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2′,5′-oligoadenylate synthase (OAS) is a class of enzymes induced by interferons and mainly encoded by the OAS1, OAS2, and OAS3 genes, which activate the potential RNA enzymes to degrade viral mRNA, inhibit viral protein synthesis and promote apoptosis in virus-infected cells. OAS3 is associated with breast cancer prognosis. However, the expression and prognosis of OAS3 and tumour-infiltrating lymphocytes in pan-cancer remain unknown. In the present study, we have systematically investigated and confirmed the role of OAS3 in tumour immune infiltration, immune escape, tumour progression, response to treatment, and prognosis of different cancer types using various bioinformatics methods. The findings suggest that OAS3 is aberrantly expressed in almost all TCGA cancer types and subtypes and is associated with tumour staging, metastasis, and prognostic deterioration in different tumours. In addition, OAS3 expression is associated with the prognosis and chemotherapeutic outcomes of various cancers. In terms of immune-infiltrating levels, OAS3 expression is positively associated with the infiltration of immunosuppressive cells. These findings suggest that OAS3 is correlated with prognosis and immune-infiltrating levels.
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INTRODUCTION
The development and progression of malignancy is a complex process involving several stages (Yang et al., 2019). Malignant tumours are heterogeneous and result from an accumulation of distinct genetic and epigenetic alterations (Lin et al., 2015). Several studies have suggested that genetic and epigenetic alterations can be functionally associated with carcinogenesis (Toyota and Suzuki, 2010; Coppedè et al., 2014; Grady et al., 2021). The tumor microenvironment (TME) is a complex cellular ecosystem in which tumor, stroma, and immune cells interact dynamically through secreted factors and physical interactions in a dynamic extracellular matrix (Grauel et al., 2020). The complexity of TME results in an interplay of various cellular signalling systems in which tumour cells infiltrate immune cells, making them dysfunctional, and hence unable to initiate any anti-tumour immune action (Jiang et al., 2015; Thommen and Schumacher, 2018). In addition, the immunosuppressive cellular component of TME may inhibit T-cell responses, antibody production and the induction of cytotoxic T lymphocytes, promoting tumour growth, impairing the immune response, and leading to treatment resistance (Liu and Cao, 2016; Monteran and Erez, 2019). Bioinformatics can accurately capture cell-type-specific profiles and cell–cell interactions at the tissue level, resulting in relevant genomic differences in the diagnosis, staging, prognosis, and therapeutic responses among various tumours.
2′-5′-oligoadenylate synthetase (OAS), an interferon-induced antiviral enzyme, is composed of OAS1, OAS2, OAS3, and OASL. OAS3 plays a critical role in antiviral action and signal transduction, and high OAS3 expression is associated with the poor prognosis of patients with breast cancer (Zhang and Yu, 2020). Owing to the complexity of tumorigenesis, pan-cancer analysis of the expression patterns of target genes and assessment of their correlation with clinical prognosis and potential molecular mechanisms are of great importance. In this study, we performed a pan-cancer analysis to examine the expression profiles of OAS3 in different cancer tissues and identify its underlying molecular mechanisms in the clinical prognosis of tumours.
MATERIALS AND METHODS
Data Collection and Evaluation of OAS3 Expression in Pan-Cancer
RNA sequence data, survival data, and clinicopathologic characteristics of the 33 cancers were obtained from the UCEC online database (https://xena.ucsc.edu/), which was obtained from the TCGA database (Tomczak et al., 2015). Using the rma function in the R package, the whole dataset was filtered, and missing and duplicate results were removed and converted to log2 (TPM + 1). OAS3 sequencing data were obtained from the GTEx Project and Broad Institute CCLE database to analyse differences between tumours and adjacent normal tissues. In addition, 36 patients with liver hepatocellular carcinoma (LIHC), 30 patients with lung adenocarcinoma (LUAD), and 30 patients with kidney renal papillary cell carcinoma (KIRP) were recruited from the First Affiliated Hospital of Zhengzhou University and Jiading District Central Hospital Affiliated Shanghai University of Medicine as the validation cohort. The basic clinical characteristics of patients are shown in Table 1, Table 2, and Table 3. All patients provided written informed consent for the data to be included in the study. The study flowchart is presented in Figure 1.
TABLE 1 | Basic clinical characteristics of LIHC patients in validation cohort.
[image: Table 1]TABLE 2 | Basic clinical characteristics of LUAD patients in validation cohort.
