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Abstract
Chronic obstructive pulmonary disease (COPD) is characterized by chronic inflammation, 
airway obstruction, and lung damage, often triggered by cigarette smoke. Dysregulated auto-
phagy and inflammation are key contributors to its progression. Although double-stranded 
RNA-binding protein Staufen homolog 1 (STAU1), a multifunctional protein primarily involved 
in mRNA transport and localization, is identified as a potential biomarker, its role in COPD 
pathogenesis remains unclear. This study investigates the effects of STAU1 knockdown on 
inflammation and autophagy in an in vitro COPD model. We found that STAU1 expression 
was significantly elevated in the in vitro COPD model. Knockdown of STAU1 led to a marked 
reduction in inflammation in cigarette smoke extract (CSE)-induced non-tumorigenic human 
bronchial epithelial cells (BEAS-2B). Additionally, STAU1 knockdown suppressed autophagy in 
CSE-induced BEAS-2B cells. Mechanistically, it inhibited the activation of the adenosine mono-
phosphate-activated protein kinase–mechanistic target of rapamycin (AMPK/mTOR) pathway. 
In summary, STAU1 knockdown inhibits inflammation and autophagy by modulating the AMPK/
mTOR axis. Targeting STAU1 could provide new avenues for the treatment of COPD.
© 2025 Codon Publications. Published by Codon Publications.

KEYWORDS
AMPK/mTOR 

pathway; 
autophagy; 
COPD; 
inflammation; 
STAU1 

www.all-imm.com�
https://doi.org/10.15586/aei.v53i1.1218
http://creativecommons.org/
mailto:fang_wang00923@163.com


Knockdown of STAU1 inhibits COPD� 147

Introduction

Chronic obstructive pulmonary disease (COPD) is a prev-
alent and life-threatening respiratory condition char-
acterized by persistent airway obstruction, chronic 
inflammation, and progressive deterioration of lung tis-
sue.1 As one of the leading causes of global deaths, COPD 
presents a significant global health burden, particularly in 
aging populations, where morbidity and mortality rates 
are alarmingly high. Exposure to cigarette smoke is recog-
nized as a major contributing factor to the development of 
COPD, triggering a cascade of pathological processes that 
affect the respiratory system.2 Among these, enhanced 
inflammation, oxidative stress, and apoptosis have been 
documented widely. Additionally, recent findings high-
light that autophagy, a key cellular process responsible for 
degrading and recycling damaged components, is dysreg-
ulated in COPD.3 While autophagy typically serves a pro-
tective role in maintaining cellular homeostasis, excessive 
activation of autophagic pathways can lead to autophagic 
cell death, contributing to the destruction of lung tissue 
and the development of emphysema, a characteristic fea-
ture of advanced COPD. 

The staufen double-stranded RNA binding protein 1 
(STAU1), a multifunctional protein primarily involved in 
mRNA transport and localization, has recently emerged 
as a potential biomarker in COPD.4 It has been impli-
cated in various cellular processes, including autophagy 
and stress responses. Previous studies linked STAU1 to 
neurodegenerative diseases, where its overexpression 
was shown to disrupt autophagy and regulate the mech-
anistic target of rapamycin (mTOR), which plays a criti-
cal role in cellular growth and survival.5–7 Despite these 
insights, the specific role of STAU1 in COPD remains 
largely uncharted. 

Autophagy, a cellular process responsible for the deg-
radation and recycling of damaged cellular components, 
plays a critical role in maintaining cellular homeostasis.5–7 
However, in the context of COPD, dysregulated autophagy 
contributes to the destruction of lung tissue, promoting 
the progression of emphysema and airway remodeling. 
Excessive autophagy leads to autophagic cell death, fur-
ther aggravating COPD pathology.5–7 Recent studies have 
suggested a connection between STAU1 and the regulation 
of autophagy in neurodegenerative diseases, where its 
overexpression disrupted normal autophagic processes.5–7 In 
our COPD model, the elevated levels of STAU1 specifically 
correlated with increased autophagic activity, suggesting 
that STAU1 can play a direct role in modulating autophagy, 
rather than other cellular activities.

