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EZH2 is a biomarker associated with lung cancer
diagnosis and immune infiltrates without prognostic
specificity: a study based on the cancer

genome atlas data*

Xiaokun Wang', Min Qi?, Xu Zhu?, Zhengtong Zhao?*, Yufeng Cao*, Daijun Xing*, Fuman Wang3,
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Enhancer of zeste homolog 2 (EZH2) is the catalytic subunit of polycomb repressive complex 2 (PRC2).
Abstract : ) ) : ,
Dysregulation of EZH2 causes alteration of gene expression and functions, thereby promoting cancer
development. Recent studies suggest that EZH2 has a potential prognostic role in patients with non-
small cell lung cancer (NSCLC). However, the prognostic value of EZH2 expression levels in NSCLC is
controversial. In this study, we evaluated the prognostic value in lung cancer (LC-LUAD/LUSC) based on
data from The Cancer Genome Atlas (TCGA) database. Kruskal-Wallis test, Wilcoxon signed-rank test, and
logistic regression were used to evaluate the relationship between EZH2 expression and clinicopathological
features. Cox regression and the Kaplan-Meier method were adopted to evaluate prognosis-related factors.
Gene set enrichment analysis (GSEA) was performed to identify the key pathways related to EZH2. The
correlations between EZH2 and cancer immune infiltrates were investigated by single-sample Gene Set
Enrichment Analysis (ssGSEA). EZH2 was found to be up regulated with amplification in tumor tissues
in multiple LC cohorts. High EZH2 expression was associated with poorer overall survival (OS). GSEA
suggested that EZH2 regulates innate immune system, ECM affiliated, matrisome, surfactant metabolism.
Notably, ssGSEA indicated that EZH2 expression was positively correlated with infiltrating levels of Th2
cells and significantly negatively correlated with mast cell infiltration level. These results suggest that EZH2
is associated with LC immune infiltration and significantly over-expressed in lung cancer, and its diagnostic

Received: 10 Octorber 2022 value is better than prognosis, which lays a foundation for further study of the immunomodulatory role of
Revised: 1 November 2022 EZH2in LC.
Accepted: 1 December 2022 Key words:  Enhancer of zeste homolog 2; lung cancer; diagnosis; prognosis; immune infiltrating

Lung cancer is the second commonly diagnosed cancer  cell lung cancer (NSCLC), which is the dominant form
(11.4% of total cases), closely to female breast cancer of lung cancer, is an early asymptomatic disease that
(11.7%). But, Lung cancer is the leading cause of cancer  constitutes a major global health problem. Non—small-cell
death (18.0% of the total cancer deaths) . Non-small- lung cancer (NSCLC), including lung adenocarcinoma
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(LUAD), squamous cell carcinoma (LUSC), and large-cell
carcinoma accounts for approximately 85% of all lung
cancer cases 2. Despite the development progressive of
the clinical diagnosis and therapeutic strategies in lung
cancer research, yet the overall five year survival rate is
still less than 21% . The lack of biomarkers to facilitate
the diagnosis of early-stage disease and cancer metastasis
remains one of critical challenges in NSCLC therapy ..
Therefore, a profound understanding of the molecular
mechanisms contributing to the development and
progression of NSCLC is essential for developing specific
diagnostic methods, as well as for designing individualized
and effective physiological strategies.

With the development of molecular biology,
researchers have found that in addition to changes in
specific gene loci and activation of abnormal signaling
pathways, there are also changes in some special epigenetic
traits ®\. Abnormal epigenetic regulation of transcription
plays an important role in carcinogenesis and cancer
development . A lot of evidence shows that epigenetic
regulation plays an important role in the occurrence and
development of tumors. Epigenetic modification can
regulate chromatin status and gene expression through
pathways such as DNA methylation and demethylation,
histone modification, and chromatin remodeling without
changing the DNA sequence " 8. Human EZH2 gene
is located on the long arm of chromosome 7 at 7qg35.
It contains 20 exons and encodes a protein composed
of 746 amino acids . Sequence analysis revealed that
EZH family proteins contain four homologous domains
(10, Enhancer of zeste homolog 2 (EZH2) is a member of
the family of polycomb group genes (PcGs), which is a
group of important epigenetic regulators that repress
transcription . EZH2 is an enzymatic catalytic subunit
of PRC2 that can alter gene expression by trimethylation
of Lys-27 in histone 3 (H3K27me3) Y. When the
PRC2 complex is formed and recruited to the promoter
region of the target genes, the SET domain of EZH2
catalyzes H3K27me3, leading to silencing its target genes
involved in cell proliferation, cell differentiation, and
cancer development 2. Besides H3K27me3, PRC2 also
methylates non-histone protein substrates, including
the transcription factor GATA4 3, In addition, EZH2
methylates non-histone targets or directly interacts with
other proteins to activate downstream genes in a PRC2-
independent manner [ . Via the above 3 ways, EZH2
works as a master regulator of cell cycle progression !¢,
autophagy, and apoptosis '), promotes DNA damage
repair and inhibits cellular senescence ¥/ and plays an
important role in cell lineage determination and relative
signaling pathways "), Numerous studies have revealed
that dysregulation of EZH2 is correlated with poor
prognosis in solid tumor patients, in terms of higher
tumor grade, distant metastases, and shorter disease-free

http://otm.tjh.com.cn

survival ?, including breast cancer 29, liver cancer 22,
lung cancer ), ect.

EZH2 gene is highly expressed in NSCLC, and its
expression level is closely related to the prognosis of
patients. At the same time, studies have also confirmed
that the application of EZH2 inhibitor can effectively
reduce the invasion and migration ability of NSCLC and
induce tumor cell apoptosis ** . However, based on
their results, the prognostic value of EZH2 expression
levels in LC is controversial. Therefore, we conducted a
systematic bioinformatics analysis of EZH2 expression,
diagnostic value, immune cell infiltration and prognosis
in non-small cell lung cancer based on TCGA database.
EZH?2 is expected to be a new therapeutic target with a
good application prospect and clinical diagnostic value in
LC.

Materials and methods

Data collection and analysis

EZH2 expression profiles and TCGA and Genotype-
Tissue Expression (GTEx) clinical pan-cancer data were
downloaded from the University of California, Santa
Cruz (UCSC) Xena database (https://xenabrowser.net/
datapages/), including data on the 31 types tumor. To
evaluate EZH?2 expression, tumor tissues were obtained
from TCGA, and normal tissues were obtained from
TCGA and the GTEx database.

Data acquisition and preprocessing

The RNA-seq data of 1037 LC and 108 normal tissues
and patient clinical information were downloaded from
the Lung cancer (LUAD/ LUSC) Project of The Cancer
Genome Atlas (TCGA) (https://portal.gdc.cancer.gov/)
(6] until 30 August 2022 . Then, RNA-seq data in FPKM
format were transferred to TPM (transcripts per million
reads) format, retained, and further analyzed.

Differentially expressed gene analysis

We used the unpaired Student’s t-test within the
DESeq2 R package (3.6.3) ?”! to compare the expression
data (HTseq-Counts) between high- and low-expression
groups according to the median EZH2 expression level.
The thresholds for the DEGs were [log2-fold change (FC)|
> 1.5 and adjusted P< 0.05.

Enrichment analysis

Metascape (3.0) (http://metascape.org), a user-friendly,
well maintained, free, gene list online analysis tool for
gene analysis and annotation ), was adopted to perform
Gene Ontology (GO) analysis. Cluster Profiler package in
R (3.6.3) ! was used to perform Gene Set Enrichment
Analysis (GSEA) and detect the correlation between
EZH2 and the pathway. As a computational method,
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GSEA determines whether a priori defined set of genes
have statistical significance and concordant differences
in two biological states. The samples were divided into
high- and low-expression groups according to the median
expression level of EZH2. DEseq was used to compare the
different expressions between different groups. Gene set
permutations were performed with 1,000 times random
combinations for each analysis. In the whole process, the
expression level of EZH2 was regarded as a phenotype.
Additionally, the adjusted P and normalized enrichment
score (NES) were utilized to sort the enriched pathways
in each phenotype B%. ¢2.cp.v7.0.symbols.gmt [Curated]
in MSigDB collections was selected as a reference gene
set. Gene sets with a false discovery rate (FDR) < 0.25 and
adjusted P < 0.05 were considered significantly enriched.

Immune infiltration analysis by single-sample
gene set enrichment analysis

ssGSEA classifies marker gene sets in a single
sample with common biologic functions, chromosomal
localization, and physiological regulation. In this study,
the ssGSEA method was realized by the GSVA package
B in R to analyze the immune infiltration for 24 types of
immune cells and correlation between EZH2 and every
immunocyte in LC samples according to the published
literature 2. The relative enrichment score of signature
genes was quantified from the gene expression profile for
each tumor sample. Spearman’s correlation was adopted
to analyze the correlation between EZH2 and 24 types
of immune cells, and the Wilcoxon rank-sum test was
adopted to analyze the infiltration of immune cells
between the high-expression groups of EZH2.

Protein-protein interaction network

The Search Tool for the Retrieval of Interacting
Genes (STRING) database (http://string-db.org) 13 was
applied to predict the PPI network. The combined score
threshold of interaction was 0.4. Furthermore, visualize
the PPI network by using Cytoscape (version 3.7.2).

Statistical analysis

The statistical data acquired from TCGA were merged
and processed by R 3.6.3. The Wilcoxon rank-sum test
and Wilcoxon signed-rank test were used for comparing
the expression levels of EZH2 between LC and the
control group. Kruskal-Wallis test, Wilcoxon rank-
sum test, Wilcoxon signed-rank test, and Spearman’s
correlation were used to analyze the relation between
EZH2 expression and grade of -clinicopathological
factors. Normal and adjusted Pearson’s x? test, Fisher’s
exact test, and univariate logistic regression were used
to analyze whether the grade of clinicopathological
factors affects EZH2 expression. Spearman’s correlation
and the Wilcoxon rank-sum test were adopted to
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analyze the infiltration of immunocytes between the
high- and low expression groups of EZH2. Comparison
of multiple groups was performed using a nonparametric
Kruskal-Wallis test followed by a post hoc Dunn’s test
with Bonferroni correction for pairwise comparisons.
Univariate Cox regression analysis and multivariate Cox
regression analysis were used to evaluate the influence
of EZH2 expression and other clinicopathological factors
(age and gender) on survival. The significant variables
in the univariate analysis (P < 0.1) were included into
the multivariate analysis ®* *!. The Kaplan—Meier curve
was drawn to evaluate the prognostic value of EZH2.
Hazard risk (HR) of individual factors was estimated by
measuring the HR with a 95% confidence interval (CI).
Receiver operating characteristic (ROC) analysis was
performed by the pROC package 1*¢. The calculated area
under the curve (AUC) value ranges, which were from 0.5
to 1.0, indicated the discrimination ability of 50%-100%.
We constructed a nomogram by the rms R package based
on the results of the multivariate analysis. The predicted
survival probability for 1, 3, and 5 years is visualized in
the nomogram, which includes a calibration plot as well
as significant clinical characteristics. All statistical tests
were considered significant when two-tailed P < 0.05.

Results

Pan-cancer and lung cancer (TCGA-LUAD/
LUSC) EZH2 expression analysis

We first evaluated EZH2 expression in TCGA and GTEx
pan-cancer database, and found higher EZH?2 expression
in 29 tumors compared with the corresponding normal
tissues, including: ACC, BLCA, BRCA, CESC, CHOL,
COAD, DLBC, ESCA, GBM, HNSC, KICH, KIRP, LAML,
LGG, LIHC, LUAD, LUSC, OV, PAAD, PRAD, READ,
SKCM, STAD, TGCT, THYM, UCEC, and UCS. But, only
2 tumors were found that EZH2 expression was lower
than that in the corresponding normal tissues, including:
KRIC, THCA (Fig. 1a). Particularly, The Mann-Whitney
U test results showed that the unpaired Tumor of lung
cancer was higher than the Normal, and the median
difference between the two groups was 1.868 (1.73-
2.008), which was statistically significant (P < 0.001) (Fig.
1b). High EZH?2 expression was observed in LUAD, LUSC
in the TCGA cohort compared with the adjacent tissues.
In LUAD, the median difference was 0.733 (0.616-0.848),
which was statistically significant (P < 0.001) (Fig. 1c)
and Weltch t’ test showed that Tumor was higher than
Normal average in LUSC, and the difference was 1.562
(1.454-1.669) (¢ = 28.593, P< 0.001) (Fig. 1d). Above all,
suggesting that EZH2 may play a role in the pathogenesis
and diagnosis of LC (LUAD/LUSC).
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Fig. 1

Pan-cancer EZH2 expression analysis. (a) EZH2 expression in tumor and normal tissues in pan-cancer data of The Cancer Genome Atlas

(TCGA) and GTEX; (b) EZH2 expression in tumor and normal tissues in LC from TCGA,; (c) EZH2 expression in non-paired tumor and normal tissues in
LUAD from TCGA,; (d) EZH2 expression in non-paired tumor and normal tissues in LUSC from TCGA. Data were shown as mean + SD. |dentification of

significance: ns, P = 0.05; * P < 0.05; ** P < 0.01; *** P < 0.001

Clinical characteristics

The clinical data of 1037 Lung cancer patients
included patient T stage, N stage, M stage, pathologic
stage, gender, age, smoker, primary therapy outcome,
anatomic neoplasm subdivision2, age median (IQR),
residual tumor (Table 1). A total of 620 males and 417
females with a mean age of 67 years were analyzed in
the present study, including 918 smoking patients and
93 non-smoking patients. The chi squared test showed
that EZH?2 was significantly correlated with T stage (P =
0.047), Gender (P = 0.01), Age (P = 0.019), Smoker (P <
0.01), and Anatomic neoplasm subdivision2 (P = 0.036).
Fisher’s exact test showed that EZH2 was not significantly
correlated with Residual tumor (P = 0.111), N stage (P
= 0.343). Wilcoxon rank sum test showed that EZH2
was significantly correlated with Age median (IQR) (P
=0.011). EZH2 expression was not significantly correlated
with other clinicopathological features, for instance: M
stage (P = 0.334), Pathologic stage (P = 0.164), Primary
therapy outcome (P = 0.399).

