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Introduction: Chronic obstructive pulmonary disease (COPD) is a common respiratory disease with irreversible and progressive 
obstruction of airflow. Currently, there are no clinically available treatments to prevent COPD progression. Apoptosis of human lung 
microvascular endothelial cells (HPMECs) and bronchial epithelial cells (HBECs) is often observed in COPD, but its pathogenesis has 
not been fully elucidated. LncRNA maternally expressed gene 3 (MEG3) is closely related to CSE-induced apoptosis, but the specific 
mechanism of MEG3 in COPD is still unknown.
Methods: In the present study, cigarette smoke extract (CSE) is used to treat HPMECs and HBECs. Flow cytometry assay is used to 
detect the apoptosis of these cells. The expression of MEG3 in CSE-treated HPMECs and HBECs is detected by qRT-PCR. LncBase 
v.2 is used to predict miRNAs binding to MEG3, and miR-421 is found to bind to MEG3. Dual luciferase report analysis and RNA 
immunoprecipitation experiment jointly clarified the binding relationship between MEG3 and miR-421.
Results: MiR-421 was downregulated in CSE-treated HPMECs/HBECs, and miR-421 overexpression mitigated CSE-induced 
apoptosis in these cells. Subsequently, DFFB was found to be directly targeted by miR-421. The overexpression of miR-421 
dramatically reduced the expression level of DNA fragmentation factor subunit beta (DFFB). DFFB was found downregulated in 
CSE-treated HPMECs and HBECs. MEG3 contributed to the apoptosis of HPMECs and HBECs induced by CSE by regulating the 
miR-421/DFFB axis.
Conclusion: This study presents a new perspective on the diagnosis and treatment of COPD caused by CSE.
Keywords: COPD, CSE, MEG3, miR-421/DFFB axis, apoptosis

Introduction
Among chronic respiratory diseases, COPD is very common and has characteristics of irreversible lung failure with high 
morbidity and mortality worldwide, causing a huge economic and social burden.1 With the increasing incidence, COPD 
is becoming the third most fatal disease on the planet.2 The epidemiological survey of COPD in China published in the 
Lancet in 2018 found that the prevalence rate of COPD among people aged 40 and above was 13.7%. WHO predicts that 
by 2030, 4.5 million people will die from COPD each year, making it a major global public health problem.3 Previous 
studies have shown that the pathogenesis of COPD is related to a variety of factors, such as environmental risk,4 

abnormal inflammatory response,5 and genetic susceptibility.6

Research indicated that cigarette smoke (CSE) is one of the important factors that promote the occurrence and 
development of COPD. CSE can induce apoptosis, endothelial damage, and oxidative stress, and ultimately lead to 
continuous inflammation of lung tissue.7 Glucocorticoids and bronchodilators are currently the main treatments for 
COPD, which can improve symptoms, but the effect is limited. No treatment has been demonstrated to reduce the 
progression of the disease.8 Therefore, it is critical to investigate its possible molecular process.

LncRNAs are noncoding RNAs that cannot encode proteins (200 nt in length). They can serve as competitive 
endogenous (CE) RNA and play an important role in regulating gene expression through sponge miRNAs in various 
physiological and pathological processes.9 A previous study elucidates that lncRNA MIR155HG /miR-128-5p 
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participates in smoking-induced COPD by regulating the expression of BRD4.10 LncRNA NNT-AS1 regulates the 
apoptosis and inflammation of COPD by regulating the miR-582-5p/FBXO11 axis.11 LINC00612 participates in CSE- 
induced apoptosis of HPMECs by regulating apoptosis, inflammation, and oxidative stress.12 In cigarette smoke-induced 
COPD, lncRNA taurine upregulated gene 1 (TUG1) promotes airway remodeling.13 Previous research has clarified that 
MEG3 is involved in regulating the apoptosis of human pulmonary microvascular endothelial cells (HPMECs) in 
COPD.6 In a COPD cell model constructed from human bronchial epithelial cells (16HBE) induced by CSE, the 
expression level of MEG3 is significantly upregulated, and knockdown of MEG3 can promote cell proliferation through 
negative regulation of miR-181a-2-3p and miR-218, and inhibit cell apoptosis and inflammation levels.14,15 These studies 
preliminarily clarified the important role of MEG3 in COPD. However, the exact regulation mechanism of MEG3 in the 
occurrence and development of COPD needs to be further explored.

