 4E–G). Subsequently, the correlation between SHC1 expression and that of 30 common m6A RNA modification regulators with different types of cancer was evaluated. Interestingly, SHC1 expression was correlated with more than 20 m6A RNA modification regulators, such as FTO, KIAA1429, and YTHDF2 in BRCA, COAD, DLBC, KIRP, LIHC, LUAD, OV, PRAD, PRAD, STAD, THCA, and UCEC (Figure 5). These results strongly indicate that SHC1 may mediate tumorigenesis by regulating DNA damage, DNA methylation, or RNA methylation.
[image: Figure 4]FIGURE 4 | Correlation between SHC1 expression and the expression of MMRs and DNMTs genes in various cancers. (A) Heatmap showing the Spearman correlation analysis of SHC1 expression and the levels of five MMR genes (MLH1, MSH2, MSH6, PMS2, and EPCAM) in pan-cancer. Correlation between SHC1 expression and expression of MMR genes in LIHC plotted using TIMER2.0 (B) and confirmed via GEPIA2 (C). Heatmap showing the Spearman correlation between the SHC1 expression and of the expression of three DNA methyltransferase (DNMT1, DNMT3A, and DNMT3B) genes in pan-cancer (E). Correlation between SHC1 expression and expression of DNA methyltransferase genes in LIHC and UCEC plotted using TIMER2.0 (F) and confirmed via GEPIA2 (G). (*p < 0.05, **p < 0.01, and ***p < 0.001).
[image: Figure 5]FIGURE 5 | Correlation of SHC1 gene expression levels with the most common m6A RNA modification regulator levels in pan-cancer.
SHC1 Protein Phosphorylation Analysis in Various Tumors
We examined the level of SHC1 phosphoprotein (NP_001123512.1, S139, Y428, and S454 sites) between normal and six types of tumor tissues (breast cancer, UCEC, ovarian cancer, lung adenocarcinoma, colon cancer, and clear cell RCC) based on the CPTAC dataset, using the UALCAN web resource. Figure 6A shows the SHC1 phosphorylated sites and the significant differences among the cancer types. The S139 locus of SHC1 exhibited a lower phosphorylation level in colon cancer (Figure 6B, p = 1.7e−06) and UCEC (Figure 6D, p = 3.4e−11) and higher phosphorylation level in clear cell RCC (Figure 6G, p = 4.1e−36) compared to normal tissues. The Y428 locus of SHC1 exhibited a lower phosphorylation level in breast cancer (Figure 6C, p = 5.9e−09), ovarian cancer (Figure 6E, p = 0.03) and colon cancer (Figure 6B, p = 1.8e−11) compared to normal tissues. However, no phosphorylated cancer types were found at the S454 locus of SHC1 (Figures 6A–G). This finding merits further molecular analysis to investigate the potential role of S139 and Y428 phosphorylation in tumorigenesis.
[image: Figure 6]FIGURE 6 | The distribution of SHC1 protein phosphorylation in different tumors. The phosphoprotein levels presented as a schematic diagram of SHC1 protein (A). The phosphoprotein levels of SHC1 in normal tissue and different cancer tissues, including colon cancer (B), breast cancer (C), UCEC (D), ovarian cancer (E), LUAD (F), and clear cell RCC (G).
SHC1-Related Immune Infiltration, Immune Checkpoint, and TAMs
TIMER2.0 database was used to assess the correlation between SHC1 expression and the immune cell infiltration in pan-cancer. Results indicated that the expression of Tumor-related SHC1 was significantly correlated with the tumor-infiltration of CD8+ T cells, CD4+ T cells, B cells, neutrophils, macrophages, and myeloid dendritic cells in 19, 12, 16, 20, 18, and 17 cancers, respectively (Figure 7A). Furthermore, SHC1 expression levels were positively correlated with immune cells in PRAD. The scatterplot data are presented in Figure 7A. However, SHC1 expression was not significantly correlated with immune cells in CHOL, LUAD, and UCEC.
