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Background

Stomach adenocarcinoma (STAD) arises from the mutations of stomach cells and has poor overall survival. Chemotherapy is commonly indicated for patients with stomach cancer following surgical resection. The most prevalent alteration that affects cancer growth is N6-methyladenosine methylation (m6A), although the possible function of m6A in STAD prognosis is not recognized.



Method

The research measured predictive FRGs in BLCA samples from the TCGA and GEO datasets. Data on the stemness indices (mRNAsi), gene mutations, copy number variations (CNV), tumor mutation burden (TMB), and corresponding clinical characteristics were obtained from TCGA and GEO. STAD from TCGA and GEO at 24 m6A was investigated. Lasso regression was used to construct the prediction model to assess the m6A prognostic signals in STAD. In addition, the correlation between m6a and immune infiltration in STAD patients was discussed using GSVA and ssGSEA analysis. Based on these genes, GO and KEGG analyses were performed to identify key biological functions and key pathways.



Result

A significant relationship was discovered between numerous m6A clusters and the tumor immune microenvironment, as well as three m6A alteration patterns with different clinical outcomes. Furthermore, GSVA and ssGSEA showed that m6A clusters were significantly associated with immune infiltration in the STAD. The low-m6Ascore group had a lower immunotherapeutic response than the high-m6Ascore group. ICIs therapy was more effective in the group with a higher m6Ascore. Three writers (VIRMA, ZC3H13, and METTL3) showed significantly lower expression, whereas five authors (METTL14, METTL16, WTAP, RBM15, and RBM15B) showed considerably higher expression. Three readers (YTHDC2, YTHDF2, and LRPPRC) had higher levels of expression, whereas eleven readers (YTHDC1, YTHDF1, YTHDF3, HNRNPC, FMR1, HNRNPA2B1, IGFBP1, IGFBP2, IGFBP3, and RBMX) had lower levels. As can be observed, the various types of m6 encoders have varied ramifications for STAD control.



Conclusion

STAD occurrence and progression are linked to m6A-genes. Corresponding prognostic models help forecast the prognosis of STAD patients. m6A-genes and associated immune cell infiltration in the tumor microenvironment (TME) may serve as potential therapeutic targets in STAD, which requires further trials. In addition, the m6a-related gene signature offers a viable alternative to predict bladder cancer, and these m6A-genes show a prospective research area for STAD targeted treatment in the future.
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Introduction

Gastric cancer (GC) is the fifth most frequent cancer and the third major cause of cancer-related deaths globally. Stomach adenocarcinoma (STAD) is the most frequent histologic form of GC with rapid progression, and malignant GC accounts for 95 percent of all gastric tumors. Research has discovered that Helicobacter pylori infection is responsible for 90% of STAD cases (1). Many researchers have proposed that STAD could also be triggered by autoimmunity, bacteria, and their metabolites (2). STAD is now considered a collection of uncommon illnesses that risk human health (3), underlining the timely intervention of STAD (4). Chemotherapy is an important part of tumor treatment, but their cytotoxicity and potential adverse effects after long-term use will pose considerable issues for patients. Recurring usage of chemotherapy drugs is associated with tumor cell resistance, thereby compromising the curative impact (5). Moreover, the lack of precise biomarkers for early tumor diagnosis and restricted preclinical models result in unsatisfactory STAD therapeutic outcomes (6, 7). Therefore, there is a pressing need to identify novel and reliable biomarkers for the early identification and diagnosis of STAD.

There are 172 identified forms of RNA alterations, and the most common chemical modifications are m6A, m1A, and m5C. m6A is one of the most prevalent eukaryotic mRNA modifications (8). The m6A modification involves the methylation of adenosine’s sixth nitrogen atom, with Sadenosylmethionine, a cellular methyltransferase substrate, functioning as the methyl donor (9). Epigenetic regulation of cell development and differentiation has been linked to m6A and post-translational histone changes (10). m6A was the most prevalent internal epistemic RNA modification, and it was implicated with several biological functions such as RNA splicing, export, and translation (11, 12). M6A regulators, such as methyltransferases complex (“writers”), signal transducers (“readers”), and demethylases (“erasers”), control the m6A alterations (13). Different levels of m6A are associated with tumor stem cell self-renewal, cancer cell proliferation, and chemotherapy sensitivity in numerous studies (14, 15). Tumor stem cell self-renewal is stimulated by aberrant m6A, which contributes to tumor growth (16). Thus, a novel anticancer method based on restoring RNA methylation equilibrium in tumor cells was created (17, 18).

Numerous studies have shown that m6A regulators play an important role in tumor immune microenvironment control. FTO has a comparable antitumor effect on melanoma as a factor in anti-PD-1 resistance. The researchers expected that combining FTO inhibitors with anti-PD-1 inhibition would aid in the reduction of treatment resistance in melanoma patients. m6A alteration, as a reversible epigenetic change, should be addressed in the context of tumor therapy.



Materials and methods

We used the approaches proposed by Zi-Xuan Wu, et al. 2021 (19).


Datasets and PRGs

The TCGA was used to collect STAD gene and clinical data (20). 375 STADs and 32 normal data were registered in the TCGA on September 6, 2022. The GEO was searched for mRNA expression on September 6, 2022. Series: GSE84437. Platform: GPL6947-13512. The GEO was used to maintain 433 STAD cases (21) (Table 1). 24 m6A regulators were identified (22) (Table S1).


Table 1 | Patient clinical features.





DEGs and mutation rates

Perl matched and sorted transcription data to acquire exact mRNA data. The IDs were converted into gene names. FDR<0.05 and |log2FC|≥1 were utilized to assess a substantial change in m6a-genes expression. The relevance of differentially expressed m6a-genes was investigated (DEGs). Data on the simple nucleotide variation (SNP) and copy number variations (CNV) were obtained from TCGA. The R maftools package was used to evaluate and visualize the SNP mutation. The SNP2APA database was created to investigate the impact of SNPs and give OS across various cancer types. The EDGs and GEO data were subsequently merged from TCGA and matched to obtain m6a-genes. We examined this database for particular SNPs with predictive significance in STAD and investigated the connection between these SNPs and critical m6A-genes.



Tumor m6a classification based on the DEGs

Cluster analysis was performed using the Limma and ConsensusClusterPlus package, and the prognosis-related m6a-genes were separated into three clusters: clusters A, B and C. Survminer was used to study the survivability of m6a-genes, and survival was used to evaluate the predictive utility of m6a-genes. The limma was utilized to discover changes in particular genes between subtypes and tissue types.



GSEA analysis and cluster DEGs

GSEA was done in GEO and TCGA groups to compare the median level of three clusters’ expression to explore the biological signaling route. NES, gene ratio, and P-value were used to identify KEGG pathways with significant enrichment data. The enriched values (ssGSEA) of immune cells in both the 3 cohorts and the PCA methods were investigated. To test whether or not the prognosis model successfully divided patients into three groups. To assess a substantial change in m6a-genes expression, FDR<0.001 and |log2FC|≥1 were utilized. The relevance of differentially expressed m6a-genes was Cluster DEGs.



GO and KEGG analysis

Using GO and KEGG, the biological function and pathways linked with the DEGs were investigated. BP, MF, and CC regulated by differentially expressed m6a-genes were explored using R.



Prognostic signature and cluster

Every STAD patient’s risk score was evaluated. Lasso regression was associated with prognostic genes. These prognostic genes were subjected to cluster analysis to assess their respective expression in different clusters. Accordingly, the m6a-genes associated with prognosis were obtained after matching. M6a-DEGs were classified under two categories: low- or high-risk. Survival curves for the 2 categories were evaluated. To confirm the impact of clinical variables on this model, a nurse independent prediction analysis was performed. Risk and clinical interaction studies were made available.



