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Introduction: This work aimed to identify m6A-related long non-coding RNAs (IncRNAs) associated with lung adenocarcinoma
(LUAD) and evaluate their prognostic value and to examine the oncogenic actions of FAM83A-AS1 in LUAD.

Methods: The m6A-related IncRNAs in LUAD were identified by correlating IncRNA expression profiles with known mo6A
regulators using TCGA RNA-seq data. Prognostic IncRNAs were selected through univariate and multivariate Cox regression analyses
and integrated into a risk model termed m6ARLSig. The model’s predictive performance was assessed using Kaplan-Meier survival
analysis, ROC curves, and principal component analysis. Immune infiltration and therapeutic responses were evaluated using
CIBERSORT and drug sensitivity prediction. In vitro assays were conducted in A549 and A549/DDP cell lines to assess the oncogenic
and drug resistance roles of FAM83A-ASI.

Results: We screened a set of m6A-related genes and identified a subset of m6A related-IncRNAs from TCGA through correlation
analysis. Eight m6A-related IncRNAs were significantly associated with patient outcomes. AL606489.1 and COLCA1 functioned as
independent adverse prognostic biomarkers, whereas six long non-coding RNAs served as independent favorable predictors of overall
survival (OS). Eight IncRNAs were employed to develop a prognostic m6A-associated IncRNA signature (m6ARLSig). Based on
personalized m6ARLSig levels, we computed a risk score for each individual and stratified the cohort into low-risk and high-risk
categories. Survival analysis revealed a marked divergence in overall survival between the low- and high-risk cohorts, thereby
substantiating the m6ARLSig’s prognostic utility. In multivariate modeling, the m6ARLSig remained an independent predictor of
prognosis. A nomogram incorporating m6ARLSig and clinicopathological parameters was constructed, providing a clinically adap-
table tool for survival probability estimation. FAM83A-AS1 knockdown repressed A549 proliferation, invasion, migration, EMT, but
increased apoptosis. Additionally, FAM83A-AS silence also attenuated cisplatin resistance of A549/DDP cells.

Conclusion: Collectively, we identified a novel m6ARLSig with prognostic value in LUAD. The m6ARLSig showed associations
with clinicopathological parameters, immune cell infiltration, and therapeutic responses. FAM831-AS1 may play oncogenic role in
LUAD.
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Introduction

Globally, lung cancer is a leading cause of cancer-related deaths.'” Despite integrated treatment options including
radiotherapy, targeted therapy, and chemotherapy, and for lung adenocarcinoma (LUAD), five-year overall survival (OS)
rate remains low.”* Therefore, there is a critical need to address this challenge. RNA methylation is essential in complex
mechanisms underlying lung cancer pathogenesis.” Existence of various RNA methylation modifications, including
pseudoguanosine, 5S-methylctisine (m5C) and N-6 methylation (m6A) within the transcriptome RNA has been reported.®
These modifications have been implicated in the development of LUAD.® Advancements in next-generation sequencing
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technology have facilitated research on m6A, and enabled the localization of m6A through innovative techniques.”*
MO6A-related enzymes and demethylases are categorized into three groups, each responsible for reversible methylation of
RNA at the sixth nitrogen atoms.” Enzymes known as m6A “writers”, including “KIAA1429”, “METTL3-14”,
“HAKAI”, “WTAP” and “WTAP” form m6A complex and catalyze forward methylation of RNA.' Demethylases
such as “ALKBH5” and “FTO” are involved in reversing the methylation process.'® These m6A regulators have been
extensively implicated in human diseases and contribute to malignant tumors.'' Tumor microenvironment (TME) refers
to surroundings in which tumors migrate, grow and invade, involving interactions among immune cells, stromal cells,
and tumor cells, which significantly impact tumor growth and development.'*'* TME components are attracted by tumor
cells and act as enhancing forces for tumor progression.'* Tumor-related macrophages, despite initially acting as barriers
against tumor cell removal, have been found to promote tumor progression by secreting paracrine signals within the
tumor. "

