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Background: Lung cancer has the characteristics of early metastasis, high recurrence, and
high mortality rate despite emerging advances in diagnostic. Early diagnosis can significantly
improve the patient’s chances of cure and survival.

Purpose: This study aimed to identify and assess a prognostic IncRNA/miRNA/gene
signature in patients with lung cancer.

Methods: Pearson correlation analysis, univariate Cox analysis and LASSO Cox analysis were
used to construct a lung cancer prognostic risk model based on m6A-related IncRNA. The
interaction between IncRNA-miRNA-gene was verified by luciferase reporter gene experiment.
Results: The Pearson correlation analysis determined that 1655 IncRNAs significantly
correlated with the expression of m6A genes. A lung cancer prognostic risk model, including
14 m6A-related IncRNAs, was constructed through univariate Cox analysis and least abso-
lute shrinkage and selection operator (LASSO) Cox analysis. ABALON was identified as the
key IncRNA through cluster analysis and gene expression difference analysis.
Conclusion: It was experimentally verified that ABALON acted as a competing endogen-
ous RNA by sponging miR-139-3p and indirectly regulated the expression of NOBI1. This
study provided a new biological target for the early diagnosis of lung cancer and a new
direction for studying the mechanism of lung cancer.
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Introduction
Lung cancer remains the leading cause of cancer-related death worldwide, and the
high incidence rates are worrisome.' The five-year survival rate for lung cancer is
only 18%, and early diagnosis can significantly improve the patient’s chances of
cure and survival.? Although many advances have been made in the diagnosis and
treatment of lung cancer in recent years, the understanding of lung cancer prog-
nostic molecular markers is still lacking.> Epigenetic modifiers, including long
coding RNAs (IncRNAs) and microRNAs (miRNAs), have important roles in the
development and progression of lung cancer.* Thus, it is particularly important to
further explore new IncRNAs and miRNAs as diagnostic targets of lung cancer and
clarify their molecular mechanisms.

LncRNAs are noncoding transcripts usually longer than 200 nt that have
recently emerged as one of the largest and significantly diverse RNA families and
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can modulate various biological functions at epigenetic,
transcriptional, and posttranscriptional levels, or directly
regulate protein activity.” MiRNAs are small RNAs that
regulate the expression of complementary messenger
RNAs (mRNAs) and can regulate tumor progression and
metastasis by interacting with target genes.®* Studies have
shown that IncRNAs act as competing endogenous RNA
(ceRNA) by sponging miRNAs and indirectly regulate
gene expression and then participate in the occurrence of
cancer, including lung cancer.'®'* N6-methyladenosine
(m6A) modification, the most abundant epigenetic methy-
lated modification of mRNAs and noncoding RNAs
(ncRNAs), is vital in RNA splicing, export, stability, and
translation.'>'® Numerous studies show that m6A med-
iates the occurrence and development of lung cancer by
regulating biological processes such as glycolysis and cell
cycle.'””" Furthermore, certain m6A regulatory proteins
responsible for abnormal m6A modifications on ncRNAs
are also involved in cancer cell proliferation, invasion, and
drug resistance, suggesting a potential association between
cancer and m6A ncRNA modification, and thus, offering
a new opportunity for cancer diagnosis and treatment.?%>!

Based on The Cancer Genome Atlas (TCGA) dataset (n=
1145), the prognostic significance of m6A-related IncRNAs
was identified by bioinformatics and statistical analysis of
data from lung cancer tissue samples and adjacent nontumor
tissue samples. This study showed that 22 mo6A-related
IncRNAs were significantly related to the survival of lung
cancer. Also, a prognostic risk model for lung cancer was
constructed through LASSO Cox analysis. After a series of
differential analysis of prognostic-related mo6A-related
IncRNAs, finally, ABALON was determined as the key
IncRNA. Using the miRDB, miRTarBase, and TargetScan
websites, it was predicted that miR-139-3p could target
ABALON and NOBI. Finally, it was experimentally verified
that ABALON acted as a ceRNA by sponging miR-139-3p
and indirectly regulated the expression of NOBI.

This study showed that ABALON could be used as
a new marker for the diagnosis of lung cancer and verified
the possible molecular mechanism of ABALON in the
occurrence of lung cancer.