[image: Table 2]TABLE 3 | Basic clinical characteristics of KIRP patients in validation cohort.
[image: Table 3][image: Figure 1]FIGURE 1 | Flowchart of the study. This image was drawn by Figdraw (www.figdraw.com).
Prognostic Significance of OAS3
We used four prognostic indicators (including overall survival [OS], disease-specific survival [DSS], disease-free survival [DFS], and disease progression-free survival [PFS]) and investigated the relationship between OAS3 expression and the prognosis of patients with 33 cancers using forest plots. Survival results were summarised using “forestplot” (R package). Patients were divided into high and low OAS3 expression groups based on the median OAS3 expression. Kaplan–Meier survival analysis was conducted using the R packages “survminer” and “survival” to examine differential survival outcomes between the two groups.
Correlation Analysis of OAS3 Expression With Microsatellite Instability and Tumour Mutational Burden
Tumour mutational burden (TMB) is defined as the total number of mutations per million bases in the coding region of the exons of genes encoding specific tumour cell proteins, including insertions, substitutions, deletions, and other forms of mutations (Alexandrov et al., 2013). It is also an emerging biomarker for tumour immunotherapy prediction and may help to predict the benefits of immunotherapy in certain tumours. Microsatellite instability (MSI) is characterised by a genetic change. During the proliferation of normal cells, an intact DNA mismatch repair (MMR) system detects replication errors in microsatellite sequences in a timely manner and corrects them quickly so that the sequences are replicated with high fidelity, thus maintaining microsatellite stability. Owing to defective DNA MMR during tumorigenesis in certain tumours, errors in microsatellite sequence replication cannot be detected promptly, leading to the insertion or deletion of repetitive units and changes in microsatellite sequence length, eventually leading to MSI (Ellegren, 2004). Several clinical trials, retrospective studies and meta-analyses have confirmed that MSI is strongly associated with tumour prognosis (Petrelli et al., 2019). In this study, gene mutation data of 33 cancer types were obtained from TCGA database of UCSC Xena. TMB was calculated for each sample using R. The correlation of OAS3 expression with TMB and MSI was analysed via Spearman’s correlation test, and the R package “fmsb” was used to visualise the results.
Correlation Analysis of OAS3 Expression With TME
TME is critical for the regulation of cancer development and therapy (Zhou et al., 2019). It contains stromal, tumour, and immune cells (Luo and Vögeli, 2020). The number of stromal and immune cells in TME affects many aspects of cancer growth and development. The “ESTIMATE” R package was used to assess immune infiltration (based on the ImmuneScore, StromalScore, and ESTIMATEScore) using the transcriptome data (Chen et al., 2021a). Subsequently, we analysed the association between OAS3 and TME using R.
Analysis of Tumour Immune Cell Infiltration
We used TIMER2, Xcell, CIBERSORT, and ImmuCellAI to analyse the correlation between OAS3 expression and infiltration of various immune cell types. The TIMER2 database contains information on 32 cancers and 10,897 tissues from TCGA database, which allows systematic analysis of the correlation between one or more tumours and immune cell infiltration as well as the correlation between the expression of relevant genes in tumour tissues and the prognosis, mutation and copy number of patients (Ju et al., 2020). ImmuCellAI (http://bioinfo.life.hust.edu.cn/web/ImmuCellAI/) is a powerful and unique method for accurately screening tumour immune function using 24 different types of immune cells, including T cells (Huang et al., 2021). Furthermore, the XCell algorithm was used to examine several features of tumours, including the composition of infiltrating immune cells, based on the gene expression data (Schulze et al., 2020). In addition, the CIBERSORT algorithm was used to identify immune cell infiltration signatures using the R package “cibersort” (Wu et al., 2020).
Correlation of OAS3 Expression With Immune Checkpoint-Related Genes and Immune Neoantigens
Immune checkpoints refer to a subset of inhibitory signalling pathways involved in the immune response (Yuan et al., 2020). Abnormal expression of immune checkpoint-related genes is associated with tumorigenesis (Liu et al., 2021a). We examined the association of OAS3 with 47 immune checkpoint-associated genes in 33 cancers using Pearson correlation analysis. Neoantigens are abnormal proteins derived from “nonsynonymous mutations” from biological events such as point mutations, deletion mutations, and gene fusions and are specific to tumour cells (Liao and Zhang, 2021; Xu et al., 2021). The immune activity of tumour neoantigens can be used to design and synthesise neoantigen vaccines according to the conditions of the bulge of the swollen cell; these vaccines can be used to immunise patients to achieve therapeutic effects (Chen et al., 2021b). We counted the number of neoantigens in each tumour sample and used Spearman’s correlation test to investigate the relationship between OAS3 and the number of antigens.