Identification of differentially expressed genes
in lung cancer

Based on the cutoff criteria (|logFC| > 1.5 and adjusted
P < 0.05), we identified a total of 1760 DEGs (1399 up-

regulated and 361 down-regulated) after using the
DESeq2 package in R B to analyze the HTSeq-count
data from TCGA. DEG expressions were illustrated by a
volcano plot (Fig. 2a). DEGs included 987 differentially
expressed mRNAs (46 unprocessed pseudogenes, 2
unitary pseudogenes, 48 transcribed unprocessed
pseudogenes, 41 TECs, 591 protein coding genes, 259
processed pseudogenes) which contained 42 up regulated
unprocessed pseudogenes, 2 up regulated unitary
pseudogenes, 24 up regulated transcribed unprocessed
pseudogenes, 34 up regulated TECs, 340 up regulated
protein coding genes, 274 up regulated processed
pseudogenes and 4 unprocessed pseudogenes down
regulated, 24 transcribed unprocessed pseudogenes down
regulated, 7 TECs down regulated, 251 protein coding
genes down regulated, 12 processed pseudogenes down
regulated. DEGs included 773 differentially expressed
RNAs (61 snRNA, 43 snoRNA, 4 Rrna pseudogene, 85
misc-RNA, 21 miRNA, 559 IncRNA) which contained
43 snoRNA upregulated, 4 rRNA pseudogene up
regulated, 85 misc-RNA up regulated and 21 miRNAs
(18 up regulated and 3 down regulated), 61 snRNA (60
up regulated and 1 down regulated), 559 IncRNAs (473
up regulated and 86 down regulated) (Fig. 2b). The heat
map showed the correlation between high expression of
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Table 1 Demographic and clinicopathological parameters of patients with Lung cancer in TCGA-LC (LUAD/LUSC)

Characteristics Low expression of EZHZ High expression of EZH2 p
n %o n %
Total (n) 518 519
T stage 0.47
T1 161 15.6 128 124
T2 272 26.3 31 30.1
T3 59 57 61 5.9
T4 25 24 17 1.6
M stage 0.343
NO 334 329 334 32.9
N4 104 10.2 122 12
N1 62 6.1 52 5.1
N3 2 0.2 5 0.5
M stage 0.334
MO 379 471 394 48.9
M1 19 24 13 1.6
Pathologic stage 0.164
| 279 272 260 254
I 128 12.5 157 15.3
Il 83 8.1 85 8.3
\% 20 2 13 1.3
Gender 0.001
Female 234 22.6 183 17.6
Male 284 274 336 324
Age 0.019
<65 202 20 244 242
> 65 298 29.5 265 26.3
Smoker <0.01
No 63 6.2 30 3
Yes 439 434 479 474
Primary therapy outcome 0.399
PD 59 7.3 43 5.3
SD 29 3.6 25 3.1
PR 5 0.6 6 0.7
CR 315 39 325 40.3
Anatomic neoplasm subdivision 0.036
Central lung 89 20.7 120 28
Peripheral lung 17 27.3 103 24
Age (years), median (IQR) 68 (60-74) 66 (60-73) 0.111
Residual tumor 0.111
RO 361 459 393 49.9
R1 17 22 8 1
R2 5 0.6 3 0.4

TOP10 differentially expressed genes, low expression of
TOP10 differentially expressed genes, high expression
of TOP10 differentially expressed IncRNAs, and low
expression of TOP10 differentially expressed IncRNAs
and EZH2 gene co-expression (Fig. 2c, 2d).

Functional enrichment analysis of differentially
expressed genes

We used Metascape to perform GO enrichment
analyses of the functions of EZH2-associated DEGs in
LC. The GO results displayed that EZH2-associated DEGs

had significant regulation on metabolic process, cellular
process, response to stimulus, biological regulation,
localization, biological process involved in interaction
between organisms, multicellular organismal process,
negative regulation of biological process, immune system
process, signaling, regulation of biological process,
reproductive process, locomotion, and positive regulation
of biological process (Fig. 3a). A network of EZH2 and its
potential co-expression genes in EZH2-related DEGs are
shown in Fig. 3b.

As many pathways contribute to tumor formation,
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Fig. 2 Results of differentially expressed gene (DEG) analysis. (a) Volcano plot of DGEs; (b) Volcanco plot of differentially expressed IncRNAs; (c)
Heat map analysis of co-expression of TOP10 high and low DEGs and EZH2 gene; (d) Heat map analysis of co-expression of TOP10 high and low

IncRNAs and EZH2 gene

high EZH2 expression associated with poor survival
may be related to active signaling pathways in LC. We
performed GSEA of differences between low- and high—
EZH2 expression data sets to identify the key signaling
pathways associated with EZH2. A total of 11 pathways
showed significant differences (False discovery rate (FDR.
q value) < 0.25, p. adjusted < 0.05) in the enrichment of
the MSigDB collection (c2.cp.v7.2.symbols.gmt). The
most significantly enriched signaling pathways based
on their NES. In particular, EZH2 was related to innate

immune system, ECM affiliated, matrisome, surfactant
metabolism, neutrophil degranulation, diseases of
metabolism, metabolism of lipids, SLC mediated
trans membrane transport, post translational protein
modification, disease (Fig. 3c-3f).

The correlation between EZH2 expression and
immune infiltration

We employed Spearman’s correlation to show the
association between the expression level (TPM) of EZH2
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and immune cell infiltration level quantified by ssGSEA
in the LC (LUAD/ LUSC) tumor microenvironment. Th2
cells were significantly positively correlated with EZH2
expression (Spearman R = 0.384, P < 0.001) and Mast
cells were significantly negatively correlated with EZH2
expression (Spearman R = -0.539, P < 0.001) (Fig. 4a).
Other immune cell subsets, including Eosinophils, iDC,
DC, Macrophages, CD8 T cells, Th17 cells, Neutrophils,
TFH, pDC, NK cells, Th1 cells, were also correlated with
EZH2 expression (Fig. 4b). The Th2 cell infiltration level
in the EZH2 high expression group was significantly
different from that of the low expression group (P <
0.001), and the Mast cell infiltration level in the EZH2
low expression group was significantly different from
that of the high expression group (P < 0.001) (Fig. 4c).

Associations between EZH2 expression and
clinico-pathologic variables

The Kruskal-Wallis test revealed that the between-
group differences in Race, T stage, N stage, Pathologic
stage, Residual tumor, Primary therapy outcome of
LC (Fig. 5g-1), and Wilcoxon rank-sum test revealed
that expression of EZH2 was significantly correlated
with Age (P < 0.001), Gender (P < 0.001), Smoker (P <
0.01), Number pack years smoked (P < 0.001), Anatomic
neoplasm subdivision (P< 0.001) and Anatomic neoplasm
subdivision (P < 0.01) (Fig. 5a-f). Bonferroni correction
was applied to the p value of Dunn’s test to correct for
multiple comparisons within the Race, T stage, N stage,
Pathologic stage, Residual tumor, Primary therapy
outcome of LC (Fig. 5). Logistic regression analysis showed
that EZH2 was significantly correlated with T stage (P =

0.022), residual tumor (P=0.039), age (P=0.016), smoker
(P<0.001), and gender (P=0.001) (Table 2).

EZH2 is highly expressed in paired LC samples
compared with normal tissues from TCGA (Fig. 6a). The
area under the curve (AUC) of EZH2 was 0.987, which
indicated that EZH2 might be a potential diagnostic
molecule in lung cancer patients (Fig. 6b).

In the Cox regression model, variables with P< 0.1 in
univariate Cox regression were included in multivariate
Cox regression. The variables that met this threshold
were Age (P=0.022), pathologic stage (P< 0.001), T stage
(P<0.001), M stage (P< 0.001), residual tumor (P< 0.001)
(Table 3). Furthermore, multivariate Cox regression
showed that residual tumor (P = 0.006) was independent
prognostic factors for overall survival (P < 0.05).

The Kaplan-Meier survival curve drawn by the
survminer package in R was used to evaluate the
prognostic value of EZH2 in overall survival of LC. The
prognostic values of EZH2 in relation to the overall
survival under different subgroups of LC in TCGA are
shown in Fig. 7a. The Kaplan-Meier survival curve of
the EZH2 in overall survival in different subgroups of
LC in TCGA-LC (LUAD/ LUSC). Gene expression values
were divided into high- and low-expression groups
according to the median value. The expression of EZH2
had significant effect in N1 & N2 & N3 subgroups of N
stage, and stage II & stage III & stage IV subgroups of
pathologic stage. High expression of EZH2 was associated
with poor overall survival in LC N stage (N1 & N2 & N3)
(HR =0.70 (0.52-0.95), P=0.023) and Pathologic stage (II
& IIT & IV) (HR = 0.74 (0.57-0.96), P = 0.024) (Fig. 7b).
EZH2 expression has no prognostic value in LC overall
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Table 2 EZH2 expression associated with clinicopathological characteristics (logistic regression)

Characteristics Total (n) Odds Ratio (OR) P value
T stage (T2&T3&T4 vs. T1) 1,034 1.374 (1.047-1.808) 0.022
N stage (N1&N2&N3 vs. NO) 1,015 1.065 (0.822-1.382) 0.632
M stage (M1 vs. MO) 805 0.658 (0.313-1.340) 0.254
Pathologic stage (Stage IV & Stage Il vs. Stage | & Stage 1) 1,025 0.929 (0.682-1.264) 0.638
Residual tumor (R1&R2 vs. R0) 787 0.459 (0.212-0.941) 0.039
Age (>65 vs. <65 years) 1,009 0.736 (0.573-0.944) 0.016
Smoker (Yes vs. No) 1,011 2.291 (1.468-3.650) <0.001
Gender (Male vs. Female) 1,037 1.513 (1.179-1.943) 0.001

survival (OS) (HR = 0.92 (0.76-1.12), P = 0.427), disease  are derived from an article published in Cell ¥,

specific survival (DSS) (HR = 0.88 (0.66-1.16). P = 0.348),

progress free interval (PFI) (HR = 0.84 (0.68-1.04), P = Discussion

0.106) (Fig. 7c). The lower part of these figures is shown

in the risk table which records the number of people still The polycomb group (PcG) proteins were first

under follow-up at each time point. The prognosis data  jdentified in Drosophila as regulatory factors that
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Table 3 Univariate and multivariate analyses of clinicopathological parameters in patients with lung cancer in TCGA-LC (LUAD/ LUSC)

Univariate analysis

Multivariate analysis

Characteristics Total (n)
Hazard ratio (95% Cl) P value Hazard ratio (95% Cl) P value

Age (years)

> 65 561 Reference

<65 445 0.791 (0.646-0.967) 0.022 0.794 (0.603-1.045) 0.099
Gender

Female 410 Reference

Male 612 1.164 (0.949-1.428) 0.145
Pathologic stage

| 533 Reference

IV, 1 477 1.913 (1.566-2.337) <0.001 1.488 (0.995-2.225) 0.053

T 1019

T1 289 Reference

T28T3&T4 730 1.574 (1.239-1.999) <0.001 1.229 (0.876-1.722) 0.233
N stage

NO 660 Reference

N1 222 1.541 (1.225-1.938) <0.001 0.930 (0.619-1.397) 0.726
M stage

MO 760 Reference

M1 32 2.269 (1.439-3.577) <0.001 1.533 (0.841-2.796) 0.163
Residual tumor

R1&R2 32 Reference

RO 742 0.339 (0.212-0.541) <0.001 0.429 (0.233-0.788) 0.006
Smoker

No 90 Reference

Yes 906 0.883 (0.617-1.263) 0.496
EZH2

Low 509 Reference

High 513 0.902 (0.741-1.097) 0.301

transcriptionally silence the expression of the bithorax
homeobox (Hox) gene cluster . It has been reported
that PcG proteins interact with each other and generate
two major complexes, polycomb repressive complexes 1
and 2 (PRCI and PRC2) . PRC2 is a highly conserved
complex in many species of plants and animals. It is
mainly composed of four subunits: EZH2, EED, SUZ12,
and RbAp46/48 (Fig. 8a) “!. Enhancer of zeste homolog 2

(EZH2), the core catalytic subunit of the PRC2 complex,
and its SET domain at the C- terminus provides the histone
methyltransferase activity (Fig. 8b), plays a critical role in
regulating a wide range of biological processes, including
tumor development and malignancy, stem cell renewal
and development, immune response, and cell senescence
(421, Aberrant epigenetic regulation plays a critical role in
tumorigenesis by altering genome-wide gene expression.
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Fig. 7 Prognostic value of EZH2 in different analyses. (a) Forest plot of prognostic value of EZH2 in overall survival of LC; (b) The Kaplan-Meier
survival curve of the EZH2 in overall survival in different subgroups of LC in TCGA-LC (LUAD/ LUSC). High expression of EZH2 was associated with
poor overall survival in LC N stage (N1 & N2 & N3) and Pathologic stage (Il & IIl & IV) subgroups; (c) EZH2 expression has no prognostic value in LC
(LUAD/ LUSC) Overall Survival (OS), Disease Specific Survival (DSS), and Progress Free Interval (PFI)

In this study, we comprehensively investigated the
expression, immune infiltration, diagnosis and prognostic
value of epigenetic regulatory genes such as EZH2 in LC
(LUAD/ LUSC) tissues using public databases.

In this study, bio-informatics analysis of sequencing
data from TCGA was performed to gain a deeper
understanding of the potential function of EZH2 in LC and

guide future research in LC. Elevated EZH2 expression
in LC was associated with advanced clinicopathological
features (Age, Gender, Anatomic neoplasm subdivision2,
Smoker, Number_pack_years_smoked, T1 vs T2 stage,
pathological stage I vs II), poor prognosis, and survival
time. Furthermore, in wunivariate and multivariate
Cox regression analyses, we found that after removing
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Fig. 8 The polycomb repressive complex 2 (PRC2) complex
composition, regulation function, and schematic diagram of the enhancer
of zeste homolog 2 (EZH2) domains. (a) The PRC2 complex contains four
core subunits which include EZH2, EED, SUZ12, and RbAp46/48. PRC2
induces target genes’ transcriptional repression through EZH2- mediated
H3K27 trimethylation. (b) EZH2 has four domains: WD- binding domain;
PRC2 HTH 1 domain, CXC domain, and SET domain

confounding factors, EZH2 was not an independent
prognostic factor, which is not showed a higher
prognostic value than many other clinical variables. Our
results suggested that EZH2 is a potential prognostic and
diagnostic marker deserving further clinical validation.
The PPI network indicates that EZH2 can interact
with several histone deacetylase members such as
HDACI1, EED, RBBP4, SUZ12, RBBP7, AEBP2, etc.
HDAC]1 are key enzymes that maintain the acetylation
balance of nucleosomes in basic units of chromosomes.
Their catalytic histone deacetylation is closely related to
the inhibition of gene transcription 3. The Polycomb
Repressive Complexes (PRCs) are large protein multimers
that modify lysine residues on histones. The two primary
PRCs noted in mammals are PRC1, formed by several
distinct proteins but most notably RING1A/B and BMI1,
and PRC2. The core subunits of PRC2 are enhancer of
zeste homolog 1/2 (EZH1/EZH2), embryonic ectoderm

