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Purpose: Persistent inflammation and epithelial-mesenchymal transition are essential pathophysiological processes in chronic 
obstructive pulmonary disease (COPD) and involve airway remodeling. m6A methylation modification was discovered to play an 
important role in various diseases. Nevertheless, the regulatory role of m6A methylation has not yet been investigated in cigarette 
smoking-induced COPD. The study aims to explore the regulatory role of m6A methylation in cigarette smoking-induced COPD.
Patients and Methods: In this study, two Gene Expression Omnibus (GEO) datasets were first utilized to analyze the expression 
profiles of m6A RNA methylation regulators in COPD. We then established a cell model of COPD by exposing human bronchial 
epithelial cells (HBECs) to cigarette smoke extract (CSE) in vitro and detected the expression of m6A writer Mettl3 and EMT 
phenotype markers. RNA interference, cycloleucine, RT-qPCR, western blot, MeRIP-sequencing, and cell migration assay were 
performed to investigate the potential effect of Mettl3 on the EMT process in CSE-induced HBECs.
Results: Our results showed that Mettl3 expression was significantly elevated in cigarette smoking-induced COPD patients and in 
a cellular model of COPD. Furthermore, Mettl3 silence and cycloleucine treatment inhibited the EMT process of HBECs caused by 
CSE. Mechanically, Mettl3 silence weakens the m6A methylation of SOCS3 mRNA to enhance the protein expression of SOCS3, 
inhibiting CSE-induced SOCS3/STAT3/SNAI1 signaling and EMT processes in HBECs.
Conclusion: Our study inferred that Mettl3-mediated m6A RNA methylation modification modulates CSE-induced EMT by targeting 
SOCS3 mRNA and ultimately serves as a crucial regulator in the emergence of COPD. This conclusion reinforces the regulatory role 
of m6A methylation in COPD.
Keywords: inflammation, COPD, MeRIP–sequencing, cycloleucine

Introduction
Chronic obstructive pulmonary disease (COPD) is commonly considered a disorder of progressive airflow obstruction and 
chronic airway inflammation associated with cigarette smoking. Airway remodeling underlies the etiology of COPD, 
grounded in the inflammation, repair, or remodeling process of airway epithelium.1 IL-6/STAT3 signaling is mainly triggered 
by IL-6 and involves the persistent airway inflammatory response in COPD,2,3 which is suppressed by SOCS3.4 Moreover, 
several studies have confirmed the critical role that airway epithelial-mesenchymal transition (EMT) plays in airway 
remodeling. EMT is defined as the biological process that gradually converts epithelial into mesenchymal cells and involves 
chronic inflammation, tissue remodeling, and cancer metastasis.5 The airway epithelium of COPD patients displays features 
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of EMT, which is associated with peribronchial fibrosis and airflow limitation.6 Research has shown that Roflumilast N-oxide 
can achieve therapeutic effects by inhibiting bronchial EMT induced by cigarette smoking in COPD.7 The signaling pathway 
of IL-6/STAT3 has been identified as a contributing factor in the initiation of EMT in diverse forms of cancer. In prior 
research efforts, Cong et al have presented evidence to suggest that this particular pathway appears to effectively promote 
SNAI1 expression and thereby stimulate the manifestation of the EMT phenotype.8

The m6A RNA methylation modification has gained significant attention in biological systems. It plays a crucial role 
in post-transcriptional gene regulation by impacting mRNA stability, translation efficiency, splicing of methylated 
transcripts, and localization.9 The process is regulated jointly by writers (Mettl3/14), erasers (FTO and ALKHB5), and 
m6A-binding proteins (YTHDF/IGF2BP). Of note, growing evidence showed that Mettl3-mediated regulation has 
a significant role in m6A modification. For instance, Mettl3 enhances the stability of ZMYM1 mRNA through m6A 
modification, supporting the EMT program.10 Likewise, m6A modification by Mettl3 on TLR4 mRNA shows increased 
translation and slower degradation, resulting in encouraging neutrophil activation through TLR4 signaling.11 

