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Background: Genomic instability of N6-methyladenosine (m6A)–related long noncoding RNAs (lncRNAs) plays a pivotal role in the tumorigenesis of lung adenocarcinoma (LUAD). Our study identified a signature of genomic instability of m6A-associated lncRNA signature and revealed its prognostic role in LUAD.
Methods: We downloaded RNA-sequencing data and somatic mutation data for LUAD from The Cancer Genome Atlas (TCGA) and the GSE102287 dataset from the Gene Expression Omnibus (GEO) database. The “Limma” R package was used to identify a network of regulatory m6A-related lncRNAs. We used the Wilcoxon test method to identify genomic-instability–derived m6A-related lncRNAs. A competing endogenous RNA (ceRNA) network was constructed to identify the mechanism of the genomic instability of m6A-related lncRNAs. Univariate and multivariate Cox regression analyses were performed to construct a prognostic model for internal testing and validation of the prognostic m6A-related lncRNAs using the GEO dataset. Performance analysis was conducted to compare our prognostic model with the previously published lncRNA models. The CIBERSORT algorithm was used to explore the relationship of m6A-related lncRNAs and the immune microenvironment. Prognostic m6A-related lncRNAs in prognosis, the tumor microenvironment, stemness scores, and anticancer drug sensitivity were analyzed to explore the role of prognostic m6A-related lncRNAs in LUAD.
Results: A total of 42 genomic instability–derived m6A-related lncRNAs were differentially expressed between the GS (genomic stable) and GU (genomic unstable) groups of LUAD patients. Four differentially expressed lncRNAs, 17 differentially expressed microRNAs, and 75 differentially expressed mRNAs were involved in the genomic-instability–derived m6A-related lncRNA-mediated ceRNA network. A prediction model based on 17 prognostic m6A-associated lncRNAs was constructed based on three TCGA datasets (all, training, and testing) and validated in the GSE102287 dataset. Performance comparison analysis showed that our prediction model (area under the curve [AUC] = 0.746) could better predict the survival of LUAD patients than the previously published lncRNA models (AUC = 0.577, AUC = 0.681). Prognostic m6A-related-lncRNAs have pivotal roles in the tumor microenvironment, stemness scores, and anticancer drug sensitivity of LUAD.
Conclusion: A signature of genomic instability of m6A-associated lncRNAs to predict the survival of LUAD patients was validated. The prognostic, immune microenvironment and anticancer drug sensitivity analysis shed new light on the potential novel therapeutic targets in LUAD.
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INTRODUCTION
Lung cancer is the most frequently diagnosed cancer and the leading cause of cancer-related deaths globally (Torre et al., 2015; Bray et al., 2018). Lung adenocarcinoma (LUAD), a type of non–small cell lung cancer (NSCLC), accounts for more than 40% of lung cancer (Jordan et al., 2017). Despite great progress in drugs, including tyrosine kinase inhibitors and immune checkpoint inhibitors, the 5-year survival rate of patients with lung adenocarcinoma was less than 15% (Zhao et al., 2018; Zhang et al., 2021). Therefore, there is an urgent need to identify new prognostic molecular biomarkers to predict survival and serve as new therapeutic targets in LUAD patients.
Genomic instability, a hallmark of cancer, results from mutations in DNA repair genes and promotes cancer development (Negrini et al., 2010; Andor et al., 2017; Seton-Rogers, 2018; Duijf et al., 2019; Hypoxic Tumors Share Geno, 2019). Recent studies have demonstrated that the characteristics of genomic instability in cancers are associated with clinical implications and prognosis (Sheffer et al., 2009; Sahin et al., 2016). Research demonstrated that human long noncoding RNA (lncRNA) LINC00657 that is induced after DNA damage maintains genomic instability by sequestering PUMILIO proteins (Lee et al., 2016). Genomic instability–related lncRNAs have a critical role in the tumorigenesis of cancers (Chua et al., 2017; Munschauer et al., 2018; Tracy et al., 2018; Petti et al., 2019; Bao et al., 2020). Recently, a study demonstrated that EZH2 mediates ribosomal DNA stability via silencing of lncRNA PHACTR2-AS1, which promotes breast cancer cell proliferation and metastasis (Chu et al., 2020). N6-methylandenosine (m6A)–related lncRNAs play a significant role in multiple cancers (Zhang et al., 2019a; Ni et al., 2019; Wang et al., 2019), and an m6A-related lncRNA was developed to predict the diagnosis and prognosis of cancers (Tu et al., 2020). Recently, a study developed mutator-derived lncRNA signatures of genome instability for predicting clinical outcomes in breast cancer (Bao et al., 2020). Although some lncRNAs have been shown to be involved in genomic instability, the specific role of genomic instability–associated m6A-related lncRNAs and their clinical implications in LUAD remains largely unexplored.
In this study, we identified differentially expressed m6A-related lncRNAs associated with genomic instability and constructed a competing endogenous RNA (ceRNA) network and then combined m6A-related lncRNA expression and somatic mutation profiles based on the tumor genome to reveal a prognostic m6A-associated lncRNA signature for predicting the survival of LUAD patients. We also further elucidated the pivotal role of prognostic m6A-associated lncRNA in LUAD and validated the expression of prognostic m6A-related lncRNAs in LUAD cells and normal bronchial epithelioid cells; meanwhile, prognostic m6A-related lncRNAs of the tumor microenvironment, stemness scores, anticancer drug sensitivity, and immune subtype in LUAD were also explored, providing novel therapeutic targets based on RNA modification in LUAD.
MATERIALS AND METHODS
Data Acquisition
RNA sequencing (RNA-seq) transcription expression data, clinical characteristic data, and simple nucleotide variation (Masked Somatic Mutation from VarScan2 Variant Aggregation and Masking) data of lung adenocarcinoma (LUAD) patients were obtained from The Cancer Genome Atlas (TCGA) (https://portal.gdc.cancer.gov/). Correlation analysis was conducted to identify the m6A-associated lncRNAs in LUAD according to the following criteria: absolute value of Pearson’s coefficient >0.4, p-value < 0.001. The Gene Expression Omnibus (GEO) dataset GSE102287 was downloaded and used to validate the prognostic mutator-derived m6A-associated lncRNAs related to genomic instability.
Identification of Genomic Instability–Associated m6A-Related lncRNAs
We used the Perl language to calculate mutation counts in LUAD patients. Patients were classified into two groups comprising the top 25% (genomic unstable [GU] group) and the bottom 25% (genomic stable [GS] group) with respect to mutation frequency. The Wilcoxon test method was used to perform the differential expression analysis of genomic instability–associated m6A-related lncRNAs between the GS and GU groups. Furthermore, we explored the differential expression levels of m6A-associated genes and the differential somatic mutation counts between the GS and GU groups using the “Limma” and “Ggpubr” R packages. Euclidean distances and Ward’s linkage method were used for hierarchical cluster analyses.