http://otm.tjh.com.cn

development (EED), and suppressor of zeste 12 (SUZ12)
(44, Within the PRC2 complex, EZH2 (and to a lesser
extent, EZH1) is the catalytic subunit responsible
for methyltransferase activity. Both EZH proteins
were observed to be phosphorylated, although EZHI
phosphorylation was shown to lead to degradation, while
EZH2 phosphorylation led to reduced function 4%,
GSEA showed that innate immune system, ECM
affiliated, Matrisome, Surfactant metabolism activation
in LC were enriched in the EZH2 high-expression
phenotype. These findings indicated that EZH2
might participate in the regulation of metastasis and
immune response in the tumorigenesis of LC. ssGSEA
and Spearman’s correlation were adopted to uncover
connections between EZH2 expression and immune
infiltration levels in LC. Our results demonstrated that
EZH2 expression was significantly positively correlated
with Th2 cells. Our results suggest a possible mechanism
where EZH2 regulates the balance of Th1/Th2 in LC. The
Th2 cells produce IL-4 and IL-10 and inhibit the host
immune system, hence having a role in promoting tumor
growth 48] This indicates that over-expression of EZH2
promotes Th2 cell immune response and infiltration in
tumor progression. Th1/Th2 balance can be regulated
to inhibit tumor progression. A global Th1/Th2-like
cytokine shift (a decrease in Th1 and an increase in Th2
cytokines) can be induced to promote HCC metastasis
(41, On the other hand, there was significantly an inverse
correlation between Mast cells and EZH?2. Furthermore,
there was a strong-to-moderate correlation between DC,
macrophages, Th17 cells, et al. and EZH2 expression. The
NSCLC cells could release CCL5 and recruit MCs to the
tumor micro-environment. Moreover, the MCs-derived
factors were responsible for tumor growth. When NSCLC
cells were activated, MCs produced various factors that
induced EMT and migration P%. Interestingly, EZH2
gene has a significant negative correlation with MC.
High expression of EZH2 in NSCLC has a lower MC
infiltration, which may be an important mechanism for
the better prognosis of cancer patients. Due to the role of
DCs in initiating anti-tumor immunity, there is a negative
selective pressure hampering the accumulation of DCs
by tumor secreted mediators that inhibit dendropoiesis,
promote DC apoptosis PV, and accelerate DC turnover.
The suppression of DCs is normally found in tumors and
may facilitate LC progression. Th17 immune cells were
associated with both good and bad prognoses 2. Th17
cells can also drive anti-tumor immune responses by
recruiting immune cells into tumors, activating effector
CD8+ T cells, or even directly by converting toward Thl
phenotype and producing IFN-y®¥. The down regulation
of Th17 caused by EZH2 over-expression may affect
h1/h2 balance, leading to a bad prognosis. All findings
according to ssGSEA support that EZH2 has a role in
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regulating and recruiting immune infiltrating cells in LC.
However, more trials are needed to accurately understand
the relationship between EZH2 and Th1/Th2 balance in
vivo.

The high expression of EZH2 is closely related to
a poor prognosis in many tumors, but its value in the
prognosis of NSCLC is still controversial ®*. To our best
knowledge, previous meta analyses did not specifically
explain the prognostic relationship between EZH2 and
lung cancer %, or no bioinformatics evidence was used
to support it 7. Therefore, we searched TCGA database
and Kaplan-Meier plotter database for large-scale global
lung cancer database mining to find EZH2 potential
correlation with LC. In our study, EZH2 expression was
significantly higher in LC tissues compared to the normal
lung tissues. Our study demonstrates that higher EZH2
expression correlates with poorer OS, DSS and PFI in LC
patients. In addition, the Kaplan-Meier survival curves
with high HR for poor OS, DSS and PFI when EZH2
was highly expressed in LC, however, there was no
statistically significant difference in the low expression of
EZH2 group, suggesting that EZH2 has certain prognostic
guiding value but does not have specificity as a prognostic
biomarker in LC. Moreover, Kaplan-Meier survival
analysis was performed in LC patients according to their
EZH2 expression levels, stratified by clinicopathological
characteristics. A high level of EZH2 expression was
associated with poor prognosis of LC patients with N
stage (N1 & N2 & N3) and Pathologic stage (II & III & IV),
thus indicating that the high association between EZH2
expression level and survival may be influenced by the
degree of invasion and metastasis.

As single-stranded RNA molecules with a length of
200 to 100,000nt, long-chain noncoding RNAs have
multiple interactions with EZH2. Single genetic variance
analysis showed that the total number of IncRNA ID is
14077, among them, meet | log2 (FC) | > 1.5 & p.adj <
0.05 threshold of IncRNA has 559, under the threshold,
the High expression in the High group (logFC is) as the
number of 473,The number of Low expression (logFC
negative) in Low group was 86;The heat map correlation
analysis of EZH2 co-expression showed that AP000462.2
had no significant correlation (Spearman P = 0.289).
Long intergenic non-coding RNA 00467 promotes lung
adenocarcinoma proliferation, migration and invasion by
binding with EZH2 and repressing HTRA3 expression °..
LncRNA MSTO2P promotes proliferation and autophagy
of lung cancer cells by up-regulating EZH2 expression
B9 IncRNA PVT1 Promotes Metastasis of Non-Small
Cell Lung Cancer Through EZH2-Mediated Activation of
Hippo/ NOTCH]1 Signaling Pathways [**. IncRNA ZEB2-
AS1 Aggravates Progression of Non-Small Cell Lung
Carcinoma via Suppressing PTEN Level [©!\. This shows
that, through the up-regulation of the EZH2 expression,
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long noncoding RNA silences tumor suppressor genes
and promotes lung cancer invasion and migration, which
are associated with poor prognosis. This is consistent with
our findings. However, the high expression of EZH2 is
not only related to the regulation of long noncoding.

Although our investigation of the relationship between
EZH2 and LC furthered our understanding of the vital
role of EZH2 in LC, some limitations remained. First,
cell experiments and clinical samples should be used to
verify the correlation between EZH2 mRNA and protein
expression. In the present study, we only used mRNA
levels to predict protein expression 2. Second, clinical
factors such as the details of patient treatment should be
sufficiently considered to clarify the specific role of EZH2
in the development of LC. Third, while multicenter
research based on public databases intends to overcome
the shortage of single-center studies, retrospective studies
have two major shortages. One is missing variables.
In our study, to clarify the specific role of EZH2 in the
development of LC comprehensively, more clinical factors
should be taken into consideration such as the detail of
treatments for every single patient involved. However,
the information of treatments was often inconsistent or
even lacking in public databases; the other is sample size
imbalance. We have a smaller number of healthy samples
in our control group than that of LC patients in our
study; the sample size imbalance may lead to statistical
bias. Therefore, future prospective studies are needed
to reduce analysis bias. Finally, we cannot illustrate the
expression of LC from the protein level and also can not
evaluate the direct mechanisms of EZH2 involved in LC
progression. Consequently, further studies are needed to
clarify the direct mechanisms of EZH2 in LC.

EZH2 is not only related to LC, but it is also closely
related to the occurrence and development of other
tumors. In diffuse large B cell lymphoma, it is found that
inhibition of EZH2 activity may provide a promising
treatment for EZH2 mutant lymphoma [®*. However,
Another study found that diffuse large B cell lymphomas
based on EZH2 mutations and BCL2 translocation genetic
subtypes have higher survival rates than other subtypes
[o4], This also suggests to some extent that EZH2 not only
promotes tumor progression but may play a benefical role
in certain tumors or certain tumor subtypes. Depending
on the cellular environment and the activated oncogenic
pathways, the changes in epigenetic modifications caused
by EZH2 defects may lead to tumor progression through
various mechanisms.

In summary, Unlike genetic mutations, epigenetic
aberrations are reversible so targeting the relevant
epigenetic factors by small molecules is potentially
an efficient approach to “fix” dysregulated gene/
chromosome-regulatory systems caused by epigenetic
changes in cancer. Additional experiments are needed to



112

evaluate the relationship between EZH2 expression and
clinical features, LC stage, and prognosis using additional
clinical data, which might facilitate the identification
of new markers for evaluating tumor stage, aiding drug
development, and improving treatment efficiency.
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Objective  The initiation and progression of lung carcinomas are critically regulated by long non-coding
RNAs (IncRNAs). However, the role of IncRNAs in the pathways causing lung cancer remains unknown.
Methods Cell morphology was regularly observed using an inverted phase-contrast microscope.
Cell viability was assessed using CCK-8 according to the manufacturer’s instructions. Total RNA was
retrotranscribed from each specimen using the RNAiso Plus Kit. The RT-PCR data were calculated using
the Ct approach for comparison. Flow cytometric analyses were prepared by Click-iT™ Plus TUNEL Assay
for In Situ apoptosis detection, with Alexa Fluor™ 594 dye, as instructed. RNA immunoprecipitation assays
were used to determine RNA concentration.

Results Activated natural killer cells repeat and PH domain-containing protein 2 antisense RNA 1 (AGAP2-
AS1) levels in cancerous tissues were significantly correlated with cancerous tumor node metastasis (TNM)
stage, with cancerous AGAP2-AS1 levels being higher in cancerous tissues than healthy tissues. Patients
withelevated AGAP2-AS1 levels had considerably worse outcomes than those with reduced AGAP2-AS1
levels,regardless of the progression-free or overall survival. Functionally, AGAP2-AS1 downregulation
represseslung cancer cell growth. AGAP2-AS1 elimination induces erastin-mediated ferroptosis in lung
cancer cells.However, the ferritin inhibitor FERSINT-1 negated this result, whereas ERASTIN induced lung
cancer cellmortality. After AGAP2-AS1 silencing, erastin-treated lung cancer cells showed a remarkable
decrease inGSH levels. These results indicated that AGAP2-AS1 enhanced the stabilization of SLC7A11
mRNA via Recombinant Insulin Like Growth Factor Binding Protein 2(IGF BP2). Patients with elevated
AGAP2-AS1 had considerably worse outcomes. Down-regulating AGAP2-AS1 was able to repress lung
cancer cell growth and induce greater Erastin-mediated ferroptosis. Lungcancer cells treated with Erastin
exhibited a remarkable decrease inglutathione (GSH) levels. The mechanical findingsindicated that AGAP2-
AS1 enhanced the stabilization of SLC7A11 mRNA via the IGF2BP2.

Conclusion We identified a novel effect of AGAP2-AS1 on TNM staging and the prognosis of patientswith
lungcancer by modulating SLC7A11 mRNA stability and ferroptosis.

Key words: AGAP2-AS1; ferroptosis; lung cancer; mRNA stability

Lung carcinoma is a malignant neoplasm characterized
by mutations in lung cells and their proliferation.
Patients with advanced metastatic lung cancer have
a low survival rate 2. Lung cancer is responsible for
over 30% of all malignant mortalities [®. Factors that can
induce these conditions include environmental factors
(e.g. air pollution) and genetics. Early stage patients
with lung cancer have a higher five-year survivability
after prolonged resection and lymph node dissection

>

however, the five-year survival rate for patients with
distant metastasis is extremely low, and the prognosis is
poor. In metastatic lung cancer patients with advanced
chemotherapy and radiotherapy, 15%-20% of treatments
succeed, but their survival time is short .

Iron toxicity is a relatively new form of controlling cell
death (RCD). Ergot inhibits the onset of RCD, particularly
in cancer cells with mutations in the RAS signaling
pathway . Increasing tumorigenesis by suppressing
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Table 1 PCR primer Sequence
Gene F Sequence (5-3") R Sequence (5-3")
AGAP2-AS1 TACCTTGACCTTGCTGCTCTC TACCTTGACCTTGCTGCTCTC

U6 CTCGCTTCGGCAGCACAT
GAPDH GTCTCCTCTGACTTCAACAGCG

SLC7A11 TCCTGCTTTGGCTCCATGAACG

TTTGCGTGTCATCCTTGCG
ACCACCCTGTTGCTGTAGCCAA

AGAGGAGTGTGCTTGCGGACAT

ferroptosis, which plays a critical role in the progression
of malignancies, enhances the initiation of neoplasms
[7]. Ferroptosis is not fully understood as the mechanism
underlying lung cancer growth %71,

Long non-coding RNAs (IncRNAs) have been
consistently regarded as “noise” in transcription ['%.
Studies have shown IncRNAs could regulate genomic
expression and affect organism growth and development
M Tt has been found that IncRNAs are involved in
several crucial processes and regulate gene expression at
various levels!'. An increasing amount of data has shown
that IncRNAs are the most diverse functional ncRNAs
(13, LncRNA malfunction has a significant influence on
cytoplasmic integrity. Non-expression of AGAP2-ASI
contributes to GXP4 mRNA deterioration via m5C-
dependent regulation as well as the modification of
SLC7A11 mRNA by m5C and its binding to AGAP2-AS].

Materials and methods

TCGA database retrieval

From the TCGA (http://tcga-adtaa. nci. nih. gov/tcga/)
database using the Epicalc function package of R 2.15.3
software to download and preprocess the AGAP2-ASI
data from the lung cancer data set for analysis.

Cell culture

Human lung cancer cells (A549 cells) were cultured
in DMEM medium containing 10% fetal bovine serum
(FBS). An incubator with 5% CO; and 95% humidity
at 37°C was used for all of lung-cancer cells. Regular
observations of cell morphology were performed using an
inverted phase-contrast microscope.

CCK-8 assay

The cells were trypsinized, rinsed and incubated at
5000 cells/well in 96-well plates. Erastin was applied
at various concentrations to the cells. After incubation
for approximately 24 h, supernatants were collected.
Cell viability was assessed using the CCK-8 (Enzo Life
Sciences) according to the manufacturer’s instructions.
The absorbance at 450 nm was measured using a
microplate reader. Proliferation assays were performed
independently and repeatedly in triplicate. Culture

conditions were as follows (1) The 6-well plate was
laid according to the steps of instructions, and cells
were transfected overnight according to the steps of
instructions. (2) After 12 h of transfection, the cells
were counted and the transfected cells were inoculated
on a 96-well plate with a density of 2 x 10%well, with
three wells in each group. (3) The 96-well plates of A549
cells were cultured in a 5% CO; incubator at 37°C. Then
cell proliferation was measured at 0, 24, 48, 72 and 96 h
using the CCK-8 kits (Tokyo Dojindo, Japan). The CCK-
8 working solution was added as gently as possible to
prevent air bubbles from interfering with the subsequent
absorbance measurements. The ratio of CCK-8 to serum-
free medium was approximately 1:10. (4) A 96-well plate
with the CCK-8 working solution was incubated in a
cell incubator for 2 h, and the absorbance at 450 nm was
measured using an enzyme-labeling instrument, which
was used for the CCK-8 analysis to indirectly reflect the
number of living cells (American Bole).

Real-time (RT) quantitative PCR test

After24h plasmid transfection, total RNA was extracted
from tissues or cells using TRIzol reagent (Invitrogen)
and purified using RNase R reagent (Epicenter). Total
RNA was reverse-transcribed into cDNA using the Prime
Script RT Reagent Kit (Takara, Japan). Total RNA was
reverse transcribed from each specimen using an RNAiso
Plus Kit (Takara, Japan). Following the completion of
the RT-PCR reactions, the data were calculated using
the Threshold cycle approach for comparison, and each
specimen’s expression of B-actin served to standardize the
results. The primer sequences used are listed in Tablel.
The relative expression level of total RNA was analyzed
by 2 method.