Materials and Methods
Acquisition and Re-Annotation of Public
Data

The gene expression quantification data and the corre-
sponding clinical information of patients with lung cancer

were obtained from TCGA data portal (https://tcga-data.
nci.nih.gov/tcga/). The obtained population included 1037
lung cancer tissue samples and 108 adjacent nontumor
tissue samples. After obtaining the raw lung cancer data
from TCGA database, the data were re-annotated using the
gene transfer format (ftp://ftp.ensembl.org/pub/release-89/
gtf/homo_sapiens/), and the RNA properties (mRNA and
IncRNA) were recorded.

Co-Expression Analysis of m6A-Related
Genes and IncRNA

According to previous studies, 23 m6A-related genes

(METTL3, METTLI4, METTLI6, WTAP, VIRMA,
ZC3HI3, RBMI15, RBMI5B, YTHDCI, YTHDC2,
YTHDFI, YTHDF2, YTHDF3, HNRNPC, FMRI,

LRPPRC, HNRNPA2BI, IGFBPI, IGFBP2, IGFBP3,
RBMX, FTO, and ALKBHS) were compiled,”> > and the
expression data of these 23 genes in 514 samples were
extracted. Subsequently, the co-expression analysis of
mo6A-related genes and IncRNAs was performed to deter-
mine the m6A-related IncRNAs, and a co-expression net-
work of m6A-related genes and IncRNAs was constructed.
The correlation between the m6A-related genes and
IncRNAs method.
LncRNAs with an absolute value of correlation coeffi-

was calculated using Pearson’s
cients >0.4 and P values <0.001 were considered immune-
related IncRNAs.

Identification of Prognostic-Related
m6A-Related IncRNAs

The survival status and survival time data of lung cancer
samples were extracted and merged with the expression
data of m6A-related IncRNAs, the clinical information is
shown in Supplementary Table 1. The “survival” package

of the R software was used to compare all IncRNAs with
the survival time and survival status to determine the
prognostic-related IncRNAs. Immediately, the K-means
algorithm was used to analyze the survival of these
IncRNAs in patients with lung cancer to determine more
credible survival-related IncRNAs. A P value <0.01 was
considered statistically significant.

Construction of the Prognostic Model

The LASSO method was used to select key prognostic-
and m6A-related IncRNAs from the IncRNAs found to be
significant in the univariate Cox analysis. Most potential
indicators were shrunk to zero, and a relatively small
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number of indicators remained with weights of nonzero.
Finally, the key prognostic- and mo6A-related IncRNAs
were used to construct a prognostic model and generate
a forest map. The risk score of each patient with lung

cancer was calculated as follows:
Risk score =), Coef; * x;

where Coef; means the coefficients and x; is the fragments
per kilobase of transcript per million mapped reads nor-
malized expression value of each m6A-related IncRNAs.

Assessment of the Prognostic Model

All patients with lung cancer were randomly divided into
two groups: the train and test groups. Then, these two
groups were further divided into high- and low-risk groups
using the median value of the risk value as the dividing
line. The Kaplan—Meier survival curves between the train
and test groups were analyzed and drawn using the “sur-
vival” and “survminer” package of the R software. The
time-dependent receiver operating characteristic (ROC)
curve analysis (1, 3, and 5 years) was performed to esti-
mate the survival predictive accuracy of the prognostic
model. The performance of the prognostic model was
evaluated by assessing the area under the ROC (AUC)
curve. The risk scores were calculated based on the for-
mula generated through the LASSO Cox regression model.
Patient’s age, sex, cancer stage, and other data were pre-
processed and then integrated with the risk value. Then,
single- and multifactor independent prognostic analyses
were performed using the “survival” package of the

R software.

Cluster and Gene Set Enrichment
Analysis of IncRNAs

All samples were clustered based on the expression levels
of IncRNAs, which significantly related to lung cancer
survival in univariate Cox analysis, and a survival analysis
different

“survival,”

was conducted for clusters by

“ConsensusClusterPlus,” and “survminer”
package of the R software. For investigating the potential
biological process and pathway involved in the molecular
heterogeneity between the different clusters, the gene set
enrichment analysis (GSEA) software was used on differ-
ent clusters. A P value <0.05 was considered statistically

significant.

