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Abstract

Background: N-6 methylation (m6éA) pushes forward an immense influence on the
occurrence and development of lung adenocarcinoma (LUAD). However, the methyla-
tion on non-coding RNA in LUAD, especially long non-coding RNA (IncRNA), has not
been received sufficient attention.

Methods: Spearman correlation analysis was used to screen IncRNA correlated
with m6A regulators expression from the Cancer Genome Atlas (TCGA) and Gene
Expression Omnibus (GEO) repositories, respectively. Then, the least absolute shrink-
age and selection operator (LASSO) was applied to build a risk signature consisting
moéA-related IncRNA. Univariate and multivariate independent prognostic analysis
were applied to evaluate the performance of signature in predicting patients' survival.
Next, we applied Gene Ontology (GO), Kyoto Encyclopedia of Genes and Genomes
(KEGG), and gene set enrichment analysis (GSEA) to conduct pathway enrichment
analysis of 3344 different expression genes (DEGs). Finally, we set up a competing
endogenous RNAs (ceRNA) network to this IncRNA.

Results: A total of 85 common IncRNAs were selected to acquire the components
related to prognosis. The final risk signature established by LASSO regression con-
tained 11 IncRNAs: ARHGEF26-AS1, COLCA1, CRNDE, DLGAP1-AS2, FENDRR,
LINC00968, TMPO-AS1, TRG-AS1, MGC32805, RPARP-AS1, and TBX5-AS1. M6A-
related IncRNA risk score could predict the prognostic of LUAD and was significantly
associated with clinical pathological. And in the evaluation of lung adenocarcinoma
tumor microenvironment (TME) by using ESTIMATE algorithm, we found a statisti-
cally significant correlation between risk score and stromal/immune cells.
Conclusion: M6éA-related IncRNA was a potential prognostic and therapy target for

lung adenocarcinoma.

KEYWORDS
bioinformatics, INcRNA, lung adenocarcinoma, mé6A, tumor microenvironment

Jian Zheng and Zhuochen Zhao contributed equally to this work.

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium,

provided the original work is properly cited.

© 2021 The Authors. Journal of Clinical Laboratory Analysis published by Wiley Periodicals LLC.

J Clin Lab Anal. 2021;35:€23951.
https://doi.org/10.1002/jcla.23951

wileyonlinelibrary.com/journal/jcla

1of12


www.wileyonlinelibrary.com/journal/jcla
https://orcid.org/0000-0001-9187-0199
mailto:﻿
https://orcid.org/0000-0002-3622-3965
mailto:﻿
http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:doctorqzb@126.com
mailto:mingliang3072@163.com

20f12
22 | \WILEY

ZHENG ET AL.

1 | INTRODUCTION

Lung cancer is now the most common malignant tumor with its mor-
bidity and mortality are among the first malignant tumors, which has
a big threat to human life.?? As important one of the histological
subtypes of lung cancer, the incidence of lung adenocarcinoma has
gradually surpassed that of lung squamous carcinoma in recent years
and become the largest subtype of lung cancer.®

The pathogenesis of lung cancer is a complex mechanism in
which RNA methylation plays a role in the progress.*> Recent
studies have showed that numerous RNA methylation modifica-
tions including N-6 methylation (m6A), 5-methylctisine (m5C), and
pseudoguanosine are widely present in transcriptome RNA,® which
may be one of the pathogenesis of LUAD. With the development
of next-generation sequencing technology, mé6A, the most prev-
alent modification of eukaryotes is gradually appearing to light,®”
and new localization techniques also make méA research possible.®
N-6 methylation-related methylase and demethylase can be classi-
fied into three enzymes with respective functions that perform re-
versible methylation on the sixth nitrogen atoms of RNA.? The way
their works is shown below: enzymes called m6A “writers” (mainly
including METTL3-14, WTAP, HAKAI, WTAP, and KIAA1429) com-
bine their subunits to form the m6A complex, which can catalyze
the forward methylation of RNA.”¥® The methylation can be re-
versed by demethylase, the enzymes involved in such as ALKBH5
and FTO, also known as the “erasers”.!! In addition, there are some
reading proteins else with specific structural domains as YTH do-
mains (YTHDC1-3) and RBM domains (RBM15), which participate in
the reading process of m6A.*2 The m6A regulators have been shown
to play a wide and profound role in the variety of human disease
and to be involved in human malignant tumor via regulating RNA
metabolism.”