Construction of ceRNA Network Mediated by Mutator-Derived m6A-Related lncRNAs
To further explore the mechanisms of mutator-derived m6A-related lncRNAs, we constructed a mutator-derived, m6A-related, lncRNA-mediated, ceRNA network. First, we used the Wilcoxon test method to perform differential expression analysis of mutator-derived m6A-related lncRNAs between the GS and GU groups with thresholds of |log fold change (FC)| > 1 and p-value < 0.05. The MiRcode database was used to determine the relationships between microRNAs (miRNAs) and lncRNAs. The miRTarBase, MiRDB, and TargetScan databases were used to determine the relationships between miRNAs and mRNAs. Finally, we obtained a mutator-derived, m6A-related, lncRNA-mediated, ceRNA network. We used Cytoscape 3.6.1 to visualize the genomic instability of the lncRNA–miRNA–mRNA–ceRNA network.
7Functional Enrichment and ConsensusPathDB Pathway Analysis
To further explore the functions of genome instability–related m6A-associated lncRNAs, we conducted Gene Ontology (GO) and ConsensusPathDB analysis. We used the Database for Annotation, Visualization, and Integrated Discovery to determine the functional enrichment of mutator-derived m6A-associated lncRNAs. Then, we used the “prepareplot.pl” package to visualize the biological processes and molecular functions of genome instability–related m6A-associated lncRNAs. The ConsensusPathDB human database (http://cpdb.molgen.mpg.de/) integrates interaction networks in Homo sapiens and currently incorporates genetic, signaling, and gene-regulatory interactions from 32 public resources (Kamburov et al., 2013). We used ConsensusPathDB to analyze the pathway enrichment of mutator-derived m6A-related lncRNAs.
Construction and Validation of a Risk Prediction Model of Mutator-Derived m6A-Related lncRNAs
We used the “survival,” “caret,” “glmnet,” “survminer,” and “timeROC” packages to construct the prediction model of m6A-related lncRNAs. First, TCGA data grouping is cycled 1 time, and the groups were determined with significant training and testing at a ratio of 7:3. Then, we conducted univariate Cox regression analysis to identify the significant m6A-associated lncRNAs using the criterion of Cox p-value less than 0.05. Finally, multivariate Cox regression analysis was performed to establish the Cox prediction model. Receiver operating characteristic (ROC) curves were constructed to validate the effects of the m6A-related lncRNA signature on clinical outcomes. The area under the ROC curve (AUC) values were calculated to assess the ability of the prognostic m6A-associated lncRNAs to predict the survival of LUAD patients. We used time-dependent ROC curves to assess the performance of the m6A-related lncRNA signature. All statistical analyses were performed using R version 4.0.3.
Expression, Clinical Characteristics, Immune Microenvironment, and Anticancer Drug Sensitivity Analyses of Prognostic m6A-Associated lncRNAs
To investigate the role of prognostic m6A-associated lncRNAs in LUAD, we performed correlation analyses involving expression levels of m6A-related lncRNAs, LUAD immune environment, stemness scores based on RNA methylation and DNA expression (RNAss and, DNAss, respectively), and drug sensitivity. We downloaded LUAD transcription expression data, RNAss and DNAss data, and TCGA LUAD phenotype-immune subtype data from UCSC-Xena (https://xenabrowser.net/). Then, we combined the expression profiles of 17 prognostic m6A-related lncRNAs in LUAD with the LUAD phenotype-immune subtype data, transcription expression data, and stemness scores to perform Spearman’s correlation analysis for immune subtype and stemness score. Using RNA-seq data and compound activity (DTP NCI-60) data from the CellMiner database, combined with FDA (Food and Drug Administration)-approved anticancer drugs and expression of 16 prognostic m6A-related lncRNAs, we performed Pearson’s correlation analysis of anticancer drug sensitivity in LUAD. All statistical analyses used R software version 4.0.3.
Validation of Expression of 17 Prognostic m6A-Associated lncRNAs
To further explore the expression of 17 prognostic m6A-associated lncRNAs between LUAD and non-LUAD tissues, we used the paired sample t-test to perform differential expression analysis in 57 paired LUAD and adjacent non-LUAD tissues from TCGA database. Meanwhile, we used the Wilcoxon rank sum test to perform the differential expression analysis in 535 LUAD tissues and 59 adjacent non-LUAD tissues from TCGA database.
Immune Microenvironment Analysis of Prognostic m6A-Associated lncRNAs
To verify the relationship of the m6A-associated lncRNAs and immune microenvironment, we used the CIBERSORT (Cell Type Identification by Estimating Relative Subsets of RNA Transcripts) algorithm to obtain the fraction of 22 immune cell types from six microarray public datasets based on the expression file. The Perm was set as 1,000. According to the median expression of 17 prognostic m6A-associated lncRNAs, we divided TCGA-LUAD patients into the high-expression group and low-expression group. A p-value < 0.05 was selected for further analysis in CIBERSORT results. The Mann–Whitney U test was used to compare differences in immune subtypes in high-expression and low-expression groups.
Cell Culture
Beas-2B (human bronchial epithelioid cells) was purchased from Saibai Kang Biotechnology Co., Ltd. Human LUAD cells A549, H1299, and H1975 were purchased from Procell Life Sciences& Technology Co., Ltd. We used the short tandem repeat (STR) method to identify these cells. Beas-2B was cultivated in DMEM (PM150210) with 10% fetal bovine serum (Lonsera, Shanghai Shuangru Biotechnology Co., Ltd.) and penicillin/streptomycin (100 mg/ml), and A549, H1299, and H1975 were cultivated in RPMI-1640 medium (Gibco, Invitrogen, Carlsbad CA, United States ) with 10% fetal bovine serum (Lonsera, Shanghai Shuangru Biotechnology Co., Ltd.) and penicillin/streptomycin (100 mg/ml). All cells were cultured at 37°C in a sterile humid incubator containing 5% carbon dioxide.
RNA Isolation, Reverse Transcription, and Quantitative Real-Time Polymerase Chain Reaction (qRT-PCR)
Total RNA was isolated from A549, H1299, H1975, and Beas-2B using TRIzol (Invitrogen, Carlsbad, CA, United States ). Then, RNA was reverse-transcribed onto cDNA using the Evo M-MLV RT Kit (Accurate Biotechnology (Hunan) Co., Ltd.) and subsequently subjected to qRT-PCR using the SYBR Green Premix Pro Taq HS qPCR Kit (Accurate Biology) according to the manufacturer’s instructions. We used GAPDH as the reference gene for 17 prognostic m6A-related lncRNAs. The primer sequences were synthesized by BioSune Co., Ltd. (Shanghai, China) as detailed in Supplementary Table S1. The value of the relative expression was calculated by the 2−ΔΔCT method.