Immune Infiltration and Tumor

Microenvironment Analysis

Configuration files of gene expression in 22 immune cells
were obtained using the CIBERSORT software, which
were combined with the gene expression matrix of lung
cancer samples to obtain the content of 22 immune cells in
each sample. Then, the difference analysis of immune cells
was carried out between different clusters. ESTIMATE
was used to perform matrix scoring and immune scoring
on all lung cancer samples, and the differences were ana-
lyzed in stromal cell and immune cell content between
different The “LIMMA”
R software was used to analyze whether a correlation

clusters. package of the
existed between the 22 immune cells and the risk score
of patients with lung cancer. A P-value <0.05 was con-
sidered statistically significant.

Model IncRNA Differential Expression

Analysis

The “ggplot2” and “ggpubr” package of the R software
was used to analyze the differences in the expression of
model IncRNAs between different cancer and normal sam-
ples, different clusters, and high- and low-risk groups to
further confirm which IncRNAs have a key role in the
model and provide a clearer direction for follow-up
research. A P-value <0.05 was considered statistically
significant.

Subcellular Localization and Target Gene

Prediction

First, the IncLocator online database (http://www.csbio.
sjtu.edu.cn/bioinf/IncLocator/) was used for subcellular
localization of the key IncRNA, and the target miRNA
was predicted through miRDB (http://mirdb.org/custom.

html). Second, 1037 lung cancer tissue samples and 108
adjacent nontumor tissue samples were obtained through
differential analysis of miRNA expression data to find
miRNAs that were differentially expressed between
patients with lung cancer and normal samples. |log2 fold
change| >2 and P <0.05 were considered statistically sig-
nificant. The miRNAs that were highly expressed in nor-
mal lung cancer samples and bound to key IncRNAs were
selected as key miRNAs. Finally, three online databases
miRDB, miRTarBase (http://mirtarbase.cuhk.edu.cn/php/
index.php), and TargetScan (http://www.targetscan.org/)

were used to predict the target genes of key miRNAs.
The genes predicted by all three websites were identified
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as candidate target genes. The Gene Expression Profiling
Interactive Analysis (GEPIA) online database (http://
gepia.cancer-pku.cn/) was used to analyze the differential

expression and survival of candidate genes, and find genes
highly expressed in lung cancer samples and significantly
related to poor prognosis as the final target genes of key
miRNAs.

Vector Construction, Cell Culture, and

Luciferase Reporter Gene Assay

MiR-139-3p (UCUACAGUGCACGUGUCUCCAGU)
mimics, miR-139-3p (ACUGGAGACACG
UGCACUGUAGA), mimics negative control (NC)
(UUCUUCGAACGUGUCACGUTT), and inhibitor NC
(CAGUACUUUUGUGUAGUACAA) oligonucleotide pri-
mers were chemically synthesized (Gene Pharma, Shanghai,

inhibitors

China). The 461-bp nucleotide sequence of the downstream
noncoding region of NOBI and the RNA sequence of
ABALON were chemically synthesized and constructed
between the Xhol and Notl restriction sites of the psi-
Check?2 vector to construct the NOBI wild-type 3’ untrans-
lated region (UTR) vector and the ABALON wild-type (WT)
vector. A point mutation method was used to replace the
bases at the binding position of miR-139-3p in NOB/ and
ABALON, and the NOBI mutant-type 3' UTR vector and
ABALON mutant-type (MUT) vector were constructed. The
NOBI wild-type 3' UTR vector, NOBI mutant-type 3' UTR
vector, ABALON wild-type vector, ABALON mutant-type
vector, miR-139-3p mimics, mimic NC, miR-139-3p inhibi-
tors, and inhibitor NC were transfected in cells at 20nM using
the Lipofectamine 3000 Transfection Reagent (Invitrogen,
CA, USA) with serum-free media for 48 h following the
manufacturer’s instructions (the amount of plasmids used
was 2 pug/well). The luciferase reporter assay was performed
using the Dual-Luciferase Reporter Assay System (Promega,
WI, USA), and the relative luciferase activity was calculated
after transfection for 48 h by normalizing the firefly lumines-
cence to that of Renilla. Each experiment consisted of three
technical replicates, and three independent biological repli-
cates were performed.