Prognostic m6a-genes and immune cell infiltration

Tumor mutation load (TML) is a good predictor of immunotherapy response that count the amount of mutations per DNA megabase and detect alterations such as nucleotide insertions, base substitutions, and deletions. MSI is a molecular tumor characteristic that is distinguished by spontaneous nucleotide loss or gain from short tandem repeat DNA sequences. The association between m6a-genes Expression and TMB and MSI was explored.




Results


The m6A regulator landscape

M6A regulator mRNA expression changed between STAD and normal tissues (Figure 1A). The expression of each eraser (FTO, ALKBH5) was considerably increased in STAD tissues. Three writers (VIRMA, ZC3H13, and METTL3) revealed noticeably reduced expressions, whereas five writers (METTL14, METTL16, WTAP, RBM15, and RBM15B) displayed conspicuously high expressions. Three readers (YTHDC2, YTHDF2, and LRPPRC) were expressed at greater levels, while ten readers (YTHDC1, YTHDF1, YTHDF3, HNRNPC, FMR1, HNRNPA2B1, IGFBP1, IGFBP2, IGFBP3, and RBMX) were expressed at lower levels. The CNVs of the 23 m6A regulators were then summarized in STAD (Figure 1B). The results of the SNV analysis are shown as a circle graph (Figure 1C; Table S2). The m6A regulatory network represents an investigation into the expression correlation and prognostic significance of the 24 m6A regulators in STAD patients (Figure 1D; Table S3). To determine the hazard ratios (HRs) and PFS for the m6A regulators, a univariate Cox regression model was employed (Table S1). Consequently, ZC3H13, FTO, IGFBP1, IGFBP2, and IGFBP3 were identified as risk factors, whereas RBM15, HNRNPC, and HNRNPA2B1 were identified as protective factors. Furthermore, the frequency of m6A regulator mutations was lower than 7% (Figure 1E), indicating no relationship to tumor growth. Low expression of erasers, as prognostic variables, revealed that a reduction in m6A demethylation can inhibit the development of STAD. Upregulation of three STAD readers (YTHDC2, YTHDF2, and LRPPRC) is associated with poor prognosis. Table S2 contains a complete study of RNA expression and CNV.




Figure 1 | Landscape of genetic and expression variation. (A) The expression of m6A regulators. (B) The CNV variation frequency. (C) CNV Analysis (M6a shows a significant association with CNV in STAD). (D) The interaction between m6A regulators (The m6A regulatory network is a study of the expression correlation and prognostic importance of the 24 m6A regulators in STAD patients). (E) Waterfall plot of TMB (the frequency of m6A regulator mutations was lower than 7%). (*P < 0.05; **P < 0.01; ***P < 0.001).





Mutation and expression correlation, m6A survival analysis

ZC3H13 is the gene with the highest mutation rate (Figure 1E), based on which grouping analysis was performed. There was significant variability in four genes (HNRNPC, YTHDC2, YTHDF3 and ZC3H13) (Figure 2A). In terms of survival analysis, all these m6a-genes correlated with the prognosis of STAD, suggesting a strong relationship between m6a-genes on the progression of STAD and the survival status of patients (Figure 2B).




Figure 2 | Mutation and expression correlation. (A) Mutation and expression (There was considerable variation in four genes (HNRNPC, YTHDC2, YTHDF3, and ZC3H13). (B) m6A survival analysis (All of these m6a-genes were associated with STAD prognosis.).





Tumor classification and immune cells

When k was 3, intraorganizational links were strongest and intergenerational connections were weakest (Figure 3A). The PCA efficiently classified STAD’s individuals with various dangers into three basic categories (Figure 3B). A heatmap reflects both the m6a genes and clinical characteristics (Figure 3C). M6a Clusters were employed in survival research to investigate PRG predictive capacity, and Cluster C had a greater survival rate (P=0.005; Figure 3D; Table S4). The enriched values of immune cells in both 3 cohorts were studied. The variability between the three groups was highly significant except for two cells(CD56dim.natural.killer.cell and Eosinophil) (Figure 3E). The functional enrichment of m6a-genes was determined using GSEA (Figures 4A, B). These genes were associated with RNA and Methylation.




Figure 3 | Tumor classification and Immune cells. (A) The consensus (When k was 3, intraorganizational ties were the greatest and intergenerational relationships were the lowest). (B) PCA (The patients were separated into three groups based on their level of risk). (C) Heatmap. (D) Kaplan-Meier OS curves (Cluster C had a greater survival rate). (E) Enriched values of immune cells (Except for CD56dim.natural.killer.cell and Eosinophil, the variability across the three groups was extremely significant). (na P > 0.05; **P < 0.01; ***P < 0.001).






Figure 4 | GSEA. (A) GO. (B) KEGG. These genes were associated with RNA and Methylation.





Cluster variance analysis and differential gene identification

To further analyse the differential expression of the m6a gene in these clusters, a differential analysis (Figures 5A, B) was performed. When k was 3, intraorganizational links were strongest and intergenerational connections were weakest (Figure 5C). DEGs were employed in survival research to investigate Cluster DEGs’ predictive potential, and Cluster B had a greater survival rate (P=0.004; Figure 5D). A heatmap reflects both the Cluster DEGs and clinical characteristics (Figure 5E).




Figure 5 | Cluster variance analysis and DEGs. (A) VNN (Correlation of differential expression of m6a gene among the three clusters). (B) Boxplot. (C) The consensus (When k was 3, intraorganizational links were strongest and intergenerational connections were weakest). (D) Kaplan-Meier OS curves (Cluster B had a greater survival rate). (E) Heatmap.





GO and KEGG analysis

GO analysis revealed 707 core targets. The MF mainly involves signaling transcription coregulator activity (GO:0003712), ATPase activity (GO:0016887), catalytic activity, and acting on RNA (GO:0140098). The CC mainly involves the mitochondrial inner membrane (GO:0005743), mitochondrial matrix (GO:0005759), nuclear envelope (GO:0005635). The BP mainly involves the regulation of cellular amide metabolic process (GO:0034248), LncRNA metabolic process (GO:0034660), organelle fission (GO:0048285). Furthermore, KEGG analysis was used to identify the primary signaling pathways, which indicated that Cluster DEGs were mostly engaged in the Amyotrophic lateral sclerosis (hsa05014), Spliceosome (hsa03040), Cell cycle (hsa04110) (Figure 6; Tables S5, 6).




Figure 6 | Enrichment analysis. (A): GO. (B): KEGG.





m6A score construction

We created the m6Ascore, a set of scoring methods for assessing the m6A modification pattern of individual STAD patients, in response to the demand for more reliable and clear models for immunotherapy prediction based on these phenotype-related genes. Although survival analysis indicated two distinct prognoses, the cluster of m6A regulators and CEGs were separated into three groups. As a consequence, CEG PCA was used to distinguish between high and low m6Ascores. The high-m6Ascore group had a better prognosis than the low-m6Ascore group based on the results of the Kaplan-Meier survival analysis (Figure 7A). The relationships between m6A regulator clusters, immunological clusters, gene clusters, and m6Ascore groups were studied. It is evident that the relationships between the different m6a and gene clusters are intricate and their correspondence with survival states is not one-to-one. Cluster B has a higher probability of survival state (Figure 7B). In addition, as seen in the figure, multiple m6A-genes in STAD were significantly correlated with T and B cells, suggesting that m6A-genes affect immune cells and thus the development of STAD (Figure 7C). The greatest m6Ascore was found in m6A regulators cluster B, whereas the lowest m6Ascore was found in m6A regulators cluster A. (Figure 7D). Gene cluster C had the highest m6Ascore (Figure 7E).