Statistical Analysis
Each experiment was repeated at least thrice. All data were analyzed using GraphPad Prism 7.0 and R software. Significant differences between A549, H1299, H1975, and Beas-2B cell were evaluated by one-way ANOVA. P-value less than 0.05 was considered as statistically significant.
RESULTS
Identification of m6A-Associated lncRNAs in LUAD Patients
A flow diagram of the whole study is shown in Figure 1. We downloaded RNA-seq transcription expression data for TCGA-LUAD patients. Then, we extracted the expression of 19 m6A-related regulators (METTL3, VIRMA, METTL14, ZC3H13, RBM15, RBM15B, WTAP, HNRNPC, YTHDC1, HNRNPA2B1, YTHDC2, IGF2BP1, YTHDF1, IGF2BP2, YTHDF2, IGF2BP3, YTHDF3, ALKBH5, and FTO) from The Cancer Genome Atlas (TCGA) (https://portal.gdc.cancer.gov/). Next, according to the standard filters of p < 0.001 and correlation coefficient >0.4, 2,710 correlated pairs of m6A-related regulators and m6A-related lncRNA correlations were identified (Supplementary Table S2) (Figure 2A).
[image: Figure 1]FIGURE 1 | Flow chart of the whole study.
[image: Figure 2]FIGURE 2 | m6A regulator–lncRNA coexpression network construction, differential analysis, and hierarchical cluster analyses in LUAD. (A) Coexpression network between m6A regulators and m6A-related lncRNAs. Red circles indicate m6A regulators; blue diamonds indicate m6A-related lncRNAs. (B) Heatmap showing the top 20 upregulated and top 20 downregulated differentially expressed m6A-related lncRNAs between the GS-like group and GU-like group. (C) Hierarchical cluster analyses based on the expression of differentially expressed m6A-related lncRNAs.
Identification of Genome Instability–Derived m6A-Related lncRNAs in LUAD Patients
To identify genome instability–derived m6A-related lncRNAs, we first downloaded TCGA somatic mutation data from the GDC Data Portal. Then, we calculated the cumulative number of somatic mutations per LUAD patient and sorted patients in descending order based on this number; the lowest 25% (n = 134) and the top 25% (n = 139) patients were defined as the GS-like group and GU-like group, respectively (Figure 2B). Next, 42 genome instability–derived m6A-related lncRNAs were differentially expressed between the GS and GU groups based on |logFC|≥1 and false discovery rate adjusted p-value < 0.05. In total, 12 genome instability–derived m6A-related lncRNAs were upregulated and 30 were downregulated in the GU group (Table 1). Unsupervised hierarchical clustering analysis was performed for 535 LUAD patients from TCGA dataset using the set of 42 differentially expressed genome instability–derived m6A-related lncRNAs (Figure 2C). All 535 LUAD patients were clustered into two cohorts according to the expression levels of differentially expressed genome instability–derived m6A-related lncRNAs. The somatic mutation count was significantly different between the two cohorts. We defined the cohort with the lower cumulative somatic mutation count as the GS group and the one with the higher cumulative somatic mutation count as the GU group. Then, we analyzed the differential expression of 19 m6A-related regulators between the GU and GS groups. As shown in Figure 3, the expression levels of FTO, HNRNPC, HNRNPA2B1, IGF2BP3, IGF2BP1, IGF2BP2, YTHDC2, YTHDF1, YTHDF3, METTL14, RBM15, VIRMA, RBM15B, and WTAP differed significantly between GU and GS patients (p < 0.05). To explore the role of immune checkpoint molecules, we performed differential expression analysis for CTLA4 (T-lymphocyte–associated protein 4), HAVCR2 (hepatitis A virus cellular receptor 2), PDCD1, and 4-1 BB (TNFRSF9) between the two groups. CTLA4 showed higher expression in the GU group than in the GS group (p = 0.015), whereas the reverse was true for HAVCR2 (p = 8.2e-05). However, PDCD1 and 4-1 BB (TNFRSF9) had no significant difference between the two groups (p = 0.08, p = 0.058). Furthermore, the somatic mutation counts of LUAD patients showed significant differences between the two groups (p < 2.22e-16).
TABLE 1 | Differentially expressed genomic instability–derived m6A-related lncRNAs in the GS-like cohort and GU-like cohort.
[image: Table 1][image: Figure 3]FIGURE 3 | Correlation analysis of LUAD clusters, expression of m6A regulators, CTLA4, HAVCR2, PDCD1, 4-1BB (TNFRSF9), and somatic mutation counts of LUAD. (A–N) Correlation analysis of LUAD clusters and expression of m6A regulators. (O–S) Correlation analysis of LUAD clusters and expression of CTLA4, HAVCR2, PDCD1, and 4-1BB (TNFRSF9). (Q) Correlation analysis of LUAD clusters and somatic mutation counts.
CeRNA Network Construction
To further identify the mechanism of genome instability–associated m6A-related lncRNAs in LUAD patients, we established the genomic instability of the lncRNA-mediated ceRNA network. First, we searched for differentially expressed genome instability–derived m6A-related lncRNAs in the miRcode database and presented 306 pairs of interacting miRNAs and lncRNAs using Perl language. Then, we identified 17 of 298 identified differentially expressed miRNAs (DEmiRNAs) interacting with four differentially expressed genome instability–derived m6A-related lncRNAs. The interactions between differentially expressed miRNAs and lncRNAs are shown in Table 2. Next, we identified 17 DEmiRNAs targeting 436mRNAs using TargetScan ((http://www.targetscan.org/), miRTarbase ((http://mirtarbase.mbc.nctu.edu.tw/), and miRDB (http://www.mirdb.org/). The correlations between mRNAs and miRNAs are shown in Table 3. Finally, 75 mRNAs were used to construct the network of genome instability–derived m6A-related lncRNAs. Furthermore, we constructed a network of genome instability–derived m6A-related lncRNA-mediated ceRNA network incorporating four differentially expressed lncRNAs (DElncRNAs), 17DEmiRNAs, and 75 differentially expressed mRNAs (Figure 4).
TABLE 2 | Interaction between differentially expressed m6A-related lncRNAs and miRNAs associated with genomic instability.
[image: Table 2]TABLE 3 | Interaction between differentially expressed miRNAs and mRNAs associated with genomic instability.
[image: Table 3][image: Figure 4]FIGURE 4 | Construction of the ceRNA network. Red and blue circles indicate upregulated and downregulated mRNAs, respectively. Red and blue rectangles indicate upregulated and downregulated miRNAs, respectively. Red and blue diamonds indicate upregulated and downregulated genomic instability–derived differentially expressed m6A-related lncRNAs, respectively.
