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1  | INTRODUC TION

Chronic obstructive pulmonary disease (COPD) is characterized by a 
progressive condition of small airway obstruction, chronic bronchitis 
and emphysema, representing a leading cause of death worldwide.1 
Although oxidative stress, immunity and inflammation, apoptosis, 

metaplastic epithelial lesions, mucus hypersecretion and fibrosis 
in both airways and lungs are hallmarks of this disease,1,2 the exact 
pathogenesis of COPD remains unclear.

To date, more than 100 kinds of RNA modifications have 
been identified in living organisms.3 Certain types of RNA mod-
ifications in eukaryotic mRNA, such as 5-methylcytosine (m5C), 
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Abstract
N6-methyladenosine (m6A) RNA methylation, the most prevalent internal chemical 
modification of mRNA, has been reported to participate in the progression of various 
tumours via the dynamic regulation of m6A RNA methylation regulators. However, 
the role of m6A RNA methylation regulators in chronic obstructive pulmonary dis-
ease (COPD) has never been reported. This study aimed to determine the expres-
sion and potential functions of m6A RNA methylation regulators in COPD. Four gene 
expression data sets were acquired from Gene Expression Omnibus. Gene ontology 
function, Kyoto Encyclopedia of Genes and Genomes pathway enrichment analyses, 
weighted correlation network analysis and protein-protein interaction network anal-
ysis were performed. The correlation analyses of m6A RNA methylation regulators 
and key COPD genes were also performed. We found that the mRNA expressions 
of IGF2BP3, FTO, METTL3 and YTHDC2, which have the significant associations 
with some key genes enriched in the signalling pathway and biological processes that 
promote the development progression of COPD, are highly correlated with the oc-
currence of COPD. In conclusion, six central m6A RNA methylation regulators could 
contribute to the occurrence of COPD. This study provides important evidence for 
further examination of the role of m6A RNA methylation in COPD.
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N1-methyladenosine (m1A) and N6-methyladenosine (m6A), have 
widely discovered,4 among which m6A RNA methylation was first 
discovered in the 1970s.5 The m6A RNA methylation, the most 
common form of dynamic and reversible mRNA modification, is 
regulated by m6A RNA methylation regulators, containing methyl-
transferases (‘writers’) that install m6A mark, demethylases (‘eras-
ers’) that reverse m6A mark, and m6A binding proteins (‘readers’) 
that decode m6A modification to mediate the fate of modified 
transcripts.6–8 Currently, at least ten proteins have been found 
in the m6A ‘writers’ complex, containing WT1-associated protein 
(WTAP), methyltransferase like 3/4/14 (METTL3/4/14), Cbl Proto-
Oncogene Like 1 (CBLL1), RNA-binding motif protein15/15B 
(RBM15/15B), Vir like m6A methyltransferase associated VIRMA 
(VIRMA/KIAA1429), Zinc Finger Protein 217 (ZNF217) and zinc 
finger CCCH domain-containing protein 13 (ZC3H13).3,4,6,8,9 
‘Erasers’ consist of fat mass alkB homolog 5 (ALKBH5) and obesi-
ty-associated protein (FTO).9 Twelve proteins have been identified 
in the m6A ‘readers’, including YT521-B homology (YTH) do-
main-containing proteins (YTHDC1/2), eukaryotic translation ini-
tiation factor 3 subunit A/B (EIF3A/B), YTH N6-methyladenosine 
RNA-binding proteins (YTHDF1/2/3), insulin like growth factor 2 
mRNA binding protein families (IGF2BP1/2/3) and heterogeneous 
nuclear ribonucleoprotein (HNRNP) protein families (HNRNPA2B1 
and HNRNPC).3,4,6,8,9

The m6A RNA methylation modulated by these regulators has 
been found to influence mRNA at different levels, containing struc-
ture, maturation, splicing, nuclear export, translation, localization, 
stability and decay,3,4,6–9 playing important roles in diverse physio-
logical processes, including development, fertility, stemness, meiosis, 
carcinogenesis, circadian cycle, cell fate decision, cell differentiation, 
cell cycle regulation and circadian rhythm maintenance and human 
diseases.6,8,10 Particularly, an increasing number of in vivo and in 
vitro experiments and bioinformatic researches showed that m6A 
RNA methylation regulators contribute to the occurrence, devel-
opment and clinical prognosis of multiple various cancers,4,6–9,11–14 
while the role of m6A RNA methylation regulators in COPD and their 
association with COPD genes are never reported.