Additionally, Mettl3 can modify SOCS3 mRNA by m6A during T-cell differentiation.12 Mettl3 also promotes the spread 
of ovarian cancer by controlling the translation of AXL and EMT.13

Insufficient evidence currently exists to substantiate the involvement of m6A RNA methylation in the occurrence of 
cigarette smoking-induced COPD. Therefore, the objective of this study was to investigate the regulatory impact of m6A 
RNA methylation in human bronchial epithelial cells stimulated by CSE, with the intent of discovering new insights into 
the management of COPD.

Materials and Methods
Public Database Acquisition
We acquired data regarding the abundance of four m6A regulators (Mettl3, Mettl14, ALKBH5, and FTO) in the alveolar 
macrophages gathered from the bronchoalveolar lavage fluid (BALF) of individuals with COPD, smokers, and non- 
smokers in the GSE130928 database,14 as well as Mettl3 gene expression in the small airway epithelium from 12 non- 
smokers, 9 early COPD smokers, and 6 COPD-smokers from the GSE5058 database.15

Preparation of Cigarette Smoke Extract
A trusted technique for studying the effects of cigarette smoke exposure in vitro is the use of cigarette smoke extract 
(CSE). As previously mentioned,16 the procedure involved bubbling 20 mL of medium with the mainstream smoke from 
two cigarettes (Shishi). The resulting CSE was subjected to sterile filtering using a 0.22 μm filter. The standardization of 
CSE is achieved by measuring its absorbance at 320 nm in a freshly prepared solution for each experiment. This solution 
is deemed to be 100% CSE and is subsequently diluted with a culture medium.

Cell Culture
16-Human bronchial epithelial cells (HBECs) were acquired from Shanghai Institute for Biological Sciences and grown 
in DMEM medium (Gibco) with 10% fetal bovine serum (Gibco) at 37 °C in a humid environment with 5% CO2.

Cycloleucine Treatment
HBECs were cultured as previously described. Cycloleucine (#52-52-8, MCE) was prepared with sterile distilled water. 
The plated cells were pretreated with 40 mM cycloleucine for 1 h. After 1 hour, HBECs were treated with 5% CSE in 
CSE groups.

RNA Interference
Double-stranded siRNAs targeting human Mettl3 and scrambled siRNA were purchased from GenePharma (China). The 
siRNAs were introduced into HBECs using Lipofectamine 3000 (Thermo Fisher) as per the manufacturer’s instructions. 
Following a 24 h transfection period, the HBECs were exposed to CSE for an additional 24 h, after which total RNA and 
protein were recovered. The siRNA sequences used were si-Mettl3: 5′ - CCUGCAAGUAUGUUCACUATT −3′, 5′ - UA 
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GUGAACAUACUUGCAGGTT-3′ and scrambled-siRNA: 5′ - UUCUCCGAACGUGUCACGUTT-3′’, 5′ -ACGUGA 
CACGUUCGGAGAATT-3′.

Cell Migration Assay
To evaluate HBEC migration, wound-healing assays were conducted. siRNA-transfected HBECs were cultured in 12- 
well plates with 90% confluence, after which they were scraped with a 10 µL pipette tip. Following this, the cells were 
treated with a serum-free medium containing 5% CSE for a period of 24 h. After the removal of CSE, the cells were 
exposed to a serum-free medium for another 24 h. Microscopic observations were made at 0 h and 48 h, respectively. 
ImageJ measured the scratch area of migrating cells.

RT-qPCR Analysis
Cellular RNA was isolated from cells with Trizol (Invitrogen) and then subjected to cDNA synthesis via the Primescript 
RT reagent (Takara). PCR amplification was implemented with the assistance of the SYBR Green PCR kit (Takara) with 
primers (Shenggong) in the PCR system. For normalization purposes, the GAPDH control was utilized. The relative 
quantification analysis was conducted utilizing the comparative CT approach. Reference to the employed primer 
sequences may be found in Supplementary Table 1.