Figure 7 | M6A Score Construction. (A) Survival (The high-m6Ascore group fared better than the low-m6Ascore group). (B) Ggalluvial plot. (C) Immune cells and prognosis m6A-genes. (D) m6A regulators cluster (The highest m6Ascore was discovered in the m6A regulators cluster B, whereas the lowest m6Ascore was discovered in the m6A regulators cluster A). (E) Gene cluster.





TMB score construction

We also created the TMBscore, a set of scoring methods for measuring the pattern of gene mutations in specific STAD patients. The greater Tumor Burden Mutation was found in low in m6Ascore.group (Figure 8A). Tumor Burden Mutation is negatively correlated with m6Ascore. It can be seen that m6Ascore is not a good predictor of gene mutations in STAD patients (Figure 8B). To test the predictability of TMB, a survival investigation was performed, and H-TMB had a greater chance of survival (Figure 8C). However, there was no difference in the survival analysis between TMB and m6Ascore (Figure 8D). Furthermore, separate analyses were carried out for high and low mutations based on the three groups of mutated genes. The gene mutation status was shown with a waterfall plot. The overall average mutation frequency of DEGs in the prognostic model ranged from 20 to 55% and 10 to 44%, suggesting that STAD mutations might be associated with the deregulation of critical genes (Figures 8E, F). The clinical data were incorporated to predict survival for the grouping of mutations. Mortality was higher and significantly different when the m6ascore increased. In addition, according to the risk assessment of survival, the survival rate was 51% in the low risk group compared to 41% in the high scoring risk group (Figures 8G, H).




Figure 8 | TMB Score Construction. (A) TMB of m6Ascore.group. (B) Tumor Burden Mutation with m6Ascore. (C) TMB.survival. (D) TMB-score.survival. (E) High mutations. (F) Low mutations. (G, H) Survival investigation.





M6A regulation and immunotherapy

Immunotherapy is a significant advancement in cancer treatment. The correlation of m6A modification with the impact of tumor immunotherapy based on the association between m6A alteration and immune cell infiltration in STAD was evaluated. There was no difference in tumor staging between T1-T2, while the difference between T3-4 was significant (Figures 9A, B). Anti-PD-1/L1 immunotherapy provided substantial therapeutic benefits and clinical response in individuals with two m6Ascore compared. Furthermore, patients with a low m6Ascore had considerably higher CD274 expression, indicating a possible successful response to anti-PD-1/L1 immunotherapy (Figure 9C). Significant difference in the analysis of immunotherapy results when ctla4 is positive and pd1 is negative or ctla4 is negative and pd1 is positive (Figures 9D–G). MSI demonstrates that m6Ascore expression is highest in MSS at both high and low risk groups (Figures 9H, I). The tumor composed of a complicated TME. New data demonstrates its crucial involvement in tumor development, immune escape, and immunotherapy response. We found several various tumor immune phenotypes in this study by parsing the TME landscape heterogeneity and complexity, which will also increase the capacity of the results of this investigation to advise and forecast immunotherapy reactivity.




Figure 9 | (A) T1-T2. (B) T3-4. (C) Anti-PD-1/L1 immunotherapy. (D) ips_ctla4_neg_pd1_neg. (E) ips_ctla4_neg_pd1_pos. (F) ips_ctla4_pos_pd1_neg. (G) ips_ctla4_pos_pd1_pos. (H, I) MSI analysis.






Discussion

The clinical management of STAD is a serious clinical concern due to rapid disease progression and poor prognosis. The level of precision medicine for STAD is hampered by a lack of effective tumor-killing initiators and selective tumor-targeting therapeutic medicines (23). A recent study found that alterations of the mechanism of programmed tumor cell death may potentiate the targeted therapeutic impact of STAD (24). Thus, early identification and diagnosis of the illness are essential. m6A is the most common internal alteration of mRNAs in all higher eukaryotes, and it is methodically regulated by a slew of ‘writers,’ ‘erasers,’ and ‘readers.’ (15) The alteration of m6A affects cancer processing. m6A controls cellular proliferation and maturation, both of which are linked to cancer genesis (13). Evidence shows that abnormal m6A methylation may promote cancer development by upregulating oncogenes and suppressing tumor suppressor genes and that m6A RNA methylation can be altered by the expression of m6A regulators and the activity of m6A enzymes, further impacting tumor progression (25). Based on the interactions of m6A regulators in STAD, the tendencies of m6A readers, writers, and erasers were determined. All erasers’ expression levels were reduced, whereas the majority of readers’ expression levels were considerably increased. This pattern shows that STAD aided in the methylation of m6A RNA. Furthermore, these variables control immune cell infiltration in STAD (26).

Two “writer” genes, METTL3 and METTL14, were shown to have opposing expression patterns in cancers compared to normal indicating that METTL3 and METTL14 functioned as a complex regulator in STAD. Furthermore, the link between m6a-genes, immune cell infiltration and immune checkpoint therapy was investigated. Recent studies have discovered a relationship between RNA modifications mechanisms and anticancer immunity (27). In the last decade, immune checkpoint inhibitors (ICIs) have revolutionized cancer treatment. In ICI-resistant cancers, activation of pyroptosis, ferroptosis, and necroptosis resulted in synergistically improved anticancer efficiency (28). However, there are few studies on the impact of m6a on ICIs. Many patients are resistant to immune checkpoint blockade (ICB) therapy, and multiple pathologic processes are regulated by m6A in RNA (29). According to Na Li’s findings, tumors are more susceptible to cancer immunotherapy in the absence of the m6A demethylase Alkbh5. The inhibitor of Alkbh5 has been shown to improve the effectiveness of cancer immunotherapy (30). Anti-PD-1/L1 immunotherapy offers significant therapeutic benefits and clinical response in persons with two m6Ascores assessed in the present study. Furthermore, patients with a low m6Ascore had significantly increased CD274 expression, indicating that anti-PD-1/L1 immunotherapy might be effective. According to a recent study, METTL3 plays a critical role in several forms of cancer. The abnormal m6A mutation in large intestine cancer was shown to be induced by overexpression of METTL3, which has been linked to tumor spread (31), and METTL3 was downregulated in STAD tissues in this investigation. Moreover, METTL3 has been shown to be oncogenic in the majority of malignancies and to be a tumor suppressor in RCC, bladder cancer, and glioblastoma stem cell (32). Diverse groups have demonstrated that METTL3 has either oncogenic or tumor-suppressive properties, which may be explained by tumor heterogeneity and/or diverse model systems used in the study, and further research is required to gain a better understanding.

KEGG analysis found that the genes were primarily involved in the mRNA surveillance pathway. The NMD mRNA surveillance pathway downregulates aberrant E-cadherin transcripts in gastric cancer cells and in CDH1 mutation carriers. In GSVA, the hedgehog signaling pathway was the most significantly enriched pathway. Smo and Gli1 genes are components of the hedgehog signaling pathway, and their over-expression may trigger STAD. The degree of expression is linked to the stage and severity of STAD (33). Furthermore, studies have shown that Hedgehog-interacting protein (HHIP) may inhibit the growth and proliferation of STAD cell lines by blocking Hedgehog signal transduction, which may serve as a new biological marker for STAD and a new approach for STAD treatment by targeting the drug target of HHIP formation (34). Overactivation of the hedgehog pathway is linked to the occurrence and progression of STAD, and specific targeted therapy targeting this pathway shows good potential as an effective measure for the clinical management of STAD (35).M6A genes may influence STAD cell migration and proliferation via modulating the nod like receptor signaling pathway.