Comprehensive genome analysis has led to active transcription regions discovery, revealing that over 75% of RNA
molecules cannot be classified as coding for proteins or mere “transcriptional noise”. This significant portion, known as
non-coding RNA (ncRNA), plays a crucial regulatory role in various biological processes.'> Non-coding RNAs consist
of short, middle-sized, and long ncRNAs, with increasing attention on IncRNAs alongside the predominant focus on
short non-coding RNAs (miRNAs).'> Gene expression is controlled by these molecules through various mechanisms,
encompassing transcriptional, epigenetic, and post-transcriptional processes.'®!” Mechanistically, IncRNAs engage with
RNA-binding proteins, transcription factors, and form molecular structures that facilitate the recruitment of diverse
effectors. Certain IncRNAs are categorized as competing endogenous RNAs (ceRNAs) and function as “miRNA
sponges”, exerting an indirect influence on the activation of miRNA target genes.'®'” LncRNAs that exhibit differential
expression (DEIncRNAs) have been linked to the progression of cancer. These DEIncRNAs show varying expression
patterns depending on the stage of the disease and have an influence on crucial pathophysiological pathways. The
potential of aberrantly expressed IncRNAs as targets for therapeutic intervention shows great promise. Deep RNA-
sequencing studies in lung cancer have identified DEIncRNAs that distinguish tumor samples from normal samples in
NSCLC, LUAD, and LUSC.?*?* Further investigations have revealed the disruptive effects of DEIncRNAs on multiple
molecular pathways in NSCLC cells.”** Given the intricate role of IncRNAs in regulating immune-related pathways
and their potential to influence the TME,> investigating m6A-modified IncRNAs provides an opportunity to uncover
novel biomarkers and therapeutic targets in LUAD. Recent evidence suggests that certain m6A-related IncRNAs may
modulate immune cell infiltration, affect immune checkpoint expression, and contribute to drug resistance.>**> However,
systematic characterization of these IncRNAs in relation to both clinical outcomes and the immune landscape in LUAD
remains limited.

This study developed a signature of IncRNAs associated with m6A and conducted a comprehensive analysis of their
correlations with clinicopathological features and prognosis in LUAD patients. Subsequently, we constructed a predictive
nomogram that combines m6A-related IncRNA signature (m6 ARLSig) with clinical parameters to provide estimates of
survival outcomes for these patients. By conducting comparisons between high- and low-risk cohorts, we examined
multiple factors such as response to immunotherapy and immune status. Through our findings, we have gained useful
insights into mechanisms involving m6A in LUAD, which could potentially improve personalized treatment strategies

and prognostic assessments.

Materials and Methods

The Process of Acquiring Datasets and Extracting Samples

To gather the necessary data for analysis, the dataset and sample extraction process entailed acquiring RNA-seq data
specific to LUAD from TCGA database. In this study, 526 LUAD patients were included. Moreover, comprehensive
clinical details were also retrieved from the TCGA database. Subsequent analyses focused on a subset of patients,
specifically 480 individuals with follow-up details and survival time > 30 days.
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Detection of m6A-Related Genes

A combined effort involving the database and a literature search resulted in the collection of a total of 23 m6A-related
genes. These genes were then further filtered by expression data for LUAD in TCGA database. Ultimately, 10 m6A-
related genes were successfully retrieved and included in the analysis (as shown in Table 1). Then, prognostic m6A-
related IncRNAs were obtained by using the R survival package and the univariate Cox analysis. The confidence interval
and the hazard ratio were calculated using the survival package and visualized by forest plots.

Bioinformatics Analysis

Cytoscape 3.7.2 was employed to construct co-expression networks, while principal component analysis (PCA) was
utilized to assess patients’ distribution based on risk scores. PCA plots were generated using the R package scatterplot3D.
To develop and validate the nomogram, rms package in R version 4.0.3 was employed. Additionally, Sankey map was
obtained using R package ggalluvial.