In the current study, we first explored and validated key m6A 
RNA methylation regulators that were significantly correlated with 
the occurrence of COPD and determined key COPD genes. In ad-
dition, we further analysed the relevance of m6A RNA methylation 
regulators with these key genes.

2  | METHODS

2.1 | Data acquisition and preprocessing

Four gene array expression Series Matrix Files of small airway epi-
thelium samples, containing GSE5058, GSE8545, GSE11906 and 
GSE20257, were obtained from the Gene Expression Omnibus data 
sets (https://www.ncbi.nlm.nih.gov/geo/). GSE5058 includes molec-
ular profiles of 15 samples from COPD cases and 24 samples from 

healthy controls.15 GSE8545 contains expression profiles of 54 sam-
ples, including 18 COPD cases and 36 healthy controls.16 GSE11906 
includes 33 samples from COPD cases and 98 from healthy con-
trols.17 GSE20257 contains 23 samples from COPD cases and 112 
from healthy controls.18 Their experiments were conducted on the 
Affymetrix Human Genome U133 Plus 2.0 Array (GPL570 platform, 
Affymetrix, Inc). Gene symbols of data sets were obtained using the 
R software and annotation packages. Subsequently, the log2 con-
verted and standardized mRNA expression data were obtained by 
R 3.61 and limma package 3.40.6. Given the limited sample size of 
small airway epithelium in COPD, we merged and batch-normalized 
GSE8545 and GSE20257 into the train group using R packages (sva 
and limma3.40.6). Validation group 1 was obtained from the merged 
and batch-normalized GSE5058 and GSE11906, and validation group 
2 was gained from the merged and batch-normalized four data sets. 
A flow chart of this study was showed in Figure S1.

2.2 | Selection of m6A RNA methylation regulators

Twenty-four widely recognized m6A RNA methylation regulators 
were collated from published literature.3,4,6,8,9 We then obtained 
their mRNA expression data from the train group, validation group 1 
and validation group 2, respectively. Differential expression analysis 
for 24 m6A RNA methylation regulators between COPD cases and 
health controls was performed using wilcox.test. R package corrplot 
was used to identify the correlation between m6A RNA methylation 
regulators. The P value < .05 was considered as statistical significant.

2.3 | Identification of co-expression modules and 
key COPD genes

Firstly, the differentially expressed genes (DEGs) between COPD 
cases and health controls for train group, validation group 1 and 
validation group 2, were separately identified by the limma package 
3.40.6. The P value < .05 after being corrected by false discovery 
rate (FDR) and |log2 fold change (FC)| > 1 were applied as the cut-off 
for DEGs screening. The overlapped DEGs were obtained from the 
above three groups.

Subsequently, we used differentially expressed genes 
(FDR < 0.05) obtained from train group to identify the hub COPD 
genes by weighted correlation network analysis (WGCNA) package 
on mRNA expression data of validation group 1. The detailed proce-
dure and introduction of WGCNA were shown in WGCNA R pack-
age.19 In brief, a weighted adjacency matrix was first constructed 
based on the selected soft threshold power. Subsequently, the 
connectivity measure per gene was calculated according to the con-
nection strengths with other genes. Then, the module structure pres-
ervation was identified by module preservation R function. Finally, 
the gene expression profiles of each module were summarized by 
the module eigengene, and each module eigengene was regressed 
on COPD trait using the linear model in the limma R package.20

https://www.ncbi.nlm.nih.gov/geo/
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Finally, key COPD genes were acquired by taking the intersec-
tion of the overlapped DEGs and hub COPD genes.