MeRIP–Sequencing
Cloudseq (Shanghai) offered a service referred to as MeRIP-Seq (m6A RNA-Seq).

For the siRNA-mettl3+CSE (HBE/si-Mettl3) and CSE (HBE/si-control) groups, three biological replicates were 
pooled together. Trizol Reagent was utilized to collect RNA from the two cell samples. Using NanoDrop ND-1000 
(Thermo Fisher), the quality and quantity of RNA were evaluated while the integrity of the RNA was determined by 
performing electrophoresis on a denaturing Agarose gel. Next, depurating mRNA from RNA was accomplished using the 
Seq-StarTM poly (A) mRNA Isolation Kit. m6A RNA immunoprecipitation was carried out using m6A-MeRIP Kit from 
GenSeq. NEBNext® Ultra II Directional RNA Library Prep Kit was employed to get an RNA-seq library from the IP 
samples with m6A immunoprecipitation and the input samples without immunoprecipitation. Lastly, the library’s quality 
was assessed through the BioAnalyzer 2100 device, and the library was sequenced on an Illumina Hiseq 4000 with 150 
bp paired-end reads.

Western Blot
Total cellular protein was extracted using RIPA (#P0013B, Beyotime) and the protein concentration was deter-
mined by BCA assay (#BL521A, Biosharp). Subsequently, proteins present in the cell lysate were resolved using 
10% SDS-PAGE gels and then transferred to PVDF membranes. To prevent non-specific interactions, the 
membranes were blocked with 5% milk for 1 h and then were stripped and incubated overnight at 4 °C with 
different primary antibodies: Mettl3 antibody (#ab66660 or #ab195352, Abcam), SOCS3 antibody (#ab280884, 
Abcam), SNAI1 antibody (#ab216347, Abcam), STAT3 antibody (#9139, CST), p-STAT3 antibody (#9145, CST), 
E-cadherin antibody (#ab133597, Abcam), Vimentin antibody (#sc-6260, Santa Cruz), MMP-9 antibody (#sc- 
21733, Santa Cruz), β-actin antibody (#AF5003, Beyotime, China) and GAPDH antibody (#AF1186, Beyotime, 
China). Afterward, the signals were visualized with ECL reagents (#P0018S, Beyotime) using ImageQuant LAS 
4000 after incubating with the second antibody for 1 h. The grayscale of protein bands was determined by 
Image J.

mRNA Stability Analysis
HBECs were subjected to exposure to actinomycin D (Sigma) at a concentration of 5 μg/mL for 0, 3, or 6 h to ascertain 
the stability of mRNA. Following this, the cells were harvested and RNA samples were detected by RT- qPCR.17

International Journal of Chronic Obstructive Pulmonary Disease 2023:18                                                https://doi.org/10.2147/COPD.S398289                                                                                                                                                                                                                       

DovePress                                                                                                                       
1009

Dovepress                                                                                                                                                           Zhang et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com/get_supplementary_file.php?f=398289.docx
https://www.dovepress.com
https://www.dovepress.com


Statistical Analysis
The statistical analysis of m6A RNA sequencing involved obtaining paired-end reads from the sequencer and passed to 
quality control by Q30.18 Using Hisat2, clean reads from all libraries were mapped to HG19. Methylated peaks on RNAs 
from samples were discovered with the help of MACS software. The result of matching the reads to the genome is 
visualized using IGV software19 to visually observe the abundance of specific locations in the genome.

The mean ± standard deviation (SD) from three distinct experiments was used to express data. The statistical analysis 
was undertaken with the employment of GraphPad Prism 9 software and ImageJ. The two-way ANOVA or one-way 
ANOVA was utilized for statistical analysis. Statistical significance was determined by a P-value lower than 0.05.