Statistical Analysis

Most of the statistical analyses were performed using
the aforementioned bioinformatics tools. When differen-
tial expression analysis was conducted, only IncRNAs
with |log2 fold change| >1 and P <0.05 were considered
statistically significant. In the univariate Cox analyses,

P <0.05 was regarded as statistically significant for
survival analysis and model building; *P <0.05,
**P <0.01, and ***P <0.001. All calculations and ana-
lyses were conducted using the R software,
sion 4.0.3.

ver-

Results
Identification of Prognostic- and
m6A-Related IncRNAs in Patients with

Lung Cancer

By sorting out and re-annotating TCGA lung cancer
expression data, 14,086 IncRNAs were identified. The
Pearson correlation analysis showed that 1655 IncRNAs
significantly correlated with the expression of m6A genes
(Figure 1A). The univariate Cox analysis revealed 22
IncRNAs that were significantly related to the survival of
patients with lung cancer (Figure 1B). The KM survival
analysis showed that MIR99AHG, SALRNAI,
ACO007613.1, AC099850.4, AC009690.2, ABALON,
AL096701.3, ACO087501.4, AL031666.1, AC135050.6,
AC104785.1, AC034102.8, SNHG12, and UGDH.AS1
were significantly related to survival (Figure 1C-P).

Prognostic Model Construction and
Assessment

Using the LASSO Cox analysis of 24 m6A-related prog-
nostic IncRNAs, a lung cancer prognostic risk model was
14 m6A-related IncRNAs.
(Figure 2A-C). Significant survival differences were

constructed  containing
found between the high- and low-risk groups in the train
and test groups, and the Kaplan—Meier survival curves
depicted that patients with lung cancer with higher risk
scores had worse clinical outcomes (Figure 2D and G).
The AUC value of the 1-, 3-, and 5-year ROC curves of
the train and test groups was 0.678, 0.703, 0.672, 0.665,
0.653, and 0.638, respectively, demonstrating that the lung
cancer prognostic risk model had good predictive accuracy
(Figure 2E and H). The risk score and survival status
distributions are plotted in Figure 2F and I.

Cluster and GSEA Analysis Results of
IncRNAs

When all the samples were divided into two clusters using
cluster analysis, the correlation of the internal samples of
the cluster was found to be higher and the correlation
between the clusters was lower. All samples were divided
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into two groups, cluster 1 and cluster 2. The clustering
graphs of 2 cluster, 3 cluster, 4 cluster, 5 cluster, 6 cluster,
7 cluster, 8 cluster, and the clustering index graphs of 2—8
cluster are plotted in Figure 3A—H. Significant survival
differences existed between cluster 1 and cluster 2, and
the Kaplan—Meier survival curves depicted that patients
with lung cancer in cluster 1 had worse clinical outcomes
(Figure 3I). The GSEA revealed that cluster 1 was

enriched in signal pathways such as cell cycle, DNA
replication, RNA degradation, and so forth. The enrich-
ment of the top 9 sorted is plotted in Figure 4A-1.

Immune Infiltration and Tumor

Microenvironment Results
The analysis of the differences in the content of 22
kinds of immune cells showed 16 kinds of immune
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Figure 2 Construction and verification of prognostic risk model. (A and B) Least absolute shrinkage and selection operator (LASSO) regression determines the

minimum criteria. (C) Coefficients of selected IncRNAs. (D) Kaplan—Meier curves

showed that the high-risk group had worse overall survival than the low-risk group in

the train group. (E) The AUC values of the |-, 3-, and 5-year ROC curves of the train group are all greater than 0.6, indicating that the model has good prediction
accuracy. (F) Distributions of risk scores and survival status of lung cancer patients in the train group. (G) Kaplan—Meier curves showed that the high-risk group had
worse overall survival than the low-risk group in the test group. (H) The AUC values of the I-, 3-, and 5-year ROC curves of the test group are all greater than 0.6,
indicating that the model has good prediction accuracy. (I) Distributions of risk scores and survival status of lung cancer patients in the test group.

cells in cluster 1 and cluster 2 with significant differ-
ences (Figure 5A). The immuneScore, stromalScore, and
estimateScore of cluster 2 were all higher than those of
cluster 1, indicating that cluster 2 had a better prognosis

and higher survival rate than cluster 1 (Figure 5B-D).
Correlation analysis showed that 14 kinds of immune
cells were significantly related to the risk score of
patients with lung cancer (Figure 6A—N).
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Model IncRNA Differential Expression
Analysis