Functional and ConsensusPathDB Analysis of Genome Instability–Derived m6A-Related lncRNAs
To further explore the potential functions and pathways involving the genome instability–derived m6A-related lncRNAs, we conducted functional enrichment and ConsensusPathDB pathway analyses. According to the genome instability–derived m6A-related lncRNA-mediated ceRNA network, we obtained 75 lncRNA-correlated mRNAs. As shown in Figure 5, the 75 mRNAs were most enriched in eight GO terms: the cellular response to fatty acids, lipid metabolic process, protein kinase binding, protein binding, signal transduction, cellular response to amino acid stimulus, negative regulation of gene expression, and receptor signaling protein serine/threonine kinase activity. The ConsensusPathDB pathway analyses demonstrated that 75 mRNAs were most enriched in 14 pathways: sudden infant death syndrome (SIDS) susceptibility pathways, regulation of the microtubule cytoskeleton, ncRNAs involved in STAT3 signaling in hepatocellular carcinoma, integrins in angiogenesis, SMAD2/3 phosphorylation motif mutants in cancer, SMAD2/3 MH2 domain mutants in cancer, loss of function of SMAD2/3 in cancer, signaling by TGF-beta receptor complex in cancer, epithelial–mesenchymal transition in colorectal cancer, syndecan-1–mediated signaling events, AGE-RAGE signaling pathway in diabetic complications – Homo sapiens (human), collagen chain trimerization, beta3 integrin cell surface interactions, and HIF-1 signaling pathway – Homo sapiens (human) (Figure 6) (Table 4).
[image: Figure 5]FIGURE 5 | Functional enrichment analysis. (A–C) GO analysis indicating top eight GO terms for which differentially expressed mRNAs were most enriched.
[image: Figure 6]FIGURE 6 | ConsensusPathDB analysis indicating that differentially expressed mRNAs were most enriched in 14 pathways.
TABLE 4 | ConsensusPathDB pathway analysis.
[image: Table 4]Construction of the Cox Prediction Model of m6A-Associated lncRNAs in LUAD
First, we tried constructing a Cox prediction model of genomic instability of m6A-related lncRNAs in LUAD patients. However, the results showed that there was only one group in LUAD patients. Then, we further explored whether m6A-associated lncRNAs could serve as prognostic biomarkers for predicting the clinical outcomes of LUAD patients and established a Cox prediction model. First, we combined the expression level of m6A-related lncRNAs and the complete survival status and survival time data of 535 LUAD patients, Then, the patients were divided into two cohorts in the ratio of 7:3: training cohort (n = 356) and testing cohort (n = 148). Next, univariate Cox regression analysis of the training TCGA cohort showed that 39 m6A-related lncRNAs were significantly related to overall survival (p < 0.05) (Figure 7A) (Table 5). We selected these 39 prognosis-related lncRNAs for multivariate Cox regression analysis. This yielded 17 m6A-related lncRNAs which were used to construct the Cox prediction model (Figure 7B) (Table 6). The weighted relative coefficients in the Cox prediction model were as follows: riskscore = (-0.1938)×AL122010.1 expression + (-0.2721) × STIM2-AS1 expression + (-0.3821) × LINC00654 expression + (-1.6785) × AL133445.2 expression +0.300 × LINC01137 expression + (-0.1602) × GAS6-AS1 expression + (-0.2401) × AC090617.5 expression +0.8548 × AC093495.1 expression + (-0.4769) × AC026202.2 expression +0.0733 × AL590666.2 expression + (-0.6618) × AC123595.1 expression + (-0.5149) × AL590226.1 expression +0.0734 × AC245041.1 expression +0.0648 × LINC02555 expression + (-0.0900) × AL049555.1 expression + (-0.2295) × AC024075.1 expression +0.2374 × AC079949.2 expression). According to the median risk scores (1.62, 1.69, and 1.41), we divided our entire TCGA set, training TCGA set, and testing TCGA set into high-risk and low-risk groups. Survival analysis on these three sets, (entire, training, and testing) showed that patients in the high-risk groups had worse prognosis than those in the low-risk groups (p < 0.05) (Figures 8A,E,I). Time-dependent ROC curves for the entire, training, and testing sets at 1 year, 2 years, and 3 years showed that the Cox prediction model could moderately well-predict the overall survival of LUAD patients (Figures 8B,F,J). Independent prognosis analyses showed that pathological N stage and riskscore were independent prognostic factors for overall survival in the entire TCGA-LUAD cohort (p < 0.05) (Figure 8D). Riskscore was an independent prognostic factor for survival in TCGA training LUAD cohort (p < 0.05) (Figure 8H), and pathological T and N stages were independent prognostic factors for clinical outcomes in the testing TCGA-LUAD cohort (p < 0.05) (Figure 8L).
[image: Figure 7]FIGURE 7 | Univariate and multivariate Cox regression analyses. (A) Forest map of univariate Cox regression analysis. (B) Forest map of multivariate Cox regression analysis. Red and green circles indicate high-risk and low-risk factors, respectively.
TABLE 5 | Univariate Cox regression analysis of training TCGA sets of prognostic m6A-related lncRNAs in LUAD.
[image: Table 5]TABLE 6 | Multivariate Cox regression analysis of m6A-related lncRNAs in LUAD.
[image: Table 6][image: Figure 8]FIGURE 8 | Prognostic value of m6A-related lncRNAs of entire, training, and testing cohorts of LUAD patients. (A,E,I) Survival analysis of the prognostic model of the entire, training, and testing cohorts of LUAD patients. (B,F,J) ROC AUC at 1, 2, and 3 years in the entire, training, and testing cohorts. (C,G,K) Forest map of univariate Cox independent regression analyses of the prognostic model for the entire, training, and testing cohorts. (D,H,L) Forest map of multivariate Cox independent regression analyses of the prognostic model for the entire, training, and testing cohorts. (M) ROC curve of AUC analysis for our prediction model and other published prognostic models.
Performance Comparison of the LncSig With the Signature of 17 Prognostic m6A-Related lncRNAs
We compared the performance of our m6A-related lncRNA signature with the previously published lncRNA signatures: a five-lncRNA signature from Sun’s study (SunlncSig) (Sun et al., 2020) and a four-lncRNA signature from Shukla’s study (ShuklalncSig) (Shukla et al., 2017). We extracted the published lncRNA expression and combined it with our risk profile and complete survival information for the performance comparison analysis. As shown in Figure 8M, the AUC for overall survival for the signature of 17 m6A-related lncRNAs was 0.746, significantly higher than that for SunlncSig (AUC = 0.577) and ShuklalncSig (AUC = 0.681). Performance comparison analysis showed that our signature could better predict the clinical outcomes of LUAD patients than the two recently published lncRNA signatures.