Among the pathways known to influence progression 
of COPD, the adenosine monophosphate-activated protein 
kinase (AMPK)–mTOR pathway is studied extensively. The 
AMPK/mTOR axis is crucial for regulating cellular energy 
metabolism, autophagy, and inflammation, processes that 
are central to COPD development.8 Dysregulation of this 
axis is associated with increased inflammation and aber-
rant autophagy in COPD, making it a key focus of research.9 
Given the potential involvement of STAU1 in autophagy and 
mTOR signaling, investigating its role in the AMPK/mTOR 
pathway could yield important insights into the molecular 
mechanisms underlying COPD.

The purpose of this study was to investigate the role 
of STAU1 in COPD pathogenesis, particularly in relation to 
its effects on inflammation and autophagy. Understanding 
these mechanisms can open up opportunities to target 
STAU1 as a novel intervention for managing the complex 
progression of COPD.

Materials and Methods

Cell Culture

Non-tumorigenic human bronchial epithelial cells (BEAS-2B) 
were purchased and cultured in Dulbecco’s Modified Eagle 
Medium (DMEM)/nutrient mixture F-12 medium (11320033; 
Gibco, Miami, FL, USA), supplemented with 10% fetal bovine 
serum (10099141; Gibco) and 1% penicillin–streptomycin 
(15140122; Gibco). Cells were maintained in a humidified 
incubator at 37°C with 5% CO2.

Cigarette Smoke Extract (CSE) Treatment

Cigarette smoke extract was prepared by bubbling smoke 
from two commercially available cigarettes through 10 mL 
of culture medium at a flow rate of 5 mL/min. The medium 
was filtered through a 0.22-μm filter and diluted to 5% 
before use. BEAS-2B cells were exposed to CSE for 24 h to 
induce a COPD-like model.The flow rate and exposure time 
of CSE were determined based on previous studies that 
optimized these parameters for inducing COPD-like condi-
tions in vitro, using a flow rate of 5 mL/min for 10 min to 
generate a 5% CSE solution. The successful establishment 
of the in vitro COPD model was confirmed by elevated lev-
els of pro-inflammatory cytokines (tumor necrosis factor-α 
[TNF-α], interleukin 6 [IL-6], and IL-1β) and increased auto-
phagic activity, consistent with key pathological features 
of COPD. BEAS-2B cells were cultured for 48 h after CSE 
treatment, and STAU1 expression was detected at this time 
point using immunoblot analysis.

Small interfering RNA (siRNA) transfection

Small interfering RNAs targeting STAU1 and negative con-
trol siRNA (si-NC) were purchased from RiboBio (si-STAU1: 
123456; si-NC: 789012). Transfection was performed using 
Lipofectamine 2000 (11668019; Invitrogen, Carlsbad, CA, 
USA). BEAS-2B cells were transfected with 50-nM siRNA and 
incubated for 48 h before further analysis.

Immunoblot

Samples were separated by sodium dodecyl sulfate–
polyacrylamide gel electrophoresis (SDS-PAGE) and trans-
ferred to polyvinylidene fluoride (PVDF) membranes 
(IPVH00010; Millipore, MA, USA). Membranes were blocked 
in 5% non-fat milk for 1 h and incubated overnight at 
4°C with primary antibodies: STAU1 (ab123456, 1:1000; 
Abcam, Cambridge, UK), LC3B (ab51520, 1:1000; Abcam), 
phosphorylated(p)-AMPK (ab133448, 1:1000; Abcam), 



148	 Xie R and Wang F

phosphor(p)-mTOR (ab109268, 1:1000; Abcam), and glyc-
eraldehyde 3-phosphate dehydrogenase (GAPDH, AF0006, 
1:5000; Beyotime, Shanghai, China). After washing, mem-
branes were incubated with horseradish peroxidase 
(HRP)-conjugated secondary antibodies (A0208, 1:5000; 
Beyotime) for 1 h at room temperature. Blots were visual-
ized using an enhanced chemiluminescence (ECL) detection 
system (P0018S; Beyotime), and quantification was per-
formed using the ImageJ software.