Flow cytometric analysis

Following a 48-h transfection, flow cytometric
measurements were prepared by Click-iT™ Plus TUNEL
Assay for In Situ Apoptosis Detection, Alexa Fluor™ 594
dye (Invitrogen) as instructed. Individual stages were
classified, and the proportions of dying, presorting, and
apoptotic cells were evaluated based on standards. The
cells were cultured for 48 h, rinsed with PBS, 500pul
binding buffer was added, and then mixed with 10uL



Oncol Transl Med, June 2023, Vol. 9, No. 3

ok
05y 6
<
Q]
o
g,\
T
I= 4f
S
st
B
7 e)
| 2
s L
>
(]
(]
o o
= H
0 L L

Normal Tumor

Fig. 1 The levels of AGAP2-AS1 in normal and lung cancer cases in
TCGA. *** P<0.001 for comparison between groups

AnnexinV-FITC and 5pL PI solution. The solution was
incubated for 10 min out of direct sunlight. The rate of
apoptosis was determined using flow cytometry.

Staining of reactive oxygen species assay

To remove serum, the cells were rinsed with PBS at
least twice, then resuspended in Hanks’ Balanced Salt
Solution (HBSS) (containing Mg* and Ca*) at a density
of 1 x 10° /mL. Afterwards, the cell suspension was mixed
and maintained at 37°C in a darkroom for 10 min, before
being labeled by adding 5-6 liters of HBSS. After rinsing
once with ice-cold complete media, all cells were assessed
simultaneously using a FACSCalibur.

RNA immunoprecipitation (RIP) assay

The RIP test was performed using an RIP kit (Bersin
Bio) as per the manufacturer’s instructions. When cells
reached 85% confluency, they were lysed with RIP buffer.
Multiwell spectrophotometers (Bio-Rad, USA) were
used to calculate RNA concentration, and specific foci
(Agilent, USA) were used to determine RNA integrity.
Finally, the immunoprecipitated RNA was harvested and
analyzed by qRT-PCR.

Statistical analysis

All data collected from several tests are expressed as
mean + SD. In addition to one-way and two-way ANOVA,
Student’s t-tests were used to determine the levels of
significance. All statistical analyses were performed using
Graphpad Prism 9.0 Software.

Results

Upregulated AGAP2-AS1 could predict
patient prognosis

First, the levels of AGAP2-ASI in normal and lung
carcinoma specimens were obtained from the TCGA
database. There was a dramatic difference in AGAP2-AS1
levels in normal tissues compared to lung cancer tissues,
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Fig. 2 According to the TCGA database, levels of AGAP2-AS1
correlations were analyzed relative to lung cancer specimens and the
clinical features of the patients. * P < 0.05 and ** P < 0.01 for comparison
between groups
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where AGAP2-ASI levels were lower in cancerous
samples (Fig. 1).

According to our findings, AGAP2-ASI levels in
cancerous tissues were remarkably related to the TNM
stage (Fig. 2).

A clear association was observed between higher
AGAP2-AS1 levels and shorter life expectancy.
Patients with higher AGAP2-AS]I levels had not only a
significantly shorter progression-free survival (PFS) but
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also a significantly shorter overall survival (OS; Fig. 3).

AGAP2-AS1 promotes the proliferation
of lung-cancer cells

After 48 and 72 h, CCK-8 data showed that the uptake
rate of AGAP2-ASI was considerably lower than that of
the other two groups, with increasing differences over
time. These findings suggest that the downregulation of
AGAP2-AS1 inhibits the growth of lung cancer cells (Fig.
4).

AGAP2-AS1 could prevent ferroptosis
of lung cancer cells

We tested the effects of the ferroptosis inducer
erastin on the activity of tumor cells. After transfection
and erastin treatment, the knockdown of AGAP2-
AS] amended Erastin-mediated ferroptosis (Fig. 5a
and 5b). Concomitantly, we found that the ferroptosis
inhibitor FERSINT-1 restored this effect, whereas erastin
caused lung cancer cell mortality (Fig. 5a and 5b). This
indicates that AGAP2-ASI downregulation enhances
ferroptosis. These results suggest that AGAP2-ASI
silencing inhibited the proliferation of lung cancer cells
and enhanced ferroptosis. Subsequently, the influence of
AGAP2-AS1 accumulation on ferroptosis and GSH levels
was assessed. Because Fe?* is an essential contributor to
ferroptosis, we initially evaluated the effects of AGAP2-

ASI on intracellular Fe?* concentrations. The findings
showed that intracellular iron and Fe* levels were
upregulated upon AGAP2-ASI silencing with erastin
(Fig. 5c). Furthermore, AGAP2-AS1 knockdown led
to a remarkable decrease in GSH content in rastin-
treated lung cancer cells (Fig. 5d). Blocking AGAP2-AS1
facilitates ferroptosis in lung cancer cells, implying that
AGAP2-AS]1 contributes to anti-ferroptosis effects.

AGAP2-AS1 can enhance SLC7A11 mRNA
stabilization via IGF2BP2

Therefore, we investigated the modulatory association
between SLC7A11 and AGAP2-AS]I. Initially, RIP assays
were performed to examine the interplay between
SLC7A11 and IGF2BP2. SLC7A11 and IGF2BP2 could
interact, however AGAP2-ASI knockdown reduced this
interaction. Moreover, subsequent mRNA degradation
revealed that AGAP2-AS1 knockdown reduced SLC7A11
mRNA stabilization, while over-expression reversed the
functionality of AGAPZ2-ASI. These findings revealed
that AGAP2-ASI enhanced the stabilization of SLC7A11
mRNA via IGF2BP2.

Discussion

While immunosuppressive therapy significantly
improved survival rates in some populations with lung
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cancer, it does not help about 40-60% of patients 4.

The same group of chemotherapeutic drugs has shown
remarkable benefits in the treatment of lung cancer
subtypes 1. LncRNAs are integral to the multiplication,
differentiation, and apoptotic processes of various
malignancies. LncRNAs have been shown to be involved
in the neoplastic cell cycle, cell signaling pathways,
and genetic modifications, leading to the emergence of
IncRNAs as potential candidates for investigation ..

An IncRNA is a protein-coding gene that is unable
to encode a protein, although it directly performs
biofunctions in the form of RNA . With a length of over
200 of nucleotides, it is incomplete in its open read frame
(17.18 TncRNAs are then transcribed by RNA Polymerase
IT and subsequently amended by 5’ end-capping, splicing,
and 3’end-polyadenylation " Primarily, they are believed
to serve non-biological roles; however, the findings of
numerous assays revealed that IncRNAs mediate genetic
regulation in the form of RNA along numerous layers,
including transcription, post-transcriptional profiling,
and epigenetics ** 2. LncRNAs mainly perform their
effects in four ways: first, by induction, IncRNAs are able
to associate with particular miRNAs and hence regulate
targeted genes obliquely; second, IncRNAs can serve
as signaling agents working on pathways to modulate
associated genes up and downstream of their targeted
genes 22 31, Furthermore, IncRNAs can regulate specific
target genes by guiding associated RNA-binding proteins
via cis- or trans-regulation of protein complexity sites
(24 2] Finally, in scaffolding, IncRNAs may serve as a
platform on which a diverse combination of relevant
regulatory compounds can act to strengthen messaging
and the interplay between molecular complexities ¢

We investigated the functions of AGAP2-ASI by
examining the clinical characteristics of patients with
lung carcinoma and lung carcinoma cell lines. We found
that AGAP2-AS]1 was more highly expressed in lung
carcinoma than in normal and healthy neighboring tissues,
while AGAP2-AS] was more strongly expressed in the
lung metastasis group than in the non-distant metastasis
group. This is in agreement with the results of other
investigators who analyzed IncRNA expression levels
in other neoplastic specimens, indicating that AGAP2-
ASI might be involved in the initiation and promotion
of lung carcinoma %). Additionally, the presence of
AGAP2-AS1 in lung carcinoma samples may influence
the OS of patients with lung carcinoma. The greater
the expression of AGAP2-ASI in lung carcinoma, the
worse the prognosis. In vitro experiments demonstrated
that elimination of AGAP2-ASI expression suppressed
cell growth and caused ferrotoxicity in cells. The use of
ROCK suppressors has gained attention in contemporary

medicine with increasingly efficient targeted approaches
(17]
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In conclusion, this study identified a novel behavior
of AGAP2-AS] and the underlying mechanisms of
ferroptosis and lung cancer initiation, which may aid
in the development of new lung cancer therapies. We
identified a novel effect of AGAP2-ASI on TNM staging
and prognosis of patients with lung cancer by acting on
SLC7A11 mRNA stability and ferroptosis.
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Objective  To investigate miR-183-5p targeting to forkhead box protein O1 (FOXO1) and its corresponding
effect on the proliferation, migration, invasion, and epithelial-mesenchymal transition (EMT) of non-small
cell lung cancer (NSCLC) cells.

Methods NSCLC tissues and adjacent normal tissues from 60 patients with NSCLC adenocarcinoma
were obtained via pathological biopsy or intraoperative resection. Several cell lines were cultured in
vitro, including the human normal lung epithelial cell line BEAS-2B and human NSCLC cell lines A549,
SPCA-1, PC-9, and 95-D. miR-183-5p and FOXO1 mRNA expression in tissues and cells were detected
by qRT-PCR; the corresponding correlations in NSCLC tissues were analyzed using the Pearson test,
and the relationship between miR-183-5p expression and clinicopathological parameters was analyzed.
The miR-183-5p-mediated regulation of FOXO1 was verified by bioinformatics prediction alongside double
luciferase, RNA-binding protein immunoprecipitation (RIP) assay, and pull-down experiments. A549 cells
were divided into control, anti-miR-NC, anti-miR-183-5p, miR-NC, miR-183-5p, miR-183-5p+pcDNA3.1,
and miR-183-5p+pcDNA3.1-FOXO1 groups. Cell proliferation, invasion, migration, apoptosis, and cell
cycle distribution were detected using an MTT assay, clone formation assay, Transwell assay, scratch
test, and flow cytometry, respectively. The expression of EMT-related proteins in the cells was analyzed
by western blotting. The effect of miR-185-3p silencing on the development of transplanted tumors was
detected by analyzing tumor formation in nude mice.

Results miR-183-5p expression was significantly higher in NSCLC tissues and cells than in adjacent
normal tissues, whereas FOXO1 mRNA expression was significantly down-regulated. There was a
significant negative correlation between miR-183-5p and FOXO1 mRNA in NSCLC tissues (P < 0.05).
Additionally, the expression of miR-183-5p was significantly correlated with tumor size, tumor differentiation,
and tumor-node-metastasis stage in patients with NSCLC (P < 0.05). miR-183-5p targeted and inhibited
FOXO1 expression. Compared to the anti-miR-NC group, the cell proliferation, scratch healing rate,
N-cadherin and vimentin protein expression, and the proportion of S phase cells were significantly lower in
the anti-miR-183-5p group, whereas the protein expression of E-cadherin and a-catenin and the proportion
of G0/G1 phase cells were significantly higher; additionally, the frequency of colony formation and invasion
were significantly lower in the anti-miR-183-5p group (P < 0.05). Compared to the miR-NC group, the
cell proliferation, scratch healing rate, N-cadherin and vimentin protein expression, and the proportion of
S phase cells in the miR-183-5p group were significantly higher, whereas the E-cadherin and a-catenin
protein expression and the proportion of G0/G1 phase cells were significantly lower; furthermore, the
frequency of colony formation and invasion were significantly higher in the miR-183-5p group (P < 0.05).
Compared with the miR-183-5p+pcDNA3.1 group, the OD value, scratch healing rate, N-cadherin and
vimentin protein expression, and the proportion of S phase cells were significantly lower in the miR-183-
5p+pcDNA3.1-FOXO1 group, whereas E-cadherin and a-catenin protein expression and the proportion of
GO0/G1 phase cells were significantly higher; additionally, the frequency of colony formation and invasion
was significantly lower in the miR-183-5p+pcDNA3.1-FOXO01 group (P < 0.05). Overall, silencing miR-185-
3p inhibited the growth of transplanted tumors and promoted FOXO1 expression.

Conclusion  Overexpression of miR-183-5p can inhibit apoptosis and promote the proliferation, migration,
invasion, and EMT, of NSCLC cells by down-regulating FOXO1 expression.

Key words: non-small cell lung cancer; miR-183-5p; forkhead box protein O1; malignant biological
behavior; targeted regulation
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Lung cancer is a malignant tumor with the highest
morbidityand mortalityofall cancersin China!'. According
to histological characteristics, lung cancer is divided into
small cell lung cancer and non-small cell lung cancer
(NSCLC), with NSCLC accounting for approximately
80% of total lung cancer diagnoses . Approximately
90% lung cancer patient deaths are attributed to distal
metastasis *; therefore, it is of particular importance to
elucidate the mechanism of lung cancer cell metastasis
and invasion. MicroRNA (miRNA) is a type of non-
coding RNA that plays a key role in post-transcriptional
gene regulation and target protein degradation. In recent
years, miRNAs have been determined to be closely
associated with the biological function of many kinds
of tumor cells, including NSCLC cells * .. miR-144-
3p expression is down-regulated in NSCLC tissues and
cells; in contrast, its overexpression promotes apoptosis
and inhibits the proliferation and migration of NSCLC
cells 1. Additionally, miR-183-5p is closely related to
the occurrence and development of various diseases;
for example, miR-183-5p is highly expressed in acute
myeloid leukemia cells. The up-regulation and silencing
of miR-183-5p expression are related to cell proliferation,
differentiation, and development of acute myeloid
leukemia; therefore, miR-183-5p is a novel prognostic
biomarker and therapeutic target . Wang et al [®
established that miR-183-5p acts as a tumor-promoting
factor in NSCLC, and down-regulation of its expression
can inhibit cell proliferation and promote apoptosis,
thereby inhibiting NSCLC progression. However, at
present, few studies have evaluated the relationship
between miR-183-5p and NSCLC progression, and
its mechanism is yet to be elucidated. Forkhead box
protein O1 (FOXO1) belongs to the FOXO family; it is
abnormally expressed in colon and gastric cancer and
is closely associated with the prognosis of patients 1%,
Additionally, some studies have confirmed that FOXO1
is associated with the proliferation, migration, invasion,
and anti-radiation of NSCLC cells; therefore, this protein
may be a potential therapeutic target for the enhancement
of NSCLC radiosensitivity M. Through bioinformatics
prediction, a targeted relationship between miR-183-5p
and FOXOI1 has been found. Down-regulation of miR-
183-5p can promote the expression of FOXO1 and inhibit
the proliferation, invasion, and angiogenesis of colorectal
cancer cells; therefore, miR-183-5p can inhibit the
progression of colorectal cancer 2. However, the effects
of miR-183-5p and FOXO1 on the biological functions of
NSCLC cells have not yet been reported. Therefore, this
study was conducted to explore the effects of miR-183-5p
on the proliferation, migration, invasion, and epithelial-
mesenchymal transition (EMT) of NSCLC cells through
the targeted regulation of FOXO1 to provide further
molecular targets for the treatment of NSCLC.

http://otm.tjh.com.cn

Materials and methods

Samples and participants

Lung cancer tissue (taken from > 5 cm of tumor
foci) and corresponding paracancerous tissue samples
were collected from 60 patients with lung cancer
adenocarcinoma that were treated in our hospital from
September 2020 to September 2022 and then preserved
in liquid nitrogen. The clinical data, such as sex, age, and
tumor diameter, were collected. No patients were treated
with radiotherapy or chemotherapy. All the samples were
collected following informed consent from the patients
and their families. The research scheme was approved by
the Ethics Committee of our hospital (051237L).

