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A B S T R A C T   

Long noncoding RNAs (lncRNAs) play a critical role in idiopathic pulmonary fibrosis (IPF); 
however, the underlying molecular mechanisms are unclear. Our study demonstrated that 
lncRNA small nucleolar RNA host gene 8 (SNHG8) was increased in bleomycin (BLM)-induced 
A549 cells. LncRNA SNHG8 overexpression further elevated fibrosis-related factors monocyte 
chemotactic protein 1 (MCP1), CC motif chemokine ligand 18 (CCL18), and α-smooth muscle 
actin (α-SMA), as well as increased collagen type I alpha-1 chain (COL1A1) and collagen type III 
alpha-1 chain (COL3A1). Meanwhile, lncRNA SNHG8 knockdown exhibited an opposite role in 
reducing BLM-induced pulmonary fibrosis. With regard to the mechanism, SNHG8 was then 
revealed to act as a competing endogenous RNA (ceRNA) for microRNA (miR)-4701-5p in 
regulating Mucin 5B (MUC5B) expression. Furthermore, the interactions between SNHG8 and 
miR-4701-5p, between miR-4701-5p and MUC5B, and between SNHG8 and MUC5B on the in-
fluence of fibrosis-related indicators were confirmed, respectively. In addition, SNHG8 over-
expression enhanced the levels of transforming growth factor (TGF)-β1 and phosphorylation 
Smad2/3 (p-Smad2/3), which was suppressed by SNHG8 knockdown in BLM-induced A549 cells. 
Moreover, miR-4701-5p inhibitor-induced elevation of TGF-β1 and p-Smad2/3 was significantly 
suppressed by SNHG8 knockdown. In conclusion, SNHG8 knockdown attenuated pulmonary 
fibrosis progression by regulating miR-4701-5p/MUC5B axis, which might be associated with the 
modulation of TGF-β1/Smad2/3 signaling. These findings reveal that lncRNA SNHG8 may 
become a potential target for the treatment of IPF.   

1. Introduction 

Idiopathic pulmonary fibrosis (IPF) is a common, chronic, progressive lung disease with poor survival [1,2]. It results in loss of lung 
function and the formation of subpleural cysts with dyspnea and hypoxemia, eventually leading to respiratory failure and death [3]. 
According to the GeneCards database, Mucin 5B (MUC5B) is located in chr11p15.5 and codes for 5762 amino acids. MUC5B is a 
glycosylated protein with viscoelastic properties in mucus. MUC5B, an important biomarker, promotes the occurrence and develop-
ment of IPF [4,5]. Given the related mechanisms of MUC5B in IPF, there are MUC5B promoter polymorphism, genetics, and signaling 
pathways [6,7]. One study found that IPF patients with MUC5B rs35705950 (IPF risk allele T) reduced mortality after treatment with 
Nintedanib or Pirfenidone [8]. Despite substantially improving the quality of life for IPF patients, Nintedanib and Pirfenidone have 
adverse effects on patients with nausea, dyspepsia, and diarrhea [9–11]. Therefore, identifying new targets could contribute to 
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discovering new drugs to slow the development of IPF. However, the molecular mechanism of IPF is not fully clarified. Thus, it is 
indispensable to investigate the molecular mechanism of upregulating MUC5B in IPF. 

MicroRNAs (miRNAs) are thought to be regulators to target and degrade mRNAs or suppress their translation [12,13]. Recently, 
many evidence has confirmed that miRNAs play a critical role in many diseases, including cancer [14], inflammatory diseases [15], 
cardiovascular disease [16], and IPF [17]. Works from Shi’s group showed that miR-199a-5p was involved in the senescent regulation 
of IPF mesenchymal stem cells and inhibition of miR-199a-5p improved cell viability [17]. It has been reported that miR-4701-5p 
expression decreased in rheumatoid arthritis [18]. Li et al. showed that miR-4701-5p targeted directly ST3 β-galactoside alpha-2, 
3-sialyltransferase 1 (ST3GAL1), which lowered the drug resistance in chronic myeloid leukemia cells [19]. So far, miR-4701-5p 
involved in the progression of IPF has not been reported. 