2.4 | Bioinformatic analysis

The interactions among 24 m6A RNA methylation regulators and 
key COPD genes were analysed using the STRING database (http://
www.strin g-db.org/) and were visualized by Cytoscape 3.7.1.21 
Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway enrich-
ment and Gene Ontology (GO) functional analyses were performed 
to analyse 24 m6A RNA methylation regulators and key COPD 
genes using R packages (clusterProfiler, org.Hs.eg.db, enrichplot, 
colorspace, stringi and ggplot2). The P value < .05 was applied as 
the cut-off.

2.5 | The Correlation of m6A RNA methylation 
regulators with key COPD genes

R package ggpubr was used to determine the correlation between 
m6A RNA methylation regulators and key COPD genes in the COPD 
data of validation group 2. The P value < .05 was considered as sta-
tistical significant.

3  | RESULTS

3.1 | Expression of m6A RNA methylation 
regulators in COPD

Firstly, the differential expression analysis for 24 m6A RNA meth-
ylation regulators between the COPD samples and control samples 
was performed in train group, we found that 16 m6A RNA meth-
ylation regulators were significantly associated with the occurrence 
of COPD (Figure 1A), with 15 down-regulated and 1 up-regulated 
genes in COPD samples comparing to control samples (Figure 1B). 
Subsequently, the significant association between COPD occurrence 
and the expression of IGF2BP3, FTO, ZNF217, METTL3, YTHDC1 
and YTHDC2 was confirmed in both validation group 1 and valida-
tion group 2 (Figure 1C-F). Compared with the controls samples, the 
expression of FTO, ZNF217, METTL3, YTHDC1 and YTHDC2 was 
down-regulated, while the expression of IGF2BP3 was up-regulated 
in COPD.

To determine the interactions among 24 m6A RNA methylation 
regulators, we performed an analysis of protein-protein interaction 
(PPI) networks. The results showed that these writers, erasers and 
readers frequently interacted with each other (Figure 2A) and pre-
sented an especially high degree of connections among the writers 
(METTL3, METTL14, WTAP, KIAA1429 and RBM15) (Figure 2B), 

F I G U R E  1   Expression of m6A RNA methylation regulators between healthy controls and COPD cases. A and B, Heat map and violin 
diagram of expression levels of 24 m6A RNA methylation regulators (healthy control sample vs COPD sample) from train group. C and 
D, Heat map and violin diagram of expression levels of 24 m6A RNA methylation regulators from validation group 1. E, F, Heat map 
and violin diagram of expression levels of 24 m6A RNA methylation regulators from validation group 2

http://www.string-db.org/
http://www.string-db.org/
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indicating that writers, erasers and readers do not function in iso-
lation, but exists collaboration. Therefore, we further investigated 
the expression correlation among these writers, erasers and read-
ers. We observed that a highly consistent correlation existed among 
m6A RNA methylation regulators in both train group and valida-
tion group 1 (Figure 2C, D). For instance, the writers (METTL4, 
METTL14, RBM15B, ZC3H13, ZNF217 and CBLL1), eraser ALKBH5 
and readers (IGF2BP3, YTHDF1/3, YTHDC1/2 and EIF3A/B) were 
significantly associated with other m6A RNA methylation regulators 
(0.19 < |R| < 0.80 and P value < .05). Taken together, these results 
indicated that cross-talk among the writers, erasers and readers of 

m6A RNA methylation regulators may have important role in the oc-
currence of COPD.

3.2 | Identification of DEGs in COPD

As shown in Volcano plots (Figure S2A-C), under the thresholds 
of |log2FC| > 1 and FDR < 0.05, a total of 93 DEGs including 43 
down-regulated and 50 up-regulated genes were obtained from 
train group. Seven down-regulated and 39 up-regulated DEGs were 
gained from validation group 1. Validation group 2 contained 39 

F I G U R E  2   Correlation among the expression of m6A methylation regulators. A, The protein-protein interactions among 24 m6A 
methylation regulators. B, The rank of connection degree (number) for each gene. C and D, Correlation among the expression of 24 m6A 
methylation regulators in train group and validation group 1
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up-regulated and 10 down-regulated DEGs. Among these DEGs, 29 
up-regulated genes and 3 down-regulated genes were overlapped 
among three groups (Figure S2D).