[image: Figure 7]FIGURE 7 | Relationship between SHC1 expression and immune infiltration in various tumors. (A) Correlation of SHC1 expression with immune infiltration levels of CD4+ T cells, CD8+ T cells, B cells, neutrophil cells, macrophage cells, and myeloid dendritic cells. Survival analysis of SHC1 expression level and Macrophage infiltration level in BLCA (B), BRCA (C). Survival analysis of SHC1 expression level and infiltration levels of CD4+ T cell or B cell in COAD (D). Survival analysis of SHC1 expression level and Macrophage infiltration level in LIHC (E). Survival analysis of SHC1 expression level and B cell infiltration level in LUAD (F). Survival analysis of SHC1 expression level and infiltration levels of B cell and myeloid dendritic cell in LGG (G). Survival analysis of SHC1 expression level and CD4+ T infiltration level in PAAD (H). Survival analysis of SHC1 expression level and infiltration levels of Neutrophil, myeloid dendritic cell, and CD8+ T cell in SKCM (I). Survival analysis of SHC1 expression level and CD4+ T cell infiltration level in SARC (J). Survival analysis of SHC1 expression level and Macrophage infiltration level in STAD (K). p < 0.05 was considered statistically significant.
The Kaplan–Meier survival curves were used to assess the impact of aberrant SHC1 expression and immune cell infiltration on OS. Results indicated that BLCA, BRCA, and STAD patients with high expression of SHC1 and macrophage infiltration had poor OS (Figures 6B,C,K). COAD patients with high SHC1 expression, CD4+ T infiltration, and B cells infiltration also showed poor OS (Figure 7D). LIHC patients with low SHC1 expression level and infiltration level of macrophage had a relatively good OS (Figure 7E). In LUAD, the low SHC1 expression and high B cell infiltration showed a good OS (Figure 7F). Meanwhile, LGG patients with low SHC1 expression, B cell infiltration level, and myeloid dendritic cell infiltration level had a relatively good OS. In contrast, patients with high SHC1 expression and high myeloid dendritic cell infiltration level had poor OS (Figure 7G). PAAD patients with high infiltration levels of CD4+ T cell and high SHC1 expression level showed good OS (Figure 7D). Similarly, SARC patients with high infiltration levels of CD4+ T cell and low SHC1 expression level also had good OS (Figure 7J). Besides, SKCM patients with high SHC1 expression and low infiltration levels of neutrophils, myeloid dendritic cells, and CD8+ T cells had a relatively poor OS. However, patients with low SHC1 expression and high neutrophil infiltration levels had good OS (Figure 7I).
This study also investigated the association between the expression of over 40 common immune checkpoint genes from the previous study and the SHC1 expression (Liu et al., 2020). Interestingly, CD276, NRP1, and TNFSF4 expressions were significantly negatively correlated with SHC1 in various cancers. SHC1 expression was also associated with more than 30 immune checkpoints in COAD, KICH, LGG, PRAD, THCA, TGCT, and UVM. Additionally, SHC1 expression and immune checkpoint markers were positively correlated in HNSC, LUAD, SARC, and TGCT patients. Conversely, they were negatively correlated in COAD, KICH, LGG, PRAD, THCA, and UVM (Figure 8).
[image: Figure 8]FIGURE 8 | Correlation analysis of SHC1 expression levels with the most common immune checkpoint gene levels in pan-cancer.
The effect of SHC1 on the tumor-associated macrophage (TAM) infiltration was also assessed. M0, M1, and M2 macrophage infiltration levels were significantly correlated with the SHC1 expression in most tumors, especially in HNSC, LGG, and LUSC (Figure 9). TIMER2.0 and GEPIA2.0 were used to assess the relationship between SHC1 expression and markers of TAMs, M1, and M2 macrophages (Tables 2, 3). Interestingly, TAMs (CCL2, CD86, and IL10), M1 [INOS(NOS2), IRF5, and COX2(PTGS2)] were significantly correlated with SHC1 expression in the three cancers (Table 2). However, M2 (CD163, VSIG4, and MS4A4A) was significantly correlated with SHC1 expression in only HNSC and LGG. Taken together, these results suggest that SHC1 plays an essential role in tumor immunity.