Correlation of OAS3 Expression With the Expression of DNA MMR Genes, RNA Methylation-Related Genes and DNA Methyltransferase
MMR is a critical post-replicative DNA repair process, which is essential for maintaining genomic integrity (Popp and Bohlander, 2010). Defects in the MMR system lead to genetic instability referred to as MSI (Alhopuro et al., 2012). DNA methylation is a chemical modification of DNA that can change genetic performance without changing the DNA sequence (Alhopuro et al., 2012). RNA methylation is one of the most important post-transcriptional epigenetic RNA modifications (Tian et al., 2021). The most commonly used RNA modifications are m6A, m1A, and m5C, which play a key role in the progression of cancers, including growth and invasion (Mcelhinney et al., 2020). In this study, we examined the relationship between OAS3 expression and the abovementioned genes using the R package “RColorBrewer”.
Correlation of OAS3 Expression With Drug Sensitivity
The relationship between OAS3 and IC50 of drugs was analysed based on the GDSC2 data. In addition, we compared the drug sensitivity of the OAS family using the Cancer Therapeutics Response Portal 21 (CTRP, http://portals.broadinstitute.org/ctrp/). The likelihood of an immunotherapy response was estimated using the TIDE algorithm (Khanna et al., 2019; Yang et al., 2020).
Quantitative Real-Time PCR
Total RNA was extracted from the target tissue samples and thoroughly ground in a mortar under liquid nitrogen. To lyse the cells, 1 ml of Trizol reagent (Life Technology, Grand Island, NY, United States) was added and the sample was incubated for 15 min at room temperature on a shaker. To assess the mRNA expression level, the RevertAid First Strand cDNA Synthesis Kit (Thermo Scientific, Lithuania) was used to synthesis the first-strand cDNA. Quantitative PCR was performed using Roche LightCycler® 480 Real-Time PCR System with SYBR® Green qPCR mix 2.0 kit. The primers used in this study were obtained from TsingKe biological technology (Nanjing, China), including OAS3 (forward 5′- CAC​CGG​CGA​TGC​CCG​CAT​CTC​ACT​G -3′, reverse 5′- AAA​CCA​GTG​AGA​TGC​GGG​CAT​CGC​C-3′). The relative mRNA levels were calculated by the 2-ΔΔCt method.
Western Blot
Western blot was performed to determine the protein expression level. The protein samples were denatured for 5 min at 95°C in a sample buffer and separated by SDS–PAGE. Western blot analysis was performed using antibodies against mouse monoclonal antibody-anti-human OAS3, and mouse monoclonal antibody-anti-human β-actin (Santa Cruz Biotechnology), followed by incubation with horseradish peroxidase (HRP)-coupled mouse secondary antibody (1:10,000). The blots were re-probed with a β-actin antibody (BD Bioscience, United States), and the signals were quantified using an image analyzer (UVtec, United Kingdom). The data were shown as percentages of the normalized control signal.
RESULTS
Expression Levels of OAS3 in Various Normal and Cancerous Tissues
Data from the GTEx database showed that OAS3 was abundantly expressed in various normal tissues, with the highest and lowest expression observed in the lung and muscle, respectively (Figure 2A). In addition, the expression of OAS3 was higher in various cancer cell lines in the Cancer Cell Line Encyclopedia (CCLE) database than in normal tissue (Figure 2B). In TCGA data, differences in OAS3 expression were significant among 17 of the 33 cancer types analysed (except for KICH, in which OAS3 expression was lower than that in most tumour tissues) (Figure 2C). However, when the GTEx and TCGA data were combined, the difference was significant among 29 of the 33 cancers, and OAS3 expression was lower in KICH than in normal tissues (Figure 2D). To investigate the intracellular localisation of OAS3, we assessed the distribution of OAS3 in the endoplasmic reticulum (ER) and microtubules of A431, A549, and U-2 osteosarcoma (OS) cells using an indirect immunofluorescence assay. We observed that OAS3 colocalised with ER and microtubule markers in A431, A549 and U-2 OS cells, suggesting the subcellular localisation of OAS3 in ER and microtubules. However, OAS3 exhibited no overlap with the nucleus of A431, A549, and U-2 OS cells (Supplementary Figure S1).