3.3 | Identification of co-expression modules and 
key COPD genes

In order to determine the modules and genes correlated with the 
occurrence of COPD, we performed WGCNA for 4410 genes ob-
tained from train group according to the thresholds of FDR < 0.05 
on validation group 1. The lowest soft threshold power 6, for which 
the scale-free topology fit index reaches 0.90, was used to conduct 
a hierarchical clustering tree. Subsequently, nine modules were 
generated, including black, blue, brown, green, greenyellow, grey, 
magenta, pink and yellow modules. The grey module, including the 
non-co-expressed genes, was not further analysed (Figure S3A,B). 
To identify modules correlated with COPD status, we analysed the 
relationship between each module and COPD. Form Figure S3C, 

we could conclude that the modules of black, green, greenyellow, 
magenta and yellow revealed the strongest significant correlations 
with COPD, indicating that genes in these modules are predomi-
nantly correlated with this disease. Based on the criteria that cor.
COPD > 0.2 and cor.module membership > 0.6, a total of 336 genes 
with the high connectivity in black, green, greenyellow, magenta and 
yellow modules were screened as hub genes (Figure S3D-H).

Finally, 27 COPD key genes were acquired by taking the inter-
section of 32 overlapped DEGs and 336 hub COPD genes (Table 1). 
Among the above 27 key COPD genes, except that LTF and SEMA5B 
expressions were notably reduced in COPD and negatively associ-
ated with COPD, the expression of other genes was notably up-reg-
ulated and positively correlated with this disease.

3.4 | KEGG and GO enrichment analyses

The results of GO analysis for 24 m6A RNA methylation regula-
tors demonstrated that METTL3 was involved in four biological 

TA B L E  1   Twenty-seven key differentially expressed gene positively or negatively associated with COPD and each MM

Key genes Module colour Cor. COPD P.GS.COPD Cor.MM P.MM
Up or down in 
three groups