Long noncoding RNAs (lncRNAs) possess at least 200 nucleotides that cannot translate into proteins [20–22], which may act as 
sponges to inhibit the effects of targeted miRNAs. Many lncRNAs are involved in IPF. For example, lncRNA FENDRR inhibited pul-
monary fibrosis in bleomycin-induced mice by regulating miR-214 [23]. Wang et al. studied that lncRNA H19 was upregulated in IPF 
patients and bleomycin-induced mice, but lncRNA H19 knockdown reduced pulmonary fibrosis by miR-140-TGF-β/Smad3 signaling 
axis [24]. Small nucleolar RNA host gene 8 (SNHG8) was overexpressed in various diseases [25–27]. Wand et al. found that the 
knockdown of lncRNA SNHG8 suppressed the proliferation of vascular smooth muscle cells in atherosclerosis [28]. According to the 
study, lncRNA SNHG8 served as a biomarker to increase autophagy, leading to the tumorigenesis of colorectal cancer [29]. Unfor-
tunately, with regard to the mechanism of SNHG8 in IPF, it remains elusive. 

We found that SNHG8 and MUC5B contain a binding site of miR-4701-5p by using the bioinformatics analysis-Starbase software 
[30]. Hence, our study aims to explore the precise mechanism of how SNHG8 regulates MUC5B. The present study attempts to assess 
the expression of lncRNA SNHG8, miR-4701-5p, and MUC5B in bleomycin (BLM)-induced cell model, and explore the regulation ship 
among them in vitro. 

2. Materials and methods 

2.1. Cell culture 

Human A549 cells were purchased from the Cell Bank of the Chinese Academy of Sciences (Shanghai, China). A549 cells were 
cultured in DMEM medium containing 10 % fetal bovine serum, 100U/mL penicillin, and 100 μg/mL streptomycin, and placed in a 
37 ◦C, 5 % CO2 incubator. The cell model of pulmonary idiopathic fibrosis was established by adding 50 μg/ml BLM in the logarithmic 
growth phase cells. 

2.2. Cell transfection 

Small interfering RNAs (siRNAs) specifically targeting SNHG8 or MUC5B, as well as the negative control (NC), miR-4701-5p mimic 
and mimic-NC, miR-4701-5p inhibitor and inhibitor-NC were synthesized by GenePharma Co., Ltd. (Shanghai, China). PcDNA3.1- 
SNHG8 plasmids were constructed by Sangon Biotech Co., Ltd (Shanghai, China). Cell transfection was performed by using Lip-
ofectamine 3000 (Invitrogen, USA) according to the manufacturer’s protocol. 

2.3. Quantitative real-time reverse-transcription PCR (qPCR) analysis 

The cells were transferred to a centrifuge tube respectively without RNA enzyme. The TRIzol reagent was added to each sample to 
attain total RNA. Using reverse transcription kits, the RNA was reversed into cDNA. PCR amplification was carried out using cDNA as a 
template according to the instructions of the real-time fluorescence quantitative PCR detection kit. PCR reaction conditions were as 
follows: predenaturation at 95 ◦C for 10 min, denaturation at 94 ◦C for 30 s, annealing at 59 ◦C for 20 s; extension at 72 ◦C for 30s, 40 
cycles. 2-△△Ct method was used to compare the relative expression levels of mRNA or miRNA. 

2.4. Western blot analysis 

Cells were collected in 1.5 mL centrifuge tubes, centrifuged at 1000 rpm/min for 5 min, then the supernatant was discarded, 
washed twice in PBS, centrifuged at 1000 rpm/min for 5 min, then the supernatant was discarded, lysate (PMSF: Cocktail = 100:1) was 
added into centrifuge tubes and placed on ice for lysis for 30 min. Centrifugation was performed at 12000 rpm/min for 10 min, and the 
supernatant was collected for BCA protein quantification. SDS-PAGE polyacrylamide gel electrophoresis transferred the protein to the 
PVDF membrane and blocked it with 5 % milk powder at room temperature for 2 h. Primary antibodies were added at 4 ◦C overnight. 
Secondary antibodies were incubated at room temperature for 2 h 200uL ECL luminescent solution (liquid A:liquid B = 1:1) was added 
for development. The primary antibodies used in the study were: anti-MUC5B, anti-collagen type I alpha-1 chain (COL1A1), anti- 
collagen type III alpha-1 chain (COL3A1), anti-α-smooth muscle actin (SMA), anti-transforming growth factor (TGF)-β1, anti- 
Smad2/3, anti-phosphorylation Smad2/3 (p-Smad2/3) and anti-β-actin. 