MiRNAs are short non-coding RNAs (length 19–25 nt) and participate in the regulation of diseases by regulating the 
expression of protein-coding genes.16 So far, more and more reports have clarified that miRNAs play a key role in the 
occurrence and development of COPD. For example, miR-150 negatively regulates the expression of P53 to inhibit CS- 
induced lung inflammation and airway epithelial cell apoptosis.17 MiR-145-5p partially protects CSE-induced apoptosis 
of airway epithelial cells by targeting KLF5.18 An et al found that miR-421 may play a role in COPD through network 
analysis.19 However, the molecular mechanism of miR-421 in COPD has not been reported yet.

DNA fragmentation factor subunit beta (DFFB) is the main intracellular nuclease involved in DNA fragmentation in the 
process of cell apoptosis, and plays an important role in DNA fragmentation in the process of cell apoptosis.20 Research has 
shown that tobacco compounds can affect apoptosis in human fetal lung cell line (WI38) by regulating the expression of 
DFFB.21 However, it has not been reported whether DFFB is involved in regulating cell apoptosis in COPD.

HPMECs and human bronchial epithelial cells (HBECs) are commonly used cell types in COPD research.6,14 

HPMECs is a kind of endothelial cells present in human lung tissue, which have the roles of maintaining the normal 
function of alveoli, secreting mucus. HBECs is a type of cell present on the bronchial mucosal surface, which plays a role 
in maintaining the normal function of the trachea and secreting mucus.22,23 HMEC and HBE have important roles in the 
study of COPD, and through the study of these two types of cells, we can help us better understand the pathogenesis and 
treatment of COPD. In this study, we aimed to investigate the molecular mechanism of the ceRNA regulatory network of 
MEG3/miR-421/DFFB in CSE-stimulated HPMECs and HBECs.

Materials and Methods
Cell Culture Conditions and CSE-Treatment
Human pulmonary microvascular endothelial cells (HPMECs) and human bronchial epithelial (HBECs) were purchased 
from China Cell Research Institute Center (Shanghai). HPMECs were grown in endothelial cell medium (ECM, 
Promocell) (adding 1% endothelial cell growth factor, 5% FBS, 100 U/mL penicillin, and 50 μg/mL streptomycin). 
HBECss were cultured in DMEM/F-12 (Wisent, Canada) (adding 1% endothelial cell growth factor, 5% FBS, 100 U/mL 
penicillin, and 50 μg/mL streptomycin). All these cells were cultured with 5% CO2 at 37 °C. Besides, according to 
previous reports, CSE was prepared from cigarette extracts.14,24 Shortly, smoke from ten cigarettes (Hunan Zhongyan 
Industrial Co., Ltd.) is dissolved in 25 mL of phosphate buffered saline (PBS). The suspension was adjusted to pH 7.2– 
7.4 and filtered using a cellulose membrane (0.22 µm) to remove bacteria. The solution was treated as 100% CSE and 
diluted with PBS to obtain a concentration of 5%. To study COPD in vitro, in CSE group, we treated HPMECs and 
HBECs cells with 5% CSE for 24 h. In the control group, the HPMECs and HBECs cells was treated with the PBS.

Plasmid Construction, Lentivirus Production, and Cell Transduction
The pcDNA3.1 of MEG3 (including pcDNA3.1 vector), the siRNA of MEG3 (including negative control (NC)-siRNA), 
and The lentiviral vector expressing short hairpin RNA (siRNA) (including NC-siRNA) targeting MEG3 or DFFB was 
designed and constructed by GenePharma (Shanghai, China) and transfected into HPMECs and HBECs with 
Lipofectamine 2000 reagents (Invitrogen). In addition, the miR-421 mimics/inhibitors (including NC-mimics/inhibitors) 
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were also purchased from GenePharma (Shanghai, China). After 48 h transfection, the HPMECs and HBECs were used 
in subsequent experiments.