BCL2A1 Black 0.33635796 7.54E-05 0.903687415 4.27E-50 Up

CLEC5A Black 0.37472462 8.84E-06 0.738236674 3.73E-24 Up

CCL2 Black 0.39099825 3.27E-06 0.73301268 1.13E-23 Up

MMP12 Black 0.41024854 9.38E-07 0.713224459 5.89E-22 Up

PROK2 Black 0.28582547 0.000852 0.677410186 3.45E-19 Up

PLA2G7 Black 0.42014752 4.79E-07 0.662673241 3.69E-18 Up

AKR1B10 Green 0.37548358 8.45E-06 −0.926579463 1.74E-57 Up

CABYR Green 0.41976641 4.92E-07 −0.919968248 3.96E-55 Up

SLC7A11 Green 0.43590719 1.57E-07 −0.91364644 4.67E-53 Up

CYP1B1 Green 0.44622784 7.32E-08 −0.903934738 3.64E-50 Up

MUCL1 Green 0.33876692 6.65E-05 −0.902168494 1.13E-49 Up

LOC284825 Green 0.40937316 9.95E-07 −0.895803983 5.68E-48 Up

GPX2 Green 0.34350277 5.17E-05 −0.886770489 9.72E-46 Up

UCHL1 Green 0.34037623 6.10E-05 −0.8700699 4.53E-42 Up

ST3GAL4-AS1 Green 0.38337326 5.24E-06 −0.84835127 5.39E-38 Up

ALDH3A1 Green 0.31097422 0.000269 −0.831591653 2.91E-35 Up

LOC344887 Green 0.34864183 3.91E-05 −0.824570447 3.31E-34 Up

AHRR Green 0.48551789 3.16E-09 −0.780096563 1.86E-28 Up

GAD1 Green 0.40581083 1.26E-06 −0.773455497 1.03E-27 Up

EGF Green 0.38090973 6.09E-06 −0.729019627 2.57E-23 Up

CYP1A1 Green 0.44206835 9.98E-08 −0.728558756 2.83E-23 Up

SPP1 Green 0.36910632 1.23E-05 −0.682284662 1.53E-19 Down

LTF Green −0.3828154 5.43E-06 0.680352729 2.12E-19 Up

STATH Greenyellow 0.35683960 2.49E-05 0.620691106 1.60E-15 Up

TCN1 Greenyellow 0.44571305 7.61E-08 0.832577273 2.05E-35 Up

CEACAM5 Greenyellow 0.33658058 7.46E-05 0.893164229 2.68E-47 Up

SEMA5B Yellow −0.5144968 2.37E-10 0.737015473 4.84E-24 Down
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processes including gene expression, regulation of cytokine biosyn-
thetic process, mRNA transport, and negative regulation of transla-
tion, and seven molecular functions. IGF2BP3 was involved in seven 
biological processes containing gene expression, mRNA methylation, 
mRNA processing, mRNA splicing, positive regulation of cap-inde-
pendent translational initiation, mRNA destabilization and primary 
miRNA processing, and four molecular functions. FTO was related 
to oxidative single-stranded RNA demethylation and oxidative RNA 
demethylase activity. ZNF217 was associated with nucleic acid and 
protein binding. In addition, YTHDC1 and YTHDC2 were involved in 
N6-methyladenosine-containing RNA binding, poly (A) RNA binding, 
and nucleic acid and protein binding (Table S1).

GO and KEGG pathway enrichment analyses were performed 
for the above 27 key COPD genes to explore potential biological 
processes correlated with COPD. GO analysis showed that these 
genes were involved in twenty two biological processes, includ-
ing secondary metabolic process (CYP1B1, CYP1A1, SLC7A11 and 
AKR1B10), xenobiotic metabolic process (AHRR, CYP1B1, CYP1A1 
and ALDH3A1), retinol metabolic process (CYP1B1, CYP1A1 
and AKR1B10), cellular response to xenobiotic stimulus (AHRR, 
CYP1B1, CYP1A1 and ALDH3A1), cellular lipid catabolic process 
(CYP1B1, CYP1A1 and AKR1B10), response to toxic substance 
(CYP1B1, CYP1A1, SLC7A11, AKR1B10 and GPX2) and organic hy-
droxy compound metabolic process (CYP1B1, CYP1A1, SLC7A11 
and AKR1B10) etc(Figure S4A), and fourteen molecular functions 
(Figure S4B), indicating that these key genes might play critical 
roles in the occurrence of COPD via influencing these biological 
processes and molecular functions. KEGG analysis suggested that 
metabolism of xenobiotics by cytochrome P450 (CYP1B1, CYP1A1 
and ALDH3A1), an important signalling pathway that influences the 
xenobiotic metabolizing capability of the lung and the risk of devel-
oping of lung diseases,22 was associated with COPD.

3.5 | The correlation between m6A RNA 
methylation regulators and key COPD genes

To further explore the roles of the six m6A RNA methylation regu-
lators (IGF2BP3, FTO, ZNF217, METTL3, YTHDC1 and YTHDC2) 
and 27 key genes in COPD, we analysed the relevance between six 
m6A RNA methylation regulators and these key genes. PPI analy-
sis indicated that these m6A RNA methylation regulators could 
indirectly interact with these key genes (Figure 3A). As shown 
in Figure 3B, the correlation analysis of expression in COPD data 
set of validation group 2 showed a positive association between 
most of 27 key COPD genes. FTO exhibited a negative correla-
tion with the expression of SLC7A11, CLEC5A, PLA2G7, AHRR, 
CYP1B1, CYP1A1, ALDH3A1, GPX2, BCL2A1, PROK2, CEACAM5 
and STATH (−0.59 < Cor < −0.28, P < .05). METTL3 showed a 
positive relationship with GAD1, SEMA5B, SPP1 and MUCL1 ex-
pressions (0.31 < Cor < 0.37, P < .05). IGF2BP3 expression was 
positively associated with GAD1, TCN1, BCL2A1, PROK2 expres-
sions (0.34 < Cor < 0.43, P < .05) and negatively associated with 