Results
Mettl3 Expression Was Increased in Smoker COPD Patients and CSE-Induced HBECs
To explore m6A methylation regulators involved in cigarette smoking-induced COPD, we examined the mRNA 
expression of m6A “writers” (Mettl3 and Mettl14) and m6A “erasers” (ALKBH5 and FTO) in COPD-smokers in 
a public database. Analysis of the GSE130928 database revealed that, by comparing the non-smokers and smokers 
groups, the expression level of Mettl3 in the COPD group was considerably greater (Figure 1A). Conversely, the 
expression level of m6A eraser ALKBH5 from the COPD group was significantly decreased. While there was no 
difference in the expression of Mettl14 and FTO in all three groups. In addition, the GSE5058 database analysis revealed 
a substantial rise in the expression levels of Mettl3 within the small airway epithelium of subjects from the early COPD 
and COPD groups, as compared to those from the non-smokers group. (Figure 1B).

Next, we evaluated the mRNA expression profiles of m6A writers and erasers in CSE-induced HBECs in vitro. 
Surprisingly, the results showed a notable elevation of mRNA levels of Mettl3, Mettl14, ALKBH5, and FTO in HBECs 
upon exposure to 5% CSE, with Mettl3 exhibiting the most significant increase (Figure 1C). Therefore, we focused on 
studying Mettl3-mediated m6A methylation in CSE-induced HBEC.

Furthermore, we detected the protein and mRNA level of Mettl3 in HBECs exposed to an escalating dose of CSE for 
24 h. Our findings revealed a considerable dose-dependent elevation of Mettl3 protein and mRNA levels in HBECs 
exposed to CSE, as demonstrated by Figure 1D–E.

Mettl3 Knockdown Was Mediated by siRNA in HBECs
To quest the contribution of Mettl3 in cigarette smoking-induced COPD, we performed Mettl3 targeted small interfering 
RNA to down-regulate Mettl3 expression in HBECs. The efficiency of Mettl3 silence was verified by both western blot 
and RT- qPCR. Consequently, compared to siRNA control transfected HBECs, the protein and mRNA expression of 
Mettl3 were suppressed in si-Mettl3 HBECs (Figure 2A and B).

SOCS3 Protein Expression Was Upregulated by Mettl3 Silence
The data obtained indicate that the upsurge in SOCS3 activity is regulated by m6A modification, resulting in the 
hindrance of IL-7-induced STAT5 activation, hence affecting T cell steady-state differentiation.12 This inspired us to 
explore whether the expression of SOCS3 in HBEC is regulated by Mettl3. As expected, the amount of SOCS3 protein in 
si-Mettl3 transfected HBEC considerably increased in comparison to the si-control group with or without CSE exposure 
(Figure 2A).

MeRIP-Seq was performed to investigate the m6A peak change of SOCS3 mRNA in Mettl3 silence HBECs. Notably, 
we observed a major reduction in the m6A peak of the CDS region of SOCS3 mRNA in Mettl3 silencing cells compared 
to the si-control group (Figure 2C), which strongly suggested that SOCS3 is most likely regulated via m6A methylation 
mediated by Mettl3. Furthermore, actinomycin D was used to block the synthesis of new RNA, and the SOCS3 mRNA 
decay was measured. The result showed that Mettl3 silence massively improved SOCS3 mRNA stability (Figure 2D), 
implying that m6A contributes to the destability of SOCS3 mRNA. Based on these verifications, we inferred that there is 
possibly a negative correlation between Mettl3 and SOCS3 expression. In line with this, we checked their mRNA 
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expression in 22 cases with COPD in the GSE130928 database. The result confirmed that the expression of SOCS3 was 
significantly negatively associated with the expression of Mettl3 in COPD (Figure 2E).