Correlation Analysis of the Expression of m6A Regulators and the Risk Model
To investigate the relationships between m6A regulators and the risk model, we performed correlation analysis. As shown in Figure 8, eight m6A regulators (HNRNPC, YTHDC1, METTL3, IGF2BP1, METTL14, YTHDC2, IGF2BP2, and IGF2BP3) were significantly associated with the risk model (p < 0.05). In the entire LUAD patient cohort, HNRNPC, IGF2BP1, IGF2BP2, and IGF2BP3 had higher expression in the high-risk group than the low-risk group (p < 0.05; Figures 9A–D), whereas YTHDC1, YTHDC2, METTL3, and METTL14 had higher expression in the low-risk group (p < 0.05; Figures 9E–H). In the training cohort (n = 356), the expression of HNRNPC, IGF2BP1, IGF2BP2, and IGF2BP3 was significantly higher in the high-risk group than in the low-risk group (p < 0.05; Figure 8I-L), whereas the expression of YTHDC1, YTHDC2, METTL3, and METTL14 was significantly higher in the low-risk group (p < 0.05; Figures 9M–P). In the testing cohort (n = 148), the expression levels of HNRNPC, IGF2BP2, and IGF2BP3 were higher in the high-risk group (p < 0.05; Figure 9Q, S, T), whereas IGF2BP1 and METTL14 showed no significant difference in expression between the two risk groups (p > 0.05; Figures 9R, X), and YTHDC1, YTHDC2, and METTL3 expression was higher in the low-risk group (p < 0.05; Figures 9U–W).
[image: Figure 9]FIGURE 9 | Correlation analysis of m6A regulators and the prognostic risk model. (A–X) Differential analysis of m6A regulators in the prognostic model for the high- and low-risk cohorts.
Correlation Analysis Between Somatic Mutation Count and the Risk Model in the LUAD Cohort
We performed correlation analysis between somatic mutation count and the risk model. As shown in Figures 10A–C, the somatic mutation counts differed significantly between the high- and low-risk groups in the entire training and testing LUAD cohorts (p < 0.05). As shown in Figure 10, the somatic mutation counts were significantly higher in the high-risk groups than in the low-risk groups in all three cohorts (p < 0.05).
[image: Figure 10]FIGURE 10 | Correlation analysis of the prognostic risk model and somatic mutation counts of LUAD. (A–C) Differential analysis of somatic mutation counts in the prognostic model for the high- and low-risk cohorts.
Riskplot Analyses
To reveal the relationships between the riskplot and expression and genomic instability of HNRNPC, IGF2BP1, METTL14, IGF2BP2, YTHDC1, IGF2BP2, YTHDC2, and METTL3, we performed riskplot analyses. In the training group, LUAD patient risk increased and the expression levels of LINC01137, AC245041.1, AL049555.1, AL590666.2, and AC079949.2 increased, whereas those of AL590226.1, LINC02555, STIM2-AS1, AL133445.2, AC123595.1, AC090617.5, AC026202.2, LINC00654, GAS6-AS1, AL122010.1, AC093495.1, and AC024075.1 decreased (Figure 11A). In the testing group of prognostic m6A-related lncRNA signature the heatmap was consistent with that in the training group; LINC01137, AC245041.1, AL049555.1, AL590666.2, AC079949.2 were high-risk factors, whereas AL590226.1, LINC02555, STIM2-AS1, AL133445.2, AC123595.1, AC090617.5, AC026202.2, LINC00654, GAS6-AS1, AL122010.1, AC093495.1, and AC024075.1 were low-risk factors (Figure 11B). In the training andtesting groups, LUAD patient risk increased and somatic mutation counts decreased (Figures 11C,D). There were differences in the expression of genomic instability of HNRNPC, IGF2BP1, IGF2BP2, IGF2BP3, METTL3, METTL14, YTHDC1, and YTHDC2 between high- and low-risk patients in the training set (Figures 11E,G,I,K, M, O, Q, S). There were also differences in the expression of genomic instability of HNRNPC, IGF2BP1, IGF2BP2, IGF2BP3, METTL3, METTL14, YTHDC1, and YTHDC2 between high- and low-risk patients in the testing set (Figures 11F,H,J, L, N, P, R, T).
[image: Figure 11]FIGURE 11 | Riskplot analysis of m6A-related regulators (A,C) Riskplot heatmap and somatic mutation counts for the prognostic model in the training cohort of LUAD patients. (B,D) Riskplot heatmap and somatic mutation counts for the prognostic model in the testing cohort of LUAD patients. (E,G,I,K,M,O,Q,S) Differences in expression of HNRNPC, IGF2BP1, IGF2BP2, IGF2BP3, METTL3, METTL14, YTHDC1, and YTHDC2 in the high- and low-risk groups of the training cohort. (F,H,J,L,N,P,R,T) Differences in the expression of HNRNPC, IGF2BP1, IGF2BP2, IGF2BP3, METTL3, METTL14, YTHDC1, and YTHDC2 in the high- and low-risk groups of the testing cohort.
Prognostic Model Validation for Clinical Grouping
We combined the clinical data of 522 LUAD patients from TCGA with complete survival information and the risk file of the prognosis model for survival verification of clinical samples. Patients with LUAD in the high-risk cohort had worse prognosis than those in the low-risk cohort, regardless of whether they were older than 65 years or younger than 65 years (p < 0.001) (Figures 12A,B), or whether they were male or female (p < 0.001) (Figures 12C,D). Patients with pathological M0 stage in the high-risk cohort had poorer prognosis than those in the low-risk cohort (p < 0.001) (Figure 12E). However, there was no such significant difference with respect to pathological M1 stage between the high- and low-risk cohorts (p = 0.169) (Figure 12F). Among LUAD patients with pathological N0/N1-3 stage, the low-risk cohort had better prognosis than the high-risk cohort (p Figures 12G,H< 0.001) (Figures 12G,H). LUAD patients with pathological stages I–II/III–IV in the high-risk cohort had poorer prognosis than those in the low-risk cohort (p < 0.001) (Figures 12I,J). LUAD patients with pathological T1–2/3–4 stages in the high-risk cohort had poorer survival than those in the low-risk cohort (p < 0.05) (Figures 12K,L)
[image: Figure 12]FIGURE 12 | Prognostic model validation of clinical grouping. (A–L) Survival analysis of LUAD patients by age, gender, pathological M0/M1 stage, pathological T1–2/3–4 stage, pathological N0/N1–3 stage, and pathological stage I–II/III–IV in the high- and low-risk cohorts.