Reagents and instruments

Normal human lung epithelial cell line BEAS-2B
and human NSCLC cell lines A549, SPCA-1, PC-9, and
95merD were purchased from Shanghai Cell Resource
Center (Chinese Academy of Sciences, China). Reagents
used include the following: Dulbecco’s modified eagle
medium (DMEM; Gibco Company, USA); fetal bovine
serum (Sijiqing, China); Lipofectamine 2000 kit, Opti-
MEM medium, TRIzol reagent, reverse transcriptase
kit, trypsin (Thermo Fisher Scientific Company, USA);
MTT solution (Sigma-Aldrich Co., Ltd., USA); Matrigel
(Millipore Co., Ltd., USA); BCA Kit (Shanghai enzyme
Union Biotechnology Co., Ltd., China); horseradish
peroxidase labeled rabbit anti-IgG secondary antibody
(LI-COR Biosciences Co., Ltd., USA); ECL developer
(Shanghai Biyuntian Biotechnology Co., Ltd., China).
The pcDNA3.1 vector and FOXO1l overexpression
plasmid were purchased from Addgene (Addgene, USA);
N-cadherin, vimentin, E-cadherin, and a-catenin primary
antibodies were purchased from Abcam (Abcam Co.,
Ltd., UK). The equipment is listed as follows: NanoDrop
2000 ultramicro spectrophotometer (Thermo Fisher
Scientific Co., Ltd., USA), BD FACSAria flow cytometer
(BD Biosciences, USA), and IX71 inverted microscope
(Olympus, Japan).

Cell culture, grouping, and transfection

The human NSCLC and normal lung epithelial cell
lines were cultured in DMEM containing 10% fetal bovine
serum and 100 U/mL penicillin and streptomycin at 37
°C and 5% CO,. When adherent growth of the cells was
observed, and confluence reached 85%, 25% trypsin was
added for cell digestion. The digested cells were placed
in the DMEM culture medium to continue culturing and
passage; then, the expression of miR-183-5p and FOXO1
mRNA in each cell line was detected using qRT-PCR.

A549 cells were divided into 7 groups: control
(untreated), anti-miR-NC (anti-miR-183-5p negative
control), anti-miR-183-5p (anti-miR-183-5p
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Table 1 PCR primer sequences

Genes Upstream primer (5'-3") Downstream primer (5'-3')
miR-183-5p ATCTCACCAAACGACCGACT TCCTGGCATCATTGGAGGAG
FOXO1 GGATGTGCATTCTATGGTGTACC TTTCGGGATTGCTTATCTCAGAC
Ué GCGCGTCGTGAAGCGTTC GTGCAGGGTCCGAGG

transfection), miR-NC (miR-183-5p negative control),
miR-183-5p (miR-183-5p transfection), MiR-183-
5p+pcDNA3.1 (transfected with miR-183-5p and
pcDNA3.1-FOXO1 negative control pcDNA3.1), and
miR-183-5p+pcDNA3.1-FOXO1  (transfected = with
miR-183-5p and pcDNA3.1-FOXO1). Transfection was
conducted using the Lipofectamine 2000 kit, containing
500 pL Opti-MEM medium (100 nM mimic/inhibitor or
its negative control), and 2 uL Lipofectamine 2000; the
corresponding reagents were added to a 24-well plate
inoculated with the A549 cells. After 48 h of culture, the
cells were collected for follow-up experiments.

Target gene prediction and dual luciferase
reporter assay

The related target genes of miR-183-5p were predicted
using the DIANA-mirPath v.3 tools (http://diana.imis.
athena-innovation.gr); consequently, the FOXOI gene
was determined to be a potential target gene of miR-183-
5p. The 3' untranslated region (UTR) of FOXO1 wild
type (FOXO1 3'UTR-WT) and FOXOl mutant 3'UTR
(FOXO1 3'UTR-MUT) luciferase expression vectors
were constructed and co-transfected into A549 cells
with miR-NC and miR-183-5p, using the Lipofectamine
2000 kit. Luciferase activity was detected according to
the manufacturer’s instructions, and the experiment was
repeated 3 times.

RNA-binding protein immunoprecipitation
(RIP) assay

A Magna RIP RNA binding protein immuno-
precipitation kit (Merck Millipore, USA) was used for
RIP analysis. The specific procedure was as follows:
the cultured A549 cells were collected and resuscitated
with RIP lysis buffer; the cells were then incubated with
magnetic beads conjugated with anti-AGO2 antibody or
IgG antibody overnight at 4 °C; the following day, after
washing 3 times, the magnetic beads were incubated with
protease K. Finally, the total RNA was extracted, and
cDNA was synthesized; the relative expression of miR-
183-5p and FOXO1 mRNA were determined using qRT-
PCR.

RNA pull-down

Approximately 2 x 107 A549 cells were cultured in
two 15 cm petri dishes. Then, the biotin-labeled miRNA
probe (miR-183-5p-Bio group) and negative control

probe (Bio-NC group) were transfected. After 48 hours
of culture, the cells were washed twice with precooled
phosphate-buffered saline (PBS). An miRNA pull-down
kit (Guangzhou Boxin Biotechnology Co., Ltd., China)
was used for miRNA pull-down test. According to the
manufacturer’s instructions, magnetic bead sealing,
cell lysis, hybridization incubation, elution, and RNA
precipitation were conducted in turn. After completing
the pull-down experiment, enrichment was detected by
qRT-PCR.

gRT-PCR of miR-183-5p and FOXO1 mRNA
in tissues and cells

Total RNA in tissues and cells was extracted using
TRIzol reagent; this RNA was then reverse transcribed
into cDNA according to manufacturer’s instructions. For
post-transcriptional amplification, 1 uL of cDNA was used;
U6 was used as the internal reference. qRT-PCR reaction
conditions were as follows: an initial pre-denaturation at
95 °C for 30 s, followed by 40 cycles of 95 °C for 10 s and
60 °C for 30 s. The relative expression levels of miR-183-
5p and FOXO1 mRNA were calculated using the 2447
formula. PCR primer sequences are shown in Table 1.

MTT assay

The transfected A549 cells were inoculated into a
96-well plate at a density of 5 x 10® cells per well and
incubated with 180 uL of DMEM for 0, 24, 48, and 72
h. Additionally, 20 uL of MTT solution and 150 pL of
dimethyl sulfoxide were added to each well after 10 min.
The optical density (OD) of each well was measured at
490 nm using an enzyme labeling instrument (Thermo
Fisher Scientific, USA).

Clone formation experiment

The transfected A549 cells were inoculated in a 6-well
plate at a density of 1 x 10% cells per well and cultured for
2 weeks. When the clone colony was visible to the naked
eye, the culture was terminated, fixed with formaldehyde,
stained with Giemsa, washed, and dried. The colony
formation of cells was observed and counted under light
microscope. This experiment was repeated 3 times.

Transwell chamber experiment

A Transwell system (aperture 8 mm; Corning Costar,
USA) with Matrigel (Millipore) was used to measure
cell migration ability. The transfected A549 cells were



124

suspended in a serum-free RPMI 1640 medium and
inoculated into the upper chamber, which contained
RPMI 1640 medium supplemented with 20% fetal bovine
serum. After 24 h of culture, methanol was used to fix
the samples; cells were then stained with 0.1% crystal
violet. An IX71 inverted microscope (Olympus) was used
to image the samples to observe the samples and count
the number of invading cells.

Scratch test

The transfected A549 cells were inoculated into a
6-well plate. After reaching 80% confluence, the tip of the
pipette was used to form scratches in the middle of each
hole. PBS was used to wash the cells; serum-free medium
was then added. Using a microscope, cells were observed
and the scratch width was determined; cells were then
cultured for 24 h, followed by further observation and
determination of the scratch width. Consequently, the
scratch healing rate could be calculated.

Flow cytometry

The transfected A549 cells were collected and
fixed overnight at -20 °C. The cells were collected by
centrifugation, washed with PBS, then resuscitated with
450 pL PBS and 50 pL of 0.5 mg/mL propidium iodide
(PI) in a water bath at 37 °C for 30 min; cells were then
centrifuged and resuscitated with PBS. The cell cycle
distribution was measured and analyzed using a BD
FACSAria flow cytometer.

The transfected A549 cells were collected and washed
with PBS. The cells were suspended with precooled 1 x
binding buffer (500 mL). Then, 5 pL of Annexin-V-FITC
and 2.5 pL of PI were added to the samples. Apoptosis was
detected using a BD FACSAriaTM flow cytometer.

Tumorigenesis experiment in nude mice
A549 cells (2 x 10°) stably transfected with anti-miR-
NC or anti-miR-183-5p were subcutaneously injected
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into 6-week-old female BALB/c nude mice, which were
purchased from Beijing Weitong Lihua Experimental
Animal Technology Co., Ltd (China). Animal health
was monitored every day, and tumor size was measured
every week. After 4 weeks, the mice were euthanized,
the tumor tissue was removed, the tumor volume was
measured, and the relative expression levels of miR-183-
5p and FOXO1 mRNA in the tumor tissue were detected
by qRT-PCR.

Western blotting

Total protein was extracted from the transfected A549
cells and corresponding total protein concentration
was determined. The total protein was separated using
electrophoresis and transferred into 5% skimmed milk.
The cells were blocked with 5% skimmed milk for 1 h,
and then incubated overnight at 4 °C with N-cadherin
(1:2000), vimentin (1:2000), E-cadherin (1:7000), or
o-catenin (1:5000). After washing the polyvinylidene
difluoride membrane, rabbit anti-IgG secondary antibody
labeled with horseradish peroxidase (1:10000) was added
and incubated at Billerica for 2 h. ECL chromogenic
agent was added to avoid light exposure. The gray
level of the strip was analyzed using a Li-Cor Odyssey
infrared imaging system (version 3.0 software, LI-COR
Biosciences); f-actin was used as internal reference.

Statistical analysis

The data were analyzed using SPSS software (version
22, SPSS Inc., USA). The counting and measurement
data were expressed in the form of rate (%) and mean +
standard deviation; the differences between two groups
were compared using a y* test and ¢-test for counting and
measurement data, respectively. P < 0.05 was defined as
statistically significant.
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The expression of miR-183-5p and FOXO1 in NSCLC tissues and cells. (a) miR-183-5p expression in NSCLC and normal tissues detected by

gRT-PCR; (b) FOXO1 mRNA expression in NSCLC and normal tissues detected by qRT-PCR; (c) miR-183-5p is higher in NSCLC cell lines and lower
in a normal human lung epithelial cell line (BEAS-2B); (d) FOXO1 mRNA expression is lower in NSCLC cell lines and higher in a normal human lung

epithelial cell line (BEAS-2B). *P < 0.05
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Results

Expression of miR-183-5p and FOXO1 in NSCLC
tissues and cells

The qRT-PCR results (Fig. 1) demonstrated that the
expression level of miR-183-5p in NSCLC tissues was
significantly higher than that in normal tissues, whereas
the expression level of FOXO1 mRNA was significantly
lower than that in normal tissues (P < 0.05). Further,
compared with the normal human lung epithelial cell
line BEAS-2B, the miR-183-5p expression in the NSCLC
cell lines A549, SPCA-1, PC-9, and 95-D was significantly
higher, whereas the FOXO1l mRNA expression was
significantly lower (P < 0.05).

Relationship between miR-183-5p expression
and clinicopathological parameters in patients
with NSCLC

According to the median relative expression of miR-
183-5p in NSCLC tissues, 60 NSCLC patients were divided
into the miR-183-5p low expression (22 = 30) and miR-
183-5p high expression (2 = 30) groups. The relationship
between miR-183-5p expression and clinicopathological
parameters of NSCLC patients was analyzed. As shown
in Table 2, miR-183-5p expression was significantly

Table 2 Relationship between miR-183-5p expression and clinicopa-
thological parameters in patients with NSCLC [n (%)]

miR-183-5p
i 2
Pathological features ~ Case High Low X P
expression expression
Age (years) 2411 0121
<49 32 13(40.63) 19(59.38)
> 49 28 17(60.71) 11(39.29)
Gender 2443 0.118
Male 34 14 (41.18) 20 (58.82)
Female 26 16 (61.54) 10 (38.46)
Smoking history 2400 0.121
No 30 12(40.00) 18 (60.00)
Yes 30 18(60.00) 12 (40.00)
Tumor size (cm) 16.484 <0.001
<3 21 18(85.71) 3(14.29)
>3 39 12(30.77) 27(69.23)
Tumor differentiation 11.380 0.001
High-middle grade 33 10(30.30) 23(69.70)
Low grade 27 20(74.07) 7(25.93)
Lymph node metastasis 0.287 0.592
No 22 12(54.55) 10 (45.45)
Yes 38 18(47.37) 20 (52.63)
TNM stage 10.000 0.002
I-Il 24 6(25.00) 18(75.00)
1l 36 24 (66.67) 12(33.33)
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correlated with tumor size, tumor differentiation, and
tumor-node-metastasis (TNM) stage in NSCLC patients (P
< 0.05). Nonetheless, there was no significant correlation
between miR-183-5p expression and age, sex, smoking,
histological type, or lymph node metastasis (P> 0.05).