Mettl3 Silence Inhibited IL-6/STAT3/SNAI1 Signaling and EMT in CSE-Induced HBECs
IL-6/STAT3 signaling is widely recognized as an important inflammatory pathway, which is negatively regulated by 
SOCS3. STAT3 was shown to act directly with SNAI1,8 and IL-6/STAT3/SNAI1 pathway is involved in the process of 
EMT.20 CSE causes inflammation of HBEC and increases the secretion of IL-6 in HBEC, which has been confirmed in 
our previous study.21 We previously confirmed that IL-6/STAT3 signaling positively controls the expression of SOCS3 
and SNAI1, without concomitant enhancement of Mettl3 (Supplementary Figure 1A). Moreover, SOCS3 silence leads to 

Figure 1 Mettl3 is significantly increased in COPD caused by cigarette smoking. (A) The expression of m6A RNA methylation regulators (Mettl3, Mettl14, ALKBH5, and 
FTO) in the alveolar macrophages obtained from the bronchoalveolar lavage fluid of subjects with COPD, smokers, and non-smokers in the GSE130928 database. (B) Mettl3 
expression in the airway epithelium of 12 non-smokers, 9 early-COPD, and 6 COPD in the GSE5058 database. (C) The mRNA levels of m6A regulators (Mettl3, Mettl14, 
ALKBH5, and FTO) in HBECs exposed to CSE for 24 h. (D) The protein level of Mettl3 in HBEC exposed to CSE for 24 h was determined by western blot and quantitatively 
analyzed by Image J. (E) The mRNA level of Mettl3 in HBEC exposed to CSE for 24 h was determined by RT-qPCR. ****P<0.0005, ***P<0.0005, **P<0.005, *P<0.05. 
Abbreviation: ns, not significant.
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a rise in STAT3 phosphorylation (Supplementary Figure 1B), which indicates that IL-6/STAT3 is negatively regulated by 
SOCS3 and aligns with existing theories.

We further observed the response of STAT3/SNAI1 signaling to Mettl3 silence. As shown in Figure 3A, according to the 
ratio of p-STAT3/STAT3 and the protein level of SNAI1, CSE persistently led to the activation of the IL-6/STAT3/SNAI1 
signaling. And compared to the si-control group, Mettl3 silence significantly reduced the response caused by CSE.

Figure 2 The protein expression of SOCS3 is upregulated by Mettl3 silence in HBEC. (A) The protein expression of Mettl3 and SOCS3 were detected in HBEC transfected 
with siRNA Mettl3 by western blot. (B) The mRNA level of Mettl3 in HBEC transfected with siRNA Mettl3 was determined by RT-qPCR. (C) The m6A peak abundance of 
SOCS3 mRNA transcripts in HBEC was detected by MeRIP-Seq and shown in IGV (Left). The red peaks were IP, and the blue peaks were Input. And relative m6A 
enrichment (IP vs Input) of SOCS3 mRNA was analyzed by GraphPad Prism (Right). (D) mRNA stability analysis of SOCS3 mRNA in HBEC transfected with siRNA-Mettl3 
or siRNA-control treated with actinomycin D for 3 h and 6 h. (E) Correlation between Mettl3 and SOCS3 mRNA in COPD in the GSE130928 database. ****P<0.0005, 
**P<0.005, *P<0.05. 
Abbreviation: ns, not significant.
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Then we conducted an observation of EMT in relation to CSE exposure where we evaluated the EMT phenotype 
markers through RT-qPCR and western blot. As seen in Figure 3A and B, CSE considerably reduced the protein and 
mRNA expression of E-cadherin in comparison to the control group, while significantly raising the protein and mRNA 
levels of SNAI1, Vimentin, and MMP-9. MMPs can degrade the protein components of the alveolar wall extracellular 
matrix and participate in airway remodeling, which is one of the powerful partners of EMT. MMP-9 has been proven to 
be persistent in being elevated during repair in the airways of COPD patients.5 All these data indicated that HBECs 
exposed to CSE presented an EMT-like phenotype.