[image: Figure 9]FIGURE 9 | Correlation analysis between SHC1 expression and tumor-associated macrophages (TAMs). (A) CIBERSORT algorithms were used to explore the potential correlation between the expression level of the SHC1 gene and the infiltration level of cancer-associated fibroblasts across all types of cancer in TCGA. (B) The correlation analysis chart of HNSC, LGG, LUSC are given.
TABLE 2 | Correlations between SHC1 and gene markers of immune cells in TIMER.
[image: Table 2]TABLE 3 | Correlations between SHC1 and gene markers of immune cells in GEPIA.
[image: Table 3]Diagnostic Value of SHC1 for Pan-Cancer
The diagnostic value of SHC1 in various cancers of TCGA was investigated, then confirmed using the normal tissue of the GTEx dataset (controls) (Table 4). Heat map was used to express the AUC values in most cancers (Figure 10A). SHC1 had a strong diagnostic efficacy in various tumors, especially ESCA, KICH, KIRC, LIHC, PRAD, PAAD, THCA, UCEC, and STAD. ROC curve (TCGA dataset) showed that SHC1 expression levels had strong (AUC>0.9) diagnostic potency in CHOL [AUC = 1.00 (1.000–1.000)], KICH [AUC = 0.923 (0.865–0.981)], and LIHC [AUC = 0.952 (0.932–0.972)], and moderate (0.7 < AUC<0.9) diagnostic potency in ESCA [AUC = 0.782 (0.595–0.969)], HNSC [AUC = 0.891 (0.855–0.927)], KIRC [AUC = 0.891 (0.855–0.927)], LUAD [AUC = 0.842 (0.804–0.879)], LUSC [AUC = 0.795 (0.744–0.845)], UCEC [AUC = 0.706 (0.616–0.796)], and STAD [AUC = 0.804 (0.744–0.865)]. For the normal tissue of the GTEx dataset, SHC1 expression levels showed strong diagnostic potency only in PAAD [AUC = 0.947 (0.921–0.972)]. Moderate diagnostic potency was observed in ACC [AUC = 0.884 (0.826–0.942)], KICH [AUC = 0.773 (0.680–0.866)], KIRC [AUC = 0.853 (0.855–0.927)], LIHC [AUC = 794 (0.749–0.839)], PRAD [AUC = 0.837 (0.801–0.873)], THCA [AUC = 0.823 (0.794–0.851)], and UCEC [AUC = 0.873 (0.831–0.915)]. These data imply that SHC1 has potential diagnostic value in ESCA, KICH, KIRC, LIHC, PRAD, PAAD, THCA, UCEC, and STAD.
TABLE 4 | The diagnostic value of SHC1 for pan-cancer.
[image: Table 4][image: Figure 10]FIGURE 10 | Diagnostic efficiency of SHC1 gene in different tumors. (A) The heatmap shows the AUC values of SHC1 gene expression level in the diagnosis of various cancers. The ROC curve of SHC1 gene in diagnosis of ESCA (B), KICH (C), KIRC (D), LIHC (E), PRAD (F), PAAD (G), THCA (H), UCEC (I), and STAD (J) using the TCGA and TCGA-GTEx dataset.
Enrichment Analysis of SHC1-Related Partners
The SHC1-binding proteins and the SHC1 expression-correlated genes were screened using the STRING tool for enrichment analyses to further determine the underlying molecular mechanisms of the SHC1 in tumorigenesis. A total of 50 SHC1-binding proteins were identified. The interaction network of 50 SHC1-binding proteins is shown in Figure 11A. GEPIA2.0 tool was used to identify the top 100 genes that were correlated with SHC1 expression. SHC1 expression level was positively correlated with the expression of ADIPOR1 (R = 0.61), ARHGEF11 (R = 0.46), CHGB (R = 0.44), ITGB1 (R = 0.64) and NTRK1 (R = 0.38) genes (all p < 0.001) (Figure 11B).