2.5. Enzyme-linked immunosorbent assay (ELISA) 

According to the manufacturer’s instruction (eBioscience, San Diego, CA), the cell supernatants were collected to detect the protein 
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levels of monocyte chemotactic protein 1 (MCP1), CC motif chemokine ligand 18 (CCL18), and α-SMA. 

2.6. Immunofluorescence (IF) staining 

After washing with cold phosphate buffer solution (PBS), A549 cells were fixed with 4 % paraformaldehyde for 15 min and per-
meabilized with 0.4 % Triton X-100 in PBS for 1.5 h. The cells were blocked in goat serum for 1 h at 37 ◦C and incubated with anti- 
COL1A1, anti-COL3A1, and anti-α-SMA antibodies overnight at 4 ◦C, following incubated with secondary antibodies for 1 h. After 
washing in cold PBS, the nuclei were stained with 4,6-diamino-2-phenyl indole (DAPI) for 5 min. Every sample was observed and 
analyzed under a fluorescence microscope. 

2.7. Dual-luciferase reporter assay 

The binding sites between SNHG8 and miR-4701-5p, and between miR-4701-5p and MUC5B were predicted by starBase v2.0 
(http://starbase.sysu.edu.cn/) [30]. The wild-type (wt) binding sequences of SNHG8 or MUC5B and their corresponding mutant (mut) 
sequences were synthesized and inserted into the pGL3 vectors by Sangon Biotech Co., Ltd., named pGL3-SNHG8 wt, pGL3-SNHG8 
mut, pGL3-MUC5B wt, and pGL3-MUC5B mut plasmids, respectively. Subsequently, the indicated pGL3 plasmids were 
co-transfected into cells with miR-4701-5p mimic or mimic-NC, along with pRL-TK plasmids (Promega Corporation). The luciferase 
activity was monitored 48 h post-transfection using Dual-Glo Luciferase assay (Promega Corporation) according to the manufacturer’s 
instructions. The relative firefly luciferase activity was normalized to Renilla luciferase activity. 

2.8. Statistical analysis 

All the data are expressed as means ± standard deviation (SD). GraphPad Prism 9.0 was used for statistical analyses. Then, a 
Student’s t-test was used to compare the two groups, while one-way analysis of variance (ANOVA) was used for comparisons among 
multiple groups with Bonferroni’s posttest for comparisons between two selected groups. A value of p < 0.05 was considered statis-
tically significant. 

3. Results 

3.1. SNHG8 and MUC5B expression were upregulated, and miR-4701-5p expression was downregulated in BLM-induced A549 cells 

qPCR and Western blot analysis showed that compared with the control group, BLM treatment increased SNHG8 expression 
(Fig. 1A), decreased miR-4701-5p level (Fig. 1B), and elevated MUC5B mRNA (Fig. 1C) and protein (Fig. 1D; the original images of 
blots in Fig. 1D were attached in supplementary file 1) expression, suggesting that the dysregulation of SNHG8, miR-4701-5p, and 
MUC5B was deeply involved in the progression of pulmonary fibrosis. 

3.2. Overexpression and knockdown of SNHG8 influenced the expression of fibrosis-related factors in vitro 

To clarify the role of SNHG8 in pulmonary fibrosis, we constructed SNHG8 overexpression and SNHG8 knockdown cells. qPCR 

Fig. 1. SNHG8 and MUC5B expression were upregulated, and miR-4701-5p expression was downregulated in BLM-induced A549 cells. The 
expression of SNHG8 (A), miR-4701-5p (B), and MUC5B mRNA (C) were assessed by qPCR assay. (D) The protein expression of MUC5B was assessed 
by Western blot assay, and the relative quantitative analysis was shown. *p < 0.05, compared with the control group. 
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analysis demonstrated that compared with each NC group, SNHG8 expression was significantly increased in SNHG8 plasmid-treated 
BLM-induced cells, but SNHG8 expression was highly repressed in siRNA SNHG8-treated BLM-induced cells (Fig. 2A). ELISA showed 
that the levels of MCP-1, CCL18, and α-SMA had a marked increase in SNHG8-overexpressed cells; in contrast, siRNA against SNHG8 
diminished the BLM-induced levels of MCP-1, CCL18, and α-SMA (Fig. 2B–D). Western blot was performed to test COL1A1, COL3A1, 
and α-SMA expression. As indicated in Fig. 2E–G and Fig. 2I (the original images of blots in Fig. 2E and I were attached in supple-
mentary file 2), forced overexpression of SNHG8 further increased COL1A1, COL3A1, and α-SMA protein expression, whereas SNHG8 
knockdown decreased the BLM-induced COL1A1, COL3A1, and α-SMA expression. Further IF experiment confirmed the increased 
levels of COL1A1, COL3A1, and α-SMA in SNHG8-overexpressed, as well as the decreased levels of COL1A1 and COL3A1 in SNHG8- 
knockdown cells driven by BLM (Fig. 2H and J). These results reveal that SNHG8 promotes the expression of fibrosis-related factors. 