Tumor microenvironment (TME) is the environment in which tu-
mors live in and the soil for tumors grow, migrate, and invade. The
interaction among stromal cells, immune cells, and tumor cells is an
important factor in tumor growth and development in TM E.2 In the
progress of tumor occurrence, components of TME can be recruited
by tumor cells and become the environment driving force for tumor
growth and metastasis.** For example, although macrophages serve
as a barrier to the removal of the tumor cells, it has been reported
that tumor-related macrophages can promote tumor progression
through para-signal secretion in an existing tumor.!>*¢

Most of the previous reports have studied the role of méA
modification on mRNA in tumors, but its mé6A modification on In-
cRNA in tumors and tumor microenvironment remained at an un-
clear level. The purpose of this study was to explore the function
of méA-related IncRNA in LUAD and TME based on public repos-
itories. We obtained the transcriptome expression data and clin-
ical information for patients with lung adenocarcinoma from The
Cancer Genome Atlas (TCGA) and Gene Expression Omnibus (GEO)
repository. Then, an 11 méA-related IncRNA signature was con-
structed after univariate independent prognostic regression anal-
ysis and least absolute shrinkage and selection operator (LASSO)

analysis, and risk score of each individual was calculated inde-
pendently. Our following findings demonstrated that the potential
roles of signature composed of 11 IncRNA in the prognosis of lung

adenocarcinoma.

2 | METHOD AND MATERIALS

2.1 | Datasets

Expression data of 594 LUAD patients were downloaded in the
Cancer Genome Atlas (TCGA) repository, which including 59 normal
samples and 535 tumor samples. Simple nucleotide variation data
of 560 LUAD patients were downloaded from TCGA repository for
TMB calculation. GSE31210 and GSE30219 acquired from Gene
Expression Omnibus (GEO) repository were also used for signature
construction and multi-repository result validation. Sample with
missing clinical information was removed during analyzing.

2.2 | Bioinformatics

All statistical analyses were performed in R version 4.0.3. First of
all, we selected 29 most common méA regulators and conducted
Spearman correlation analysis in TCGA and GSE31210 dataset,
and méA-related IncRNA was screened by the standard correla-
tion coefficient (|cor|) > 0.3. 1251 and 264 required IncRNA were
acquired, respectively, in two databases. We found that the com-
munal part in this IncRNA and the common 85 IncRNA were used
for the signature construction. Then, after the univariate regression
and LASSO analysis, prognostic model made up of 11 IncRNA was
obtained. Kaplan-Meier estimator was applied to draw the survival
curves of single INcRNA or between two risk groups. Next, univari-
ate, multivariate independent prognostic analysis, and ROC curve
were used to evaluate the predictive efficiency and reliability of risk
model. Estimation of Stromal and Immune cells in Malignant Tumor
tissues using Expression data (ESTIMATE) is an algorithm to estimate
the two major components of TME—stromal cells and immune cells—
based on expression data, so that we utilize the method to calculate
the stromalscore and the immunescore of each sample. After that,
Wilcox test was applied to evaluate the infiltration between two risk
groups. The consensus clustering method was applied to the new
classification of LUAD, and the characteristics among the clusters
were analyzed.