Targeted inhibition of FOXO1 expression
by miR-183-5p

The DIANA TOOLS prediction results indicated that
there are potential binding sites for miR-183-5p in the
FOXO1 3'UTR (Fig. 2a). The double luciferase assay (Fig.
2b) demonstrated that the luciferase activity of wild type
FOXOL1 in the miR-183-5p group was significantly lower
than that in the miR-NC group (P < 0.05), indicating
that miR-183-5p conferred targeted down-regulation of
FOXOI1. Additionally, the Pearson test results (Fig. 2c)
showed that there was a significant negative correlation
between miR-183-5p and FOXO1 mRNA expression in
NSCLC (P < 0.05). Further, RIP results demonstrated
that both miR-183-5p and FOXO1 could bind to AGO2
protein, indicating that miR-183-5p may bind to FOXO1
protein, thereby reducing FOXO1 expression (Fig. 2d).
Following RNA pull-down analysis (Fig. 2e), clear bands
were observed in the miR-183-5p-Bio pull-down group,
but no clear bands were observed in the Bio-NC pull-down
group; this indicated that FOXO1 could bind to and be
pulled down by the miR-183-5p biotin probe in this assay.
Additionally, the corresponding miR-4319 enrichment in
the miR-183-5p-Bio group was significantly higher than
that in the Bio-NC group (P < 0.05).

miR-183-5p overexpression regulates FOX01
to promote proliferation, migration, invasion,
and EMT of NSCLC cells

Theresultsfromthe MTTassay (Fig.3a), cloneformation
(Fig. 3b), Transwell assay (Fig. 3c), scratch test (Fig. 3d),
and western blot analysis (Fig. 4) demonstrated that there
was no significant difference in OD value, frequency of
colony formation, frequency of invasion, scratch healing
rate, and N-cadherin, vimentin, E-cadherin and o-catenin
protein expression among the control, anti-miR-NC, and
miR-NC groups (P < 0.05). Compared to the anti-miR-
NC group, the OD value, scratch healing rate, N-cadherin
and vimentin protein expression, and frequency of
colony formation and invasion were significantly
lower, whereas the E-cadherin and o-catenin protein
expression were significantly higher in the anti-miR-
183-5p group (P < 0.05). Additionally, the OD value,
scratch healing rate, N-cadherin and vimentin protein
expression, and frequency of colony formation and
invasion were significantly higher, and E-cadherin and
o-catenin protein expression were significantly lower in
the miR-183-5p group than in the miR-NC group (P <
0.05). Further, compared to the miR-183-5p+pcDNA3.1
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group, the OD value, scratch healing rate, N-cadherin
and vimentin protein expression, and frequency of
colony formation and invasion were significantly lower,
whereas E-cadherin and o-catenin protein expression
were significantly higher in the miR-183-5p+pcDNA3.1-
FOXO1 group (P < 0.05).

miR-183-5p overexpression targets the effects
of FOXO1 on the cell cycle and apoptosis
of NSCLC cells

Flow cytometry was used to analyze the effects of miR-
183-5p overexpression on the cell cycle and apoptosis of
NSCLC cells by targeted regulation of FOXO1. The PI
single staining results indicated that (Fig. 5a) there was
no significant difference in the proportion of cells in GO/
G1 phase and S phase among the control, anti-miR-NC,
and miR-NC groups (P > 0.05). Compared to the anti-
miR-NC group, the proportion of GO/G1 phase cells in
the anti-miR-183-5p group was significantly higher,
whereas the proportion of S phase cells was significantly
lower. Additionally, the proportion of G0/G1 phase cells
was lower and S phase cells was higher in the miR-183-
5p group than in the miR-NC group. Further, compared

to the miR-183-5p+pcDNA3.1 group, the proportion of
G0/G1 phase cells in the miR-183-5p+pcDNA3.1-FOXO1
group was significantly higher, whereas the proportion of
S phase cells was significantly lower. However, there was
no significant difference in the proportion of cells in the
G2/M phase among the different groups (P > 0.05). The
Annexin-V-FITC and PI double staining results showed
that there was no significant difference in the apoptosis
rate among the control, anti-miR-NC, and miR-NC groups
(P > 0.05; Fig. 5b). Nonetheless, compared to the anti-
miR-NC group, the apoptosis rate of the anti-miR-183-5p
group was significantly higher. Compared to the miR-NC
group, the apoptosis rate of the miR-183-5p group was
significantly lower. Additionally, the apoptosis rate of the
miR-183-5p+pcDNA3.1-FOXO1 group was significantly
higher than that of the miR-183-5p+pcDNA3.1 group (P
< 0.05).

Silencing miR-183-5p expression inhibits
tumor growth in vivo

A549 cells stably infected with anti-miR-NC and anti-
miR-183-5p were subcutaneously injected into nude
mice; the corresponding tumor growth four weeks later
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is shown in Fig. 6a. Compared to the anti-miR-NC group,  that in the anti-miR-NC group.

the volume (Fig. 6b) and mass (Fig. 6¢) of the transplanted

tumor in the anti-miR-183-5p group were significantly Mechanism of miR-183-5p-targeted inhibition
lower; additionally, the relative miR-183-5p expressionin ~ of FOXO1 in the proliferation, migration,

the transplanted tumor (Fig. 6d) was significantly lower  invasion, and EMT of NSCLC cells

and the relative FOXO1 mRNA expression (Fig. 6e) was By detecting the expression of miR-183-5p and
significantly higher in the anti-miR-183-5p group than FOXOI1, we found that both were significantly up-
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regulated in NSCLC tissues and cells. Additionally,
miR-183-5p could specifically inhibit the expression of
FOXOL1. To further observe the effects of miR-183-5p and
FOXOT1 on the malignant biological behavior of NSCLC
cells, we detected the proliferation, invasion, migration,
EMT-related protein expression, cell cycle, and
apoptosis of NSCLC cells. Overexpression of miR-183-
5p was observed to promote cell proliferation, invasion,
migration, EMT, and cell cycle progression, whilst
inhibiting apoptosis and FOXO1 expression. Nonetheless,
up-regulation of FOXO1 expression can ameliorate these
malignant effects. Therefore, it was inferred that miR-
183-5p overexpression promotes the malignant biological
behavior of NSCLC cells by targeting the inhibition of
FOXOL1 expression (Fig. 7).

Discussion

Inrecentyears, the role of miRNA in cancer progression
has been continuously explored. During tumor occurrence
and development, miRNA can regulate the biological
functions of tumor cells by regulating the expression of
tumor suppressor genes or proto-oncogenes. Additionally,
several miRNAs play an important role in the occurrence
and development of NSCLC !4, Zhao er al." confirmed
that miR-641 inhibits NSCLC tumor development;
therefore, up-regulation of miR-641 expression inhibits
the proliferation, migration, and invasion of NSCLC
cells, thus reducing the cisplatin resistance of NSCLC
cells. Further, Luo er al. ['% established that miR-195-5p
expression is down-regulated in NSCLC, and miR-195-
5p overexpression can inhibit the proliferation of NSCLC
cells, arrest the cell cycle in GO/G1 phase, and promote
apoptosis; ultimately, this provides a potential target for
the treatment of NSCLC. Alternatively, the miR-183-5p
expression is significantly up-regulated in lung cancer
tissue; therefore, miR-183-5p has been established as

the differentially expressed of miRNA in lung cancer
tissue, indicating that this miRNA may play an important
role in the occurrence and development of lung cancer
07, The prognosis of patients with NSCLC largely
depends on their corresponding clinical stage and tumor
differentiation '"®. In the current study, miR-183-5p was
determined to be highly expressed in NSCLC tissues and
cells; further, its corresponding expression levels were
determined to be related to tumor size, TNM stage, and
tumor differentiation in NSCLC patients. Overexpression
of miR-183-5p was determined to promote NSCLC cell
proliferation, invasion, migration, EMT, and cell cycle
progression, whilst also inhibiting apoptosis, which is
consistent with the corresponding results obtained by
Wang et al. 1®; this indicates that miR-183-5p plays a
role as a cancer-promoting factor in NSCLC. However,
at present, few studies have been conducted on the
effects of miR-183-5p on NSCLC; therefore, the specific
mechanism of action of this miRNA is yet to be fully
elucidated.

Forkhead box proteins are a type of transcription
factor that primarily exist in invertebrates and mammals.
FOXO is one of the largest subfamilies of the forkhead
box family. At present, four FOXO subtypes (FOXOI,
FOXO03a, FOXO4, and FOXO6) have been identified
in mammals, all of which have homologous genes in
nematodes '°. Specifically, FOXO1 has been widely
studied as a hypertranscription factor with complex
activity, which can regulate the expression of genes
involved in apoptosis, the cell cycle, metabolism,
stress responses, and differentiation ?”. The abnormal
expression of FOXOL1 is also involved in the occurrence
and development of various cancers. Ma et al Y
demonstrated that FOXO1 expression is significantly
down-regulated in ovarian cancer tissues and cells, and its
low expression is significantly correlated with paclitaxel
resistance, poor prognosis, short disease-free survival
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Fig. 7 Mechanism of miR-183-5p-targeted inhibiton of FOXO1,
resulting in an increase in the proliferation, migration, invasion, and EMT
of NSCLC cells

and overall survival in patients with ovarian cancer.
Therefore, FOXO1 can be used as a novel therapeutic
target and prognostic marker for ovarian cancer. Further,
Gheghiani et al ? have indicated that FOXO1 is a
differentially expressed gene in prostate cancer, with its
expression being significantly down-regulated in prostate
cancer. This low FOXO1 expression is closely associated
with the occurrence of prostate cancer and poor prognosis.
However, few studies have evaluated the role of FOXO1
in the development of NSCLC; therefore, the function of
FOXO1 in NSCLC remains unclear. In the current study,
FOXO1 expression is down-regulated in NSCLC tissues
and cells; in contrast, FOXO1 up-regulation was observed

to inhibit the proliferation, invasion, migration, EMT, and
other malignant biological behaviors of NSCLC cells. A
variety of miRNAs can participate in the occurrence and
development of cancer through targeting the regulation
of FOXO1 expression. Bioinformatic prediction indicated
that there were complementary binding sites between the
3'UTR of FOXO1 and miR-183-5p. Additionally, Han et
al.™! confirmed that down-regulation of miR-183-5p can
promote the expression of FOXOI, thereby inhibiting
the proliferation, migration, invasion, and glycolysis
of thyroid cancer cells, and ultimately inhibiting the
progression of thyroid cancer. However, the effects and
mechanisms of miR-183-5p and FOXO1 on the biological
processes of NSCLC cells are yet to be reported.

The double luciferase, RIP, and RNA pull-down
experiments in this study also confirmed that miR-183-
5p could specifically inhibit the expression of FOXOI1,
and that there was a significant negative correlation
between miR-183-5p and FOXO1 mRNA expression in
NSCLC; this indicated that FOXO1 may be regulated by
miR-183-5p. In the present study, we interfered with
miR-183-5p and FOXO1 expression in NSCLC cells.
Overall, after co-transfection of miR-183-5p and FOXO1,
the miR-183-5p-mediated up-regulation of proliferation,
invasion, and migration of NSCLC cells was eliminated;
this indicated that FOXO1 could reverse the effect of
miR-183-5p on NSCLC cells. EMT is a key step in the
early stages of cancer metastasis and primarily manifests
as the transformation of epithelial cells to stromal
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cells. In this study, overexpression of miR-183-5p was
determined to promote the expression of N-cadherin and
vimentin and inhibit the expression of E-cadherin and
o-catenin. Nonetheless, this could be reversed by FOXO1
overexpression; therefore, it was established that miR-
183-5p could affect EMT in NSCLC cells by regulating
the expression of FOXO1. In addition, this study found
that miR-183-5p can affect the cell cycle and apoptosis
of NSCLC cells by regulating FOXO1 expression. In
vivo experiments in this study also confirmed that
down-regulating miR-183-5p expression can inhibit the
growth of transplanted tumors and promote the FOXO1
expression.

In conclusion, the overexpression of miR-183-5p can
promote the proliferation, migration, invasion, EMT, and
cell cycle process of NSCLC cells, whilst also inhibiting
apoptosis. Additionally, this mechanism was determined
to occur via the miR-183-5p-mediated down-regulation
of FOXO1 expression. This study provides a novel
experimental basis for the progression of NSCLC and
indicates that miR-183-5p may be a potential target for the
corresponding clinical treatment of NSCLC. Nonetheless,
some limitations remain regarding the understanding of
miR-183-5p in NSCLC. First, the effects of silent FOXO1
expression on the proliferation, invasion, migration, and
other malignant biological behaviors of NSCLC cells have
yet to be explored; second, the specific mode of cell death
initiated by this process has not been further evaluated.
Therefore, these limitations need to be addressed in
future research.
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Objective This meta-analysis explored whether the expression of actin filament-associated protein 1
antisense RNA 1 (AFAP1-AS1) is related to the prognosis and clinicopathological features of patients with
cancer.

Methods PubMed, EMBASE, and Cochrane Library were systematically searched. Hazard ratios (HRs)
with 95% confidence intervals (Cls) were used to assess the prognostic value based on overall survival
(OS), disease-free survival (DFS), and progression-free survival (PFS). Odds ratios (ORs) with 95% Cls
were used to determine the relationships between AFAP1-AS1 and clinicopathological features, such as
large tumor size (LTS), high tumor stage (HTS), poor histological grade (PHG), lymph node metastasis
(LNM), and distant metastasis (DM).

Results Thirty-five eligible articles and 3433 cases were analyzed. High AFAP1-AS1 expression,
compared to low AFAP1-AS1 expression, correlated with significantly shorter OS (HR = 2.15, 95% CI =
1.97-2.34, P < 0.001), DFS (HR = 1.37, 95% CI = 1.19-1.57, P < 0.001), and PFS (HR = 1.97, 95% ClI
=1.56-2.50, P < 0.001) in patients with cancer. In various cancers, elevated AFAP1-AS1 expression was
significantly associated with LTS (OR = 2.76, 95% Cl = 2.16-3.53, P < 0.001), HTS (OR = 2.23, 95% Cl =
1.83-2.71, P<0.001), and PHG (OR = 1.39, 95% Cl = 1.08-1.79, P = 0.01) but not LNM (OR = 1.59, 95%
Cl=0.88-2.85, P=0.12) or DM (OR = 1.81, 95% CI = 0.90-3.66, P=0.10).

Conclusion High AFAP1-AS1 expression was associated with prognostic and clinicopathological
features, suggesting that AFAP1-AS1 is a prognostic biomarker for human cancers.

Key words: long noncoding RNA (IncRNA); actin filament-associated protein 1 antisense RNA 1 (AFAP1-
AS1); prognostic; meta-analysis
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Cancer is an important factor that affects human health
and is a leading cause of death worldwide. According to
recent epidemiological statistics, there are an estimated
19.3 million new cancer cases and nearly 10.0 million
cancer deaths worldwide each year . Global cancer
cases are expected to reach 28.4 million cases in 2040,
an increase of 47% compared to that in 2020, which
may further increase the economic burden . With
advancements in medicine and science, cancer deaths

have decreased; however, the five-year survival rate is
still inadequate. Although many studies have focused on
biomarkers for cancer diagnosis and prognosis, the results
have not been optimistic. Therefore, new prognostic
biomarkers are needed to drive cancer development.
Long noncoding RNAs (IncRNAs), which are
transcriptional regulatory factors that operate in cis or
trans, are defined as transcripts that do not encode proteins
of more than 200 nucleotides . IncRNAs are associated
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with a variety of functions, such as the regulation of
epigenetic, transcriptional, and post-transcriptional
mechanisms *#. Mounting evidence has shown that
IncRNAs are dysregulated in various cancers and play
important roles in invasion and metastasis, suggesting
that IncRNAs may act as regulators of gene expression and
affect tumor progression P!. Several studies have shown
that IncRNAs have multiple functions in many cellular
processes that may play important roles in carcinogenesis
and cancer progression. Evidence supporting the use of
abnormally expressed IncRNAs as biomarkers of various
human cancers has facilitated the development of
IncRNA-based diagnostic tools and treatments.