Fig. 2. Overexpression and knockdown of SNHG8 influenced the expression of fibrosis-related factors in vitro. (A) The expression of SNHG8 was 
assessed by qPCR assay. The levels of MCP-1 (B), CCL18 (C), and α-SMA (D) were determined by ELISA. (E) The protein expression of COL1A1 and 
COL3A1 was measured by Western blot assay. The relative quantitative analyses of COL1A1 (F) and COL3A1 (G) were shown. (H) The expression of 
COL1A1 and COL3A1 was confirmed by IF assay. (I) The protein expression of α-SMA was measured by Western blot assay and the relative 
quantitative analyses was shown. (J) The expression of α-SMA was confirmed by IF assay. *p < 0.05. 
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3.3. SNHG8 affected the expression of fibrosis-related factors via targeting miR-4701-5p 

To figure out how SNHG9 affects the expression of fibrosis-related factors, bioinformatics analysis-Starbase software was used to 
speculate the potential binding site between SNHG8 and miR-4701-5p (Fig. 3A). To elucidate the prediction, we constructed SNHG8- 
wt and SNHG8-mut cells. As demonstrated by luciferase reporter assay, SNHG8-wt cells coupled with miR-4701-5p markedly atten-
uated luciferase activity. However, luciferase activities have no obvious effects on SNHG8-mut groups (Fig. 3B). The result determines 
that SNHG8 may exert an inhibiting role on miR-4701-5p. Next, we examined miR-4701-5p changes by qPCR analysis. As illustrated in 
Fig. 3C, miR-4701-5p expression was reduced after SNHG8 overexpression and largely promoted after SNHG8 knockdown. We 
investigated whether miR-4701-5p was involved in pulmonary fibrosis under the regulation of SNHG8. First, BLM-induced cells were 
treated with miR-4701-5p inhibitor or inhibitor NC. We observed that miR-4701-5p expression was blocked in the miR-4701-5p in-
hibitor group, but SNHG8 knockdown reversed miR-4701-5p inhibitor-mediated reduction (Fig. 3D). Meanwhile, miR-4701-5p in-
hibitor significantly elevated BLM-induced MCP-1, CCL18, and α-SMA concentrations, which were suppressed by SNHG8 knockdown 
(Fig. 3E–G). Moreover, the miR-4701-5p inhibitor upregulated the synthesis of COL1A1 and COL3A1, which was impeded by SNHG8 
downregulation (Fig. 3H–J; the original images of blots in Fig. 3H were attached in supplementary file 3). Thus, these results suggest 

Fig. 3. SNHG8 affected the expression of fibrosis-related factors via targeting miR-4701-5p. (A) The predicted binding sequences between SNHG8 
and miR-4701-5p, and between miR-4701-5p and MUC5B were shown. (B) The target relationship between SNHG8 and miR-4701-5p was assessed 
by dual-luciferase reporter assay. (C–D) The expression of miR-4701-5p in different groups was measured by qPCR assay. The levels of MCP-1 (E), 
CCL18 (F), and α-SMA (G) were assessed by ELISA. (H) The protein expression of COL1A1 and COL3A1 was measured by Western blot assay. The 
relative quantitative analyses of COL1A1 (I) and COL3A1 (J) were shown. *p < 0.05. 
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that SNHG8 regulates pulmonary fibrosis by inhibiting miR-4701-5p. 