Immunofluorescence

BEAS-2B cells were fixed with 4% paraformaldehyde 
(P0099; Beyotime) for 15 min, permeabilized with 0.1% 
Triton X-100, and blocked with 5% bovine serum albumin 
(BSA, ST023; Beyotime) for 30 min. Cells were incubated 
with LC3B primary antibody (ab48394, 1:200; Abcam) 
overnight at 4°C, followed by incubation with Alexa Fluor 
488-conjugated secondary antibody (A-11008, 1:1000; 
Invitrogen) for 1 h. Images were captured using a Zeiss 
fluorescence microscope, and LC3B puncta were quanti-
fied using ImageJ.

Enzyme-linked-immunosorbent serologic assay 
(ELISA)

The levels of inflammatory cytokines (TNF-α, IL-6, and 
IL-1β) in cell culture supernatants were measured using 
ELISA kits (PT512, PI330, and PI305; Beyotime) according to 
the manufacturer’s protocols. Absorbance was read at 450 
nm using a microplate reader.

Cell viability assay

Cell viability was assessed using the cell counting kit-8 (CCK-
8) assay (C0038; Beyotime). BEAS-2B cells were seeded in 
96-well plates and treated as indicated. After treatment, 
10 μL of CCK-8 solution was added to each well and incu-
bated for 2 h. Absorbance was measured at 450 nm using a 
microplate reader.

Statistical analysis

Data were presented as mean ± SD from at least three 
independent experiments. Statistical analyses were per-
formed using the GraphPad Prism 8.0 software. Group dif-
ferences were analyzed using one-way ANOVA, followed by 
Tukey’s post hoc test; P < 0.05 was considered statistically 
significant.

Results

STAU1 expression was significantly elevated in the 
in vitro COPD model

To investigate whether STAU1 expression is altered in 
a COPD model, BEAS-2B cells were treated with CSE.  

As shown in Figure 1, immunoblot analysis revealed that 
STAU1 expression was significantly upregulated in cigarette 
smoke-treated cells, compared to control BEAS-2B cells. 
This suggests that STAU1 is upregulated and may play a role 
in cigarette smoke-induced inflammation and progression 
of COPD.

Knockdown of STAU1 led to a marked reduction  
in inflammation in cigarette smoke extract-
induced BEAS-2B cells

To determine the role of STAU1 in cigarette smoke-induced 
inflammation, immunoblot analysis confirmed efficient 
knockdown of STAU1 in si-STAU1-transfected cells, com-
pared to negative control siRNA (si-NC) cells (Figure 2A). 
Cell viability, assessed using the CCK-8 assay, was sig-
nificantly reduced in cigarette smoke-treated cells but 
improved upon STAU1 knockdown (Figure 2B). Furthermore, 
STAU1 knockdown significantly reduced the secretion of 
inflammatory cytokines, such as TNF-α, IL-6, and IL-1β, in 
the cigarette smoke-exposed BEAS-2B cells (Figure 2C). 
These results indicate that STAU1 contributes to cigarette 
smoke-induced inflammation, and its knockdown alleviates 
the inflammatory response.