Cell Apoptosis
After transfection, HPMECs and HBECs were inoculated in cell culture plates for 12 h. After the number of cells reached 
5×105, these cells were collected and washed with pre-cooled PBS. Then add 5 μL Annexin V-FITC and 5 μL propidium 
iodide (PI) staining, mixing, avoiding light, incubating at room temperature for 15 minutes. Collect data on FACSVerse 
flow cytometry (BD Biosciences) and analyze using FlowJo software (TreeStar, Inc).

RNA Extraction and qRT-PCR
The qRT-PCR experiment is described in previous reports.25 In brief, the total RNA of HPMECs/HBECs was isolated by 
TRIzol reagent (Invitrogen). The PrimeScipt RT Master Mix kit (Takara, Tokyo, Japan) was used to prepare cDNA. The 
SYBR® Premix Ex TaqTM reagent (TaKaRa) was used to quantitatively analyze gene expression. The 2−∆∆Ct method was 
used to calculate the relative expression of MEG3/miR-421/DFFB. GAPDH and U6 snRNA served as the normalized 
controls. The primers for MEG3, miR-421, and DFFB were purchased from GenePharma, and the specific sequences 
were as followed: U6: F: 5’- CTCGCTTCGGCAGCACA-3’, R: 5’- AACGCTTCACGAATTTGCGT-3’. MEG3: F: 5’- 
CAGGATGGCAAAGGATGAAG-3’, R: 5’-GCAGGTGAACACAAGCAAAGA-3’. miR-421: F: 5’- GTCGCGCGGGU 
UAAUGCCTC-3’, R: 5’- GGACATUAGUUGUCUGUAAATAG-3’. DFFB: F: 5’- CACAACGTCAGCCAGAACAT- 
3’, R: 5’- CCCAGTCCACTTCTCTTCCA-3’. GAPDH: F: 5’-TGTTCGTCATGGGTGTGAAC-3’, R: 5’- ATGGCATGG 
ACTGTGGTCAT-3’.

Luciferase Reporter Gene Detection
The Luciferase reporter plasmid of pMIR-MEG3-WT/pMIR-MEG3-MUT and the Luciferase reporter plasmid of pMIR- 
DFFB-WT/pMIR-DFFB-MUT were constructed, and the plasmid was transfected into HPMECs and HBECs with miR- 
421/NC mimic. After 48 h, the Luciferase signal was detected by the Luciferase detection kit, and the differences in 
Luciferase signal between different groups were compared.

RNA Immunoprecipitation Assay
The Biotin-labeled MEG3 probe was constructed according to the kit instructions. The cells induced by hyperoxia were 
collected, fixed with formaldehyde, lysed with RIP lysate, and sonicated, centrifuged at 1000 g for 20 min, and the 
supernatant was obtained as Input. The precipitate was incubated with magnetic beads coupled with a Biotin-labeled 
MEG3 probe overnight, centrifuged to wash, and the supernatant was removed to obtain a protein-RNA complex. After 
that, it was incubated with proteinase K at 55 °C for 30 min, uncoupling was performed, and RNA was collected and 
detected by qRT-PCR.

Western Blotting
Collect cells and lyse them in RIPA lysis buffer (Beyotime, Shanghai, China). Then, the total protein was quantified using 
the BCA protein assay kit (Thermo Scientific). The same amount of protein was separated on SDS polyacrylamide gel and 
transferred to polyvinylidene fluoride membrane (PVDF) (Millipore, Billerica, USA). Seal with 5% skimmed milk at room 
temperature for 1 hour. Wash with TBST, and use the primary antibody anti-β-Actin (1:2000), anti-DNA fragmentation 
factor subunit beta (DFFB) (1:1000), anti-argonaute-2 (Ago2) (1:1000) incubate overnight at 4 °C. Wash the membrane 
with TBST 3 times (15 min/time), then incubated with secondary antibody diluent (1:2000) for 2 h, then wash 3 times with 
TBST (15 min/time), and finally develop color with Tanon Luminescence Kit. Record the imaging results.