3.4. MiR-4701-5p regulated pulmonary fibrosis by targeting MUC5B 

As shown in Fig. 4A, the luciferase activity in MUC5B-wt group was obviously reduced by miR-4701-5p mimic transfection. 

Fig. 4. MiR-4701-5p regulated pulmonary fibrosis by targeting MUC5B. (A) The target relationship between miR-4701-5p and MUC5B was assessed 
by dual-luciferase reporter assay. (B–C) The mRNA and protein expression of MUC5B in different groups was measured by qPCR and Western blot 
assay, respectively. (D) The mRNA of MUC5B in different groups was measured by qPCR assay. (E) The protein expression of MUC5B, COL1A1, and 
COL3A1 were measured by Western blot assay. The relative quantitative analyses of MUC5B (F), COL1A1 (G) and COL3A1 (H) were shown. The 
levels of MCP-1 (I), CCL18 (J), and α-SMA (K) were assessed by ELISA. (I) *p < 0.05. 
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Nonetheless, no obvious change of luciferase activity has been observed in MUC5B-mut group. As depicted in Fig. 4B and C (the 
original images of blots in Fig. 4C were attached in supplementary file 4), MUC5B mRNA and protein levels were reduced in miR-4701- 
5p mimic group but evoked in miR-4701-5p inhibitor group. We examined whether MUC5B is associated with pulmonary fibrosis. We 
knocked down MUC5B expression, reducing MUC5B mRNA and protein levels. MiR-4701-5p inhibitor rescued the reduction of MUC5B 
(Fig. 4D–F; the original images of blots in Fig. 4E were attached in supplementary file 4)). As presented in Fig. 4E and Fig. 4G–H, 
COL1A1 and COL3A1 expression were reduced after MUC5B knockdown but were improved by miR-4701-5p inhibitor. Afterward, 
interfering with MUC5B relieved the levels of MCP-1, CCL18, and α-SMA, whereas the miR-4701-5p inhibitor increased their levels 
(Fig. 4I–K). Accordingly, these data reveal that miR-4701-5p could inhibit the upregulated expression of MUC5B and suppress pul-
monary fibrosis by targeting MUC5B. 

3.5. SNHG8 modulated MUC5B expression by targeting miR-4701-5p 

To further reveal the molecular mechanism of SNHG8 in pulmonary fibrosis, we determined mRNA and protein expression of 
MUC5B in SNHG8 overexpression group, SNHG8 knockdown group, and co-treated group with si-SNHG8 and miR-4701-5p inhibitor 
by qPCR and Western blot, respectively. As portrayed in Fig. 5A–C (the original images of blots in Fig. 5C were attached in supple-
mentary file 5), our results found that the SNHG8 overexpression group increased the mRNA and protein expression of MUC5B, 
alternatively, the SNHG8 knockdown group decreased the mRNA and protein expression of MUC5B. Meanwhile, we also observed that 
miR-4701-5p inhibitor contributed to MUC5B expression, which was further suppressed by SNHG8 knockdown. Thus, the findings 
indicate that SNHG8 may enhance MUC5B expression by targeting miR-4701-5p. 

3.6. SNHG8 affected the expression of fibrosis-related factors by modulating MUC5B 

As previously mentioned, SNHG8 positively regulated MUC5B expression. Therefore, we further determined whether the effects of 
SNHG8 in pulmonary fibrosis could be mediated by MUC5B. As revealed in Fig. 6A and B (the original images of blots in Fig. 6B were 
attached in supplementary file 6), compared with the OE-SNHG8+si-MUC5B NC + BLM group, the SNHG8 overexpression-induced 
MUC5B elevation was significantly inhibited in OE-SNHG8+si-MUC5B + BLM group. Meanwhile, the enhanced levels of MCP-1, 
CCL18, and α-SMA by SNHG8 overexpression were suppressed by MUC5B knockdown (Fig. 6C–E). The COL1A1 and COL3A1 ex-
pressions were significantly downregulated in the OE-SNHG8+si-MUC5B + BLM group compared with that in the OE-SNHG8+si- 
MUC5B NC + BLM group (Fig. 6F–H; the original images of blots in Fig. 6F were attached in supplementary file 6), revealing that 
SNHG8 affected the expression of fibrosis-related factors by modulating MUC5B. 