[image: Figure 2]FIGURE 2 | (A): OAS3 mRNA expressions in various normal human tissues from the GTEx database. OAS3 is most highly expressed in lung and least expressed in muscle. (B): OAS3 mRNA expressions from the CCLE database. The results showed that OAS3 was highly expressed in most tumors. (C): Boxplots showing differential OAS3 expression levels (log2TPM + 1) between tumor and adjacent normal tissues across TCGA database. *p < 0.05; **p < 0.01; ***p < 0.001. (D): Boxplots showing differential OAS3 expression levels (log2TPM + 1) between tumor and adjacent normal tissues across TCGA and GTEx database. *p < 0.05; **p < 0.01; ***p < 0.001.
Relationship of OAS3 With Clinical Staging and Prognosis
We examined the relationship between OAS3 expression and different tumour stages and found that DLBC, HNSC, KIRC, LIHC, LUSC, MESO, OV, PAAD, LUAD, SKCM, and UCS were positively correlated with the expression of OAS3. This finding suggests that OAS3 plays an important role in tumorigenesis (Supplementary Figure S2). Furthermore, we investigated the relationship between OAS3 expression and the prognosis of 33 cancers. According to the Cox proportional hazards model, OAS3 expression was positively correlated with OS in patients with PAAD, LUAD, LGG, LAML, KIRP, and ACC and negatively correlated with OS in patients with SKCM (Figure 3A). In addition, we analysed the DSS data and found a positive correlation between OAS3 expression and prognosis in patients with PAAD, LUSC, LUAD, LGG, and ACC. However, OAS3 expression was negatively correlated with the prognosis of SKCM and OV (Figure 3B). Based on the correlation between OAS3 expression and DFS, we identified OAS3 as a prognostic risk factor for PRAD, PAAD, and KIRP but as a protective factor for OV (Figure 3C). Similarly, high OAS3 expression was associated with worse PFS in PAAD, LUSC, LGG, and ACC (Figure 3D). Furthermore, Kaplan–Meier analysis showed that high OAS3 expression was associated with worse OS in ACC, DLBC, KICH, KIRP, LAML, LGG, LUAD, and PAAD but with better OS in MESO (Supplementary Figure S3). High OAS3 expression was correlated with worse DFS in four types of tumours, including KIRP and PAAD (Supplementary Figure S4). In seven types of tumours, including ACC and DLBC, patients with high OAS3 expression had worse DSS (Supplementary Figure S5). These findings suggest that OAS3 is an oncogene that is associated with tumour progression, can help to predict survival in patients with various tumours and is a potential biomarker for tumour prognosis, especially for the prognosis of PAAD, LUAD, KIRP, and UVM.
[image: Figure 3]FIGURE 3 | Forest plot of the association of OAS3 expression with OS (A), DSS (B), DFS (C), and PFS (D). (A): OAS3 is highly expressed in patients with PAAD, LUAD, LGG, LAML, KIRP, ASS with poor OS. In SKCM, high expression of OAS3 is a protective factor for OS. (B): In PAAD, LUSC, LUAD, LGG, ACC, patients with high OAS3 expression showed shorter DSS than those with low expression. in SKCM, OV, the opposite effect of OAS3 was observed. (C): OAS3 was highly expressed in PAAD, PRAD, and KIRP patients with poor DFS. In contrast, in OV, high OAS3 expression was associated with longer DFS. (D): Patients with high OAS3 expression in PAAD, LUSC, LGG, and ACC had shorter DFS than those with low expression. In PCPG, the opposite role of OAS3 was observed.
Validation of the Expression and Prognostic Role of OAS3
To substantiate the conclusion of the data analysis, we validated OAS3 expression in 36 patients with LIHC, 30 patients with LUAD and 30 patients with KIRP and performed survival analysis in conjunction with clinical trials. As shown in Figure 4A, patients with high OAS3 expression in the validation group had a poorer prognosis in patients with LUAD, KIRP; this is consistent with our findings in the TCGA cohort. Also, we found a poorer prognosis for patients with high OAS3 expression in LIHC in the validation group. Meanwhile, OAS3 was detected using qRT-PCR and western blotting. The results of western blotting was consistent with those of qRT-PCR: OAS3 was highly expressed in tumor tissues in LIHC, LUAD, KIRP, and low in normal tissues (Figures 4B, C). TCGA cohort results are mostly consistent with our findings. This ensured breadth and thereby enhanced credibility in the data.