GPX2, ALDH3A1, CYP1A1, UCHL1, CABYR and AKR1B10 expres-
sions (−0.41 < Cor < −0.28, P < .05). Furthermore, YTHDC2 had 
a positive correlation with the expression of GAD1, SEMA5B, 
CYP1B1, MUCL1, LOC284825, CABYR, AKR1B10, ST3GAL4-AS1, 
LOC344887, SLC7A11, EGF and SPP1 (0.27 < Cor < 0.52, P < .05). 
These results indicated that IGF2BP3, FTO, METTL3 and YTHDC2 
could act as m6A RNA methylation regulators to influence these key 
expressions.

4  | DISCUSSION

Abnormal m6A modification may cause the dysregulation of impor-
tant genes that regulate crucial cellular processes and disrupt home-
ostasis, consequently leading to diseases.23 Numerous studies have 
demonstrated that m6A RNA methylation regulators contribute to 
the occurrence, development and clinical prognosis of multiple vari-
ous cancers,4,6–9,11–14 due to its capacity of modulating RNA splicing, 
translocation, translation and stability. However, the understanding 
of m6A modification remains blank in COPD. This study was aimed 
to first explore the integrative roles of 24 common m6A RNA meth-
ylation regulators in COPD.

METTL3, a major catalytic enzyme of the m6A methyltransfer-
ase complex, plays a dual role (tumour suppressor or oncogene) in 
multiple human cancers, and regulates tumour cell proliferation, tu-
mour formation migration, invasion and drug resistance.24 METTL3 
was highly conserved in eukaryotes, and its knockdown in different 
cells significantly decreased m6A in mRNAs.25–27 ZNF217, an m6A 
methyltransferase inhibitor, interacts with some epigenetic regu-
lators, activates the transcription of key pluripotency genes, regu-
lates m6A deposition on their transcripts via sequestering METTL3 
28 and is involved in the proliferation, survival and invasiveness of 
cancer cells.29 FTO, serving as an m6A demethylase, primarily con-
trols the m6A levels of downstream targets by their 3' untranslated 
regions and plays an important role in obesity-related diseases and 
the occurrence, development and prognosis of multiple types of 
tumours.30 Acting as an m6A reader, YTHDC1 is implicated in the 
modulation of splicing by maintaining a dynamic interaction network 
of different family of proteins.31 YTHDC2 can promote a ‘fast-track’ 
expression program for specific mRNAs by modulating the stability 
of m6A-containing mRNAs and by facilitating their efficient trans-
lation.32 IGF2BP3, one of the bona fide oncofetal proteins, serves 
as a post-transcriptional fine-tuner in various human cancers, and 
regulates the expression of genes implicated in the modulation of 
tumour cell proliferation, metastasis, survival and chemo-resis-
tance.33 In current study, we first identified that IGF2BP3, FTO, 
ZNF217, METTL3, YTHDC1 and YTHDC2 were associated with the 
occurrence of COPD in three groups of data sets. PPI network and 
expression correlation analyses showed that cross-talk among the 
writers, erasers and readers of m6A RNA methylation regulators 
had the critical role in the occurrence of COPD. Furthermore, we 
revealed that METTL3 might influence gene expression, regulation 
of cytokine biosynthetic process, mRNA transport and negative 
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F I G U R E  3   The correlation of IGF2BP3, FTO, ZNF217, METTL3, YTHDC1 and YTHDC2 with key COPD genes. A, The protein-protein 
interactions among 24 m6A methylation regulators and 27 key COPD genes. B, Spearman correlation analyses between IGF2BP3, FTO, 
ZNF217, METTL3, YTHDC1 and YTHDC2 and key COPD genes
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regulation of translation. IGF2BP3 could affect gene expression, 
mRNA methylation, mRNA processing, mRNA splicing, positive reg-
ulation of cap-independent translational initiation, mRNA destabili-
zation and primary miRNA processing. FTO was related to oxidative 
single-stranded RNA demethylation and oxidative RNA demethy-
lase activity. ZNF217 was associated with nucleic acid and protein 
binding. In addition, YTHDC1 and YTHDC2 were involved in N6-
methyladenosine-containing RNA binding, poly (A) RNA binding, and 
nucleic acid and protein binding.