3.7. The regulation of SNHG8/miR-4701-5p/MUC5B axis on pulmonary fibrosis were associated with TGF-β1/Smad2/3 signaling 

As shown in Fig. 7A–C (the original images of blots in Fig. 7A were attached in supplementary file 7), BLM treatment significantly 
upregulated the protein expression of TGF-β1; the phosphorylation of its downstream signal Smad2/3 was also significantly increased 
by BLM treatment. SNHG8 overexpression further elevated the levels of TGF-β1 and p-Smad2/3 and SNHG8 knockdown suppressed the 
levels of TGF-β1 and p-Smad2/3. Moreover, compared with the si-SNHG8 NC + miR-4701-5p inhibitor + BLM group, the levels of TGF- 

Fig. 5. SNHG8 modulated MUC5B expression by targeting miR-4701-5p. (A–B) The expression of miR-4701-5p and MUC5B mRNA was measured 
by qPCR assay. (C) The protein expression of MUC5B was measured by Western blot assay, and the relative quantitative analysis was shown. *p 
< 0.05. 
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Fig. 6. SNHG8 affected the expression of fibrosis-related factors by modulating MUC5B. (A) The mRNA of MUC5B in the different groups was 
measured by qPCR assay. (B) The protein expression of MUC5B was determined by Western blot assay and the relative quantitative analysis was 
shown. The levels of MCP-1 (C), CCL18 (D), and α-SMA (E) were assessed by ELISA. (F) The protein expression of COL1A1 and COL3A1 was 
measured by Western blot assay. The relative quantitative analyses of COL1A1 (G) and COL3A1 (H) were shown. *p < 0.05. 

Fig. 7. The regulation of SNHG8/miR-4701-5p/MUC5B axis on pulmonary fibrosis was associated with TGF-β1/Smad2/3 signaling. (A) The 
expression TGF-β1, Smad2/3, and p-Smad2/3 were measured by Western blot assay. The relative quantitative analyses of TGF-β1 (B) and p-Smad2/3 
(C) were shown. *p < 0.05. 
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β1 and p-Smad2/3 were significantly decreased in si-SNHG8+miR-4701-5p inhibitor + BLM group. In summary, the data imply that 
SNHG8/miR-4701-5p/MUC5B axis regulated the development of pulmonary fibrosis via TGF-β1/Smad2/3 signaling. 

4. Discussion 

MUC5B, a member of the mucin family, sustains airway health. It was established in Sun et al.’s study that MUC5B was overex-
pressed in paraquat-induced lung injury, while MUC5B knockdown diminished the release of TNF-α and IL-6 [31]. Forced expression of 
MUC5B promoted mucociliary dysfunction and aided in lung fibrosis induced by BLM [32]. In the present study, MUC5B was upre-
gulated in BLM-induced A549 cells, suggesting that MUC5B might be involved in the progression of fibrosis. To our knowledge, 
miRNAs are important modulators of genes by targeting their 3′-untranslated regions of mRNAs. LncRNAs serve as efficient miRNAs 
sponges to restrain their expression, thereby influencing the expression of target genes. Thus, we investigated the molecular mech-
anism of pulmonary fibrosis underlying the lncRNA-miRNA-mRNA axis. 

In the present study, we found that SNHG8 and MUC5B contain a binding site of miR-4701-5p by using the bioinformatics analysis- 
Starbase software [30]. Besides MUC5B, we demonstrated that the expression of lncRNA SNHG8 was upregulated and the expression of 
miR-4701-5p was downregulated in BLM-induced A549 cells, suggesting that SNHG8-miR-4701-5p-MUC5B axis might be an 
important way to regulate pulmonary fibrosis. 

SNHG8 is found to promote the proliferation, invasion, and migration of cells in cardiovascular disease and cancers. Wang et al. 
reported that SNHG8 silencing reduced the viability and migration of vascular smooth muscle cells by directly sponging miR-224-3p in 
atherosclerosis [28]. A study indicated that SNHG8, as a carcinogenic molecular, incited gastric cancer cell invasion and regulated 
PDGFRA expression by binding miR-491 [25]. Liu et al. showed that SNHG8 inhibition protected myocardial cells from injury induced 
by ischemia/reperfusion through modulating miR-335 and RASA1 [26]. In the present study, SNHG8 overexpression triggered pul-
monary fibrosis in BLM-induced A549 cells, whereas SNHG8 knockdown protected against BLM-induced fibrosis injury, suggesting 
that SNHG8 is crucial in the progression of pulmonary fibrosis. 