This study examined numerous features of STAD using cluster analysis. The expression of 24 m6A regulators was divided into three unique patterns. Interactions between m6A regulators might result in m6A methylation or demethylation. The m6A regulator clusters indicated that tumor cells control their activity by different RNA regulation patterns. Survival disparities in diverse patterns suggest that m6A regulatory patterns have a major influence on STAD patients’ survival. However, classification of m6A regulators into three categories is insufficient to accurately reflect patient prognosis. As a result, the m6Ascore was developed to differentiate the m6A expression patterns and directly predict prognosis. In our investigation, the m6Ascore was linked to the impact of immunotherapy. Individuals with a low m6Ascore had a better prognosis than those who did not get immunotherapy. The higher mutation rate of the low m6Ascore group, along with the release of SNV neoantigens and ITH, might explain this result. The higher the mutation rate in tumor tissue, the more immunogenicity that has been stored is released, and treatment efficacy improves. As a result of the discovery of novel ICIs targeting CTLA4 and PD1, which are generated by activated T cells, neoantigens have emerged as important tumor antigens for the human immune system. However, other researchers observed an inverse association between ITH and the immune checkpoint response in liver cancer. Patients with significant tumor heterogeneity responded favorably to immunotherapy. The reason may be that tumor heterogeneity reacts differently to immunoreactivity, whereas tumor heterogeneity does not necessarily determine immunotherapy response.

The tumor part was composed of a complex TME. As the understanding of the diversity and complexity of the tumor microenvironment deepens, emerging evidence reveals its critical role in the tumor progression, immune escape, and its effect on response to immunotherapy (36). Based on the link between m6A change and immune cell infiltration in STAD, the correlation of m6A modification with the impact of tumor immunotherapy was investigated. Patients with a low m6Ascore had significantly increased CD274 expression, indicating the effectiveness of anti-PD-1/L1 immunotherapy. There is a significant difference in immunotherapy outcomes when ctla4 is positive and pd1 is negative or when ctla4 is negative and pd1 is positive. According to MSI, m6Ascore expression is the greatest in MSS at both high and low risk. Therefore, this study comprehensively through parsing the TME landscape heterogeneity and complexity, we identified some different tumor immune phenotypes, which may also provide benefits to guide and predict the reactivity of immunotherapy.

The relationship between m6a and STAD has been marginally explored. Currently, four papers have used bioinformatics analysis to explore the relationship between m6a and STAD (37–40). Yao Qi et al. observed the expression of METTL14 in STAD by bioinformatics and immunohistochemistry assays. METTL14 expression was substantially downregulated in STAD, reflecting the contribution of major tumors in STAD, progression of TNM staging and poor OS. Furthermore, the inhibitory effects of METTL14 on STAD cell proliferation, migration and invasion have been demonstrated in in vitro experiments. Na Luo et al. identified a 10-gene signature based on probable predictive m6a regulatory genes, and these genes (METTL3, WTAP, RBM15, RBM15B, YTHDC2, YTHDF2, HNRNPC, FMR1, LRPPRC, and RBMX) were found to be negatively associated with STAD clinical stage. 23 m6a genes were found in STAD Prognosis by Zhang Meijing et al.

The uniqueness of the study is as follows. First, the current study complemented prior papers with additional FRG data from the TCGA database, which is constantly updated. Second, TCGA data were used as the primary analysis, with GEO data included into the common pattern for model validation. Third, to strengthen the credibility of the results, several databases were employed to measure immune cells and function.

Our analysis has the following limitations: (1) the present study did not obtain sufficient different data sources from other publicly available sites to validate the model’s trustworthiness. (2) The functional enrichment processes at work in the regulatory networks of various risk groups were explored, but their specific mechanisms in permitting m6A require more investigation to confirm the current findings. (3) The prediction model created in this study must be externally and practically validated.



Conclusions

We discovered three distinct m6A regulatory patterns for STAD, as well as transcriptome and immune infiltration characteristics in distinct m6A regulatory patterns. The current study specifies the functions of m6A regulators and explains the underlying causes of different clinical outcomes and immunotherapy responses in different m6A regulatory patterns. A detailed investigation of individual m6A regulation patterns will contribute to the formulation of personalized immunotherapy treatments for STAD patients and provide a better understanding of STAD immune-cell characterization.

Furthermore, the goal of this work is to discover and thoroughly profile the gene signatures of m6A-related regulators in STAD. The many m6A alteration patterns contributed significantly to the TME’s variety and complexity. A predictive model was also created based on the m6a gene signature, which might predict the clinical course of STAD. Our findings suggest that the m6A genes are promising prognostic markers that might give new insights into STAD treatment options and guide successful immunotherapy.



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

JY and ZW drafted and revised the manuscript. JY and XW revised the manuscript. SC and XW were in charge of data collection. JZ and XX conceived and designed this article, in charge of syntax modification and revised of the manuscript. All authors contributed to the article and approved the submitted version.



Funding

1. Hunan Province Traditional Chinese Medicine Research Program (NO.2021211); 2. First-class Discipline Project on Chinese Pharmacology of Hunan University of Chinese Medicine (No. 201803).



Acknowledgments

Thanks for your thoughtful remarks, reviewers and editors.



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/fonc.2022.1050288/full#supplementary-material



Abbreviations

STAD, Stomach adenocarcinoma; m6A, N6-methyladenosine methylation; CNV, copy number variations; MF, molecular functions; ICIs, immune checkpoint inhibitors; TML, Tumor mutation load; GSEA, gene set enrichment analyses; TCGA, The Cancer Genome Atlas; SNP, simple nucleotide variation; BP, Biological processes; CC, cellular components; OS, overall survival; GEO, Gene Expression Omnibus; DEGs, differentially expressed genes; KEGG, Kyoto Encyclopedia of Genes and Genomes.



References

1. Aydin, E. M, Demir, TD, Seymen, N, Said, SS, Oktem-Okullu, S, Tiftikci, A, et al. The crosstalk between h. pylori virulence factors and the PD1:PD-L1 immune checkpoint inhibitors in progression to gastric cancer. Immunol Lett (2021) 239:1–11. doi: 10.1016/j.imlet.2021.06.009

2. Mimura, K, Kua, LF, Xiao, JF, Asuncion, BR, Nakayama, Y, Syn, N, et al. Combined inhibition of PD-1/PD-L1, lag-3, and Tim-3 axes augments antitumor immunity in gastric cancer-T cell coculture models. Gastric Cancer (2021) 24(3). doi: 10.1007/s10120-020-01151-8

3. Yee, NS, Lengerich, EJ, Schmitz, KH, Maranki, JL, Gusani, NJ, Tchelebi, L, et al. Frontiers in gastrointestinal oncology: Advances in multi-disciplinary patient care. Biomedicines (2018) 6(2):611–23. doi: 10.3390/biomedicines6020064

4. Lee, HE, Smyrk, TC, and Zhang, L. Histologic and immunohistochemical differences between hereditary and sporadic diffuse gastric carcinoma. Hum Pathol (2018) 74. doi: 10.1016/j.humpath.2017.12.023

5. Schinzari, G, Cassano, A, Orlandi, A, Basso, M, and Barone, C. Targeted therapy in advanced gastric carcinoma: the future is beginning. Curr Med Chem (2014) 21(8):1026–38. doi: 10.2174/0929867321666131129124054

6. Machlowska, J, Baj, J, Sitarz, M, Maciejewski, R, and Sitarz, R. Gastric cancer: Epidemiology, risk factors, classification, genomic characteristics and treatment strategies. Int J Mol Sci (2020) 21(11). doi: 10.3390/ijms21114012

7. Bizzaro, N, Antico, A, and Villalta, D. Autoimmunity and gastric cancer. Int J Mol Sci (2018) 19(2). doi: 10.3390/ijms19020377

8. Xu, Z, Chen, Q, Shu, L, Zhang, C, Liu, W, and Wang, P. Expression profiles of m6A RNA methylation regulators, PD-L1 and immune infiltrates in gastric cancer. Front Oncol (2022) 12. doi: 10.3389/fonc.2022.970367