Statistical Analyses
All experiments are set up for at least 3 biological replicates and then averaged. The mean value of each experiment is 
expressed as mean±standard deviation (SD). The Student’s t-test was used to compare two samples. Statistical 
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differences between three or more groups of data were evaluated using the one-way ANOVA test, followed by the Tukey 
post-test. P value <0.05 was considered significant.

Results
MEG3 is Significantly Upregulated During CSE-Induced Apoptosis of HPMECs and 
HBECs Cells
To study the mechanism of MEG3 in CSE-induced COPD, we first used 5% CSE to process HPMECs and HBECs to 
construct a COPD cell model. Then, flow cytometry was used to detect the apoptosis ratio of HPMECs and HBECs 
treated with CSE. As shown in Figure 1A, compared with the control group, the apoptosis rate of HPMECs and HBECs 
treated with CSE was significantly increased. At last, qRT-PCR was used to detect the expression level of MEG3 in 
HPMECs and HBECs. The data showed that the expression of MEG3 in HPMECs and HBECs cells treated with CSE 
was significantly upregulated compared with the control group (Figure 1B). These results suggest that MEG3 may be 
involved in regulating the process of apoptosis induced by CSE in HPMECs and HBECs.

Figure 1 The expression of MEG3 during CSE-induced apoptosis of HPMECs and HBECs. (A) 5% CSE processes HPMECs and HBECs, and uses flow cytometry to detect 
the rate of apoptosis. (B) RT-qPCR was used to detect MEG3 expression in HPMECs and HBEC with or without 5% CSE treatment. The experiment was repeated three 
times and then averaged. (**p < 0.01; ***p < 0.001).
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MEG3 Promotes the Apoptosis of HPMECS and HBECs Treated with CSE
To further clarify the effect of MEG3 on the apoptosis of HPMECs and HBECs, we first constructed a MEG3 
overexpression plasmid using pcDNA3.1 vector and then transfected it into HPMECs and HBECs to overexpress 
MEG3. Then, qRT-PCR was used to detect overexpression efficiency. Compared with the control group, the expression 
of MEG3 in the MEG3 overexpression group (pc-MEG3) was significantly upregulated (Figure 2A). Next, we tested the 
apoptosis rate of these cells. The data showed that overexpression of MEG3 significantly increased the apoptotic ratio of 
HPMECs and HBECs (Figure 2B).

In addition, we synthesized MEG3 siRNA and transfected them into HPMECs and HBECs treated with CSE to knock 
down the expression of MEG3. As shown in Figure 3A, knocking down of MEG3 significantly reduced the expression of 
MGE3. Finally, we tested the apoptosis of these cells treated with CSE. The results were consistent with expectations. 
Knockdown of MEG3 significantly reduced the apoptotic ratio of HPMECs and HBECs treated with CSE (Figure 3B). 
All these results indicated that MEG3 advanced the apoptosis of HPMECS and HBECs treated with CSE.

Figure 2 The overexpression of lncRNA MEG3 affects the apoptosis of HPMEC and HBEC. (A) After transfection with pcDNA3.1 vector or pcDNA3.1 MEG3, the mRNA 
expression level of MEG3 in HPMECs and HBEC was determined by qRT-PCR. (B) The apoptosis rates of HPMECs and HBECs transfected with pcDNA3.1 vector or 
pcDNA3.1 MEG3 were analyzed by flow cytometry. The experiment was repeated three times and then averaged. (***p < 0.001).
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MiR-421 is a Target Gene of MEG3 in HPMECS and HBECs
A multitude of studies showed that lncRNAs participated in the regulation of various physiological and pathological 
processes through sponging miRNA. Thus, LncBase v.2 was used to predict the target miRNAs of MGE3. As shown in 
Figure 4A, miR-421 and MEG3 had binding regions. Then, the dual luciferase reporter assay was used to validate the 
potential interaction between miR-421 and MEG3. We constructed MEG3-WT or MEG3-MUT luciferase reporter 
plasmids and transfected these plasmids into HPMECS and HBECs together with NC mimic and miR-421 mimic. The 
results showed that MEG3 targeted miR-421 (Figure 4B). In addition, we further clarified the interaction of MEG3 and 
miR-421 in the same RNA-induced silencing complex (RISC) through RIP assay. Western blot was used to detect the 
RIP efficiency of Ago2 protein (Figure 4C). MEG3 and miR-421 levels in the anti-ago2 group were significantly 
increased compared with the anti-IgG group (Figure 4D). Finally, we tested the expression changes of miR-421 after CSE 
treated these cells. The results showed that CSE-treated cells significantly reduced the expression of miR-421 
(Figure 4E). Subsequently, we further used MEG3 siRNA to stably knockdown the expression of MEG3 in HPMECs 
and HBECs treated with CSE, and detected the expression of miR-421. The results showed that knocking down MEG3 