Actin filament-associated protein 1 antisense RNA 1
(AFAPI-ASI), the antisense transcript of the AFAPI gene,
has a length of 6810 bp and is located in the 4p16.1 region
of the human genome!®.. AFAPI-AS]I, originally identified
in 2013, has been shown to be present in esophageal
adenocarcinoma . Previous studies have indicated that
IncRNAs can be used as molecular markers of location,
time, developmental stage, and gene expression regulation
8. Among IncRNAs with upregulated expression in
cancer, AFAPI1-ASI plays a carcinogenic role in different
human cancer cells as well as an important regulatory
role. Studies have shown that in hepatocellular carcinoma
(HCC), the knockout of AFAPI-ASI with an si-AFAPI-
AS]I construct can reduce proliferation and invasion in
vitro and in vivo, induce apoptosis, and block the cell
cycle in the S phase .. In addition, IncRNAs can be
used as guides to recruit chromatin-modifying enzymes
to target genes 8. Furthermore, AFAPI-ASI recruited
LSD1 to the promoter region of HBP1 and inhibited its
transcription by mediating H3K4me2 demethylation
0 A previous study showed that AFAP1 expression
could be regulated by DNA methylation . IncRNAs
also function by interacting with various RNA-binding
proteins, leading to the inactivation or activation of gene
expression through chromosomal reprogramming, DNA
methylation, RNA decay, and histone modification 2.
In particular, AFAPI-ASI, an oncogene, binds to EZH2
to inhibit p21 transcription and promote tumor cell
formation 2.

Notably, these IncRNAs have more functions than
those of the aforementioned IncRNAs. Studies have
shown that IncRNAs can interfere with transcriptional
mechanisms and maintain the structure of nuclear spots
(13, In addition, IncRNAs may hybridize with DNA and
affect chromatin. Furthermore, IncRNAs interact with
chromatin proteins to promote or inhibit their binding
and activity in target regions ', Unfortunately, to date,
investigations of AFAPI-ASI have been insufficient, and
the above functions have not yet been identified for this
IncRNA. In addition, the basic mechanisms and related
functions of AFAPI-ASI remain unclear.

http://otm.tjh.com.cn

AFAPI-AS1 is a well-known IncRNA that is
overexpressed in several malignancies. AFAPI-ASI is
involved in cell proliferation, angiogenesis, invasion, and
metastasis of various cancers!. In addition, AFAPI-ASI
can be used as a diagnostic marker for various cancers.
Moreover, high expression of AFAPI-ASI is closely
related to clinical prognostic indicators, including
overall survival (OS) ¥, disease-free survival (DFS) 7,
and progression-free survival (PFS) ['%. A meta-analysis
reported that the AFAPI-ASI expression level was
associated with clinical outcomes, including survival,
tumor size and stage, and histological differentiation !,
As the literature included in this article has been updated,
we performed a meta-analysis to evaluate the prognostic
utility of AFAPI1-ASI in patients with cancer in a clinical
setting.

Methods

Literature search

We searched for relevant articles in the PubMed,
EMBASE, and Cochrane Library electronic databases.
The search terms were as follows: ((“Neoplasia”
OR “Neoplasias” OR “Neoplasm” OR “Tumors” OR
“Tumor” OR “Cancer” OR “Cancers” OR “Malignancy”
OR “Malignancies” OR “Malignant Neoplasms” OR
“Malignant Neoplasm” OR “Neoplasm, Malignant”
OR “Neoplasms, Malignant” OR “Benign Neoplasms”
OR “Neoplasms, Benign” OR “Benign Neoplasm” OR
“Neoplasm, Benign” OR “acral tumor” OR “acral tumour”
OR “embryonal and mixed neoplasms” OR “germ cell
and embryonal neoplasms” OR “glandular and epithelial
neoplasms” OR “hormone-dependent neoplasms” OR
“neoplasia” OR “neoplasms” OR “neoplasms by histologic
type” OR “neoplasms, cystic, mucinous, and serous” OR
“neoplasms, embryonal and mixed” OR “neoplasms,
germ cell and embryonal” OR “neoplasms, glandular
and epithelial” OR “neoplasms, hormone-dependent”
OR “neoplasms, post-traumatic” OR “neoplastic disease”
OR “neoplastic entity” OR “neoplastic mass” OR “post-
traumatic neoplasms” OR “tumor” OR “tumoral entity”
OR “tumoral mass” OR “tumorous entity” OR “tumorous
mass” OR “tumour” OR “tumoural entity” OR “tumoural
mass” OR “tumourous entity” OR “tumourous mass”) OR
(“Neoplasms”[Mesh])) AND ((“IncRNA-AFAP1-ASI,
human” OR “AFAP1 antisense RNA, human” OR “long
non-coding RNA AFAP1-AS1” OR “IncRNA AFAPI1-
AS1” OR “AFAP1-AS1” OR “AFAP1 antisense RNA
17 OR “actin filament-associated protein 1 antisense
RNA1”) OR (“AFAP1-AS1 long noncoding RNA, human”
[Supplementary Concept])). The search was conducted on
November 21, 2020. To obtain potential eligible papers,
we manually reviewed the reference lists to identify
additional relevant articles.
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Inclusion and exclusion criteria

The following inclusion criteria were used: (1)
articles with histopathologically confirmed carcinoma;
(2) articles in which the expression levels of AFAPI-
ASI in tissues of cancer patients were determined; (3)
articles in which patients were divided into two distinct
groups, including high- and low-expression groups; (4)
articles that statistically analyzed patient prognosis or
clinicopathological features; and (5) articles written in
English.

The following exclusion criteria were applied: (1)
articles not related to carcinoma; (2) letters, expert
opinions, case reports, editorials, and reviews; (3) studies
with duplicate data; and (4) studies without usable data or
data from animal experiments.

Data extraction and quality assessment

Two reviewers (Lixiu Zhu and Guogiang Xu)
independently searched the databases for eligible articles
based on the inclusion and exclusion criteria. Tianrui Xu
and Ruixue Cao evaluated the quality of the included
studies. Information was independently extracted from
the included studies by two operators (Jiawen Yan and
Qiaoli Wang). Upon disagreement, three authors (Lixiu
Zhu, Guogiang Xu, and Jiawen Yan) discussed and resolved
the issue. The following information was collected for
each qualified article: first author’s last name, year of
publication, country, tumor type, sample size, detection
method, reference gene, cutoff values, number of patients
with large tumor size (LTS), high tumor stage (HTS), poor
histological grade (PHG), lymph node metastasis (LNM),
and distant metastasis (DM) between the high and low
expression groups. For studies that did not provide hazard
ratios (HRs) and 95% confidence intervals (Cls), widely
proven and accepted scientific methods were used, and
Engauge Digitizer 10.8 was used to extract data from the
survival curve 2%, The data were entered into an HR
calculation spreadsheet developed by Tierney et al.
The HRs, standard errors (SE), and corresponding 95%
CIs were then estimated according to the curve.

The Newcastle-Ottawa Scale (NOS) was used to
appraise the quality of the literature; this method adopts
a “star” rating system, with the full credit of 9 stars. It
is generally used to judge the quality of a methodology,
including the selection (0—4 stars), comparability (0-2
stars), and results (0-3 stars) 2. Articles with scores
> 5 were considered high quality; other articles were
considered low quality.

External validation

Transcriptome and clinical data of 33 tumors were
downloaded from the UCSC Xena database (http://xena.
ucsc.edu/). The data were collated and the expression
levels of AFAPI-ASI in each neoplastic tissue were
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extracted. According to the median expression level of
AFAPI-ASI in each tumor, each cohort was divided into
high and low expression groups using R. Cox regression
analysis was used to evaluate the relationship between
AFAPI-ASI expression and OS, DFS, and PFS in patients
with tumors. The results were presented as forest maps.
Statistical significance was set at P < 0.05.

Statistical analysis

Review Manager version 5.4 and R version 4.1.1
were used for all statistical analyses. The combined
HRs and 95% CIs were used to estimate the prognostic
significance of AFAPI-ASI in terms of OS, DFS, and PFS
in various cancers. Comprehensive odds ratios (ORs) and
95% ClIs were used to estimate the association between
AFAPI-ASI and clinicopathological features, such as
tumor size and stage, histological grade, LNM, and DM.
Heterogeneity between articles was detected by the P
test, and both P< 0.1 and P values > 50% were considered
to indicate obvious heterogeneity. Therefore, random-
and fixed-effects models were selected to analyze the
data according to heterogeneity. The OS, DFS, and PFS
of patients with different types of tumors were analyzed
using R, and HR values were calculated based on the Cox
proportional hazards model. Additionally, publication
bias was measured using Begg’s funnel plots.

Results

Study selection

After searching the PubMed, Embase, and Cochrane
Library databases, a total of 228 studies were found; 94
studies were deleted due to duplication, of which 88 were
reclassified as unqualified by automatic tools and six were
reclassified as unqualified by manual assessment. Further
exclusions were made by reviewing the full texts of the
remaining 134 articles. After examining the titles and
abstracts, 58 irrelevant studies were excluded. Further,
four articles could not be retrieved and were excluded.
Next, 37 articles were excluded: six meta-analyses or
reviews, 30 articles with incomplete data, and one article
written in Chinese. Finally, we included 35 studies
that met the criteria °-10 12 16-17. 23521 ' yith a total of 3433
patients. The flow diagram is shown in Fig. 1.

Characteristics of the included studies

All the included studies were conducted in China
between 2015 and 2020. Patient sample sizes in the 35
studies ranged from 30 to 256, with an average sample
size of 143. In all but one »), the expression of the IncRNA
AFAPI-AS1 was measured by real-time quantitative
polymerase chain reaction (qQRT-PCR) [°-10: 12, 1617, 25-24, 26-
>, The genes used for the normalization of AFAPI-ASI
expression were not consistent, and U6 % %), GAPDH
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Previous studies Identification of new studies via databases and registers
Records identified from: Records removed before screening:
Studies included in previous PubMed (n = 106) Duplicate records removed (n = 94)
version of review (n=12) Embase (n=122) Records marked as ineligible by automation tools(n = 88)
Conchrane (n=0) Records removed for other reasons (n = 6)
A 4
Records screened (n = 134) |—>| Records excluded by scanning the abstract or title (n = 58)
A4
Reports sought for retrieval _’| Reports not full-text (n = 4)
(n=76)
A 4
Reports assessed for eligibility .| Reports excluded:
(n=72) "|  Meta-analysis (n = 6)
Inefficient data (n = 30)
Not English (n=1)
New studies included in review
(n=23)
Reports of new included studies
(n=23)
A
Total studies included in review
| (n=235)
Reports of total included studies
(n=35)
Fig.1 Flowchart of the study search and screening in this meta-analysis

[9-10, 12, 16, 23-24, 26, 28-29, 33-35, 37-38, 40-41, 4344, 46—51]’ ﬁ_actjn [30-32,

$9.42.50 and HPRTI1!" were used. The cutoff value was
expressed in various forms; however, 13 studies did not
provide a clear cutoff value. With regard to prognostic
outcomes, OS was reported in 33 studies 10 12 16. 2326,
28-32, 34-38, 40-46, 48, 50—52], DFS ln SiX Studies [17, 26, 32-33, 38, 42]; and
PFS in four studies [ 2+3%3¢ In this meta-analysis, a total
of 25 cancers were assessed: non-small cell lung cancer
(NSCLC), endometrial carcinoma (EC), triple-negative
breast cancer (TNBC), tongue squamous cell carcinoma
(TSCC), prostate cancer (PCA), clear cell renal cell
carcinoma (ccRCC), retinoblastoma (RB), bladder cancer
(BCA), colon cancer (CC), lung adenocarcinoma (LUAD),
esophageal squamous cell carcinoma (ESCC), lung cancer
(LC), pancreatic ductal adenocarcinoma (PDAC), ovarian
cancer (OC), gastric cancer (GC), colorectal cancer
(CRC), gallbladder cancer (GBC), cholangiocarcinoma
(CCA), nasopharyngeal carcinoma (NPC), breast cancer
(BC), glioma, osteosarcoma (OS), HCC, thyroid cancer

(TC), and pancreatic cancer (PC). The NOS score for
the quality assessment of all studies ranged from 5 to 8,
and the quality assessment achieved a good consensus
between the two reviewers.

Association between AFAP1-AS1 and prognosis

Association between AFAPI-AS1 and shorter OS

Of the 35 included studies, 33 reported prognosis in
terms of OS according to AFAPI-ASI expression levels,
with a total of 3141 patients. A fixed-effects model was
used because of non-significant heterogeneity (2= 12%,
P,=0.27). The pooled results showed that high expression
of AFAPI-AS]I, compared to low AFAPI-ASI expression,
was associated with shorter OS (HR = 2.15, 95% CI: 1.97—
2.34, Fig. 2).

Association between AFAPI-AS1 and shorter DFS and
PFS

According to AFAPI-ASI expression levels DFS was
reported for 978 patients in six articles and PFS was
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Hazard ratio Hazard ratio
Study or subgroup log [Hazard ratio] SE  Weight V. Fixed. 95% ClI IV. Fixed. 95% ClI
Bo 2018 0.4318  0.1906 52% 1.54[1.06, 2.24] —
Chen 2018 1.0613  0.2618 2.8% 2.89[1.73,4.83] —
Dai 2018 0.4121 0.6291 0.5% 1.51[0.44,5.18] -1
Deng 2015 2.1913  0.5383 0.7% 8.95[3.12, 25.70]
Fei 2020 0.7608  0.2769 25% 2.14[1.24, 3.68] -
Feng 2017 1.1985  0.3869 1.3% 3.32[1.55,7.08] -
Fu 2016 0.5176  0.3464 1.6% 1.68[0.85, 3.31] T -
Gui 2020 0.174  1.0238 0.2% 1.19][0.16, 8.85]
Hao 2018 1.2804  0.5097 0.7% 3.60[1.32,9.77]
Leng 2018 1.2754  0.5369 0.7% 3.58[1.25,10.25]
Li 2016 0.8973  0.0696 39.1% 2.45[2.14,2.81] =
Li 2018 0.4383  0.5015 0.8% 1.55[0.58, 4.14] —
Lu 2016 0.3988  0.2864 2.3% 1.49[0.85, 2.61] +—
Lu 2017 0.131 0.5218 0.7% 1.14[0.41, 3.17] —_—t
Ma 2016 0.892 0.3212 1.8% 2.44[1.30, 4.58] —_—
Ma 2019 0.3507  0.5126 0.7% 1.42[0.52, 3.88] —_—t
Ma 2020 0.3784  0.3537 1.5% 1.46[0.73,2.92] ——
Mu 2019 0.9821 0.6904 0.4% 2.67[0.69, 10.33] —
Tang 2017 0.0677  0.3882 1.3% 1.07[0.50, 2.29] —_—
Tang 2018 0.8755  0.2165 4.0% 2.40[1.57,3.67] —
Wang 2016 0.8578  0.3844 1.3% 2.36[1.11,5.01] _—
Wang 2018 (1) 0.4574  0.4773 0.8% 1.58[0.62, 4.03] e —
Wang 2018 (2) 1.1939  0.4339 1.0% 3.30[1.41,7.72]
Wang 2019 0.9895  0.5419 0.6% 2.69[0.93,7.78] 1
Ye 2015 0.6931 0.2082 4.4% 2.00[1.33,3.01] —
Yin 2018 0.9163  0.3336 1.7% 2.50[1.30, 4.81] —_—
Yu 2019 0.6259  0.2615 2.8% 1.87[1.12,3.12] —_—
Zeng 2015 (1) 0.6419  0.2474 31% 1.90[1.17,3.09] .
Zeng 2015 (2) 1.0647  0.3229 1.8% 2.90[1.54, 5.46] _—
Zhang 2016 0.3859  0.2036 4.6% 1.47[0.99,2.19] —
Zhang 2018 0.3646  0.3128 1.9% 1.44[0.78, 2.66] T
Zhao 2018 0.7178  0.2861 2.3% 2.05[1.17,3.59] D
Zhong 2020 0.5365  0.4205 1.1% 1.71[0.75, 3.90] I e —
Zhou 2016 0.6355  0.2208 3.9% 1.89[1.22,2.91] —
Total (95% Cl) 100% 2.15[1.97,2.34] . . ¢ . .
itv: 2 = - - 2 = 0,
Heterogeneity: Chi? = 37.55, df = 33 (P=0.27); I = 12% |0.01 0{1 ] 1.0 10d

Test for overall effect: Z=17.58 (P < 0.00001)

Favours [high expression] Favours [low expression]

Fig.2 Forest plot of HRs for the association between high AFAP1-AS1 expression and OS

reported for 397 patients in four articles. There was no
apparent heterogeneity among the studies (DFS: P = 0%,
Py =051; PFS: P = 0%, P = 0.65); thus, a fixed-effects
model was used to estimate the pooled HRs and the
corresponding 95% CI values. These data indicated that
the AFAPI-ASI expression level was associated with DFS
(pooled HR = 1.37, 95% CI: 1.19-1.57, Fig. 3) and PFS
(pooled HR = 1.97, 95% CI: 1.56-2.50, Fig. 4) in patients
with various tumors.