9. Chen, S, Su, X, Wang, J, Zheng, N, Tang, Y, Peng, G, et al. Identification and validation of METTL3-related molecules for predicting prognosis and efficacy of immunotherapy in gastric cancer based on m6A methylome and transcriptome sequencing analysis. Front Oncol (2022) 12. doi: 10.3389/fonc.2022.935239

10. Yu, J, Mao, W, Sun, S, Hu, Q, Wang, C, Xu, Z, et al. Identification of an m6A-related lncRNA signature for predicting the prognosis in patients with kidney renal clear cell carcinoma. Front Oncol (2021) 11:663263. doi: 10.3389/fonc.2021.663263

11. Nian, L, and Tao, P. N6-methyladenosine-encoded epitranscriptomics. Nat Struct Mol Biol (2016) 23:98–102. doi: 10.1038/nsmb.3162

12. Zhao, BS, Roundtree, IA, and He, C. Post-transcriptional gene regulation by mRNA modifications. Nat Rev Mol Cell Biol (2017) 18(1):31–42. doi: 10.1038/nrm.2016.132

13. Zaccara, S, Ries, RJ, and Jaffrey, SR. Reading, writing and erasing mRNA methylation. Nat Rev Mol Cell Biol (2019) 20(10):608–24. doi: 10.1038/s41580-019-0168-5

14. Zheng, J, Guo, J, Cao, B, Zhou, Y, and Tong, J. Identification and validation of lncRNAs involved in m6A regulation for patients with ovarian cancer. Cancer Cell Int (2021) 21(1):363. doi: 10.1186/s12935-021-02076-7

15. Wang, T, Kong, S, Tao, M, and Ju, S. The potential role of RNA N6-methyladenosine in cancer progression. Mol Cancer (2020) 19(1):88. doi: 10.1186/s12943-020-01204-7

16. Ma, JZ, Yang, F, Zhou, CC, Liu, F, Yuan, JH, Wang, F, et al. METTL14 suppresses the metastatic potential of hepatocellular carcinoma by modulating N6-methyladenosine-dependent primary MicroRNA processing. Hepatology (2017) 65(2):529–43. doi: 10.1002/hep.28885

17. Wang, S, Chai, P, Jia, R, and Jia, R. Novel insights on m6A RNA methylation in tumorigenesis: A double-edged sword. Mol Cancer (2018) 17(1):101. doi: 10.1186/s12943-018-0847-4

18. He, L, Li, J, Wang, X, Ying, Y, Xie, H, Yan, H, et al. The dual role of N6-methyladenosine modification of RNAs is involved in human cancers. J Cell Mol Med (2018) 22(10):4630–39. doi: 10.1111/jcmm.13804

19. Wu, ZX, Huang, X, Cai, MJ, Huang, PD, and Guan, Z. Development and validation of a prognostic index based on genes participating in autophagy in patients with lung adenocarcinoma. Front Oncol (2021) 11:799759. doi: 10.3389/fonc.2021.799759

20. Wang, Z, Jensen, MA, and Zenklusen, JC. A practical guide to the cancer genome atlas (TCGA). Methods Mol Biol (2016) 1418:111–41. doi: 10.1007/978-1-4939-3578-9_6

21. Barrett, T, Wilhite, SE, Ledoux, P, Evangelista, C, Kim, IF, Tomashevsky, M, et al. NCBI GEO: archive for functional genomics data sets–update. Nucleic Acids Res (2013) 41(Database issue):D991–5. doi: 10.1093/nar/gks1193

22. Xu, D, Ji, Z, and Qiang, L. Molecular characteristics, clinical implication, and cancer immunity interactions of pyroptosis-related genes in breast cancer. Front Med (Lausanne) (2021) 8:702638. doi: 10.3389/fmed.2021.702638

23. Wang, X, Xu, K, Liao, X, Rao, J, Huang, K, Gao, J, et al. Construction of a survival nomogram for gastric cancer based on the cancer genome atlas of m6A-related genes. Front Genet (2022) 13. doi: 10.3389/fgene.2022.936658

24. Xie, Y-H, Chen, Y-X, and Fang, J-Y. Comprehensive review of targeted therapy for colorectal cancer. Signal Transduct Target Ther (2020) 5(1):22. doi: 10.1038/s41392-020-0116-z

25. Huang, J, Song, J, Li, X, Liu, S, Huang, W, Shen, Z, et al. Analysis and prognostic significance of tumour immune infiltrates and immune microenvironment of m6A-related lncRNAs in patients with gastric cancer. BMC Med Genomics (2022) 15(1):164. doi: 10.1186/s12920-022-01318-5

26. Dai, D, Wang, H, Zhu, H, Jin, L, and Wang, X. N6-methyladenosine links RNA metabolism to cancer progression. Cell Death Dis (2018) 9(2):124. doi: 10.1038/s41419-017-0129-x

27. Li, X, Ma, S, Deng, Y, Yi, P, and Yu, J. Targeting the RNA m(6)A modification for cancer immunotherapy. Mol Cancer (2022) 21(1):76. doi: 10.1186/s12943-022-01558-0

28. Hsu, SK, Li, CY, Lin, IL, Syue, WJ, Chen, YF, Cheng, KC, et al. Inflammation-related pyroptosis, a novel programmed cell death pathway, and its crosstalk with immune therapy in cancer treatment. Theranostics (2021) 11(18):8813–35. doi: 10.7150/thno.62521

29. Yan, G, An, Y, Xu, B, Wang, N, Sun, X, and Sun, M. Potential impact of ALKBH5 and YTHDF1 on tumor immunity in colon adenocarcinoma. Front Oncol (2021) 11:670490. doi: 10.3389/fonc.2021.670490

30. Li, N, Kang, Y, Wang, L, Huff, S, Tang, R, Hui, H, et al. ALKBH5 regulates anti-PD-1 therapy response by modulating lactate and suppressive immune cell accumulation in tumor microenvironment. Proc Natl Acad Sci USA (2020) 117(33):20159–70. doi: 10.1073/pnas.1918986117

31. Raj, N, Wang, M, Seoane, JA, Zhao, RL, Kaiser, AM, Moonie, NA, et al. The Mettl3 epitranscriptomic writer amplifies p53 stress responses. Mol Cell (2022) 82(13):2370–84. doi: 10.1016/j.molcel.2022.04.010

32. Ye, H, Chen, T, Zeng, Z, He, B, Yang, Q, Pan, Q, et al. The m6A writers regulated by the IL-6/STAT3 inflammatory pathway facilitate cancer cell stemness in cholangiocarcinoma. Cancer Biol Med (2022) 19(03):343–57. doi: 10.20892/j.issn.2095-3941.2020.0661

33. Abdel-Rahman, O. Hedgehog pathway aberrations and gastric cancer; evaluation of prognostic impact and exploration of therapeutic potentials. Tumor Biol (2015) 36(3):1367–74. doi: 10.1007/s13277-015-3216-6

34. Xu, Y, Song, S, Wang, Z, and Ajani, JA. The role of hedgehog signaling in gastric cancer: molecular mechanisms, clinical potential, and perspective. Cell Commun Signaling (2019) 17(6):157. doi: 10.1186/s12964-019-0479-3

35. Akyala, AI, and Peppelenbosch, MP. Gastric cancer and hedgehog signaling pathway: emerging new paradigms. Genes Cancer (2018) 9(1-2):1–10. doi: 10.18632/genesandcancer.168

36. Zhang, B, Wu, Q, Li, B, Wang, D, Wang, L, and Zhou, YL. M(6)A regulator-mediated methylation modification patterns and tumor microenvironment infiltration characterization in gastric cancer. Mol Cancer (2020) 19(1):53. doi: 10.1186/s12943-020-01170-0