[image: Figure 11]FIGURE 11 | SHC1-related gene enrichment analysis. (A) The experimentally determined SHC1-binding proteins was obtained using the web tool STRING. (B) The top 100 SHC1 Similar Genes, were also gained using the GEPIA2 approach and the expression correlation between SHC1 and the top five selected targeting genes, including ADIPOR1, ARHGEF11, CHGB, ITGB1and NTRK1 were analyzed. (C) The heatmap displayed the correlation between SHC1 expression and the expression profiles of five selected targeting genes across the analyzed cancer types. (D) Venn diagram was conducted to display the intersection of the SHC1-binding and correlated genes. Based on the SHC1-binding and interacted genes, KEGG pathway analysis (E) and GO analysis (F) was performed. CC, cellular component; BP, biological process; MF, molecular function.
The positive correlation between SHC1 and the above six genes in most cancers was expressed as a heatmap (Figure 11C). Intersection analysis was used to obtain two common members, ITGB1 and NTRK1 (Figure 11D). The two datasets from GEPIA and STRING were combined for KEGG and GO enrichment analyses. The KEGG data of Figure 6E suggested that SHC1 influences tumor pathogenesis via “PI3K-Akt signaling pathway,” “Proteoglycans in cancer,” “Focal adhesion,” “ErbB signaling pathway” and “EGFR tyrosine kinase inhibitor resistance.” The GO enrichment analysis further showed that most of these genes were linked to the biological process and cellular component. Besides, they were linked to molecular function of protein phosphorylation, such as peptidyl-tyrosine modification, peptidyl-tyrosine phosphorylation, protein autophosphorylation, protein tyrosine kinase activity, membrane raft, membrane microdomain, and membrane region (Figure 11F and Table 5).
TABLE 5 | Results of GO-KEGG enrichment analysis.
[image: Table 5]DISCUSSION
Comprehensive methods such as pan-cancer data analysis can provide insights into clinical targets and treatment decisions and reveal similarities and differences in tumors. Moreover, they can identify key components driving metastasis, such as mutation spectrum, gene characteristics, related pathways, site-specificity, and disease gene phenotype (Ju et al., 2020a). In recent years, pan-cancer analysis based on multi-cancer species has attracted a lot of attention. Several pan-cancer studies have revealed that gene mutation, RNA alterations, immune infiltration, and driving genes are related to the occurrence and development of malignant tumors. Therefore, pan-cancer analysis is essential for the early diagnosis of tumors and the development of biomarkers. SHC1, a cytoplasmic signaling protein, plays a crucial role in transmitting receptor tyrosine kinase signals, insulin signaling, regulating reactive oxygen species (ROS), stress resistance, energy metabolism, cell apoptosis, and cell apoptosis senescence (Faisal et al., 2002; Bhat et al., 2015; Abou-Jaoude et al., 2018; Cao et al., 2018; Zhang et al., 2019; Hwang et al., 2020). Recent studies have shown that SHC1 is associated with several clinical diseases, especially in tumor development and progression (Falco et al., 2005; Smith et al., 2006; Ahn et al., 2017b; Chao et al., 2019b; Huang et al., 2019; Wright et al., 2019; Borah and Bhowmick, 2020; Kiepas et al., 2020). However, the roles of SHC1 in pan-cancer are unclear. Besides, it is unknown whether SHC1 plays a role in the pathogenesis of different tumors through some common molecular mechanisms.
This study comprehensively examined SHC1 expression levels and systematic prognostic landscape in genetic alteration, immune infiltration, DNA methylation, DNA mismatch repair, RNA methylation, or protein phosphorylation. SHC1 expression was significantly correlated with TMB/MSI, MMRs, DNA repair and methylation, and m6A RNA modification regulators in multiple cancers. SHC1 expression was also significantly associated with the clinical outcomes of CESC, KICH, KIRC, KIRP, LGG, LIHC, LUAD, and UVM patients. Moreover, altered SHC1 had a markedly worse prognosis of OS and DSS in SKCM. SHC1 expression was significantly correlated with immune cell infiltration levels, TAMs, and the expression of immune checkpoint markers, especially in HNSC, PRAD, and LGG. In addition, the results of the ROC analysis indicated the SHC1 exhibited strong diagnostic capability for KICH, LIHC, and PAAD. Altogether, these results suggest that SHC1 is a potential diagnosis and prognosis biomarker of certain tumors and can play a crucial role in tumor immunity.