[image: Figure 4]FIGURE 4 | (A) Relationship between OAS3 and OS of LIHC, LUAD, KIRP in validation cohort. The results showed that patients with high OAS3 expression had a poor prognosis in the three tumors mentioned above. (B,C): Results of Western Blot (B) and qRT-PCR (C) showed a clear overexpression in protein expression levels of OAS3 in validation cohort.
Correlation of OAS3 With TME and Immune-Infiltrating Cells
We evaluated the correlation between OAS3 and immune and stromal scores. As shown in Supplementary Figure S6, immune scores, ESTIMATEScore and stromal scores were significantly correlated with OAS3 expression in 20, 25, and 20 of the 33 cancers, respectively. Figure 5A shows the top three significant genes in each score, with COAD having the highest immune score and ESTIMATEScore and THCA having the highest substrate score. The results showed that OAS3 expression strongly correlates with the degree of immune infiltration in different cancer types. Therefore, we investigated the relationship between OAS3 and immune infiltrating cells in 33 cancer types using the TIMER database. The top three significant cell types are shown in Figure 5B, demonstrating that OAS3 correlates significantly with tumor purity and with six types of immunoinfiltrated cells, including CD8+ T cells, CD4+ T cells, B cells, dendritic cells, and macrophages in KIRC, COAD and BRCA. Based on the results of immune analysis, OAS3 was related to poor prognosis in some tumours and might affect immune activities. Therefore, we examined the correlation between OAS3 and immune-related cells using Xcell, TIMER2, CIBERSORT and ImmuCellAI to validate the results and found that OAS3 was significantly correlated with neutrophils and macrophages (Supplementary Figures S7A–C). In addition, cancer-associated fibroblasts, a type of immunosuppressive cells, had a strong positive correlation with OAS3 expression. The data from the ImmuCellAI database further suggested a significant positive correlation between OAS3and the immunosuppressive cells iTregs and nTregs (Supplementary Figure S7D). Therefore, OAS3 may affect tumour progression through macrophages, iTregs, CAFs, and other immune cells.
[image: Figure 5]FIGURE 5 | (A) Among the 33 tumors, the top 3 tumors with the highest stromal scores were THCA, KIRC, LGG; the highest immune scores were COAD, SKCM, THCA; the highest ESTIMATEScore was COAD, SKCM,THCA. (B) TIMER analyzed relationship between OAS3 expression and the abundance of tumor-infiltrating immune cells in BRCA, COAD, KIRC. The results showed a positive correlation between OAS3 expression and immune cell infiltration.
Correlation of OAS3 Expression With Immune Checkpoint Genes and the Number of Immune Neoantigens Implicates OAS3 in the Tumour Immune Response
The correlation between OAS3 expression and 47 immune checkpoint genes in pan-cancer is shown in Figure 6A. In diverse cancer types, the correlation between OAS3 and the expression of checkpoint genes indicated a high correlation with TNF-related immune genes including TNFRSF14, TNFRSF8, TNFRSF25, TNFRSF4, TNFRSF18, TNFSF15, and TNFRSF9. The expression of OAS3 was positively correlated with that of immune checkpoint-related genes in most tumours, suggesting that OAS3 is involved in the regulation of tumour immune response through the regulation of immune checkpoint activity. Therefore, OAS3 may provide some help for tumour immunotherapy, thus facilitating the spread of tumours. The correlation between OAS3 expression and neoantigens is shown in Figure 6B. A significant positive correlation was found between OAS3 expression and the number of neoantigens in LGG, SKCM, and STAD.
[image: Figure 6]FIGURE 6 | (A) The correlation between OAS3 expression and immune checkpoint genes in pan-cancer. Each square corresponded to the correlation between OAS3 expression and the expression of one immune checkpoint gene in a particular tumor. The upper triangle of each square represented the magnitude of the p value of the correlation test, and the lower triangle represented the correlation coefficient (∗p < 0.05, ∗∗p < 0.01, ∗∗∗p < 0.001). (B) The correlation between OAS3 expression and neoantigens.