37. Yao, Q, He, L, Gao, X, Tang, N, Lin, L, Yu, X, et al. The m6A methyltransferase METTL14-mediated N6-methyladenosine modification of PTEN mRNA inhibits tumor growth and metastasis in stomach adenocarcinoma. Front Oncol (2021) 11:699749. doi: 10.3389/fonc.2021.699749

38. Jiang, L, Li, Y, He, Y, Wei, D, Yan, L, and Wen, H. Knockdown of m6A reader IGF2BP3 inhibited hypoxia-induced cell migration and angiogenesis by regulating hypoxia inducible factor-1alpha in stomach cancer. Front Oncol (2021) 11:711207. doi: 10.3389/fonc.2021.711207

39. Luo, N, Fu, M, Zhang, Y, Li, X, Zhu, W, Yang, F, et al. Prognostic role of M6A-associated immune genes and cluster-related tumor microenvironment analysis: A multi-omics practice in stomach adenocarcinoma. Front Cell Dev Biol (2022) 10:935135. doi: 10.3389/fcell.2022.935135

40. Meijing, Z, Tianhang, L, and Biao, Y. N6-methyladenosine modification patterns and tumor microenvironment immune characteristics associated with clinical prognosis analysis in stomach adenocarcinoma. Front Cell Dev Biol (2022) 10:913307. doi: 10.3389/fcell.2022.913307



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 © 2022 Yang, Wu, Wu, Chen, Xia and Zeng. 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/fonc-12-1050288-g005.jpg
consensus matrix k=3

geneCluster E5 A £2 B E3 C

13
1
Q
0
3

12
8
5
1

2

geneCluster
10
14
3
1
0

T8 o o W
3

1259

m uoissaldxe aus

Time(years)

0.004

p
Number at risk
2
1
1

JMqeqold [eAIAIN

1.00]
0504
0.00:

) o
2 &
S o
£ S Js1sn|0aueb






OEBPS/Images/fonc-12-1050288-g003.jpg
soo

‘)ﬁ (o

il
i |

[ 5 o | | | |
e ‘ o | e

| il
|

m6Acluster

B
-—C

o

Survival probability
o

o

S 4
POy S P AT

m6Acluster






OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        Constructing and validating of m6a-related genes prognostic signature for stomach adenocarcinoma and immune infiltration: Potential biomarkers for predicting the overall survival

      

        		

          Background

        



        		

          Method

        



        		

          Result

        



        		

          Conclusion

        



        		

          Introduction

        



        		

          Materials and methods

        

          		

            Datasets and PRGs

          



          		

            DEGs and mutation rates

          



          		

            Tumor m6a classification based on the DEGs

          



          		

            GSEA analysis and cluster DEGs

          



          		

            GO and KEGG analysis

          



          		

            Prognostic signature and cluster

          



          		

            Prognostic m6a-genes and immune cell infiltration

          



        



        



        		

          Results

        

          		

            The m6A regulator landscape

          



          		

            Mutation and expression correlation, m6A survival analysis

          



          		

            Tumor classification and immune cells

          



          		

            Cluster variance analysis and differential gene identification

          



          		

            GO and KEGG analysis

          



          		

            m6A score construction

          



          		

            TMB score construction

          



          		

            M6A regulation and immunotherapy

          



        



        



        		

          Discussion

        



        		

          Conclusions

        



        		

          Data availability statement

        



        		

          Author contributions

        



        		

          Funding

        



        		

          Acknowledgments

        



        		

          Conflict of interest

        



        		

          Supplementary material

        



        		

          Abbreviations

        



        		

          References

        



      



      



    



  



OEBPS/Images/fonc-12-1050288-g008.jpg
A B C o D
— - RS —
méascore B Lov B Hon . = eTUBLmeAsors
- o075 - . = s
130-10 Z - L TiB-maAsre
e
I 1 2 H
40 4 3
s w0 8 § :
H 5 5 o0s0 g osof --
§ * 5 T =
H 5 neClustor g g
5 i : i e .
H 5= . A s s
= . 3 .8 025 025
5 s = &
€20 2 .c
a 3
5 H ;
£ " 000 : ; 000
10 o 1 2 3 4 5 ] 7 8 9 10 T T 3 3 p3 T L3 7 T T )
Time(years) Time(years)
o + Number at risk Nurmber at risk
T H-meAscore
Low High 7 5 e > HTMB]132 86 40 18 9 5 3 0 0 0 0 o] @ 2 ¥ 4 403 2 8 8 3 8
mAscore L-TMB{220 136 58 27 12 8 3 2 2 2 1 Bme ®moy: 31110
E F 0123‘}(5?759“’ 6 1 2 3 4 5 6 7 & 5 10
ime(years) Time(years)
Altered in 142 (86.06%) of 165 samples.
o G H
i 8 v 100
g - Fustat B8 Dead B Alve
B . o ot sames R o ctsmpin
v e 5o 0016
TP53 e a00 N P53 aaos
mucts ] 19% mucts 0%
LRP1B I 2u% LRP1B 30% 20
ARIDIA | | Im % ARIDIA 3% 7
CsMD3 (1] 2% CsmD3 27% -
sme bl pre e ST | 20%
A R AR L l | o rarsfild T 1 2% ,0 B
Fe il | | | {1} | | 16% Feliil] | | Il 1 [21% 5
reofiinim | 1% W roLoff [ 2% . ® 2 Fustat
HMONT | | 11 | || 10 12% HMONT | |20% 8 2
Zerxd | e | |10% e fll] 2% 8 o z 0 [l e
ACVR2A | | | 5% M ACVR2A I (L 2% & 8 | EXT
oS | | 12% ONAHS, | [z 2 b
oBscN TR e oBscN I i 7%
RYR2 || L 12% Rvrzl| || 21% -10
sPTAT 1% sPTAT 4
FaTa | 1% Fara -
csmot L1 5% csmp1 18% 20
KMTZD | 1 Wit os kurzo i1 1 | [20% e
.
= Missense_Mutation » Frame_Sht Del  mBAscore = Missense_Mutation  In_Frame Del moAscore
 Nonsense_Mutation ~ In_Frame_Del = High  Frame_Shft Del = Frame_Shit_ins. » High Dead Alive
= Frame_Shit Ins @ Muli_Hit « Low = Nonserise_Mutation ® Muli_Fit - Low Fustat L
ow o

RASCONS





OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/fonc-12-1050288-g006.jpg
via transesterification reactions with bulged adenosine as nucleophile {

RNA splicing, via transesterification reactions
ribonucleoprotein complex biogenesis

structural constituent of nuclear pore

Nucleocytoplasmic transport
Spliceosome

mRNA surveillance pathway

DNA replication

Nucleotide excision repair

Base excision repair

Basal transcription factors

RNA degradation

Ribosome biogenesis in eukaryotes:
Mismatch repair

RNA polymerase

Cell cycle

Amyotrophic lateral sclerosis:
Homologous recombination

Aminoacyl-tRNA biosynthesis

RNA splicing
RNA localization

mRNA splicing, via spliceosome {

ncRNA metabolic process

nuclear export
RNA export from nucleus
ncRNA processing

nuclear pore
host cellular component

RNA splicing

ribonucleoprotein complex biogenesis

ncRNA metabolic process:

via transesterification reactions with bulged adenosine as nucleophile
mRNA splicing, via spliceosome