The differential analysis of IncRNAs in lung cancer and
normal samples showed that AC099850.4, SNHGI2,
ABALON, AC084117.1, AC009690.2, and AL096701.3
were significantly highly expressed in patients with lung
cancer (Figure 7A). The differential analysis of IncRNAs
in cluster 1 and cluster 2 showed that AC099850.4 and
ABALON were significantly highly expressed in cluster 1
(Figure 7B). The differential analysis of IncRNAs in high-

and low-risk groups showed that AC099850.4, ABALON,
AL606489.1, and AC084117.1 were highly expressed in
the high-risk group (Figure 7C). The differential analysis
results of the three different groups of IncRNAs showed
that AC099850.4 and ABALON may be the most critical.

ABALON Subcellular Localization and
Target Prediction

The prediction results of the IncLocator website showed

that ABALON was mainly located in Cytosol,

Cancer Management and Research 2021:13

https:

8713

Dove:


https://www.dovepress.com
https://www.dovepress.com

Liu et al

Dove

Enrichment plot: KEGG_CELL_CYCLE

N T NIRYHTINT

o

o

a5 Zero cross 2t 22007

€2 (negatively conelated)
20,000 30,000 40,000
Rankin Ordered Dataset

Ranked list metric (Signal2Noise)
Ranked list metric (Signal2Noise)
o

o 10000 50,000 10,000 20000

Enrichment plot: KEGG_DNA_REPLICATION

Zero cross 2t 22007

Rank in Ordered Dataset

Enrichment plot:
KEGG_HOMOLOGOUS_RECOMBINATION

o

102 (negatively conelated)

Zero cross 2t 2207

2 (negatively correlated)
20000 30,000 40,000
Rankin Ordered Dataset

30,000 40,000 50,000 50,000

[— Enrichment profile — Hits Ranking metric scores

— Enrichment profile — Hits

Ranking metric scores [— Enrichment profile — Hits Ranking mefric scores

Enrichment plot:
KEGG_NUCLEOTIDE_EXCISION_REPAIR

°
&

051

oo oo
FIES

Enrichment score (ES)

0.0

TR

] 2 r

g T (positively correlated =1 9

3 g o8

2 @ 00

. Zerocross t 22087 2 o Zero cross at 22387
E E.o

3 s 62 egatvely oneiaes 3

£ o 10000 20000 30000 40000 0000 t o 10000 20000

4 Rankin Ordered Datasst L

Enrichment plot: KEGG_OOCYTE_MEIOSIS

L 1L

Rank in Ordered Dataset

Enrichment plot: KEGG_PROTEASOME

|
ML

Zero cross 2t 22007

'02 (negatively conelated) *C2 (negatively conelated)

Ranked list metric (Signal2Noise)

o

30,000 40,000 50,000 10,000 20000 30,000 40,000

Rankin Ordered Dataset

50,000

|— Enrichment profile — Hits Ranking metric scores

— Enrichment profile — Hits

Ranking metric scores |— Enrichment profile — Hits Ranking metric scores

Enrichment plot: KEGG_PYRIMIDINE_METABOLISM
07{

AO.E‘

7 7

Bos fi] 0

Y 2 05{ J
\o-U,‘l 5

g § 0.41
g

§o3]
Eo2
E 011
i}

0ot

L

o 10,000

s Zero cross 2t 22007

C2 (negatively conelated)

Ranked list metric (Signal2Noise)
Ranked list metric (Signal2Noise)
o6

o 10000 20,000 30,000 40,000

Rankin Ordered Dataset

50000 20000

Enrichment plot: KEGG_RNA_DEGRADATION

TN

Zero cross 2t 22007

Rank in Ordered Dataset

Enrichment plot: KEGG_SPLICEOSOME

L 10 00

CI" (positively conelated

50 Zero cross 2t 22007

'02 (negatively conelated)

30,000

*C2 (negatively conelated)

Ranked list metric (Signal2Noise)