Prognostic Model for LUAD Based on m6ARLSig

By constructing a m6As-related mRNA-IncRNA coexpression network, 8 mo6A-related IncRNAs were identified.
Visualization of the coexpression networks was carried out using Cytoscape. Subsequently, through univariate analyses,
prognostic m6A-related IncRNAs were identified and incorporated into a multivariate Cox regression analysis to
establish risk scores. The risk score for each patient was calculated using the following formula: “risk score = X
(coefficient(IncRNA1) x expression(IncRNA1)) + (coefficient(IncRNA2) x expression(IncRNA2)) +. + (coefficient
(IncRNAn) x expression(IncRNAn))”. To assess relationship between survival and the high- and low-risk groups, linear
regression analysis was utilized. Model accuracy was explored through metrics such as calibration curve, consistency
index, and receiver operating characteristic (ROC) curves. To confirm independent prognostic value of risk score,
demographic data were included in the multivariate Cox regression analysis. Finally, distribution of survival statuses
was assessed based on different levels of risk scores.

M6ARLSig Model in Predicting the Response to Clinical Treatment
To measure the levels of immune cell infiltration in each LUAD sample, CIBERSORT tool based on the LM22 reference
matrix https://cibersort.stanford.edu/) was utilized. Relationship between m6ARLSig score and immune checkpoint

inhibitor (ICI) gene levels was evaluated using the ggstatsplot package in R. were presented through violin plots.
Additionally, to compare ICs, of various antitumor drugs between groups.

Gene Set Enrichment Analysis (GSEA)

GSEA was conducted individually for different groups, using prognostic model. Enrichment analysis focused on
predefined biological processes and pathways, considering them statistically significant if NOM P < 0.05 and false

Table | List of 10
méA-Related Genes

Genes

LRPPRC
YTHDC2
RBMX
METTLI4
RBMI5
YTHDF3
FMRI
FTO
YTHDCI
IGFBP3
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discovery rate (FDR) < 0.25. The reference files ¢5.go.v7.1.symbols.gmt and c2.cp.kegg.v7.1.symbols.gmt from the
Molecular Signatures Database were specifically chosen for this analysis. The number of permutations was set to 1000
times.

Cell Line and Transfection

Normal human bronchial epithelial cells (16-HBE) and the non-small cell lung cancer line A549 were obtained from the
Chinese Academy of Sciences Cell Bank (Shanghai, China). Both cell lines were maintained in Dulbecco’s Modified
Eagle Medium (DMEM; Gibco, MA, USA) containing 10% fetal bovine serum (FBS), 100 U/mL penicillin, and 100 pg/
mL streptomycin (Gibco) at 37 °C in a 5% CO, humidified incubator. To generate a cisplatin-resistant A549 subline,
parental A549 cells were exposed to escalating doses of cisplatin: starting at 0.2 uM for eight weeks, then increasing the
concentration by 0.1 uM every two weeks until reaching 2 uM. The resultant resistant population was designated
A549/DDP.

SiRNA and Transfections
The siRNAs targeting FAM83A-AS1 (siRNA#1 and siRNA#2) as well as the scrambled siRNA (siNC) were synthesized
by RiboBio (Guangzhou, China).

A549 were transfected with FAM83A-AS1 siRNA or the corresponding negative control (NC) using the lipofecta-
mine 2000 transfection kit (Invitrogen, CA, USA).

Quantitative Real-Time PCR (qRT-PCR)

The mRNA from cells were extracted using TRIZOL reagent (Invitrogen). qRT-PCR was performed according to
previous methods.*®

CCK-8 Assay

In short, following the transfection process, 5x 10° A549 cells were introduced into 96-well plates and cultured for 24, 48,
and 72 hours under standard conditions. Subsequently, 10 pL of CCK-8 assay solution (Beyotime, Shanghai, China) was
applied to each well and left for an additional 4 hours. The absorbance at 450 nm for each well was then measured.