Prognosis Validation of m6A-Related lncRNAs
We performed survival analysis of the 17 prognosis m6A-related lncRNAs (AL122010.1, STIM2-AS1, LINC00654, AL133445.2, GAS6-AS1, AC090617.5, AC093495.1, AC026202.2, AL590666.2, AC123585, AL590226.1, AC245041.1, LINC02555, AL049555.1, AC024075.1, AC079949.2, and LINC01137) from TCGA (https://portal.gdc.cancer.gov/) LUAD (lung adenocarcinoma) project in level 3 HTSeq-FPKM (fragments per kilobase per million) format RNA-seq data and survival information of 594 LUAD patients from TCGA database to verify the prognosis of the 17 lncRNAs. As shown in Supplementary Figure S1, patients with high expression levels of STIM2-AS1, LINC00654, AL133445.2, GAS6-AS1, AC090617.5, AC123595.1, and AC024075.1 had better prognosis than those with low expression levels, showing that these m6A-related lncRNAs are protective factors regarding the prognosis of LUAD patients, while the patients with high expression of AL590666.2, AL049555.1, and LINC01137 had poor prognosis than those with low expression, indicating that AL590666.2, AL049555.1, and LINC01137 are risk factors for predicting the survival of LUAD.
Expression, Clinical Correlation, Immune Microenvironment, and Anticancer Drug Sensitivity Analyses of 17 Prognostic m6A-Related lncRNAs in LUAD
To investigate the role of the 17 m6A-associated lncRNAs in LUAD, we downloaded the LUAD data from UCSC-Xena TCGA GDC to conduct differential expression, LUAD immune subtype, LUAD immune microenvironment, LUAD stemness score (DNAss and RNAss), and LUAD drug sensitivity analyses. As shown in Figure 13A, LINC01137 had higher expression levels than the other prognostic lncRNAs in LUAD. The expression levels of AC093495.1 and AC024075.1, and those of AL133445.2 and AC026202.2, were positively correlated with LUAD (Figure 13B). Expression levels of AL122010.1, STIM2-AS1, AL133445.2, GAS6-AS1, AC093495.1, AC026202.2, AC123595.1, AL590226.1, AC245041.1, LINC02555, AL049555.1, AC024075.1, and AC079949.2 were significantly different in immune subtypes C1 (wound healing), C4 (lymphocyte depleted), C3 (inflammatory), C2 (IFN-gamma dominant), and C6 (TGF-beta dominant) (Figure 13C). There was no statistically significant difference in the expression of the 17 prognostic m6A-related lncRNAs between pathological types T1/T2/T3/T4 (Figure 13D). However, the expression of AL590666.2 was significantly different in pathological stage M0/M1 of LUAD (p < 0.01) (Figure 13E). The expression levels of m6A-related lncRNAs STIM2-AS1, LINC00654, LINC01137, GAS6-AS1, AC090617.5, AC093495.1, AL590666.2, AC123595.1, AC024075.1, and AC079949.2 were significantly different in pathological stages N0/N1/N2/N3 (p < 0.05) (Figure 13F). As shown in Figure 13G, most of the m6A-related lncRNAs had negative correlations of their expression with RNAss and DNAss in LUAD, that is, higher expression of m6A-related lncRNAs, lower RNAss and DNAss stemness scores, weaker activity of LUAD stem cells, and greater degree of LUAD differentiation. The expression of LINC01137 was negatively correlated with RNAss in LUAD. The expression levels of most m6A-related lncRNAs were positively correlated with immune score, estimate score, and stromal score, which indicated that the content of immune and stromal cells was higher in LUAD, whereas tumor cell contents were lower in LUAD, indicating that most of the m6A-related lncRNAs were protective factors with respect to the survival of LUAD patients. As shown in Figure 14, LINC00654 expression was positively correlated with sensitivity to anticancer drugs procarbazine (p < 0.001), simvastatin (p < 0.001), testolactone (p = 0.003), and calusterone (p < 0.001) but negatively associated with sensitivity to anticancer drug byproduct of CUDC-305 (p < 0.001). The expression of GAS6-AS1 had a positive relationship with sensitivity to anticancer drugs chelerythrine (p < 0.001), hydroxyurea (p < 0.001), melphalan (p < 0.001), nelarabine (p < 0.001), cyclophosphamide (p = 0.001), pipobroman (p = 0.001), idarubicin (p = 0.001), cytarabine (p = 0.001), BML-277 (p = 0.002), imexon (p = 0.002), ABT-199 (p = 0.002), cladribine (p = 0.002), and uracil mustard (p = 0.003) but was negatively correlated with kahalidef sensitivity (p < 0.001). The expression of LINC01137 was negatively correlated with sensitivity to anticancer 3-bromopyruvate (acid) in LUAD (p = 0.002).
[image: Figure 13]FIGURE 13 | Expression, clinical correlation, and immune microenvironment analyses of prognostic m6A-related lncRNAs in LUAD. (A) Expression of 17 prognostic m6A-related lncRNAs in LUAD. (B) Correlation analysis of 17 prognostic m6A-related lncRNAs. (C) Boxplot of 17 prognostic m6A-related lncRNAs in six LUAD immune subtypes. (D–F) Boxplots of 17 prognostic m6A-related lncRNAs and clinical features in LUAD. (G) Correlations between the expression of 17 prognostic m6A-related lncRNAs and tumor stemness scores (based on RNA methylation and DNA methylation), immune score, estimate score, and stromal score in LUAD.
[image: Figure 14]FIGURE 14 | Correlation analysis between m6A-related lncRNAs and sensitivity to anticancer drugs in CellMiner. Top 20 statistically significant correlations between prognostic m6A-related lncRNAs and sensitivity to anticancer drugs.
Verification of Expression of 17 Prognostic m6A-Associated lncRNAs in LUAD
The expression levels of LINC01137, AL590666.2, AL049555.1, AC245041.1, LINC02555, AL590226.1, AL122010.1, AC093495.1, and AC090675.1 were significantly different between 57 paired LUAD and adjacent non-LUAD tissues (p < 0.001). The expressions of AC123595.1 and AC026202.2 in paired LUAD tissues were higher than those in paired non-LUAD tissues (p < 0.01). The expressions of AL133445.2 and AL123595.1 in paired LUAD tissues were lower than those in paired non-LUAD tissues (p < 0.01). The expressions of STIM2-AS1, LINC01137, AL590666.2, AL049555.1, AC079949.2, and AC026202.2 in unpaired LUAD tissues were higher than those in unpaired non-LUAD tissues (p < 0.001). The expressions of LINC02555, AL590226.1, AL133445.2, AL122010.1, AC245041.1, AC123595.1, AC093495.1, AC090617.5, and AC024075.1 in unpaired LUAD tissues were lower than those in unpaired non-LUAD tissues (p < 0.001). The expressions of 17 prognostic m6A-associated lncRNAs in paired LUAD, adjacent non-LUAD tissues, and unpaired LUAD and non-LUAD tissues are shown in Supplementary Figures S2, 3. The differential expression of 17 prognostic m6A-associated lncRNAs in LUAD and adjacent non-LUAD tissues is shown in Supplementary Table S3. Supplementary Table 3 showed that the log(fold change (FC)) of AL590226.1, AC245041.1, LINC02555, AC024075.1, AC090617.5, AC123595.1, and AC093495.1 was less than 0, which indicated that the expression of AL590226.1, AC245041.1, LINC02555, AC024075.1, AC090617.5, AC123595.1, and AC093495.1 was highly expressed in non-LUAD tissues compared with LUAD tissues (p < 0.05). The log FC of AL133445.2, AC079949.2, LINC00654, STIM2-AS1, GAS6-AS1, AC026202.2, LINC01137, AL049555.1, and AL590666.2 was greater than 0, which demonstrated that the expression of AL133445.2, AC079949.2, LINC00654, STIM2-AS1, AC026202.2, LINC01137, AL049555.1, and AL590666.2 was highly expressed in LUAD tissues than non-LUAD tissues (p < 0.05).