Figure 3 The effect of lncRNA-MEG3 knockdown on the apoptosis of HPMECs and HBECs. (A) After transfection with NC-siRNA or MEG3-siRNA, the expression level 
of MEG3 mRNA in HPMECs and HBECs treated with CSE was determined by qRT-PCR. (B) Apoptosis of HPMEC and HBECs treated with CSE after transfection with NC- 
siRNA or MEG3-siRNA was determined by flow cytometry. The experiment was repeated three times and then averaged. (**p < 0.01; ***p < 0.001).
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significantly increased the expression of miR-421 (Figure 4F). All in all, these results indicated that MEG3 is directly 
bound to miR-421 in HPMECs and HBECs.

Overexpression of miR-421 Significantly Reduces CSE-Induced Apoptosis in HPMECs 
and HBECs Cells
To further explore the role of miR-421 in the apoptosis of HPMECs and HBECs induced by CSE, we first used miR-421 
mimic to transfect these cells to overexpress miR-421, and tested the overexpression efficiency of miR-421 (Figure 5A). 
Then, we tested the apoptotic ratio of HPMECs and HBECs treated with CSE after miR-421 was overexpressed. The 
results showed that overexpression of miR-421 significantly reduced CSE-induced apoptosis (Figure 5B). These results 
indicated that miR-421 negatively regulated CSE-induced apoptosis in HPMECs and HBECs.

MiR-421 Targets the 3’-UTR of DFFB
MiR-421 regulated the expression of target genes by regulating the 3’-UTR region of target genes and ultimately 
participated in the regulation of physiological and pathological processes. First, we screened miR-421 for a total of 50 
downstream targets in ENCORI, miRWalk, and miRDB databases, and then selected DFFB by literature mining 
(Figure 6A). As shown in Figure 6B, miR-421 and DFFB have binding regions. The relationship between miR-421 
and DFFB was subsequently verified through a luciferase reporter gene assay. We constructed luciferase reporter 
plasmids containing the normal or mutant DFFB 3’-UTR and transfected these plasmids into HPMECs and HBECs 

Figure 4 MiR-421 targets MEG3 in HPMECs and HBECs. (A) Diagram of MEG3 and miR-421 binding sites. (B) In HPMEC and HBEC, the effect of miR-421 overexpression on 
MEG3-WT/MEG3-MUT reporter luciferase activity was evaluated by dual luciferase reporter gene analysis. (C) Western blot was used to detect the RIP efficiency of Ago2 
protein. (D) The cell lysate was used to perform the RIP experiments. The qRT-PCR was used to detect the MEG3 and miR-421 expression in HPMECs and HBECs. (E) miR- 
421 expression in HPMECs and HBECs was detected by qRT-PCR when treated with or without 5% CSE. The experiment was repeated three times and then averaged. (F) 
After transfection with si-NC or si-MEG3, the expression level of miR-421 in HPMEC and HBEC treated with CSE was detected by qRT-PCR. (**p < 0.01; ***p < 0.001).
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together with NC mimic and miR-421 mimic. The results indicated that miR-421 targeted the 3’-UTR of DFFB 
(Figure 6C). Besides, we further assessed DFFB protein expression in these cells. The results showed that DFFB protein 
expression was markedly decreased in the miR-421 overexpression group (Figure 6D). Finally, we detected the mRNA of 
DFFB in HPMECs and HBECs treated with CSE. The results showed that CSE significantly increased the expression of 
DFFB (Figure 6E). Subsequently, we tested the mRNA expression changes of DFFB after overexpression of miR-421. 
The results showed that overexpression of miR-421 would significantly reduce the mRNA expression of DFFB 
(Figure 6F). The above results indicated that miR-421 targeted and negatively regulated DFFB expression.