Flow Cytometry

Cells were harvested and subjected to centrifugation at 12,000 x g for 5 minutes at room temperature. After discarding
the supernatant, the cells were resuspended in PBS. Following the instructions of the AnnexinV-FITC cell apoptosis
detection kit (Thermo), the cells were stained with Annexin-V-FITC and propidium iodide for 20 minutes at room
temperature. Flow cytometry (BD Bioscience) was employed to assess both early/late apoptosis.

Transwell Invasion

Cell invasion was evaluated using a Transwell assay. Briefly, the upper surfaces of Transwell inserts (Corning, MA,
USA) were coated with Matrigel (Sigma, MO, USA). Cells were suspended in serum-free medium at 1x10° cells per well
and added to the upper chamber, while the lower chamber contained complete growth medium. After 24 hours of
incubation at 37 °C, cells that had migrated through the Matrigel and membrane were fixed in methanol and stained with
0.5% crystal violet. Invading cells were then quantified by counting stained cells under a light microscope.

Wound Healing

In short, 5 x 105 cells were placed in 6-well plates. Once the cells reached full confluence, a wound was created by gently
scratching with a 200-puL pipette tip. Subsequently, cells were subjected to a period of starvation and cultured for 24
hours. Images of the scratched areas at both 0 h and 24 h were captured using a microscope.
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Statistical Analysis

All computational and statistical analyses were performed using R (version 4.0.3). Survival analysis was carried out
using the Kaplan-Meier method. Differences between groups were assessed using the Kruskal-Wallis test, while clinical
information was analyzed using either the Fisher’s exact test or Chi-squared test. The relationships between different
parameters were evaluated using Pearson or Spearman correlation coefficients. The significant differences between
different groups in vitro studies were evaluated using unpaired ¢-test. P < 0.05 was defined as statistically significant.

Results
Extraction of LUAD-Associated méA-Related IncRNAs

Firstly, we conducted a comprehensive screening of m6A-related genes. Subsequently, through Pearson correlation
analysis, we successfully identified a specific set of m6A-related IncRNAs. Further analysis with univariate analysis
unveiled significant correlation between eight m6A-related IncRNAs (AC026355.1, AC090559.1, AC124045.1,
AL606489.1, COLCA1, FAMS83A-AS1, HLA-DQBI-ASI, and U91328.1) levels and patient outcomes. The forest plot
shows the hazard ratio with 95% confidence interval of these 8 m6A-related IncRNAs (Figure 1A). Specifically, six of
these m6A-related IncRNAs exhibited favorable prognostic potential, while two IncRNAs were identified as poor
prognostic markers (Figure 1B-I). Leveraging these eight m6A-related IncRNAs, we successfully established prognostic
signature referred to m6ARLSig.

Network of Co-Expressed méA-Related IncRNAs and Sankey Diagram

Representation

Figure 2A presents correlations between levels of 8 m6A-related IncRNAs and m6A-related genes. Notably, among these
IncRNAs, AL606489.1 and COLCA1 emerged as independent unfavorable prognostic characteristics for OS. Conversely,
six IncRNAs (AC026355.1, AC090559.1, AC124045.1, AL606489.1, COLCA1, FAM83A-AS1, HLA-DQB1-AS1, and
U91328.1) exhibited independent favorable prognostic characteristics for OS, as illustrated in Figure 2B.

Assessment of Prognostic Significance of m6ARLSig

Risk score was constructed using formula below: “-0.2571xAC026355.1 + (—0.1255xAC090559.1) +
(—0.3238xAC124045.1) + (0.2026xAL606489.1) + (—0.04799xCOLCA1) + (0.04366xFAM83A-AS1) +
(—0.06873xHLA-DQB1-AS1) +. (-0.3183xU91328.1)”. Based on personalized levels of m6ARLSig, risk score was
calculated in each patient. Stratified patients were classified into high-risk (n = 240) and low-risk groups (n = 240) by
median risk score. Kaplan-Meier survival curves exhibited disparity in OS between high-m6ARLSig and low-m6ARLSig
groups for LUAD patients (Figure 3A), indicating the effective predictive capacity of this newly developed signature.
Figure 3B-D presents the distribution of expression levels of the 8 m6A-related IncRNAs, survival status, clinicopatho-
logical factors and risk scores.