OAS3 Expression Was Significantly Correlated With TMB and MSI
We obtained OAS3 mutation data of various tumours from the UCSC Xena database. OAS3 mRNA was found to be significantly mutated in TGCT, ACC, COAD, and other tumours (Figure 7A), suggesting that mutated OAS3 plays a key role in promoting the development of these tumours (Figure 7B). HRD produces specific, quantifiable, and stable genomic alterations, and the HRD status is a key indicator of treatment choice and prognosis in various tumours. Clinical studies have confirmed that the HRD status is highly correlated with sensitivity to platinum-based chemotherapeutic agents and PARP inhibitors (Min et al., 2020). We found that OAS3 was positively correlated with HRD in ACC, PRAD, and KIRP (Figure 7C), and the heterogeneity of THYM, UVM, and KICH increases with an increase in OAS3 expression (Figure 7D).
[image: Figure 7]FIGURE 7 | (A) Radar plot showing the correlation between OAS3 expression and TMB in pan-cancer. The blue number represents Spearman’s correlation coefficient. ∗p < 0.05, ∗∗p < 0.01, ∗∗∗p < 0.001. (B) Radar plot showing the correlation between OAS3 expression and MSI in pan-cancer. The blue number represents Spearman’s correlation coefficient. ∗p < 0.05, ∗∗p < 0.01, ∗∗∗p < 0.001. (C) The correlation between OAS3 expression and HBD in pan-cancer. The size of the circle represents the number of samples. The colors represent significant p-values (p < 0.05) for each section; red low p-value, blue high p-value. (D) Relationship between OAS3 and heterogeneity. The size of the circle represents the number of samples. Color represents p-value, the darker the color the more significant the result. (E) OAS3 was closely associated with DNA MMR genes. The upper triangle of each square represented the magnitude of the p value of the correlation test, and the lower triangle represented the correlation coefficient. *p < 0.05; **p < 0.01; ***p < 0.001. (F) OAS3 was positively correlated with four major DNA methyltransferases including DNMT1, DNMT2, DNMT3A, and DNMT3B in most cancer types.
Coexpression of OAS3 With Some Specific Genes
Based on the association between OAS3 expression and the mutational markers TMB and MSI, the relationship between OAS3 expression and oncogenic processes was further investigated. We found that OAS3 was closely associated with DNA MMR genes, showing a positive correlation with MLH1, MSH2, MSH6, and PMS2 and a negative correlation with EPCAM in most tumours (Figure 7E). In addition, OAS3 was positively correlated with four major DNA methyltransferases including DNMT1, DNMT2, DNMT3A, and DNMT3B in most cancer types (Figure 7F). RNA methylation is a post-transcriptional modification that widely exists in eukaryotes and prokaryotes. We found that OAS3 had a significant positive correlation with RNA methylation-related genes (m1A, m5C, and m6A) in most tumours (Supplementary Figure S8A). In addition, a positive correlation was found between OAS3 and four immune pathway-related genes [receptor (Chen et al., 2021a), MHC (Schulze et al., 2020), immunoinhibitors (Liu et al., 2021a) and immunostimulators [46]] in many tumour types (Supplementary Figure S8B).
Analysis of Drug Sensitivity
We analysed 198 drugs and found that OAS3 shared the most evident positive correlation with BI-2536, GSK269962A, vorinostat, sorafenib, BMS-754807, and nutlin-3a (−), indicating that high OAS3 expression may lead to drug resistance. OAS3 had the strongest negative correlation with trametinib, sapitinib, SCH772984, selumetinib, and dasatinib (Supplementary Figure S9A). A bubble plot demonstrating the correlation between the sensitivity of drugs in the CTRP database and mRNA expression of OAS3 is shown in Supplementary Figure S9B.
OAS3 Was Correlated With Immunotherapeutic Responses
We assessed the reliability of OAS3 as a biomarker by comparing it with standardised biomarkers for predicting response and OS in the IBC subpopulation. We found that the area under the receiver operating characteristic curve (AUC) of OAS3 alone was greater than 0.5 in 16 of 23 IBC subgroups (Figure 8A), and that the predictive value of OAS3 alone was higher than that of TMB, T. clonalum, and B. clonalum. However, the predictive ability of OAS3 was similar to that of IFGN (AUC>0.5 for 17 ICD subgroups), but lower than that of CD274, TIDE and Merk18. In addition, the results demonstrated that high expression levels of OAS3 were associated with better PD1 OS in melanoma (Gide2019_PD1, Liu2019_PD1) and better PFS in kidney renal clear cell carcinoma and melanoma (Miao2018_ICB, Liu2019_PD1) (Figures 8B, C).