MEG3 Promoted CSE-Induced Apoptosis of HPMECs and HBECs by Regulating the 
Expression of DFFB Through Sponging miR-421
To further clarify the role of MEG3 in CSE-induced COPD, we first used a lentiviral vector expressing short hairpin RNA 
(shRNA) to construct the stable knockdown cell lines of MEG3 (si-MEG3) in HPMECs and HBECs. Then, we transfected 
NC-inhibitor or miR-421 inhibitor into these si-MEG3 cell lines. Subsequently, qRT-PCR was used to detect the expression 
of miR-421. As shown in Figure 7A, compared with the si-MEG3 cell lines transfected with NC-inhibitor, miR-421 were 
all significantly down-regulated in the si-MEG3 cell lines transfected with miR-421 inhibitor. In addition, we further 
detected the expression of DFFB in HPMECs and HBECs that both knocked down miR-421 and DFFB in si-MEG3 cell 
lines. The results showed that, compared with si-MEG3 cell lines transfected with NC-inhibitor+si-NC, DFFB were all 
significantly upregulated in the si-MEG3 cell lines transfected with miR-421 inhibitor+si-NC, while DFFB were all 
significantly down-regulated in the si-MEG3 cell lines transfected with miR-421 inhibitor+si-DFFB (Figure 7A). Finally, 
we examined the changes of apoptosis in these cells. The results showed that compared with si-MEG3 cell lines transfected 
with NC-inhibitor+si-NC, the apoptosis ratio was all significantly upregulated in the si-MEG3 cell lines transfected with 
miR-421 inhibitor+si-NC, while the apoptosis ratio was all significantly down-regulated in the si-MEG3 cell lines 
transfected with miR-421 inhibitor+si-DFFB (Figure 7B). These results indicated that MEG3 participated in the regulation 
of CSE-induced apoptosis of HPMECs and HBECs by regulating the miR-421/DFFB axis.

Discussion
COPD is a multi-factor complex disease determined by genetic and environmental factors.26 Previous studies have shown 
that a very important predisposing factor in the progression of chronic obstructive pulmonary disease is smoking, and 

Figure 5 The effect of miR-421 overexpression on the apoptosis of HPMECs and HBECs. (A) The expression of miR-421 in HPMECs and HBECs treated with CSE was 
detected by qRT-PCR after transfection with either NC mimic or miR-421 mimic. (B) 5% CSE processes HPMECs and HBECs after transfection with NC mimic or miR-421 
mimic, and uses flow cytometry to detect the rate of apoptosis. The experiment was repeated three times and then averaged. (**p < 0.01; ***p < 0.001).
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smoking regulates the apoptosis of HPMECs and HBECs.6,27 In addition, previous studies have found that increased 
apoptosis has been observed in COPD animals and patients.28,29 The results in this study are in accord with recent 
studies: the apoptosis rate of HPMECs and HBECs treated with 5% CSE was significantly increased.

LncRNAs have been reported to play important functions in many diseases, and the interaction of lncRNA-miRNA- 
mRNA may play key roles in COPD.12 LncRNA MEG3 is not only a regulator of cell biological behavior,30 but also 
a masked target of many diseases.31,32 Previous research has linked the lncRNA MEG3 to being down-regulated in 
melanoma, hepatocellular carcinoma, and Parkinson's disease.33–35 One unexpected finding was the extent to which, in 
this study, we found that MEG3 was significantly overexpressed in HPMECs and HBECs treated with CSE. In addition, 
the upregulation of MEG3 leads to more apoptosis of HPMECs and HBEC. However, si-MEG3 leads to decreased 
apoptosis of HPMECs and HBEC. Experimental data suggest that MEG3 may play a key role in COPD by regulating 
HPMECs and HBEC apoptosis.