Additionally, we conducted both univariate/multivariate analysis to assess independent association of m6ARLSig
with OS in LUAD patients. Univariate analysis revealed a HR of 1.474 (95% CI = 1.322—-1.644), while in multivariate
analysis (Figure 4A), HR was 1.502 (CI = 1.319-1.710) (Figure 4B). Receiver operating characteristic analysis produced
AUCs of 0.781, 0.702, and 0.717 at one, three, and five years, respectively (Figure 4C). We then applied principal
component analysis to the full transcriptome, the subset of m®A-associated IncRNAs, and the m6ARLSig. As illustrated
in Figure 4D and E, neither the entire gene expression profile nor the panel of m(JA-related IncRNAs alone could
segregate patients by risk. In contrast, the m6ARLSig clearly stratified individuals into discrete high- and low-risk
clusters, further validating the model’s precision (Figure 4F).

Correlations Between m6ARLSig and Clinicopathological Parameters

To further investigate m6ARLSig’s impact on LUAD progression, we examined its associations with clinicopathological
parameters. The results demonstrated significant correlations between pathologic stage and risk score (Figure 5).
Specifically, risk score was notably higher for I[I-IV stages compared to I stage (Figure 5A). It was elevated in patients
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Figure | Identification of méA-related IncRNAs associated with LUAD. (A) The forest plot displays the hazard ratio (HR) with 95% confidence interval (Cl) and p-values for
the identified méA-related IncRNAs using univariate Cox proportional hazards analysis. Among them, six IncRNAs were associated with a favorable prognosis, while two
IncRNAs were associated with an unfavorable prognosis. Kaplan-Meier survival curves were generated for the eight identified méA-related IncRNAs: (B) AC026355.1, (C)
AC090559.1, (D) AC124045.1, (E) AL606489.1, (F) COLCAI, (G) FAM83A-ASI, (H) HLA-DQBI-ASI, and (I) U91328.1. *P*0.05 and **P<0.01.

with T2-T4 tumors compared to those with T1 tumors (Figure 5B). Patients with nodal metastases exhibited significantly
elevated risk indices compared to those without lymph node involvement (Figure 5C). Importantly, individuals classified
as high-risk experienced markedly reduced overall survival relative to low-risk patients (Figure 5D).

Development of the Predictive Nomogram Incorporating m6ARLSig and

Clinicopathological Parameters

A practical nomogram to assess survival probabilities of LUAD patients by incorporating m6ARLSig and clinico-
pathological parameters is presented (Figure 6A). Nomogram accurately predicted mortality rates compared to
observed data (Figure 6B-D). Additionally, ROC curves were constructed to evaluate 5-year OS, and the clinical
prognostic nomogram exhibited a superior AUC value of 0.782, surpassing other clinicopathological parameters
(Figure 6E).

GSEA Enrichment Analysis

GSEA analysis was employed for functional annotation purposes. LUAD samples with high-risk scores exhibited
enrichment in GO terms such as “activation of mitotic metaphase plate congression”, “mitotic nuclear division”,

“organelle fission”, “chromosome centromeric region”, and “condensed chromosome centromeric region” (Figure 7A).

Conversely, LUAD samples with low-risk scores displayed enrichment in “Oplus2 motile cilium”, “extracellular
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Figure 2 Coexpression network and Sankey diagram showcasing the relationship between méA-related IncRNAs and risk type. (A) Coexpression network was constructed
using Cytoscape, where méA-related IncRNAs are represented by purple ellipses and mRNAs by dark pink diamonds. (B) Sankey diagram visually represents the
connections between mRNAs, méA-related IncRNAs, and risk type.

transport”, “negative regulation of B cell mediated immunity”, “negative regulation of TORCI1 signaling”, and “Golgi cis
sisterna” (Figure 7A). Furthermore, high-risk cohorts demonstrated enrichment in “cell cycle”, “homologous recombina-
tion”, “oocyte meiosis”, “p53 signaling pathway”, and “proteasome signaling” (Figure 7B). Low-risk cohorts exhibited
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enrichment in “asthma”, “autoimmune thyroid disease”, “graft verse host disease”, “hematopoietic cell lineage”, and
“intestinal immune network for IgA production” (Figure 7B).