Then, we set our eyes on exploring the possible mechanism of
moéA-related IncRNA. We analyzed 3344 differentially expressed
genes between risk groups using R package “limma.” GO, KEGG en-
richment analysis, and metascape online tools were used to elucidate
the signaling pathways and molecular mechanisms of possible DEGs
enrichment. GSEA was used to explore pathways with significant
enrichment in high-risk groups. These biological pathways, cellular
components, and molecular functions may reveal the mechanisms of
méA-related IncRNA in LUAD.


http://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE31210
http://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE30219
http://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE31210
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FIGURE 1 A, Common 85 méA-related IncRNA of 1251 in TCGA and 264 in GSE31210. B-C, LASSO analysis of 13 mé6A-related IncRNA
that affected prognostic. D, Interactions between méA regulators, mé6A-related IncRNA, and their function in LUAD. E, K-M survival curve
of high- and low-risk groups. F, Visualization of relationship between méA regulators and méA-related IncRNA. G-I, Risk plot and heatmap of

all samples

2.3 | Selection of m6A regulators

29 m6A regulators were chosen in this study. These m6éA regula-
tors are as follows: METTL3/5/14/16, YTHDF1-3, YTHDC1/2,
ALKBH5, FTO, WTAP, RBM15/15B/X, HNRNPC, HNRNPA2B1,
VIRMA, IGF2BP1-3, ZC3H13, SON, HAKAI, elF3, ELAVL1, ABCF1,
and ZCCHC4.101217

3 | RESULTS
3.1 | Construction of independent prognostic
model containing 11 IncRNA

We download transcriptome data and clinical information of 594
LUAD patients from TCGA repository as the main body of bioin-
formatic analysis, and two datasets gained from GEO database
(GSE30219 and GSE31210) as the supplement and validation part.
Firstly, we performed Spearman correlation analysis for the purpose

TABLE 1 Coefficient and Hazard Ratio of méA-related IncRNA

IncRNA Coefficient HR
DLGAP1-AS2 0.036859 1.067096
COLCA1 -0.01392 0.934661
LINC00968 -0.32664 0.352524
MGC32805 -0.06904 0.829808
TRG-AS1 -0.25897 0.66373
FENDRR -0.05222 0.720177
RPARP-AS1 -0.06707 0.85281
TBX5-AS1 -0.00791 0.805625
CRNDE -0.02293 0.953754
TMPO-AS1 0.144436 1.301077
ARHGEF26-AS1 -0.01469 0.790747

of finding méA-expression-related IncRNA. According to the cri-
terion that the |Spearman R| > 0.3 and results exist in both data-
bases, we identified a total of 85 IncRNA for subsequent screening


http://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE30219
http://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE31210
http://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE31210
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FIGURE 2 K-M survival curves between high and low expression of single IncRNA in méA-related IncRNA signature

(Figure 1A). Then, after univariate regression analysis and LASSO
analysis, we screened out 11 méA-related IncRNA that associ-
ated with prognostic for the construction of prediction signature
(Figure 1B-C), and risk coefficients (coef value) were obtained of
each IncRNA. The list of 11 IncRNA and coef value, respectively, is as
shown in Table 1. The risk score of each sample was calculated by the
formula: Risk score = Z?:l Coefj  ij. According to the coef value of
IncRNA, we can judge whether a IncRNA is a risk or protect IncRNA.
Therefore, we constructed a Sankey diagram to depict the network
of “mé6A regulators—méA-related IncRNA—risk type” (Figure 1D), as
well based on the correlation analysis, we visualized the relationship
between méA regulators and méA-related RNA by using cytoscape
tool (Figure 1E). Next, we divided all samples of TCGA into high-risk
and low-risk groups according to the risk score, and then used K-M
survival curve to reflect the relationship between risk score and sur-
vival rate. As shown in Figure 1F, there was a significant difference
between two groups (P = 9.665e-08). The risk curve and plot told
us that the number of death cases increased as the increase in risk
score distinctly (Figure 1G-I). These results indicated that risk score
is a good predictor of overall survival rate in LUAD.

Then, we plotted survival curves of each méA-related IncRNA
with their grouping according to the expression level of the corre-
sponding IncRNA. In the light of the results, the high expression of
IncRNA TMPO-AS1 and DLGAP1-AS2 has a significant low overall

survival rate, which is consistent with the coef value of all IncRNA.
Survival between groups of all IncRNA has a significant difference
(P < 0.05) (Figure 2).