Validation of 17 Prognostic m6A-Related lncRNAs in Human LUAD Cells and Normal Bronchial Epithelial Cells
To further evaluate whether the expression of 17 lncRNAs is significantly different between normal bronchial epithelial cells (Beas-2B) and LUAD cell lines (A549, H1299, and H1975), we performed the RT-qPCR. The results showed that the expression of LINC00654, AC090617.5, AC093495.1, AL590226.1, AC245041.1, AC123595.1, AL049555.1, AC079949.2, and LINC01137 was significantly higher in A549 than in Beas-2B (p < 0.05). The expression of AC079949.2, LINC01137, and AC024075.1 was significantly higher in H1299 than in Beas-2B (p < 0.05). The expression of AL122010.1, LINC00654, AC090617.5, GAS6-AS1, AC093495.1, AC026202.2, AL590226.1, AC245041.1, AL049555.1, AC079949.2, AL590666.2, LINC01137, and AC024075.1 was significantly different between Beas-2B and H1975 (p < 0.05). However, the expression of STIM2-AS1, AL133445.2, and LINC02555 had no significant difference between Beas-2B and A549, H1299, and H1975 (p > 0.05). The validation results are shown in Supplementary Figure S4.
Validation of 22 Immune Cell Subtypes in High and Low Expression of 17 Prognostic m6A-Associated lncRNAs
To further validate the relationship between 17 prognostic m6A-associated lncRNAs and the immune microenvironment, we performed the CIBERSORT algorithm. The results showed that the fraction of naïve B cells was significantly different in the high- and low-expression groups of AL122010.1 and LINC00654 (p = 0.008, p = 0.031); the fraction of memory B cells was significantly different in the low- and high-expression groups of GAS6-AS1 (p = 0.017); the fraction of plasma cells was significantly different in the high- and low-expression groups of AC026202.2, AC090617.5, AC245041.1, AL049555.1, AL122010.1, LINC02555, and STIM2-AS1; the fraction of CD8 T cells was significantly different in the low- and high-expression groups of AC245041.1, AL049555.1, and LINC01137; the fraction of resting memory CD4 T cells was significantly different in the low- and high-expression groups of AC024075.1,AC093495.1, AL590226.1, GAS6-AS1, LINC00654, and LINC02555; the fraction of memory activated T cells was significantly different in the high- and low-expression groups of AC093495.1, AL049555.1, AL122010.1, AL590226.1, GAS6-AS1, and LINC01137; the fraction of follicular helper T cells was significantly different in the high- and low-expression groups of LINC01137 and AC024075.1; the fraction of regulatory T cells (Tregs) was significantly different in the high- and low-expression groups of AC090617.5, AC093495.1, AC245041.1, AL049555.1, GAS6-AS1, LINC01137, and LINC02555; the fraction of gamma delta T cells was significantly different in the high- and low-expression groups of AC026202.2, AL122010.1, and AL590666.2; the fraction of resting NK cells was significantly different in the high- and low-expression groups of LINC01137 and AL590226.1; the fraction of activated NK cells was significantly different in the high- and low-expression groups of AC123595.1, AL590666.2, and LINC01137; the fraction of monocytes was significantly different in the high- and low-expression groups of AC026202.2, GAS6-AS1, and LINC02555; the fraction of M0 macrophages was significantly different in the high- and low-expression groups of AC026202.2, AL590226.1, LINC01137, and LINC02555; the fraction of M1 macrophages was significantly different in the high- and low-expression groups of AC123595.1, AC245041.1, AL049555.1, LINC01137, and STIM2-AS1; the fraction of macrophages was significantly different in the high- and low-expression groups of AC026202.2, AC245041.1, AL122010.1, AL590226.1, LINC02555, and STIM2-AS1; the fraction of resting dendritic cells was significantly different in the low- and high-expression groups of AC093495.1, AL133445.2, AL590226.1, GAS6-AS1, LINC01137, and LINC02555; the fraction of activated dendritic cells was significantly different in the high- and low-expression groups of AC024075.1, AC093495.1, AL590666.2, LINC01137, and LINC02555; the fraction of resting mast cells was significantly different in the low- and high-expression groups of AC024075.1, AC093495.1, AL590226.1, GAS6-AS1, LINC01137, and LINC02555; the fraction of activated mast cells was significantly different in the high- and low-expression groups of AC093495.1, AL590226.1, and LINC02555; the fraction of eosinophils was significantly different in the low- and high-expression groups of AC245041.1; and the fraction of neutrophils was significantly different in the high- and low-expression groups of AC026202.2, AC079949.2, AC245041.1, AL590666.2, LINC01137, and LINC02555. The CIBERSORT immune microenvironment analysis result is shown in Supplementary Figure S5.
DISCUSSION
In this study, we first identified m6A-related lncRNAs by correlation analysis. Then, we identified differentially expressed genomic instability–associated m6A-related lncRNAs and constructed a ceRNA network and combined m6A-related lncRNA expression with somatic mutation profiles based on the tumor genome to explore the ability of the prognostic m6A-associated lncRNA signature to predict outcomes in LUAD. We also identified differences in the expression of immune checkpoint blockade CTLA4, HAVCR2, PDCD1, and 4-1 BB (TNFRSF9) in the GS-like and GU-like groups, which provided novel insight into the correlation relationship between immune checkpoint blockade and genomic instability of LUAD. Furthermore, we constructed an m6A-related lncRNA risk model and compared it with other reported lncRNA models, which revealed novel insights for predicting the outcome of LUAD. Eventually, pan-cancer analysis of prognostic m6A-related lncRNAs provided new prospects for identifying pan-cancer therapeutic targets. Previous studies have demonstrated the pivotal role of m6A modification of lncRNAs in cancers (Fazi and Fatica, 2019). Recently, a study demonstrated the role of oncogenic lncRNA THOR in m6A modification (Liu et al., 2020a). Additionally, the m6A-induced lncRNA RP11 was identified as a new predictive biomarker that triggers the dissemination of colorectal cancer metastasis through upregulation of ZEB1 (Wu et al., 2019). Some studies showed that the m6A RNA methyltransferase METTL3/14 could enhance response to anti–PD-1 treatment in pMMR-MSI-L melanoma and CRC (Wang et al., 2020a). However, the pivotal role of genomic instability of m6A-related lncRNAs in LUAD remained unclear.