Contrasts in the Immunotherapy Response Between High- and Low-Risk Groups
Comparison of 22 immune cell types between two groups was performed. Figure S1 illustrates the variations in immune
cell infiltration among LUAD patients from TCGA, indicating an inherent characteristic that reflects individual variances.
Immune cell proportion exhibited differences between two groups (Figure SIA and S1B). Notably, LUAD patients in
high-risk cohorts demonstrated higher ratios of activated memory CD4 T cells and neutrophils (Figure S2A). Conversely,
LUAD patients from low-risk group exhibited lower ratios of CD8 T cells, resting memory CD4 T cells, resting mast
cells and monocytes (Figure S2A).
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Figure 8 Effects of FAM83A-AS| knockdown on in vitro functions of lung cancer cells. The expression of (A) COLCAI, (B) FAM83A-AS| and (C) HLA-DOBI-ASI in normal
and cancerous lung cells were determined by qRT-PCR. (D) A549 cells were transfected with different siRNAs for FAM83A-AS| or control siRNA, and FAM83A-AS|
expression in A549 cells was determined by qRT-PCR. (E-1) A549 cells were transfected with siRNA for FAM83A-AS| (siRNA#2) or control siRNA (siNC), cell proliferation,

apoptosis, invasion, migration and EMT were evaluated by CCK-8, flow cytometry, Tanswell invasion, wound healing and qRT-PCR assays, respectively. N = 3. **P<0.0| and
*#*P<0.001 compared to respective controls.

Interestingly, low-risk cohorts exhibited higher levels of 25 immune checkpoint genes, including TNFRSF4,
ADORA2A, TNFSF15, CD200R1, CD41, HAVCR2, BTLA, BTNL2, ICOS, CD80, TNFRSF25, CTLA4, I0D2,
CD86, HHLA2, CS27, CD40LG, TNFSF18, LAIR1, TNFSF14, TNFRSF14, CD48, LGALS9, CD28, CD244, TIGIT,
CDA40, and CD160. Conversely, CD276 exhibited higher expression in high-risk cohorts (Figure S2B). Furthermore, low-
risk cohorts had higher estimate score, immune score, and stromal score than that from high-risk ones (Figure S3A-S3C).

Response to Targeted Therapy and Chemotherapy Between Two Groups

It was observed that low-risk-score patients displayed heightened sensitivity to chemotherapeutics including docetaxel,
doxorubicin, and paclitaxel (Figure S4). Additionally, low-risk-score patients demonstrated enhanced sensitivity to
targeted therapeutics like gemcitabine, erlotinib, and sorafenib (Figure S4), indicating that m6 ARLSig holds potential
as a predictive marker for chemosensitivity. These findings also provide an explanation for unfavorable prognosis

observed in high-risk-score patients, as they are likely to exhibit greater resistance to targeted therapy and chemotherapy.

Effects of FAM83A-AS| Knockdown on in vitro Functions of Lung Cancer Cells

Figure 8A—C showed that COLCA1 and HLA-DOB1-AS1 were down-regulated, FAM83A-AS1 was up-regulated in
A549 cells compared to 16-HBE cells. Furthermore, FAM83A-AS1 was chosen for further functional studies.
Transfection with FAMS8S3A-AS1 siRNAs reduced FAMS83A-AS1 expression in AS549 cells compared to siNC
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Figure 9 Effects of FAM83A-AS| knockdown on drug resistance of lung cancer cells. (A) Cell viability of A549 and A549/DDP cells treated with various concentrations of
cisplatin were determined by CCK-8 assay. (B) IC50 values of cisplatin for A549 and A549/DDP cells. (C) FAM83A-AS| expression in A549 and A549/DDP cells. (D) Cell
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siRNA#2. (F) MDRI and (G) MRPI mRNA expression levels of A549/DDP cells transfected with siNC or siRNA#2 were determined by qRT-PCR. N = 3. *P < 0.05 and
*#P<0.0l compared to respective controls.

transfection (Figure 8D). Functional studies showed that FAM83A-AS1 knockdown repressed A549 proliferation,
invasion, migration, EMT, but increased apoptosis (Figure 8E-I).