3.2 | Verification of the accuracy of the m6A-
related IncRNA signature

In this part, we used a variety method to verify the predictive re-
liability of this signature. Firstly, univariate and multivariate inde-
pendent prognostic analysis were used to evaluate the predictive
ability of risk score in TCGA cohort. It showed that risk score as a
predictor has better predictive value than other clinical characteris-
tics; these including age, gender, T stage, N stage, etc. (Figure 3A,B).
Independent prognostic analysis of validation data set GSE30219
yielded the same results as shown in Figure S1, and multiple ROC
curve confirmed this conclusion (Figure 3C). And the result of
multi-time ROC curve proved the effectiveness of risk signature
in forecasting the 1-, 2-, and 3-year survival of LUAD (Figure 3D).
To combining the clinical characteristics and the risk signature,
we constructed to establish a better clinical prognosis evaluation
model, and we created a nomogram containing a serious of param-
eters and its calibration diagram (Figure 3E,F). Finally, we applied the
risk model to the validation datasets and divided groups according
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TABLE 2 Correlation between riskscore and clinical features (*P value <0.05, ** P value <0.01, *** P value <0.005, **** P value <0.001)

Clinical

Age

Gender

Stage

Group
<=65
>65
female
male
stage |-l
stage IlI-IV
T1-2
T3-4
NO-1
N2-3

n

227
246
252
221
372
101
411

62
402

71

Mean SD

0.603 0.269
0.578 0.243
0.566 0.232
0.617 0.279
0.566 0.237
0.677 0.3

0.585 0.257
0.624 0.248
0.573 0.241
0.686 0.312

t P value
1.031389 0.303
-2.16333 0.031
-3.44732 0.001"
-1.1459 0.255
-2.92134 0.004™"
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to the risk score. We found that there were significant differences
in overall survival (OS) and disease-free survival (DFS) between the
high- and low-risk groups in the validation datasets GSE30219 and
GSE31210 (Figure 3G-I). In conclusion, the results confirmed that
the risk score has excellent predictive ability, which can be applied
to all patients with LUAD.

Relationship between risk score and clinical characteristics, immune

3.3 | Relationship between mé6A-related
IncRNA and clinicopathological features

In TCGA cohort, we compared the distribution of age, gender, and
other clinical characteristics between high- and low-risk groups, and
Student's t test was performed to analyze the differences between
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groups. The output results were shown in Table 2. The results mani-
fested that the méA-related IncRNA risk signature was significantly
correlated with gender, stage, and lymph node metastasis status.
Then. we explored association between clinical characteristics
and méA-related IncRNA. The expression of almost all IncRNA was
significantly different between tumor and normal groups, except
MGC32805 (Figure 4A). Half of this IncRNA expression was signifi-
cantly correlated with lymph node metastasis (Figure 4B), and most
of these IncRNA expressions in late stage (stage IlI-IV) were signifi-
cantly different from early (stage I-1l) (Figure 4C), and the expression
levels of two IncRNA (COLCA1 and TRG-AS1) were associated with
T stage (Figure 4D). In the next exploration of risk score and clinical

characteristics, mé6A-related IncRNA signature risk score was sig-
nificantly associated with lymph node metastasis and patient grade
(Figure 4E-D). There was also some association between risk score
and gender, but not significant enough (Figure 4F). However, there
no significant correlations between risk score and age/tumor size
(Figure 4G-H). These findings supported to some extent by the re-
sults in Table 2. We also evaluated the role of mé6A-related IncRNA
in important immune checkpoints and frequently altered genes in
LUAD. The results showed that individuals with low expression of
PDCD1 gene (PD-1 checkpoint), ROS1 gene, and ALK gene and had
higher risk score (Figure 41-L). All these results suggested that méA-
related IncRNA may have an effect on the lymph node metastasis of
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tumor, high risk and later stage are closely related usually. In addi-
tion, mé6A-related IncRNA may play an unclear role in immune check-
point PD-1 and ALK genes.