Several studies have shown that lncRNAs exert their function by interacting with miRNAs.36,37 For example, 
LncRNA SNHG5 regulates the expression of PTEN through sponging miR-132 to regulate cell apoptosis in COPD.38 

Besides, MEG3 is involved in a variety of diseases by serving as a sponge for miRNA. For instance, MEG3 participates 

Figure 6 MiR-421 targets DFFB expression. (A) The Venn diagram shows the miR-421 targets from the ENCORI, miRWalk, and miRDB databases. (B) The 3’-UTR base 
pairing diagram of miR-421 and DFFB. (C) In HPMEC and HBEC, the effect of miR-421 overexpression on DFFB-WT/DFFB-MUT reporter luciferase activity was evaluated 
by dual luciferase reporter gene analysis. (D) The DFFB protein expression in HPMECs and HBECs when transfection with NC mimic or miR-421 mimic was detected by 
WB. (E) The mRNA expression levels of DFFB in HPMECs and HBECs treated with or without 5% CSE was detected by qRT-PCR. (F) The mRNA expression levels of DFFB 
in HPMECs and HBECs treated with CSE were detected by qRT-PCR after transfection with NC mimic or miR-421 mimic. The experiment was repeated three times and 
then averaged. (**p < 0.01, ***p < 0.001 versus the NC mimic or Control).
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in the regulation of CSE-induced apoptosis and inflammation through sponging miR-181a-2-3p or miR-218 in 16HBE 
cells.14,15 In this study, we found that MEG3 targeted negative regulation of miR-421, which was significantly down-
regulated in CSE treated cells. Overexpression of miR-421 significantly reduced apoptosis induced by CSE.

Because miRNAs exert their biological functions by regulating their downstream targets.39 Previous studies have 
shown that the expression of miR-132 is upregulated in THP-1 and BEAS-2B cells treated with CSE, and increases the 
level of cytokines by targeting down regulation of SOCS5 expression.40 However, whether miR-421 regulates COPD 
through downstream targets has not been reported. The gratifying discovery in this study is that DFFB is a downstream 
target of miR-421. Previous studies have shown that DNA fragmentation factor B (DFFB) is closely related to cell 
apoptosis.41 However, its role in COPD cell apoptosis had not been reported yet. In this study, we found that CSE 
significantly increased the expression of DFFB, and miR-421 participated in regulating the apoptosis of HPMECs and 
HBEC in COPD induced by CSE through negative regulation of DFFB expression.

Several limitations need to be noted regarding the present study. The main limitation of this study is that in vitro CSE 
treatment only simulates a small fraction of the actual conditions that occur in COPD. In the future, it is necessary to 
construct in vivo animal COPD models and further study the regulatory mechanism of the MEG3/miR-421/DFFB signal 
axis in COPD.

In summary, this study demonstrates that MEG3 may participate in the process of COPD by regulating the miR-421/ 
DFFB axis, and may be closely related to the apoptosis of HPMECs and HBEC. These results provide clues for 
understanding the possible mechanisms of treating COPD and are expected to provide potential therapeutic targets for 
COPD.
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Figure 7 The rescue experiment verified the function of MEG3/miR-421/DFFB in the CSE-induced apoptosis model. (A) The miR-421 expression of HPMECs and HBECs 
when transfection with sh-MEG3+NC inhibitor or sh-MEG3+miR-421 inhibitor. The DFFB mRNA expression of HPMECs and HBECs were detected by qRT-PCR after 
transfection with sh-MEG3+NC inhibitor+si-NC, sh-MEG3+miR-421 inhibitor+si-NC, and sh-MEG3+miR-421 inhibitor+si-DFFB. (B) After being treated with CSE, the cells 
were transfected with sh-MEG3+NC inhibitor+si-NC, sh-MEG3+miR-421 inhibitor+si-NC or sh-MEG3+miR-421 inhibitor+si-DFFB, the apoptosis of HPMEC and HBECs 
was detected by flow cytometry. The experiment was repeated three times and then averaged. (**p < 0.01, ***p < 0.001 versus the NC inhibitor or NC inhibitor+si-NC 
group; #p < 0.05, ##p < 0.01 versus the miR-421 inhibitor+si-NC group).
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