RNA splicing, via transesterification reactions:

ncRNA processing

RNA localization

nuclear export

RNA export from nucleus:

nuclear envelope
nuclear speck

host cell qualue chromosomal region

nuclear chromasome

nuclear envelope 5.0e-06 transferase Complex. Fansleming

nuclear chromosome phosphorus-containing groups

nuclear speck | 8 1.0e-05 TUERI he

chromosomal fegion 150-05 host cellular component
transferase compTex??rans ing host cell
2905 nucleoid

phosphorusfcontainin%&g?eu&a
mitochondrial nucleoid

catalytic activity, acting on RNA

helicase activity

ATPase activity {

transcription coregulator activity
transcription coactivator acti

histone binding

catalytic activity, acting on DNA

RNA helicase activity

nuclear receptor coactivator activity

0 20 40 60 80

o

10 20 30

mitochondrial nucleoid

catalytic activity, acting on RNA
ATPase activity

transcription coregulator activity
transcription coactivator activity
histone binding

helicase activity

catalytic activity, acting on DNA
RNA helicase activity

structural constituent of nuclear pore

nuclear receptor coactivator activity @

@
S
Q
o

®

®

i
=
E

[

4

0.026.050.078.100
GeneRatio

Count
® 20
@ «©
@
[ X3

qvalue

5.0e-06
1.0e-05
15e-05
2.0e-05

Nucleocytoplasmic transport
Amyotrophic lateral sclerosis:
spliceosome
mRNA surveillance pathway
Ribosome biogenesis in eukaryotes
Cell cycle
RNA degradation
DNA replication
Nucleotide excision repair-
Basal transcription factors: [ ]
Aminoacyl~tRNA biosynthesis @
Base excision repair °
RNA polymerase{ @
Homologous recombination{ ~ @

Mismatch repair{ ®

qualue

002
003
004

Count

0.050
GeneRatio

0.075

0.100





OEBPS/Images/logo.jpg
& frontiers | Frontiers in Oncology





OEBPS/Images/fonc-12-1050288-g001.jpg
A Type E3 Normal E3 Tumor B
[T - » PR 10 - e GAIN ¢ LOSS
1004 Y
. ¢}
3 84 °
. L . =
s "°| T 1H ] 7 . 1
g " H i s .| oo, °
5 . S 6
Fol e HH 3 :
@ o7l 1 . < ° e,
s Hl=Q : 44
© 254 ] $ . - 5 ® ° [ N ] ° ®e o
L1y : ° ° eegge
N '} '}
24 @ oo
® ®
0.0 [ ]
;\;?»?»@éé’é”ﬁ’«:?é&@&«;’qo “é’qi‘q"é"q"’é’@%"’ o | il e
oy & i
LEETTSTEEEEESTELELLE L S D2 SO PPN N N R I I I I
sé\s‘v SHTELELELLLS $§@@@ 5y @ﬁz@@ﬁb&ixﬂ*&\if@é@&k%@é%&%i;oj«&f@@%}\p
&S S
&
C A " D yiiom ;
Jb e .
v SO » ¢
/E/W/ {2 o % 5 ///;,//’ FRi ez
S5 ¢,
" §0 s 288 £ N\ o \ ® erasers
16 =< <& \ v
(B Hee |- 3 . writers
= 8] WSS g &
|| e -l \
\,/ \l
» % % 3 &v@j \\ \\
AN = y & X% °
%% M e / Wi
B3 o X ® Risk factors
oo b XM,
o / ® Favorable factors
E ” Altered in 104 (24.13%) of 431 samples. . ‘r‘ h
LI, NN T b d » ]
. i por2
Z%%ﬂi‘r"-" & = s R
YTHDF1 L Fﬂ 3%
g i 4 ) _ o
il I "‘|. 3 . Postive correlation with P<0.0001
YTHDC2 | 1 1 I 3% 5 . .
i N ' ', i B - Negative correlation with P<0.0001
IGFBP1 | 1 1 1 n 2%
T Yo% Cox test, pvalue
Reisiad i Wik B
s ik .1e—04.0A001 Q@ @0 @
IGFBP2 I|I 1 | I::z I
M i L4
METTL16 I | [ 8£

= Missense_Mutation  In_Frame_Del
= Nonsense_Mutetion = In_Frame_Ins
= Frame_Snift Del = Splice_Site

® Frame_Shift_ins @ Multi_Fiit





OEBPS/Images/fonc-12-1050288-g004.jpg





OEBPS/Images/fonc-12-1050288-g002.jpg
10

HNRNPC expression

B8 zc3H13 Wia B ZG3H13 Mutation

00031

, ZC3H13 expression

B8 zC3H13 wid B ZC3H13 Mustion

-.

00004

-

o

YTHDF3 expression
S

B zoaHr3 wia B ZC3H13 Mutation

0048

YTHDC2 expression
o«

00065

B8 zC3H13 Wi B ZG3H13 Mutation

—

Overall survival
o o =
g 3 3
g & 8

°
b

high
low

YTHDC2

Overall survival

high
low-

ZC3H13

Overall survival

high
low-

RBM15

1.00

075

Overall survival

O high
- low

ZC3HT3 Wid ZC3H13 Mutation ZC3H13 Wid ZC3H13 Mutation ZC3HT3 Wid ZC3H13 Mutation ZC3H13 Wid ZC3H13 Mutation
YTHDC2 5 high (45 low HNRNPAZBT == igh 55 low HNRNPG = high 5 low LRPPRC == high 4 low
1.00 1.00 1.00
gors gors gos
2 2 =
5 % 5 E
2 050; 2050 2 050;
o - [
o ] 3
So2s So2s So2s
p=0.003 p<0.001
000 0.00 0.00
G 1 %z 3 4 5 6 7 6 65 10N 1213 G 1 5 3 4 5 6 7 6 5 10N 1213 9 1 2 3 4 5 6 7 6 5 1011 1213 G 1 %z 3 4 5 6 7 6 6 100 1213
Time(years) Time(years) Time(years) Time(years)
8 Q o
555 428 316 248 197 180 160 136 126 103 66 35 11 0 & high{249 200 151 114 99 88 83 80 77 58 38 25 12 1 Zhioh] 98 80 64 52 46 42 37 29 28 19 13 10 5 0O & high{412 314 237 183 149 138 118 90 85 68 47 27 12 1
24917811089 73 63 53 38 35 31 22 9 3 1 Zz low{555406 275223 171155130 94 84 76 50 19 I 0 & low{706 526 362 285 224 201 176 145 33 115 75 34 9 1 a low{392 292 89 154 12 95 84 76 66 41 17 2 0
0 1 2 3 4 5 6 7 8 6 10 11 12 3% 0 1 2 3 4 5 6 7 8 5 10 11 12 3% 0 1 2 3 4 5 6 7 8 5 1011 12 135 0 1 2 3 4 5 6 7 8 9 10 11 12 13
Time(years) £ Time(years) Time(years) Time(years)
23413 == high 4= low IGFEP3 == high S ow METTLS == figh == low WiaP == high 4K low
1.00 1.00 1.00
Fo7s o5 §o7s
H H -
5 5 5
2050 2050 2 050;
ol 2 [~
T T 5]
2 2 3
o025 So2s G025
000 0.00 000
0 1 2 3 4 5 6 7 8 9 1011 1213 0 1 2 3 4 5 6 7 8 9 1011 1213 0 1 2 3 4 5 6 7 8 9 1011 1213 0 1 2 3 4 5 6 7 8 9 10 11 12 13
Time(years) Time(years) Time(years) Time(years)
4 2 o
10673 47 31 25 20 14 14 12 10 9 7 2 1 (hah{390282 191143 115 98 93 75 69 58 39 18 3 O [ high{666 517 370 292 236 214 191 155 145 122 80 42 14 1 hon6st 499 357 280 205 208 184 154 144 117 74 38 13 1
698 533 379 306 245 723 199 160 149 124 79 37 {2 0 i low{414 324 235 194 155 145120 99 92 76 49 26 11 1 |y low]|138 89 56 45 34 29 20 19 16 12 00 & lowli53107 69 57 45 5 20 20 17 17 14 10
6 1 2 35 4 5 6 7 5 65 101 12132 0 1 2 35 4 5 6 7 8 85 1011 1213 3 T T T R R T R
Time(years) Time(years) Time(years) Time(years)
REM1S == high = low REM1SB == high == low RENX == high = low IGFEP2 = nigh == low
1.00 1.00 1.00
Fo75 Fo75 T 075
2 2 2
2 5 2
5 5 s
2 o050 2 050 = 2 050
K T T
2 2 8
So025 So2s 025
p=0.008 p<0.001
000 0.00 0.00
0 1 2 3 2 5 6 7 8 5 101 1213 0 1 2 3 2 5 6 7 8 9 101 1213 0 1 2 3 4 5 6 7 8 9 10 11 12 13 0 1 2 3 42 5 6 7 8 9 101 1213
Time(years) Time(years) Time(years) Time(years)
8 x &
169142 101 81 68 62 51 45 42 25 12 5 4 0 T high{638497 355276 218200 176 142 131 113 75 35 9 1 S hih{133 105 80 65 54 47 43 33 30 23 12 7 2 1 b hioh]654 493 332 264 209 188 160 125 116 100 65 32 10 0
635 464 395 256 202 181 162 120 116 100 76 39 10 1 = low{166109 71 61 52 43 37 37 30 21 13 ¢ 5 0 @ low|671 501 346 272 216 196 170 141 131 {11 76 37 f2 0 u low{150 17394 73 61 55 53 49 45 34 23 12 4 1
0 1 2 3 4 5 6 7 8 9 1011 12 3@ 6 1 2 3 4 5 6 7 & 6 101 12 138°% 6 1 2 3 4 5 6 7 6 5 fo11 12132 6 1 2z 3 4 5 6 7 8 6 10 11 12 13
Time(years) Time(years) Time(years) Time(years)
FTO == nigh 5= iow YTHOF2 == high 5% low 1oFEP1 5 high B8 low
1.00 100
FoO75 Fo7s
2 2
2 3
5 5
2 o050 2 050
N ® (oo
gws guzs
<0.001 p=0.015 p<0.001
000 0.00
56 7 0 11 12 13 56 7 T 11 12 13 56 7 1 11 12 13
Time(years) Time(years) Time(years)
N -
158115 70 51 39 33 30 22 19 19 12 2 1 O O hih{644 490 350 277 223 202 180 148 138 113 70 33 8 1 @ hioh{235 156 95 72 59 51 46 41 36 31 24 13 4 0
646 491 356 286 231 210 183 162 142 175 76 42 13 § T ow{160116 76 60 47 4T 33 26 23 of 18 11 6 0 u low{560 450 331 265 211 192 167 133 95 103 B4 31 10 1|
0 1 2 3 4 5 6 7 8 9 1011 12 135 6 1 2 3 4 5 6 7 & 6 101 12 1382 0 1 2 3 4 5 6 7 8 9 10 11 12 13
Time(years) Time(years) Time(years)