3.4 | M6A-related IncRNA can influence
TME of LUAD

We believed that mé6A-related IncRNA may affect TME. In order to
explore the specific part of this effect, we used the ESTIMATE al-
gorithm to estimate the purity of tumor tissue of 594 patients, and
the Spearman correlation analysis was carried on between the risk
score and the calculated score (stromalscore, immunescore, and
ESTIMATE score). Results showed that the three calculated scores
decline prominently as the risk score increased (Figure 5A-C). This
suggests that higher tumor purity means a higher prognostic risk for
the patient, as the amounts of immune cells and stromal cells in the
TME of the patient were reduced.

To further investigate the infiltration of immune cells in the TME,
we used the CIBERSORT tool to calculate the relative abundance
of various immune cells according to the transcriptome of all sam-
ples. Based on the result of CIBERSORT, we explored the effect of
the méA-related IncRNA signature on the infiltration of the immune

cells according to the groups of high and low risk. We found that the
TME in the high-risk group showed significant enrichment infiltra-
tion of macrophages and neutrophils (Figure 5D-F). Infiltration of
dendritic cells, mast cells, and monocytes predicts low-risk and good
prognosis (Figure 5G-I). With respect to T-cell infiltration, we found
that CD4+ memory T cells had a significant tendency to be activated
with the increase in risk (Figure 5J,K). We also calculated TMB in
lung cancer patients and analyzed the associated with risk score. The
results showed that TMB was positively correlated with risk score
(Figure 6A), and the difference was significant between high- and
low-risk groups (Figure 6B). All these results suggested that m6A-
related IncRNA affects the prognostic of patients by changing the

TME and the infiltration of immune cells.

3.5 | Analysis and exploration of subtypes based
on the méA-related IncRNA

We explored a new subtype classifying method of LUAD using the
consensus clustering method, and all the samples were divided into
two clusters in this way (Figure S2). We analyzed overall survival
rates between two clusters and found no significant differences
(Figure 6C). Analysis of the expression levels of common immune



ZHENG ET AL. Wl LEY 9 of 12

(A) Enrichment plot: KEGG_DNA_REPLICATION Enrichment plot: KEGG_MISMATCH_REPAIR Enrichment plot: Enrichment plot: KEGG_PYRIMIDINE_METABOLISM
09 o KEGG_HOMOLOGOUS_RECOMBINATION 06
Fos 2o Zos
S0z @87 ] 708 e
e gos) | B £ 04
g g g
Blos §osi Los Bor
ol J 04 Fos{f
03 03 oail 02
: M’ 02 0 fo:
n.«;- 0.0 0.1 ot
o5 os of os
Zarocons st 2087
00 00 a0 00
o5 7 (egtvey corvisted) 28 " (negatvey coreisted) 25 " regatively corsisted) <5 " negatel corsisted)
o 10000 200 W00 w000 5000 o 10000 0000 000 40000 50000 3 0000 0000 0000 40000 50000 o 10000 0000 0000 40000 50000
Rank n Ordered Dataset Rank n Ordered Dataset Rank n Ordered Dataset Rank n Ordered Datasel
[ —Hits | [ —His ] [ —Hits | [ —His ]
Enm:hmsnl plot: KEGG_P53_SIGNALING_| PATHWAV Enrichment plot: KEGG_CELL_( CVCLE Ennchman( plot: KEGG_} PROTEASOME Enrichment plot:
_08 KEGG_PENTOSE_PHOSPHATE_PATHWAY
Bor 07
s D
g
gos 2os
o4 §oalf

mwuununw\ T TN WA TN

05
Zu cons 20874 pR——— R \ - S—
a0 00 a0 00
o5 T (negatively comelated) 25 (negatively comeisted) 5 T (negatvely comelated) o5 T (negatively corelated)
o w0000 2000 0 40000 50000 o w000 000 000 40000 50000 o 0000 0000 w000 40000 50000 o 10000 0000 000 40000 50000
Rank in Ordered Dataset Rank in Ordered Dataset Rank in Ordered Dataset Rank in Ordered Dataset
— 1 = = 1 T = 1 r = 1
= Hits | Hits | [ Hits | [ Hits |
& G0:0003341: cilium movement
3 004080 Neuroacnve li and rece tor interaction
5885: NABA MATRI IATED