[image: Figure 8]FIGURE 8 | (A) Bar plot showing the biomarker relevance of OAS3 compared to standardized cancer immune evasion biomarkers in immune checkpoint blockade (ICB) sub-cohorts. The area under the receiver operating characteristic curve (AUC) was used to assess the predictive efficacy of test biomarkers for determining IBC response to TCGA for different cancer types. (B,C) Kaplan-Meier curves of survival ratios as a measure of the immunotherapeutic response (immune checkpoint blockade) between cancer cohorts with high and those with low expression levels of OAS3.
Pathway Analysis
We performed Spearman correlation analysis on OAS3 and pathway scores. A close association was observed between OAS3 and pathways including tumour inflammation signature, cellular response to hypoxia, tumour proliferation signature, angiogenesis, and apoptosis. The higher the expression of OAS3, the stronger the activity of the related pathway (Supplementary Figure S10).
DISCUSSION
The molecular mechanisms underlying the role of OAS3 in the immune microenvironment and pathogenesis of different tumours remain unknown. In this study, we performed an integrative analysis of molecular characteristics, oncogenic roles and relevant immune and pharmacogenomic features of OAS3 in pan-cancer. The findings suggest that OAS3 is closely associated with the development of various systemic diseases and cancers. In addition, a functional association was observed between OAS3 and TME, especially immunosuppressive cells.
We compared the expression of OAS3 in normal and tumour tissues of 33 cancers and found that OAS3 was dysregulated and highly expressed in almost all TCGA tumour types and was associated with the staging or metastasis of DLBC, HNSC, KIRC, LIHC, LUSC, MESO, OV, PAAD, LUAD, SKCM, and UCS. These findings suggest that OAS3 is an important regulator of carcinogenesis, progression, invasion and metastasis in various cancers. Regarding the prognostic value of OAS3 in pan-cancer, we observed that OAS3 was closely associated with survival indicators such as OS, DSS, DFS, and PFS, and high OAS3 expression was associated with poorer survival rates in CESC, GBM, KICH, KIRP, LAML, LGG, LIHC, LUAD, LUSC, PAAD, TGCT, and ACC. In previous studies, OAS3 has been reported as a risk factor for different cancers, which is consistent with the results of this study (Piera-Velazquez et al., 2021; Calvet et al., 2022; Shi et al., 2022).
TME is closely associated with tumour growth, progression and prognosis and immune cells play an important role in tumour growth and progression (Lei et al., 2021). Previous studies have found that cytokines in TME regulate immune function and eventually suppress the immune response, leading to tumour progression (Hinshaw and Shevde, 2019). Therefore, analysing the components of TME can help to develop drugs for targeted tumour immunotherapy. In this study, a significant positive correlation was observed between OAS3 and the immunosuppressive cells iTregs and nTregs. Immune checkpoint inhibitors are effective anti-cancer immunotherapeutic approaches (Li et al., 2019). In this study, OAS3 expression was positively correlated with 47 immune checkpoint genes in most cancer types. Therefore, OAS3 can be used as a novel drug target for anti-cancer immunotherapy.
Furthermore, we analysed the correlation between the expression of OAS3 and MMR-related genes, RNA methylation genes and four DNA methyltransferases. MMR can repair errors that occur during DNA replication (Vilar and Gruber, 2010) and is known to repair microsatellite replication errors. However, defects in MMR (dMMR) can lead to MSI (Jiricny, 2006). RNA methylation plays a crucial role in the tumorigenesis and progression of tumours (Chen et al., 2020). Altered DNA methylation is also associated with tumorigenesis (Kulis and Esteller, 2010). Based on the findings of this study, OAS3 expression is positively correlated with MMR-related genes, RNA methylation and four DNA methyltransferases in most cancers. Altogether, the findings demonstrate that OAS3 mediates tumorigenesis by regulating DNA damage and DNA and RNA methylation.