The SHC1 gene encodes three isoform proteins p52Shc, p46Shc, and p66Shc. p52Shc and p46Shc are universally expressed, while p66Shc is expressed at different levels in different tissues (Bhat et al., 2015) (Pelicci et al., 1992b). A recent study indicated that SHC1 upregulation is correlated with poor OS, DFS, and early recurrence of HCC (Huang et al., 2019). Moreover, p66Shc is abnormally overexpressed in HCC cell lines (HuH7, HepG2, and SK-HEP1), and p46Shc and p52Shc are associated with HCC occurrence (Huang et al., 2019). p66Shc functions as a latent prognostic biomarker in breast cancer by inducing an epithelial-to-mesenchymal transition for more aggressive breast cancer (Hudson et al., 2014b). A previous study found that p52Shc promotes breast cancer initiation (Wright et al., 2019). Previous studies have shown that p66Shc tumor levels can act as a significant prognostic indicator of RFS and DSS in Stage IIA Colon Cancer (Grossman et al., 2007). Another study demonstrated that mir-5582-5p targets SHC1, inducing apoptosis and cell cycle arrest in colorectal cancer cells (An et al., 2016). Chao et al. (Chao et al., 2019b) recently found that RAB14 mediates SHC1 downregulation in human bladder cancer. A recent study also showed that upregulated SHC1 expression could act as a tumor promoter in bladder cancer and an underlying downstream of DEPDC1B (Lai et al., 2020b). Further, studies have shown that steroids upregulate p66Shc protein in hormone-sensitive cancer cells and primary prostate cancer tissue (Lee et al., 2004). p66Shc expression is also significantly upregulated in esophageal squamous cell carcinoma and adenocarcinoma (Bashir et al., 2010). Moreover, Zhao et al. (Zhao et al., 2020) indicated that SHC1 is significantly overexpressed in high-grade ccRCC and is correlated with poor prognosis.
This is the first study to show SHC1 is upregulated in brain and CNS cancers, head and neck cancers, kidney cancer, liver cancer, lung cancer, melanoma, and prostate melanoma using the Oncomine database. Moreover, the TIMER2.0 database showed that the mRNA level of SHC1 was significantly upregulated in BLCA, BRCA, CHOL, HNSC, KICH, LIHC, LUAD, LUSC, STAD, THCA, and KIRP. However, it was downregulated in KIRC, PRAD, and UCEC compared with the corresponding normal tissues. SHC1 expression was significantly higher in DLBC, GBM, PAAD, THYM, and PCPG, while lower in ACC and SKCM compared with the corresponding normal tissues (TCGA+GTEx datasets). Additionally, the expression of SHC1 total protein was significantly overexpressed in clear cell RCC and LUAD, while downregulated in UCEC (CPTAC dataset). Survival analysis of multiple databases showed that SHC1 expression was associated with poor prognosis in various cancers, especially in CESC, KICH, KIRC, KIRP, LGG, LIHC, LUAD, and UVM. These results are consistent with the previously observed carcinogenic effects of abnormal SHC1 expression. Together with the published literature, these data strongly suggest that SHC1 is a potential proto-oncogene and prognostic biomarker in CESC, KICH, KIRC, KIRP, LGG, LIHC, LUAD, and UVM.