We further explored the impact of Mettl3 silence on EMT. Vimentin, SNAI1, and MMP-9 protein expression were all 
dramatically decreased whereas E-cadherin protein expression was increased when Mettl3 was silenced (Figure 3A). In 
addition, the mRNA levels of the above four indicators were also verified to have a trend consistent with the protein 
(Figure 3B). Our result confirmed that Mettl3 silence in HBECs weakened the CSE-caused EMT phenotype. Moreover, 

Figure 3 IL-6/STAT3 signaling and EMT phenotype were weakened by Mettl3 silence. (A) Western blot analysis of phosphorylation of STAT3 and protein expression levels 
of EMT phenotype makers in si-Mettl3 HBEC exposed to CSE. (B) RT-qPCR analysis of mRNA levels of EMT phenotype markers in si-Mettl3 HBEC exposed to CSE. (C) The 
wound healing of si-Mettl3 HBECs treated with 5%CSE for 48 h was recorded (Left) and quantitatively analyzed (Right). ****P<0.0005, ***P<0.0005, **P<0.005, *P<0.05. 
Abbreviation: ns, not significant.
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a wound-healing assay identified the migratory capability of CSE-induced HBEC. The result is shown in Figure 3C, the 
si-control HBECs significantly repaired the wound healing after 48 h, while Mettl3 silence weakened the migration 
ability of HBECs. Taken together, our data suggested that Mettl3 contributes to the CSE-induced EMT process.

Cycloleucine Inhibited the EMT Phenotype of HBECs Through SOCS3 Modification
Subsequently, to further verify the actor of m6A methylation in HBECs, a methylation inhibitor cycloleucine (Cyc)22,23 was used 
to block m6A methylation in HBECs. It was observed that HBECs exposed to CSE exhibited a significant reduction in protein 
abundance of Mettl3, SNAI1, and Vimentin, while an increase in protein levels of SOCS3 and E-cadherin was noted following 
a 40 mM cycloleucine treatment (Figure 4), showing a similar result to Mettl3 silence. These findings indicate the critical role 
played by m6A RNA modification in governing the signaling of SOCS3/STAT3/SNAI1, as well as the EMT process.

Discussion
Chronic obstructive pulmonary disease remains a prevailing contributor to morbidity and mortality on a global scale. 
Chronic airway inflammation and irreversible airflow restriction are the hallmarks of COPD. Airway remodeling and 
airflow restriction in COPD is significantly influenced by EMT, which can result in airway wall fibrosis and 
thickening.24,25 Improving the EMT process and airway remodeling is a potential new direction in the treatment of 
COPD.26 In this study, our findings also confirmed that cigarette smoke extract induced an EMT phenotype in 16-HBE 
cells in vitro. Inflammation is another pathologic feature of COPD and aids in airway remodeling. The IL-6/STAT3/ 
SOCS3 signaling plays a crucial role in regulating inflammation and EMT,8,20 with SOCS3 acting as a negative 
regulator.4 Additionally, STAT3 serves a universal role in determining the expression of SNAI1/2,27 and SNAI1 is 
a transcriptional repressor of E-cadherin and plays an essential promoting role in the regulation of EMT.28 A study 
revealed that SOCS3’s transcriptional activity was markedly downregulated in COPD.29 Sabina et al demonstrated that 
IL-6 levels and p-STAT3 were elevated in mouse lung tissue, while SOCS3 protein was slightly decreased after tobacco 
smoke exposure3.30 In our study, we also demonstrated that cigarette smoke extract triggered IL-6/STAT3/SNAI1 
signaling in HBE cells, which also leads to an EMT phenotype.

The process of m6A methylation serves as a regulatory mechanism for gene expression at the RNA level, occurring 
after transcription. Research has shown that the relative abundance of m6A in mRNA transcripts can impact RNA 
splicing, stability, nuclear export, and transcription. m6A can both facilitate RNA translation and promote mRNA 
degradation. In our investigation, we first explored that the expression of Mettl3 in COPD smokers was significantly 
increased, which is a validated key m6A methylation writer, implying a potential involvement of m6A modification in 
the emergence of COPD induced by cigarette smoking.