As reported, lncRNAs participate in pulmonary fibrosis by regulating miRNAs. Yi et al. found that lncRNA DLEU2 contributed to 
TRIM2 expression and aggravated IPF by binding miR-369-3p [33]. Huang et al. discovered that lncRNA FENDRR suppressed 
fibroblast activation in IPF by sponging IRP1 [23]. Chen et al. showed that the knockdown of lncRNA H19 inhibited the progression of 
IPF through the miR-140-TGF-β/Smad3 axis [24]. In the present study, the luciferase reporter assay indicated lncRNA SNHG8 acted as 
a molecular sponge for miR-4701-5p and SNHG8 silencing induced miR-4701-5p expression in vitro. The miR-4701-5p inhib-
ition-elevated pulmonary fibrosis in BLM-treated A549 cells was significantly suppressed by SNHG8 silencing. Thus, SNHG8 may be a 
potential pro-fibrotic marker of IPF patients by inhibiting miR-4701-5p. 

Several lines of evidence suggest that miRNAs are implicated in lung epithelial repair, epithelial-mesenchymal transition (EMT), 
fibroblast activation, and collagen production of IPF [12,34,35]. For example, MiR-15a inhibition served to the growth of lung fi-
broblasts, driving lung fibrogenesis [36]. Additionally, miR-26a mitigated EMT and the occurrence of IPF by blocking the 
Lin25B/let-7d axis [37]. In Rackow et al.’s study, miR-338-3p was decreased in IPF, and the upregulation of miR-338-3p suppressed 
TGF-β-induced myofibroblast differentiation by regulating PTEN [38]. In this study, luciferase reporter assay revealed that MUC5B 
was a direct target of miR-4701-5p and miR-4701-5p negatively regulated MUC5B expression. Intervening with MUC5B extenuated 
the production of fibrosis-related proteins, resulting in the inhibition of pulmonary fibrosis. Meanwhile, miR-4701-5p inhibitor 
relieved the inhibitory effect of MUC5B knockdown on pulmonary fibrosis. These results suggested that miR-4701-5p played an 
anti-fibrotic role by targeting MUC5B. 

Remarkably, the protein and mRNA expression of MUC5B was reduced by the knockdown of SNHG8 and reverse by miR-4701-5p, 
confirming that SNHG8 could positively modulate MUC5B expression by targeting miR-4701-5p. Furthermore, the pro-fibrotic role of 
SNHG8 overexpression was significantly suppressed by MUC5B knockdown. Therefore, the results verified that SNHG8/miR-4701-5p/ 
MUC5B axis contributed to pulmonary fibrosis in vitro. 

TGF-β1 has been defined as the main profibrogenic cytokine in the progression of IPF [39]. It has been reported that BLM induces 
epithelial-to-mesenchymal transition in A549 cells via the TGF-β/Smad signaling pathway [40], indicating that TGF-β/Smad signaling 
is crucial in the development of pulmonary fibrosis. Moreover, Okamoto et al. demonstrated that MUC5B-deficient mice had signif-
icantly lower concentrations of TGF-β [41], suggesting that MUC5B has an essential part in regulating TGF-β, affecting the downstream 
signal Smad2/3 signaling pathway. Consistent with the previous studies, in the present study, BLM increased the TGF-β1 and 
p-Smad2/3 levels in A549 cells, which were further elevated by SNHG8 overexpression or suppressed by SNHG8 knockdown. The 
miR-4701-5p inhibitor also contributes to the elevation of TGF-β1 and p-Smad2/3 levels, which were at least in part suppressed by 
SNHG8 knockdown. Hence, the findings imply that the regulation of SNHG8/miR-4701-5p/MUC5B axis on pulmonary fibrosis was 
associated with TGF-β1/Smad2/3 signaling. 

To sum up, our study revealed that SNHG8 and MUC5B were overexpressed, and miR-4701-5p was inhibited in BLM-induced A549 
cells. SNHG8 knockdown attenuated pulmonary fibrosis progression through the miR-4701-5p/MUC5B axis in vitro, which might be 
associated with the modulation of TGF-β1/Smad2/3 signaling. These findings reveal that lncRNA SNHG8 may become a potential 
target for the treatment of IPF. 
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