Based on the abovementioned results, OAS3 may serve as a very important biomarker for tumour immunotherapy. Monoclonal antibodies-targeting CTLA-4, PD-1 or PDL-1 have shown clinical potential for effectively controlling and treating human cancers (Liu et al., 2021b). This study showed that patients with melanoma and kidney renal clear cell carcinoma with high OAS3 expression had a higher clinical benefit from ICB treatment (PD-1 or PD-L1). On analysing the relationship between OAS3 and the IC50 of drugs using the GDSC2 database, we found that high OAS3 expression might lead to resistance to BI-2536, GSK269962A, vorinostat, sorafenib, and BMS-754807. However, high OAS3 expression was negatively correlated with trametinib, sapitinib, SCH772984, selumetinib, and dasatinib. This finding provides a basis for selecting anti-tumour agents for patients in the future.
CONCLUSION
This study showed that OAS3 is highly expressed in various tumours, and high OAS3 expression is associated with poor survival outcomes. In addition, we demonstrated the association between OAS3 and the expression of immune-infiltrating cells, immune checkpoint genes, TMB, and MSI. OAS3 may influence tumour progression through immunosuppression. The evidence for the significant immunological utility of OAS3 as a prognostic and immunotherapeutic biomarker for pan-cancer provides compelling new insights into the potential development of future immunotherapeutic and diagnostic trials. Therefore, the findings of this study will contribute to the development of new therapeutic approaches for patients with cancer, improving their treatment and prognosis.
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Supplementary Figure 1 | Immunofluorescence staining of the subcellular distribution of OAS3 from the HPA database. We observed that OAS3 colocalised with ER and microtubule markers in A431, A549, and U-2 OS cells, suggesting the subcellular localisation of OAS3 in ER and microtubules.
Supplementary Figure 2 | Boxplots showing differential OAS3 expression levels (log2 TPM + 1) between pathological stages and DLBC, HNSC, KIRC, LIHC, LUSC, MESO, OV, PAAD, LUAD, SKCM, and UCS were positively correlated with the expression of OAS3. This finding suggests that OAS3 plays an important role in tumorigenesis. Only TCGA cancers with statistically significant differences between the pathological stages are presented.
Supplementary Figure 3 | Kaplan-Meier analysis for OS according to OAS3 expression. Only statistically significant cancers (p-value < 0.05) are listed.
Supplementary Figure 4 | Kaplan-Meier analysis for DFS according to OAS3 expression. Only statistically significant cancers (p-value < 0.05) are listed.
Supplementary Figure 5 | Kaplan-Meier analysis for DSS according to OAS3 expression. Only statistically significant cancers (p-value < 0.05) are listed.
Supplementary Figure 6 | The correlation between OAS3 and immune scores (A), ESTIMATEScore (B), and stromal scores (C) in pancancer.
Supplementary Figure 7 | Four methods were used to calculate the correlation between OAS3 and immune-related cells. Xcell (A), TIMER2 (B), CIBERSORT (C), and ImmuCellAI (D). The lower upper triangle of each square represented the magnitude of the p value of the correlation test, and the upper triangle represented the correlation coefficient (∗p < 0.05, ∗∗p < 0.01, ∗∗∗p < 0.001).
Supplementary Figure 8 | (A) OAS3 had a significant positive correlation with RNA methylation-related genes (m1A, m5C, and m6A) in most tumours. The lower upper triangle of each square represented the magnitude of the p value of the correlation test, and the upper triangle represented the correlation coefficient (∗p < 0.05, ∗∗p < 0.01, ∗∗∗p < 0.001). (B) A positive correlation was found between OAS3 and four immune pathway-related genes (receptor, MHC, immunoinhibitors, and immunostimulators) in many tumour types. The lower upper triangle of each square represented the magnitude of the p value of the correlation test, and the upper triangle represented the correlation coefficient (∗p < 0.05, ∗∗p < 0.01, ∗∗∗p < 0.001).
Supplementary Figure 9 | The correlation between the sensitivity of drugs in the Genomic of Drug Sensitivity in Cancer (GDSC) database (A), CTRP database (B), and mRNA expression of OAS3. The Pearson’s correlation indicates the correlation between gene expression and drugs sensitivity. Blue bubbles represented negative correlations, and red bubbles represented positive correlations; the deeper the color, the higher the correlation. The bubble size was positively correlated with the FDR significance.
Supplementary Figure 10 | Pathway analysis. The abscissa represents the distribution of the gene expression, and the ordinate represents the distribution of the pathway score. The density curve on the right represents the trend in distribution of pathway immune score, the upper density curve represents the trend in distribution of the gene expression. The value on the top represents the correlation p value, correlation coefficient and correlation calculation method.
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