Figure 4 Effects of Cycloleucine on the expression levels of Mettl3, SOCS3, and EMT phenotype markers in HBEC induced by CSE. Before CSE treatment, HBEC was 
pretreated with 40 mM Cycloleucine for 1 h. Protein expression levels were detected by western blot. The grayscale of protein bands was determined by Image J. Two-way 
ANOVA was used for significance analysis. ****P<0.0005, ***P<0.0005, **P<0.005, *P<0.05.
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Currently, only a few studies have shown a connection between Mettl3-mediated m6A methylation and the developmental 
process of COPD. And our finding referred that m6A inhibition by Mettl3 silence or cycloleucine treatment suppressed CSE- 
caused STAT3/SNAI1 signaling and EMT phenotype. Finally, we uncovered that Mettl3 silence can promote the stability of 
SOCS3 mRNA, and cause a decrease in m6A peak abundance of SOCS3 mRNA, indicating that the presence of Mettl3 will 
interfere with SOCS3 mRNA stability and SOCS3 protein expression during CSE exposure in HBECs. Therefore, this study 
provides the first mechanistic confirmation of the role of m6A methylation in the onset of COPD.

The previous study indicated that m6A methylation directly affects RNA translation efficiency without altering 
transcription. A decrease in the abundance of the m6A peak of SNAI1 mRNA also was observed in our finding from 
MeRIP-seq (Supplementary Figure 2A), confirming that SNAI1 was regulated by m6A methylation. In contrast to the 
previous study where the mRNA level of SNAI1 did not decrease with decreasing m6A level, our results revealed that 
the mRNA level of SNAI1 was significantly weakened caused by Mettl3 silence (Supplementary Figure 2B), suggesting 
that the transcription of SNAI1 was regulated by Mettl3. Summarily, the regulation of SNAI1 protein expression may 
come from the impairment of IL-6/STAT3 signaling and the direct effects of SNAI1 m6A methylation mediated by 
Mettl3. As a result, Mettl3 silence increased the protein expression of SOCS3 and decreased SNAI1 expression, which 
attenuated the STAT3/SNAI1 signaling, and EMT phenotype of CSE-induced HBECs.

Due to the accumulation of previous studies, the actor of the SOCS3/STAT3/SNAI1 pathway in COPD has not been further 
elaborated in our study. However, we believe that the pathway holds promising potential for the treatment of COPD. By inducing 
SOCS3 abundance in airway epithelial cells, fluticasone propionate and salmeterol utilized for combination therapy were 
observed to reduce airway inflammation in COPD patients.31 Evidence suggests that EMT activity and airway blockage in 
COPD are directly connected to SNAI1.32 We also believe that m6A modification of SOCS3 is a potential and influential 
therapeutic target in COPD. Of course, it may be a concern that this will inevitably have additional impacts, as Mettl3-mediated 

Figure 5 Schematic illustration of m6A modification involvement in IL-6/STAT3/SNAI1 pathway and EMT in HBEC exposed to CSE. Inhaled cigarette smoking is primarily 
targeted at the airway epithelial cells. The activation of IL-6/STAT3/SNAI1 signaling triggers EMT processes in airway epithelial cells. Mettl3 induced by cigarette smoking 
inhibits the negative regulatory effect of SOCS3 on IL-6/STAT3/SNAI1 signaling, as it reduces the protein expression of SOCS3 through m6A methylation, which contributes 
to airway remodeling in COPD.
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m6A methylation also involves in the regulation of other gene transcripts. Anyway, our study provides evidence that the regulation 
of m6A methylation is a unique molecular mechanism in the progression of COPD induced by cigarette smoking.

Conclusion
In conclusion, inhaled cigarette smoking primarily targets airway epithelial cells. The activation of IL-6/STAT3/SNAI1 
signaling triggers EMT processes in airway epithelial cells. Mettl3 induced by cigarette smoking enhances the IL-6/ 
STAT3/SNAI1 signaling, as it reduces the protein expression of SOCS3 through m6A methylation, which contributes to 
airway remodeling in COPD (Figure 5). This finding reinforces the regulatory function of m6A methylation in COPD.
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