Effects of FAM83A-AS| Knockdown on Drug Resistance of Lung Cancer Cells

Figures 9A and B reveal that the ICs, of cisplatin are substantially elevated in the A549/DDP subline compared to
parental A549 cells. Furthermore, FAM83A-AS1 expression is markedly increased in A549/DDP cells relative to A549
controls (Figure 9C). Targeted silencing of FAM83A-AS1 via siRNA significantly lowers the cisplatin ICsq in A549/
DDP cells versus the siNC group (Figure 9D and E). In parallel, FAM83A-AS1 knockdown diminishes the mRNA levels
of the drug efflux transporters MDR1 and MRP1 in A549/DDP cells compared to controls (Figures 9F and G).

Discussion

In this study, we identified eight m6A-related IncRNAs significantly associated with overall survival in LUAD using
TCGA gene expression data. Six IncRNAs were linked to favorable prognosis and two to poor prognosis. These were
integrated into a prognostic signature (m6ARLSig), which effectively stratified patients into high- and low-risk groups
with distinct survival outcomes. Co-expression analysis revealed associations between the IncRNAs and m6A regulators.
Multivariate analysis confirmed m6ARLSig as an independent prognostic factor, and a nomogram incorporating
m6ARLSig and clinical parameters was constructed for individualized survival prediction. Additionally, the high-risk
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group exhibited altered immune cell infiltration, differential expression of immune checkpoints, and reduced sensitivity
to chemotherapeutic and targeted agents, suggesting m6 ARLSig may also inform immunotherapy strategies. Overall, our
findings support m6ARLSig as a promising biomarker for prognostication and personalized treatment in LUAD.

Several of the IncRNAs included in our m6ARLSig model have previously demonstrated prognostic significance in
LUAD and other cancers. AC026355.1 has been reported as part of immune-, ferroptosis-, and hypoxia-related signatures
associated with LUAD prognosis.””** AC090559.1 has been linked to pyroptosis-, autophagy-, and necroptosis-related
prognostic models in LUAD and osteosarcoma.””*® AC124045.1 was included in a ferroptosis-related prognostic
signature for LUAD.?' AL606489.1 has been featured in autophagy- and necroptosis-related models and showed sex-
specific prognostic value in LUAD.***? Regarding FAM83A-ASI, it promoted LUAD progression by enhancing
FAMS3A stability.>* FAM83A-AS1 was identified as a necroptosis-related and pyroptosis-related IncRNA predictive
signature for LUAD patients 0S.>>® In terms of HLA-DQBI1-AS1, HLA-DQBI1-ASI is reported to promote cancer
progression in various types of cancers.*>*’* The role of U91328.1 has not been reported in LUAD, although Zhou et al
demonstrated its association with an m6A-related IncRNA signature for colon adenocarcinoma patients.>® In our study,
based on personalized m6ARLSig levels, we calculated risk scores and divided patients into high- and low-risk cohorts.
Difference in OS between these cohorts, confirming prognostic value of the m6 ARLSig. Multivariate analysis confirmed
its independent prognostic value. Additionally, a nomogram incorporating m6ARLSig and clinicopathological parameters
was constructed, providing a clinically adaptable tool for survival probability estimation. Notably, our findings align with
and expand upon recent evidence from multiple studies. Zhang et al, constructed a regulatory network of m6A enzymes,
IncRNAs, and mRNAs, identifying hub genes such as SH3PXD2A-AS1 and MAD2LI1 that overlapped with our enriched
cell cycle and mitotic progression pathways in the high-risk cohort.*” Shen et al, provided further insight into m6A-
related IncRNAs and their role within the TIME, revealing distinct immune and pathway features across molecular
subtypes.*' Liu et al, emphasized the utility of integrating transcriptomic and proteomic data across populations to
construct robust survival models, highlighting the relevance of hub genes.*” Together, these studies support the
robustness of our m6ARLSig model and underscore the biological significance of cell cycle regulation and immune
microenvironment modulation, in LUAD prognosis.