40,000 50,000 o 10,000 20000 30,000 40,000

Rankin Ordered Dataset

50,000

|— Enrichment profile — Hits. Ranking metric s:mesl

[ Enrichment profile — Hits

Ranking metric scnles‘ l* Enrichment profile — Hits. Ranking metric scmesl

Figure 4 Gene set enrichment analysis. (A) Cell cycle. (B) DNA replication. (C) Homologous recombination. (D) Nucleotide excision repair. (E) Oocyte meiosis.
(F) Proteasome. (G) Pyrimidine metabolism. (H) RNA degradation. (I) Spliceosome.

accounting for about 88% (Figure 8A). The miRDB
results showed that 40 miRNAs could bind to
ABALON (Figure 8B). The results of differential ana-
lysis of miRNAs showed that miR-486-5p, miR-4732-
3p, miR-144-5p, miR-451, miR-139-3p, miR-144-3p,
miR-30c-2-3p, miR-490-3p, miR-30a-3p, miR-133D,
miR-30a-5p, miR-1-3p, miR-194-3p, miR-133a-3p,
miR-143-3p, miR-206, miR-195-5p, miR-139-5p, miR-
338-5p, miR-218-1-3p, miR-218-5p, miR-4529-3p, and

miR-190a-5p were highly expressed in the lung of nor-
mal patients (Figure 8D). Only one intersection was
present between these highly expressed miRNAs and
the ABALON target miRNAs, that is, miR-139-3p;
therefore, miR-139-3p was selected as the key miRNA.
The three miRDB, miRTarBase,
TargetScan all showed that miR-139-3p could specifi-
cally bind to VWAI, MIEF1, NOBI, CCDC71L, FN3K,
UBE2G1, and ELAVLI (Figure 8C).
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Figure 5 Immune infiltration and tumor microenvironment. (A) The expression of 22 immune cells between cluster | and cluster 2. (B) The immuneScore (C)
stromalScore (D) eSTIMATEScore indicating that cluster | had a worse overall survival than cluster 2.

Differential Analysis and Survival Analysis
of miR-139-3p Target Genes

The differential analysis and survival analysis of miR-139-
3p by GEPIA showed that ELAVLI, MIFI, NOBI, and
VWAI were highly expressed in patients with lung cancer
(not significant). Also, NOBI and UBE2GI were signifi-
cantly related to the survival of patients with lung cancer,
and the high expression of NOBI and UBE2GI led to
a low survival rate and poor prognosis (Figure 9A-N).

NOBI was selected as the target gene of miR-139-3p,
and the combination of ABALON, miR-139-3p, and
NOBI is plotted in Figure 90.

ABALON Acted as a ceRNA by Sponging
miR-139-3p and Indirectly Regulated the
Expression of NOB/

The luciferase reporter gene assay results showed that cells
were cotransfected with ABALON-WT and miR-139-3p
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mimics, which resulted in a significantly reduced activity of
the luciferase reporter gene, yet the luciferase activity was
not significantly attenuated in the target region of the mutated
ABALONR-MUT construct (Figure 10A). When cotrans-
fected with ABALON-WT and miR-139-3p inhibitors, the
activity of the luciferase reporter gene significantly upregu-
lated, but the ABALONR-MUT construct had no such
change (Figure 10B). The luciferase reporter gene assay

results also showed that miR-139-3p mimics could bind to
and inhibit the expression of NOB! (Figure 10C), while miR-
139-3p inhibitors could eliminate this effect (Figure 10D).

Discussion

Lung cancer is the most leading cause of cancer deaths in
men worldwide, especially in China. Despite recent
advances in diagnostics and treatment, the prognosis of
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Figure 7 Model IncRNA differential expression.
cccccc patients. (B) AC099850.4 and ABALON were significantly highly expressed in

expressed in high-risk group.

patients with lung cancer remains poor.?®?’ Most patients
were diagnosed with distant metastasis, which was often
accompanied by a poor prognosis, and the pathogenesis of
lung cancer at the molecular level was not clear.®*
Therefore, the identification of more effective biomarkers
for diagnosis and treatment was urgently needed.