OEBPS/Images/fonc-12-1050288-g007.jpg
T
a
[
a
©
s
=
S
%

0.00

Low
High

m6Ascore

=
I
I

m6Ascore
—+ Low
= High

{

Time(years)
Number at risk

443 347 254 201 164 151 130 103 96 79 53 29 9 0
361 259 172 136 106 92 83 71 65 55 35 15 & 1
o 1 2 3 4 5 6 7 8 9 10 11 12 13
Time(years)

c . ie D
g 3 - §% & 8
& g H 3 <
g 2e88 2 % 2
0@ £ § T 2
g EESS fs =
g% g2 g5 3 o
2% Bist 11
E 2 odéE [ = 1
mohscore (@)% walww e[e+]* -
Actvated B elna @) % @ 0@ +
Activated.CD4 T celina * x| *® * a8
Actvated CDB Teelre @@ % | *
Activated dendriticcelina (@) % || % * 08
CDSBright natural.kiler cellna * * *
CDs6aim natural kiler.celina. @) *
Eosinophiina | | o4 g
Gamma defta Tcelna * 8
immature 8 celna @) w | toz F
Immature dencriiccelina (@) 0 3
*
o
R
+l
I| f-02
0
Natural kiler celina Ol
Neutropriina (@) # % | [+ & %
Plasmacytoid dendriiccelina (@@ ® ®
Reguiatory Teelna @@ @ * * |8 ~0°
Tollcular heipercelina @@ * | *
TypeThelpercelna (@) % % -08

Type.17 Thelperceina (@)
Type 2 Thelperelia @)

mBAcluster

méAcluster B3 A B3 8 B3 C
p<222-16

1.3e-13

p<222-16

A B Cc
mBAcluster

geneCluster

E

m6Ascore

0]

mBAscore

Fustat

geneCluster B3 A £ B B3 C
p <222e-16

<2.22¢-16

p<2.22-16

>

geneCluster





OEBPS/Images/fonc-12-1050288-g009.jpg
A Patients with T1-2 B Patients with T3-4
mBAscore == High == Low m6Ascore = High == Low
m6Ascore BB Low B High
1.00 1.00
s > 19e-14
3 0.75{ 5075 i
© ®
Q Qo 6
° ° ]
4 0.501 4 050
= £ <
T T s ]
2 2 2
s s
£ 0.251 - £ 025 - 254
3 p=0.089 3 p=0.003 &
0.00 0.00 b
0O 1 2 3 4 5 6 7 8 9 10 11 12 01 2 3 4 5 6 7 8 9 10 11 12 13 e 4]
Time(years) Time(years)
o [
o o
@ High{ 56 44 23 19 15 11 10 9 8 8 2 1 0 3 High{291212147 117 91 81 73 62 57 47 33 14 5 1 34
< Low{82 66 47 41 33 31 26 22 20 15 7 6 0O < Low{351277204157 128118104 81 76 64 46 23 9 Q
2 0o 1 2 3 4 5 6 7 8 9 10 11 12 e 0 1 2 3 4 5 6 7 8 9 10 11 12 13 Low High
Time(years) Time(years) m6Ascore
D méascore [l tow [l Hion E meascore [l ov [l Hen F meascore [l tow [l Hion
1
02
0018
10
9
g 3’ 2
=t &) il
3 5 5
g g
¢ 5
g7 g 8
< Sig <
© Ny =
- 2 g6
3
4
3 - - - -
Low High Tow High Low High
mBAscore mBAscore m6Ascore
G méascore [l Low [l Hion H MSI B vss B vs-L B3 wsH 1
20 053
>
ol 1.5¢-06 -
0.0028
e
> s
| 20 5 msi
i el ° % H - W vss
1 3 H Msi-L
; 3
| 2 K B msi-1
]
g 0
Vg 2
-20
. .
. 0
4 -
Low High Mss MSI-L MSI-H Low High

m6Ascore ‘mbAscore





OEBPS/Images/table1.jpg
TCGA

Variable

Gender
Male/Female

Age at diagnosis
<65/>65/NA
Grade
G1/G2/G3/G4/NA
Stage
I/II/IVINA

E
T1/T2/T3/T4/NA
M

MO/M1/NA

N
NO/N1/N2/N3/NA

Number of samples

285/158
197/241/5
Unknown

59/130/183/44/27
23/93/198/119/10
391/30/22

132/119/85/88/19

Variable

Gender
Male/Female
Age at diagnosis
<65/>65

Grade
G1/G2/G3/G4/NA
Stage
/I/II/IV/NA

T

T1/T2/T3/T4

M

MO/MI1/NA

N
NO/N1/N2/N3

GEO

Number of samples

296/137
283/150
Unknown
Unknown
11/38/92/292
Unknown

80/188/132/33





OEBPS/Images/fonc.2022.1050288_cover.jpg
, frontiers ‘ Frontiers in Oncology

Constructing and validating of
mba-related genes prognostic
signature for stomach
adenocarcinoma and
immune infiltration: Potential
biomarkers for predicting the
overall survival