The GSEA enrichment analysis revealed distinct biological processes and pathways between high- and low-risk
LUAD cohorts, offering insights into potential mechanisms underlying disease progression. In high-risk patients,
enrichment in pathways such as “cell cycle”, “homologous recombination”, and the “p53 signaling pathway” suggests
a dysregulation of genomic stability and proliferative control, which are hallmarks of tumor aggressiveness. The
concurrent activation of mitotic processes and proteasome signaling further supports a hyperproliferative phenotype
that may contribute to rapid tumor progression. In contrast, low-risk LUAD samples showed enrichment in immune-
related pathways, including “intestinal immune network for IgA production” and “negative regulation of B cell mediated
immunity”, indicating a more active or regulated immune microenvironment potentially associated with better prognosis.
The suppression of TORCI signaling in these patients may also reflect lower metabolic and proliferative demands.
Together, these findings highlight distinct mechanistic landscapes in LUAD and underscore the potential of these
pathways as therapeutic targets or prognostic indicators.

The m6A modification is key in the pathological processes associated with cancer development.® LncRNAs can
regulate the expression of m6A regulators. For example, in, LINC00022 overexpression promoted esophageal squamous
cell carcinoma progression via targeting FTO.** In gastric cancer, the oncogenic THAP7-ASI is activated transcription-
ally by SP1 and stabilized through m6A modification by METTL3.** The key achievement of this research lies in
establishing the association between m6ARLSig and TME. Importantly, intricate interaction between tumor cells and
TME not only plays a crucial role in tumor development but also significantly impacts OS and immunotherapeutic
efficacy.*>*® Our results revealed that m6ARLSig primarily operates within immune-related pathways. High-risk-score
patients exhibited higher levels of activated memory CD4 T cells, thus confirming the involvement of m6ARLSig in
regulating tumor immune infiltration. Given the connection we observed between m6ARLSig and immune infiltration in
LUAD, targeting m6ARLSig could potentially serve as a strategy for combined treatments involving ICIs.

Combining immune checkpoint blockade with immunotherapies shows promise as a strategy for treating diverse
cancer types. It has been observed that activated tumor immune microenvironment is associated with positive responses
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to ICI intervention.*” Interestingly, low-risk group exhibited high expression of CTLA-4, indicating that patients in this
group could potentially experience enhanced benefits from anti-CTLA-4 immunotherapy. These findings provide valu-
able new insights into tumor immunotherapy.

There are several limitations in the present study. Firstly, conducting functional experiments would be necessary to
gain better understanding of molecular mechanisms underlying m6ARLSig. Secondly, our study is retrospective in
design and relies solely on publicly available RNA-seq and clinical data from TCGA. While TCGA provides a valuable
resource for hypothesis generation, its data may not fully represent the heterogeneity of real-world patient populations or
clinical treatment settings. Thirdly, we relied on a single data source for our analysis. Additionally, due to incomplete
data availability, well-established prognostic factors like tumor markers and chemotherapy data were not included in the
nomogram. Therefore, further studies are required to validate m6ARLSig prognostic significance.

Conclusion

In conclusion, we developed an m6ASig for LUAD that demonstrates prognostic predictive capabilities. Furthermore, we
successfully formulated a reliable nomogram incorporating the m6ASig. Importantly, our study suggests that the
m6ARLSig identified may be linked to immune infiltration and potentially impact tumor immunotherapy effectiveness.
Furthermore, FAM831-AS1 may play oncogenic role in LUAD.
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