Association between AFAP1-AS1 and
clinicopathological features

In this meta-analysis, 16 eligible studies with 1219
patients reported AFAPI-ASI expression levels according
to LTS data. A fixed-effects model was adopted to account
for the data because there was no apparent heterogeneity
(P = 17%, Pq = 0.26). This analysis showed that there

may be a significant positive association between the
high expression level of AFAPI-ASI and LTS (OR =
2.76, 95% CI: 2.16-3.53, Fig. 5). Secondly, twenty-one
eligible studies involving 1987 patients reported AFAPI-
AS]I expression levels according to HTS data. No obvious
heterogeneity was detected (P =42%, Po=0.02); therefore,
a fixed-effects model was selected, and a pooled OR of
2.23 was obtained (95% CI: 1.83-2.71, Fig. 6). Fifteen
eligible studies with 1339 patients reported AFAPI-ASI
expression levels according to the histological grade.
We selected a fixed-effects model because no significant
heterogeneity was observed (P = 45%, P, = 0.03). The
integrated data suggested that elevated AFAPI-ASI
expression predicted PHG in various cancers (OR =
1.39, 95% CI: 1.08-1.79, Fig. 7). Thirteen eligible studies
with 1202 patients reported AFAPI-ASI expression
levels in LNM. Because there was significant statistical
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Hazard ratio Hazard ratio
Study or subgroup  log [Hazard ratio] SE  Weight V. Fixed. 95% CI IV. Fixed. 95% ClI
Bo 2018 0.2231 0.2151  11.2% 1.25[0.82,1.91] I
He 2018 0.2469  0.0888 65.7% 1.28[1.08, 1.52] |
Lu 2016 0.5539 0.2025 12.6% 1.74[1.17,2.59] -
Wang 2016 0.7514 0.3673 3.8% 2.12[1.03, 4.35] -
Zhang 2018 0.2624 0.3232 5.0% 1.30[0.69, 2.45] T
Zhuang 2017 0.7793 0.5652 1.6% 2.18[0.72, 6.60] ]
Total (95% Cl) 100%  1.37[1.19, 1.57] ¢
Heterogeneity: Chiz = 4.27, df =5 (P=0.51); P = 0% } | | |
Test for overall effect: Z = 4.33 (P < 0.0001) 0.01 0.1 1 10 100
Favours [high expression]  Favours [low expression]
Fig.3 Forest plot of HRs for the association between high AFAP1-AS1 expression and DFS
Hazard ratio Hazard ratio
Study or subgroup  log [Hazard ratio] SE  Weight V. Fixed. 95% ClI IV. Fixed. 95% ClI
Li 2018 0.8109 0.3929 9.5% 2.25[1.04, 4.86] —_—
Ye 2015 0.6881 0.1831  43.7% 1.99[1.39, 2.58] ——
Yu 2019 0.9361 0.2987 16.4% 2.55[1.42, 4.58] —_—
Zhou 2016 0.4867 0.2198 30.3% 1.63[1.06, 2.50] —a—
Total (95% Cl) 100% 1.97 [1.56, 2.50] <
Heterogeneity: Chi2 = 1.63, df = 3 (P = 0.65); > = 0% } } } ]
Test for overall effect: Z = 5.61 (P < 0.00001) 0.01 0.1 1 10 100
Favours [high expression] Favours [low expression]
Fig. 4 Forest plot of HRs for the association between high AFAP1-AS1 expression and PFS
Experimental Control Odds ratio Odds ratio
Study or subgroup Events Total Events Total Weight M-H. Fixed. 95% CI M-H. Fixed. 95% ClI
Chen 2018 28 39 10 24 38% 3.56[1.22,10.39]
Fei 2020 11 24 2 21 1.2%  8.04[1.52, 42.43]
Feng 2017 15 43 10 48 6.6% 2.0410.80, 5.20] T
Fu 2016 26 40 17 40 6.4% 2.51[1.02, 6.20] I —
Hao 2018 22 29 14 29 3.6% 3.37[1.10,10.32] L —
Lu 2016 28 78 14 78 9.7% 2.56 [1.22, 5.37] —_—
Lu 2017 17 28 8 28 34% 3.86[1.26, 11.80] s a—
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Fig.5 Forest plot of HRs for the association between high AFAP1-AS1 expression and LTS
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heterogeneity (P = 82%, Pq < 0.00001), a random-effects
model was used. The data showed a synthesized OR of
1.59 (95% CI: 0.88-2.85; high vs. low; Fig. 8). Sensitivity
analysis was performed owing to the high heterogeneity.
In the sensitivity analysis, the removal of one or two
articles did not reduce heterogeneity. Eight eligible
studies with 850 patients reported AFAPI-AS] expression

levels according to DM. Due to severe heterogeneity (P =
65%, Po=0.005), a random-effects model was used. These
data showed a pooled OR of 1.81 (95% CI: 0.90-3.66; high
AFAPI-AS1 vs.low AFAPI-ASI; Fig. 9). In the sensitivity
analysis, after the study by Wang er al ! was excluded,
the heterogeneity decreased (P = 30%, Pq = 0.20).
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Fig. 6 Forest plot of HRs for the association between high AFAP1-AS1 expression and HTS
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Fig. 7 Forest plot of HRs for the association between high AFAP1-AS1 expression and PHG
External validation expression of AFAPI-ASI was associated with shorter OS

We used R to analyze the OS, DFS, and PFS of (HR =1.05,95% CI: 1.02-1.08, Fig. 10). The relationship
patients with 33 cancer types associated with AFAPI- between AFAPI-ASI expression and DFS was studied in
AS]1 expression. First, for OS, a fixed-effects model was 28 of 33 tumors, and the relationship between AFAPI-
used because of non-significant heterogeneity (P = 41%, ASI expression and PFS was studied in 32 tumors. There
Py =0.009). The comprehensive result suggests that high ~ was no significant heterogeneity (DFS: P = 0%, Po=0.58;
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Fig.8 Forest plot of HRs for the association between high AFAP1-AS1 expression and LNM
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Fig. 9 Forest plot of HRs for the association between high AFAP1-AS1 expression and DM

PFS: P = 47%, P, =0.002); therefore, we chose the fixed-
effects model. The AFAPI-ASI expression level was
related to DFS (pooled HR = 1.06, 95% CI: 1.00-1.11, Fig.
11) and PFS (pooled HR = 1.04, 95% CI: 1.01-1.07, Fig.
12) in patients with various tumors.

Publication bias

Funnel plots were used to detect publication biases
in the included studies. The final results showed no
significant asymmetry, suggesting no obvious bias in OS
(Fig. 13a), DFS (Fig. 13b), or PFS (Fig. 13c).

Discussion

An increasing number of studies have shown that
IncRNAs are abnormally expressed in tumor tissues
and are involved in the occurrence and development
of tumors. As a molecular blocker, IncRNA can act as a
“sponge” to adsorb miRNA and block its inhibitory effect

on its downstream target mRNA 5%, AFAPI-AS]I also acts
as a competitive endogenous RNA (ceRNA) that recruits
miRNAs to promote tumor progression and metastasis. In
endometrial cancer, AFAPI-ASI promotes the expression
of VEGFA by adsorbing miR-545-3p, thereby promoting
tumor growth and metastasis '°. Ma et al proposed that
AFAPI-ASI could also regulate the expression of FGF/
through the sponge absorption of miR-155-5p, thereby
promoting the GC process “”. Fei er al demonstrated that
AFAPI-ASI promotes the occurrence and progression
of OS through competitive binding of miR-497 and the
regulation of IGFIR expression . In prostate cancer,
AFAPI-ASI enhances the proliferation, invasion, and
metastasis of prostate cancer by regulating miR-512-
3p27. Zhang et al showed that AFAPI-ASI promotes
TNBC cell proliferation and invasion by targeting miR-
145 to regulate MTH1 expression P4.

In addition, IncRNAs can be specifically transcribed
and participate in specific signaling pathways as signal
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Fig. 10 Forest plot of HRs for the association between high AFAP1-AS1 expression and OS by external validation

transduction molecules. For example, Shi et al confirmed
that the IncRNA AFAPI-ASI is overexpressed in
osteosarcoma and plays a tumorigenic role in osteosarcoma
through the RhoC/ROCK1/p38MAPK/Twistl signaling
pathway °l. AFAPI-ASI becomes an oncogene in TSCC
by activating the Wnt/B-catenin signaling pathway and
inhibiting the expression of EMT-related genes . In
pituitary adenomas, AFAPI-ASI promotes tumor growth
by regulating the PTEN/PI3K/AKT signaling pathway ¢,

Resistance to chemoradiotherapy is the main cause of
tumor treatment failure; IncRNAs play an important role
in this process. IncRNA AFAPI-ASI through activation
of Wnt/p-catenin signaling pathway, which is induced
by promoting cell proliferation, migration and TNBC
radiation resistance *”. Huang et al also confirmed that

AFAPI-AS1 promoted chemotherapeutic resistance of
NSCLC cells by inhibiting miR-139-5p expression and
promoting the RRM2/EGFR/AKT signaling pathway ..
AFAPI-ASI, through the PI3K/AKT pathway, induces
cisplatin resistance in NSCLC ..

To investigate the prognostic effect of AFAPI-ASI
and the relationship between AFAPI-ASI] expression
and the clinicopathological features of different tumors,
we performed a meta-analysis of 35 qualified articles and
3433 cases. We found that patients with high AFAPI-
AS]I expression had shorter OS, suggesting that patients
with high AFAPI-ASI expression may have a worse
prognosis. This result was reported in a previous article
13, In addition, there was no obvious heterogeneity
in the included articles, which may have been due
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to experimental errors, small sample sizes, too many
cancer types, or different cutoff values. To eliminate
heterogeneity, more experiments and sophisticated
methods are required. We also observed a relationship
between AFAPI-ASI expression and DFS and PFS; high
AFAPI-ASI expression was associated with shorter DFS
and PFS. To validate our results, we conducted external
verification using R, and the results were found to be
consistent with the conclusions of our meta-analysis.
Therefore, we speculated that AFAPI-ASI could be used
as a prognostic molecular marker for different types of
cancer.

To examine the relationship between AFAPI-ASI
and survival, we assessed the association between
AFAPI-ASI and five clinicopathological features: LTS,
HTS, PHG, LNM, and DM. The pooled data showed
that high AFAPI-ASI expression was associated with
LTS, HTS, and PHG, but not with LNM or DM. These
results differ from those of previous studies '* ¥, After
accounting for data extraction errors, we analyzed the

Low expression High expression

Forest plot of HRs for the association between high AFAP1-AS1 expression and DFS by external validation

possible reasons for the differences in this meta-analysis.
The included studies and carcinoma types were recently
updated, and the inclusion of new cancer types or an
increased number of cancer patients may have affected
the final results of this study. In this study, considering
the relationship between AFAPI-ASI and LNM, five
new cancer types were identified: TC, GC, CCRCC,
PCA, and EC. Additionally, the number of NSCLC cases
has increased. Two new articles have been published to
study the relationship between AFAPI-ASI and DM,
and two new cancers, PCA and TNBC, have been added.
Unfortunately, the exact reason for these discrepancies
remains unknown. Therefore, a larger study with an
improved design is required to verify our results.

It is worth noting that the gold standard for tumor
diagnosis is pathological results, but tissue-based slices
cause harm to patients; therefore, most scholars focus
on serological markers. At present, whether IncRNAs
can be used in the early stages of tumors or whether the
expression of IncRNAs differs at different tumor stages is
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Fig. 12 Forest plot of HRs for the association between high AFAP1-AS1 expression and PFS by external validation

a challenge that needs to be solved urgently. In addition,
attention should be paid to specificity. For example,
AFAPI-AS]I is abnormally expressed in various tumors
and is involved in tumorigenesis and development.
Finally, the technology’s immaturity and high price
prevent its clinical use. Therefore, an increasing number
of clinical trials must be conducted.

Some limitations of this meta-analysis should be
considered. First, all included studies were conducted in
China; therefore, our data and research results cannot be
applied globally. Second, the data collection may have
been inadequate, as non-English articles were excluded,
and the number of patients and types of cancer were not
sufficient. Third, 13 articles did not mention a cutoff value
for high expression, and not all articles had the same cutoff
value. Fourth, different types of cancers have different

degrees of heterogeneity. Fifth, although the article
quality evaluation was completed by two researchers,
bias may still exist. Sixth, some HRs were calculated by
reconstructing survival curves instead of being extracted
directly from the original study; therefore, calculation
errors may exist.

Conclusion

We comprehensively searched three databases for
relevant studies and according to the inclusion and
exclusion criteria, 35 studies with 3433 patients were
included in this meta-analysis. It was concluded that an
elevated level of IncRNA AFAPI-ASI in cancer patients
was associated with shorter OS, DFS, and PFS, and that
AFAPI-ASI was associated with LTS, HTS, and PHG in
cancer patients but not with LNM or DM. Further studies
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Fig. 13 Funnel plot analysis of potential publication bias in the survival and clinicopathological parameters group. (a) OS, (b) DFS, (c) PFS
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