Genetic alteration also affects the mRNA expression of genomic genes (Meng et al., 2020). Yang et al. recently found that the PLOD gene mutations alter its expression and are associated with a markedly poor prognosis in HCC patients (Yang et al., 2020). Another study also showed that CNV upregulation in KIRC via JAK3 is associated with high mRNA levels and short survival time (Liang et al., 2020). However, UCEC patients with SND1 alterations have better overall survival and disease-specific survival (Cui et al., 2020b). This study assessed the relationship between SHC1 gene mutation and the prognosis of Pan-cancer through the cBioPortal database. The genetic alteration of SHC1 was significantly correlated with the poor prognosis of OS and DSS in SKCM patients. This study assessed the potential association between SHC1 expression vs MSI, TMB, MMR gene mutation levels, and DNMT in all TCGA tumors. TMB and MSI are mainly associated with tumor immunotherapy response (Yarchoan et al., 2017; Zhao et al., 2019). SHC1 upregulation increased TMB in BRCA, KIRC, LGG, LUAD and THYM, and increased MSI in COAD, TGCT and UVM. MMR gene mutations predict tumorigenesis (Cerretelli et al., 2020). DNMTs alter chromatin structure and gene expression (Krzyzewska et al., 2019). Also, alterations in DNA methylation promote cancer development (Szigeti et al., 2018). SHC1 expression was associated with five MMR genes in human pan-cancers, especially in liver cancer. SHC1 expression was also positively correlated with three DNMTs (DNMT1, DNMT3A, and DNMT3B) in human cancers, especially in DLBC, KICH, KIRC, KIRP, LGG, LIHC, LUAD, MESO, TGCT, and UVM. RNA m6A is the methylation of N6 position of adenosine, which is the most common internal modification of mRNA and long noncoding RNA (lncRNA) in mammals. Previous studies have shown that abnormal methylation of m6A can promote or inhibit the expression of target genes, further affecting the development of breast cancer, lung cancer, liver cancer, colorectal cancer, leukemia and glioblastoma (Zhang, 2018). Herein, SHC1 expression was positively correlated with the expression of over 20 m6A RNA modification regulators in BRCA, COAD, DLBC, KIRP, LIHC, LUAD, OV, PRAD, PRAD, STAD, THCA, and UCEC. Taken together, these results show that abnormal expression of SHC1 can mediate tumorigenesis by regulating DNA damage, DNA methylation, or RNA methylation.
Tyrosine kinases and protein tyrosine phosphorylation also play a crucial role in tumor initiation and growth. SHCA is an adaptor protein that transmits extracellular signals downstream of receptor tyrosine kinases. Ursini-Siegel et al., (2008) reported that SHC1 contains PTB and SH2 phosphorylated tyrosine binding domains and three tyrosine-phosphorylated sites (Y239, Y240, and Y313). These are involved in the transduction of phosphorylated tyrosine dependent signals in breast cancer. A previous study showed that the SHCA tyrosine-phosphorylated sites are essential for PTB-independent SHCA pools to amplify breast tumor growth (Ha et al., 2018). Yukimasa et al. (Yoshida et al., 2013) also reported that p46Shc phosphorylation could indicate malignant transformation, tumor invasion, and metastasis in HCC. This study used the CPTAC dataset to explore the molecular mechanism of SHC1 protein expression in breast cancer, UCEC, ovarian cancer, lung adenocarcinoma, colon cancer, and clear cell RCC cancer based on total protein and phosphoprotein. The total SHC1 protein was significantly overexpressed in LUAD, and KIRC downregulated in UCEC than in normal controls. Moreover, the phosphorylation levels of SHC1protein were decreased in UCEC and colon cancer at S139, and breast, ovarian, and colon cancer at Y428. However, the phosphorylation levels of SHC1 were increased in clear cell RCC cancer at S139. Together with the existing researches, this study shows that SHC1 can act as an oncogene to regulate CCRCC tumorigenesis (Zhao et al., 2020). Therefore, SHC1 phosphorylation could be involved in the progression of clear cell RCC cancer. However, the relationship between reduced phosphorylation levels of SHC1, as a potential oncogenic factor, and the progression and prognosis of other cancers is unknown. Therefore, further experiments are needed to evaluate the potential role of SHC1 phosphorylation and related regulatory mechanisms in tumorigenesis.