In this study, we first identified genomic instability of the m6A-related lncRNA-associated ceRNA network, revealing novel insights related to new therapeutic targets involving RNA epigenetic mechanisms. We constructed a genomic instability–associated DElncRNA-mediated ceRNA network and found that four DElncRNAs (SRGAP3-AS2, AC110619.1, ATP13A4-AS1, and PSORS1C3) were significantly different between the GS-like group and GU-like groups. Recently, studies have revealed that SRGAP3-AS2 could play an important role in predicting the prognosis of LUAD (Yang et al., 2018; Jin et al., 2020). However, whether the expression of AC110619.1, ATP13A4-AS1, PSORS1C3, and SRGAP3-AS2 was associated with genomic instability was still unclear. We first constructed a ceRNA network of genomic instability–associated m6A-related lncRNAs, revealing novel insights for exploring new RNA epigenetic regulatory mechanisms in LUAD. Furthermore, we combined the expression of m6A regulators and immune checkpoint blockades CTLA4 and HAVCR2 with somatic mutations of LUAD, providing a new approach to exploring novel immune therapeutic targets in LUAD. Recently, a study showed that CTLA4 can serve as a prognostic biomarker for predicting the survival of LUAD (Wang et al., 2020b). Furthermore, an immunogenic gene signature associated with immune checkpoint blockade provided novel therapeutic targets for immunology in LUAD (Ahluwalia et al., 2021).
In our study, we identified a signature of 17 prognostic m6A-related lncRNAs based on all LUAD patients, a training group, and a testing group for predicting the outcomes of LUAD. Furthermore, we conducted a performance comparison analysis of our prognostic model and two recently published lncRNA signatures; the results indicated that our prognostic model of m6A-associated lncRNAs performed better in predicting the clinical outcomes of LUAD patients than the other two lncRNA signatures. In addition, validation using the GEO dataset GSE102287 confirmed that high expression of LINC01137 was associated with better prognosis of LUAD patients than low expression of LINC01137. Some studies have identified AL122010.1 as a predictor of survival of breast cancer patients (Li et al., 2020; Ma et al., 2020). The short-lived lncRNA LINC01137 serves as a useful indicator of chemical stress responses (Tani et al., 2019). Low expression of lncRNA GAS6-AS1 is a biomarker for predicting survival in NSCLC (Han et al., 2013). The expression of AC079949.2 is associated with clinical outcomes of patients with esophageal cancer (Liu et al., 2020b).
In our study, we identified the correlations between the expression of 17 prognostic m6A-related lncRNAs and the LUAD immune microenvironment, microenvironment, stemness scores, and immune subtype using the UCSC-Xena website. The immune microenvironment analysis showed that the 17 prognostic m6A-related lncRNAs were protective factors regarding clinical outcome on a pan-cancer basis. Recently, the m6A-related lncRNA LINC00958 was identified as a therapeutic target in hepatocellular carcinoma (Zuo et al., 2020). Other studies showed that ALKBH5 could promote the metastasis and invasion of gastric cancer by demethylating the expression of lncRNA NEAT1 (Zhang et al., 2019b) and that METTL14 acts as a prognostic biomarker in colorectal cancer by downregulating oncogenic lncRNA XIST (Yang et al., 2020). We constructed an m6A-related lncRNA prognostic risk model based on all LUAD patients, a training group, and a testing group from UCSC-Xena GDC TCGA-LUAD. Performance comparison analysis confirmed that the m6A-related lncRNA risk model could better predict clinical outcomes of LUAD patients than the previously published lncRNA signatures. Our study first verified the relationship between prognostic m6A-associated lncRNAs and the immune microenvironment based on the CIBERSORT algorithm, which provided a novel insight for revealing potential immune therapeutic targets in RNA epigenetics.
We first identified prognostic genomic instability of m6A-related lncRNAs in LUAD and constructed and validated a prognostic model based on the internal datasets (all TCGA-LUAD, training TCGA-LUAD, and testing TCGA-LUAD); furthermore, we validated the prognostic value of m6A-related lncRNA LINC01137 in the external dataset GSE102287 and analyzed the expression, clinical correlation, immune microenvironment, and anticancer drug sensitivity of the prognostic value of the 17 m6A-related lncRNAs in LUAD; the results provided novel insights for exploring new therapeutic targets in LUAD. Our study subjects were extracted from TCGA, the UCSC-Xena database, and the GEO database; it is not known whether our findings apply to other groups. We further validated the expression of prognostic m6A-related lncRNAs in normal bronchial epithelial (Beas-2B) and LUAD cells (A549, H1299, and H1975), and the results showed that the expression of AL122010.1, AC026202.2, AC123595.1, AL049555.1, AC079949.2, and LINC01137 was significantly higher in LUAD cells than normal bronchial epithelial cells (p < 0.05), which is consistent with TCGA database. However, the reason why the expression levels of the remaining lncRNAs are contrary to the results in the database may be related to ethnicity. In future, many molecular biology experiments will be performed, and many clinical samples will be collected to verify the 17 prognostic m6A-related lncRNAs.
In this study, we further explored the relationships between the expression levels of 17 prognostic m6A-associated lncRNAs and pathological N1-3/N0 and pathological M0/M1 stages. AL590666.2 was significantly different in pathological stages M0/M1, and 10 prognostic m6A-associated lncRNAs were differentially expressed in pathological N0/N1-3 stages. Our study first explored the association of the expression of m6A-associated lncRNAs with anticancer drug sensitivity using the CellMiner database, which provided novel insights regarding new therapeutic targets based on RNA epigenetics in LUAD.
CONCLUSION
In conclusion, we identified the genomic instability of m6A-related lncRNAs and constructed a ceRNA network and then constructed and validated the Cox prediction model based on m6A-related lncRNAs using all TCGA-LUAD patients, a training group, and a testing group. Finally, clinical, prognostic, immune microenvironment, stemness scores, and anticancer drug sensitivity analyses of m6A-related lncRNAs in LUAD shed new light on potential therapeutic targets based on RNA epigenetics.
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