GO:f 0000070 mitotic s1s1er chromatld segregation
06690: icosanoid metabolic process

0
568;613 Dlseasejs assoclateg with surfactant metabolism

ns|
: Arachidonic a_(gd metabol
0019730: antimicrobial humoral respo
03532: positive regulation of secretion bY cell
42391 re ulatlon of membrane potential

0048006 antlgen processlng and presentatlon endogenous lipid antigen via MHC class Ib
4: calcium ion homeosta:

09954 proximal/distal pattem formanon

G0:0050930: induction of positive chemotaxis

hsa04974: Protein digestion and absorption

(E)

©) ) i "

Tissue-specific: lun
Tissue-specific: trachea
Tissue-specific: kidney

| E——] - : Tesus Germ Ce

] Twssue—spech c: livi

: HE

Tissue-specific: small intestin
Cell-specific; liver cel
Tissue-specific: tonsll

| Tissue-specific: col 5

== Tissue-specific: ad_lpose tissu

= iC: S|

==

=

==l

—

[

==

==

—

0.
@
2585
%8
2
3
O
JU

ue-specific: pro:
Cell-specific: Cardlac Stroma
Cell-specific; MOLT:
Tissue-specific: ute e
Cell-specific: 721B |ymphobl=
Cell-specific; K562
Tissue-specific: Caudate nucl

T Frlen dpeston ana soion

10 15
-log10(P)

FIGURE 7 A, GSEA analysis between two risk groups. B-D, Metascape on analysis signaling pathways of DEGs. E, Tissue and cell line
specific of DEGs

checkpoints (PD1 and PD-L1 in our study) and lung cancer driver screening criteria of results are |[NES|>1, NOM pval < 0.05, and
genes (ALK, EGFR, ROS1, and MET in our study) between two clus- FDR < 0.25. GSEA tests run 1000 times. We then listed 8 path-

ters revealed significant differences in PD1, PD-L1, and MET gene ways that were most significantly enriched in the high-risk group,
which were found to be most related to the cell cycle (Figure 7A).

Therefore, we speculate that mé6A-related IncRNA promotes tumori-
genesis by influencing metabolic pathways in the cell cycle. Next, we
looked for different expression genes (DEGs) between the high- and
3.6 | Exploration on the mechanism of m6A- low-risk groups, and a total of 3,344 DEGs were found (Figure S3).
related IncRNA in LUAD Metascape (http://metascape.org/) online tool and R software were
applied to explore the enrichment of DEGs pathways. The results

of metascape software showed that the most enriched signaling

expression (Figure 6D-F). There was also a significant difference in

risk scores between the two clusters (Figure 6G).

In order to explore the specific mechanism of méA-related genes
affecting LUAD, we used GSEA software to analyze the signal pathways were cilium movement, neuronal activity ligand-receptor
pathways enriched in high- and low-risk group, respectively. The interaction, and NABA matrisome associated (Figure 7B-D). The
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target mRNA of méA-related IncRNA on Metascape tool

result was also confirmed by GO and KEGG enrichment analysis
(Figure S4). Metascape tool also told us that the lung is the most
specific tissue of these genes (Figure 7E).

In the end, we constructed the ceRNA network of 11 IncRNA
included in the signature to find out the upstream and downstream
regulation factors of méA-related IncRNA. The Starbase and miR-
code databases were used to search for the upstream miRNA of
IncRNA. The target genes of miRNA were found in TargrtScan, mir-
Tarbase, and miRDB databases, and the records in all three data-
bases were used as the selection criteria. We finally got 82 miRNA
and 76mRNA, and cytoscape software was used to visualize the in-
teractions of them (Figure 8A). The signaling pathway enrichment
analysis of these mRNA showed that méA-related IncRNA may be
involved in the regulation of DNA transcription and metabolism in
the G1/S phase, and also related to miRNA in the tumor (Figure 8B-
D). Finally, we analyzed the protein-protein interactions of 76 mRNA
in online tool String (https://string-db.org/) (Figure S5).