Tumor microenvironment, especially the tumor immune microenvironment, plays a vital role in tumor occurrence and progression. Several studies have revealed that a comprehensive evaluation of tumor-infiltrating immune cells (TICs) can provide a clinical outcome for immunotherapy (Bai et al., 2020; Ju et al., 2020b; Guo et al., 2020). This study also assessed the correlation between the SHC1 expression and immune cell infiltration levels. SHC1 expression was positively correlated with the infiltration levels of six immune cells in various cancers, especially in PRAD. Also, several immune infiltrating cells can be independent predictors of prognosis in cancer patients. Another study also suggested that immune cells are essential stromal compartments in the TME that affect patients’ survival (Bonanno et al., 2018). Kaplan-Meier analysis was used to determine the correlation between the aberrant SHC1 expression and immune cell infiltration with clinical performance. Herein, high or low levels of SHCI expression and high or low immune cell infiltrations had different tumor outcomes, especially in BLCA, BRCA, COAD, LIHC, LUAD, LGG, PAAD, SKCM, SARC, and STAD. A previous study showed that tyrosine kinases require downstream SHC1 signaling to evade anti-tumor immunity in breast cancer (Ursini-Siegel et al., 2010). Another study also found that the SHCA phosphotyrosine motif enhances immune suppression by inhibiting multiple signals and participates in the immune escape of tumors (Ahn et al., 2017b). Macrophages are widely considered to be the first line of defense against tumor immunity. Herein, BRCA patients with high expression of SHC1 and macrophage infiltration had poor overall survival (OS). Taken together, these results show that SHC1 plays a key role in immune escape and immunosuppression in breast cancer. Immune checkpoints inhibit the over-activation of the active immune system. Tumor cells evade cellular immunity by activating immune checkpoints to suppress immune responses. Moreover, immune checkpoint molecules are overexpressed or enhanced in various diseases, such as tumors. Herein, SHC1 was more or less co-expressed with various immune checkpoint molecules in tumors, especially in HNSC, LUAD, SARC and TGCT. SHC1 was positively correlated with infiltration levels of macrophages in most tumors. Several evidence have demonstrated that infiltration of TAMs promotes tumor progression and is closely associated with the immunosuppressive state of the tumor (Shiau et al., 2020; Wu et al., 2020; Ngambenjawong et al., 2017). M0 and M2 infiltration levels were positively correlated with SHC1 expression in most tumors, especially in COAD, HNSC, LGG, LUSC, and READ. These findings suggest that high SHC1 expression is associated with tumor immune cell infiltration and affects the prognosis of patients. High SHC1 expression is closely associated with the immunosuppressive state of tumors, providing a potential target for immunotherapy.
A comprehensive analysis of the diagnostic value of SHC1 in pan-cancer was also conducted. KEGG and GO enrichment analyses showed the potential impact of the “PI3K-Akt signaling pathway,” “ErbB signaling pathway,” “Focal adhesion,” and “Proteoglycans in cancer” or “EGFR tyrosine kinase inhibitor resistance” of cancers.
Our study has several limitations. Firstly, the mRNA and protein levels of SHC1 are assessed in our study, while its levels need to be further validated by human tissue in future studies. Secondly, additional validation in prognostic and diagnostic values from public datasets is required to support our present results. Thirdly, as multiple information from diverse databases was retrieved for the analysis, systematic bias exists. More efforts are needed to explore the role of SHC1 in cancer and the value of SHC1 as a potential target of anticancer therapy.
Taken together, our first pan-cancer study indicated that SHC1 expression was correlated with clinical outcomes, genetic mutation, TMB, MSI, DNA methylation, RNA methylation, protein phosphorylation, immune cell infiltration, and tumor-associated macrophage. This study also outlines the diagnostic efficacy of SCH1 in multiple tumors. All these findings will help understand the role of SHC1 in tumorigenesis.
CONCLUSION
In summary, these findings highlight that SHC1 plays an important role in the tumor immune microenvironment, and SHC1 has been identified to have prognostic and diagnostic value in multiple cancers. Thus, SHC1 as an effective prognostic and diagnostic biomarker may play a key role as a potential target for cancer immunotherapy.
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