In this study, by integrating the expression data and

clinical information of 1037 cancer samples and 108
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cluster |. (C) AC099850.4, ABALON, AL606489.1 and AC084117.1 were highly

normal samples, a co-expression analysis of 23 m6A
genes and 14,086 IncRNAs was performed, an m6A
gene—IncRNA co-expression network was constructed,
and 1655 mo6A-related IncRNAs were determined in
patients with lung cancer. Using univariate Cox analysis
and LASSO Cox analysis, this study constructed a lung
cancer prognostic risk model based on m6A-related
IncRNA. The AUC values of the 1-, 3-, and 5-year ROC
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Figure 8 Subcellular localization and target prediction of IncRNA ABALON. (A) The subcellular localization results show that ABALON is mainly enriched in Cytosol.
(B) The miRDB results showed that 40 miRNAs can bind to ABALON. (C) VWAI, MIEFI, NOBI, CCDC7IL, FN3K, UBE2GI and ELAVL are the target genes of miR-139-3p.
(D) miR-486-5p, miR-4732-3p, miR-144-5p, miR-451, miR-139-3p, miR-144-3p, miR-30c-2-3p, miR-490-3p, miR-30a-3p, miR-133b, miR-30a-5p, miR-1-3p, miR-194-3p,
miR-133a-3p, miR-143-3p, miR-206, miR-195-5p, miR-139-5p, miR-338-5p, miR-218-1-3p, miR-218-5p, miR-4529-3p and miR-190a-5p were highly expressed in lung

cancer normal patients.

curves of the train and test groups were all greater than
0.06, demonstrating that the prognostic risk model had
good predictive accuracy. Cluster analysis, immune analy-
sis, and GSEA analysis showed that the IncRNAs of the
lung cancer prognostic risk model constructed was mainly
involved in cell cycle, DNA replication, RNA degradation,
and other biological processes, and was significantly

related to immunity. This implied that the concerned
IncRNAs may participate in the occurrence of lung cancer
by regulating the cell cycle and RNA expression.
ABALON is an antisense long noncoding RNA of
apoptotic BCL2L1, with a length of 1903 bp, mainly
enriched in Cytosol.>° Currently, no study has reported
on ABALON. The average expression of ABALON in
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Figure 9 Differential expression and survival analysis of target genes. (A—G) The expression of CCDC7 [ L, ELAVL, FN3K, MIEFI, NOBI, UBE2GI, VWAI between lung cancer
samples and normal samples. (H-N) Kaplan-Meier survival curves of CCDC7/L, ELAVL, FN3K, MIEFI, NOBI, UBE2GI, VWAI between lung cancer samples and normal
samples. (O) ABALON-miR-139-3p-NOB/ base complementary binding situation.

the patients with lung cancer was higher than that of
normal samples, although the difference was not signifi-
cant. Patients with lung cancer with high expression of
ABALON had a lower survival rate and poor prognosis.
This implied that ABALON was important in the occur-
rence of lung cancer. Studies have shown that miR-139-3p
could inhibit the proliferation, migration, and invasion of
a variety of cancer cells,

31-36

including lung cancer.’” The

high expression of miR-139-3p also significantly posi-
tively correlated with a better cancer prognosis.*® In vivo
and in vitro studies have shown that NOBI could promote
the proliferation and tumor growth of lung cancer
cells.***® The ABALON-miR-139-3p-NOB1 ceRNA reg-
ulatory network was excavated and constructed through
bioinformatics methods. It was experimentally verified
that ABALON acted as a ceRNA by sponging miR-139-
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3p and indirectly regulated NOB! expression through the
luciferase report experiment. These experimental results
further increased the reliability of the lung cancer
IncRNA prognostic risk model constructed in this study
and provided new ideas for the research on the occurrence
and development of lung cancer.

Although a large number of sample data has been
found and integrated bioinformatics analysis of the lung

cancer IncRNA and miRNA was conducted, still many

deficiencies exist. On the one hand, the subcellular loca-
tion of ABALON was predicted through the IncLocator
online website. The ABALON fluorescence in situ hybri-
dization should be performed to evaluate the subcellular
localization of IncRNA more accurately. On the other
hand, the effect of ABALON could not be verified on
lung cancer cell proliferation and tumor formation
in vivo and in vitro, which should be an important part

of future studies.
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Conclusions

In summary, this study constructed an mo6A-related
IncRNA lung cancer prognostic risk model by analyzing
the expression data and clinical data of TCGA lung cancer
samples. It was experimentally verified that ABALON
acted as a ceRNA by sponging miR-139-3p and indirectly
regulated NOBI expression. This study provided a new
biological target for the early diagnosis of lung cancer and
a new direction for studying the mechanism of lung

cancer.
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