4 | DISCUSSION

Lung cancer is a major problem in the development of human medi-
cine. The difficulty of early detection and diagnosis causes only 16%
survival rate of lung cancer patients in China.'® Therefore, itis a po-
tential value to search for new serological or histological prognostic
markers for the diagnosis, prognosis, and treatment.

As the most abundant chemical modification, N-6 methylation
plays an important role in many biological processes, especially in
human cancer.? A study by Jinyan W et al. indicate that demeth-
ylase ALKBHS5 was involved in autophagy, hypoxia, and other pro-
cesses, and its disorder could regulate the occurrence of human
tumor?®; Tao G et al. demonstrated ALKBH5 can promote tumor
progression by enhancing the demethylation in colon cells.?! In re-
cent years, other studies also confirmed the function of m6éA regu-
lators in malignant tumors through all human systems. For example,
ALKBH5 promotes the invasion of lung adenocarcinoma through
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FOXM1 signaling pathway??; while in the liver, high expression of
ALKBHS5 inhibits the malignancy of hepatocellular carcinoma.?
Although METTLS3 binds to promoters to promote proliferation of

tumor cells in acute myeloid leukemia,?*2°

increased expression
often leads to apoptosis of tumor cells in triple-negative breast can-
cer.?® N-6 methylation on other RNA has also been studied for the
past few years. It has been found that m6A modification on circRNA
can promote tumor development by driving circRNA translation,
affecting binding to RBP, or changing the methylation of down-
stream targets of circRNA.?”"?? Several reports have also verified
that IncRNA is also the target of m6A affecting the tumor process.
For example, GATA3-AS1 promotes the metastasis of liver cancer,
and the downregulation of tumor suppressor gene GAS5 in cervical
cancer is all inseparable from the shadow of m6A.13%3! L ncRNA is
also very important in the progression of lung cancer. Some studies
have shown that LncRNA can participate in transcriptional regula-
tion in non-small cell lung cancer and enhance tumor tolerance to
chemotherapy.3%34

It is important to note that the same m6A regulators may play
a different role in different tissues. Therefore, the objective of this
study was to explore the function of méA-related IncRNA in LUAD.
In order to achieve this goal, we downloaded data from TCGA and
GEO repositories for INcRNA screening and signature establishment.
Using Spearman analysis to get INcRNA closely related to méA, and
so as to make the signature more reliable, we extracted the common
part of the two data sets. Univariate regression analysis was used
for the screening of prognostic méA-related IncRNA, and a signa-
ture composed of 11 IncRNA is obtained through LASSO. We found
that the prognosis and patient's risk score according to signature are
significantly related. Later, after independent prognostic analysis,
ROC curve, and external datasets verification, we thought that the
ability of méA-related IncRNA signature to predict patient prognosis
is trustworthy. The méA-related IncRNA is also having a bearing on
clinical traits, for instance, late-stage (stage IlI-1V) and lymph node
metastasis showed a higher risk score. It is worth mentioning that
the low expression of immune checkpoint PD1 and ALK genes also
presumed a higher risk score in LUAD. After exploring the compo-
nents of TME, we found that the signature is significantly having re-
lations of tumor purity and immune cell infiltration abundance. High
purity tumors indicate a high-risk and a poor prognosis, as well the
activation of CD4+ memory T cells and the infiltration of macro-
phages also meant an increased risk of prognosis. In the later study
of the mechanism of méA-related IncRNA in LUAD, we used GSEA,
GO, and KEGG to get different pathway enrichment between high-
and low-risk groups. The results indicated that the signal pathways
related to cell cycle are more active in the high-risk group, while
most of the DEGs are related to the ciliary movement and neuro-
active ligand-receptors interaction. Finally, in the construction of
ceRNA network, we found the upstream and downstream regula-
tory factors of IncRNA, and we discovered that the target mRNA of
moéA-related IncRNA may affect the progression of tumor by regu-

lating the DNA transcription of G1/S phase of cells.
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In conclusion, méA-related IncRNA is a potential diagnostic tar-
get and plays an important role in the treatment and prognosis in
LUAD.
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