This study identified 27 key genes associated with the occurrence 
of COPD by WGCNA and differential expression analysis in three 
groups of data sets. These findings are consistent with the previous 
results that MUCL1, UCHL1, CABYR, CYP1B1, AHRR, AKR1B10, 
SLC7A11, ST3GAL4-AS1, GPX2, LOC344887, EGF, CLEC5A, CCL2, 
MMP12, PLA2G7, GAD1, CYP1A1 and SPP1 were up-regulated in 
a variety of samples from COPD or COPD-related mice model, in-
cluding peripheral blood mononuclear cells, large and small airway 
epithelium, quadriceps, blood, and the lung of mouse and human, 
as well as involved in the occurrence of COPD (Table S2).15,34–48 
GO and KEGG pathway enrichment analyses showed that CYP1B1, 
CYP1A1, SLC7A11, AKR1B10, AHRR, ALDH3A1 and GPX2 were 
involved in multiple biological processes related to metabolism of 
exogenous and endogenous stimulus, and metabolism of xenobiotics 
by cytochrome P450 signalling pathway, suggesting that the dysreg-
ulated expression of these genes might affect the development pro-
cesses of COPD by influencing the above biological processes and 
signalling pathway. Notably, LOC284825, TCN1, STATH, CEACAM5, 
LTF and SEMA5B were first found to be associated with COPD in 
the current study.

In this study, the PPI network analyses between m6A RNA 
methylation regulators and key COPD genes showed that 
IGF2BP3, FTO, ZNF217, METTL3, YTHDC1 and YTHDC2 
could indirectly interact with some key genes, such as CYP1B1, 
CYP1A1, AHRR, AKR1B10, GPX2, EGF,GAD1, CCL2, MMP12 
and ALDH3A1. Moreover, the expression correlation analysis in-
dicated a negative association of FTO expression with SLC7A11, 
CLEC5A, PLA2G7, AHRR, CYP1B1, CYP1A1, ALDH3A1, GPX2, 
BCL2A1, PROK2, CEACAM5 and STATH expressions. METTL3 
showed a positive relationship with GAD1, SEMA5B, SPP1, and 
MUCL1 expressions. IGF2BP3 had a positive association with 
GAD1, TCN1, BCL2A1, PROK2 expressions and a negative as-
sociation with GPX2, ALDH3A1, CYP1A1, UCHL1, CABYR and 
AKR1B10 expressions. Moreover, YTHDC2 had a positive correla-
tion with the expression of GAD1, SEMA5B, CYP1B1, MUCL1, 
LOC284825, CABYR, AKR1B10, ST3GAL4-AS1, LOC344887, 
SLC7A11, EGF and SPP1. These results indicated that IGF2BP3, 
FTO, METTL3 and YTHDC2 could act as m6A RNA methylation 
regulators to influence these key expressions.

In conclusion, for the first time, our study systematically demon-
strated the expression and potential functions of m6A RNA methyla-
tion regulators in COPD. The expressions of IGF2BP3, FTO, METTL3 
and YTHDC2, which have the significant associations with some 

key genes (such as BCL2A1, GPX2, AKR1B10, ALDH3A1, CABYR, 
CYP4F3, EGF, UCHL1, CYP1A1, CYP1B1 and MUCL1) enriched in 
the signalling pathway and biological processes that promote the 
development progression of COPD, are highly correlated with the 
occurrence of COPD. In summary, this study provides important ev-
idence for further examination of the role of m6A RNA methylation 
in COPD. However, future studies are still needed to clarify the de-
tail roles of these RNA methylation regulators and these key genes 
in COPD, such as how IGF2BP3, FTO, METTL3 and YTHDC2 to in-
fluence these genes as well as whether their abnormal interactions 
lead to the occurrence of COPD.
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