STAU1 knockdown suppressed autophagy  
in cigarette smoke extract-induced  
BEAS-2B cells

Next, we assessed the effect of STAU1 on autophagy, a pro-
cess involved in COPD pathogenesis. CSE increased autoph-
agy in BEAS-2B cells, as evidenced by elevated LC3-II–LC3-I 
ratios and reduced P62 levels (Figure 3A). Knockdown of 
STAU1 significantly reversed these effects, reducing autoph-
agy LC3-II–LC3-I ratios and restoring P62 levels (Figure 3A). 
Immunofluorescence staining for LC3B further confirmed 
these findings, showing a decrease in LC3B-positive auto-
phagosomes in si-STAU1-transfected cells, compared to 
si-NC-transfected cigarette smoke-treated cells (Figure 3B). 
These results demonstrate that STAU1 knockdown inhibits 
autophagy in CSE-induced BEAS-2B cells.
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Figure 1  STAU1 expression is significantly elevated in the  
in vitro COPD model. Immunoblot analysis of STAU1 expression 
in control and cigarette smoke extract (CSE)-treated BEAS-2B 
cells. Quantification of STAU1 expression relative to GAPDH. 
Data are expressed as mean ± SD. ***P < 0.001 versus control.
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Figure 2  Knockdown of STAU1 leads to a marked reduction in inflammation in smoke extract-induced BEAS-2B cells. (A) 
Immunoblot analysis is performed to assess the expression levels of STAU1 and GAPDH in BEAS-2B cells treated with control, 
cigarette smoke extract (CSE), CSE+si-NC, or CSE+si-STAU1. Quantification of STAU1 expression is shown on the right. (B) CCK-8 
assay is used to evaluate the survival rate of BEAS-2B cells under different treatment conditions: control, CSE, CSE+si-NC, and 
CSE+si-STAU1. (C) ELISA is employed to measure the levels of inflammatory cytokines TNF-α, IL-6, and IL-1β in the BEAS-2B cells 
across the same four treatment groups: control, CSE, CSE+si-NC, and CSE+si-STAU1. Data are expressed as mean ± SD. **P < 0.01, 
***P < 0.001.

STAU1 inhibited the activation of the  
AMPK/mTOR pathway in cigarette smoke  
extract-induced BEAS-2B cells

To elucidate the molecular mechanisms through which 
STAU1 regulates inflammation and autophagy, we ana-
lyzed the effects of STAU1 depletion the AMPK/mTOR axis 
in CSE-induced BEAS-2B cells. CSE treatment led to the 
activation of AMPK/mTOR, as indicated by increased phos-
phorylated(p)-mTOR levels, and p-AMPK levels (Figure  4). 
Knockdown of STAU1 reversed these effects, resulting in 
decreased AMPK and mTOR phosphorylation (Figure 4). 
These findings suggest that STAU1 modulates the AMPK/
mTOR axis, promoting autophagy and inflammation in 
COPD. Therefore, STAU1 inhibited the activation of the 
AMPK/mTOR pathway in CSE-induced BEAS-2B cells.

Discussion

Chronic obstructive pulmonary disease is a progressive 
and life-threatening respiratory condition characterized 
by chronic inflammation, airway obstruction, and tissue 
remodeling.10 The pathogenesis of COPD involves a complex 
interplay of cellular processes, such as inflammation, oxi-
dative stress, and autophagy dysregulation. Inflammatory 
responses and excessive autophagy are key drivers of COPD 

progression, contributing to lung tissue damage and the 
development of emphysema.11 These pathological mecha-
nisms highlight the importance of identifying critical pro-
teins and signaling pathways involved in the regulation 
of inflammation and autophagy, as they may offer novel 
therapeutic targets for COPD management.12 In this con-
text, our study investigates the role of STAU1 in modulating 
these processes, particularly through the AMPK/mTOR sig-
naling pathway, offering new insights into COPD pathogen-
esis and potential treatment strategies.13

The BEAS-2B cell COPD model, induced by exposure to 
CSE, serves as a reliable in vitro model for studying COPD 
mechanisms. Human bronchial epithelial cells play a crucial 
role in the lung’s inflammatory response and are directly 
impacted by exposure to cigarette smoke.14 By using this 
model, we can closely mimic the inflammatory and auto-
phagic responses observed in COPD. The need to inter-
vene in the COPD model, specifically in the context of 
inflammation, is critical for exploring potential therapeu-
tic approaches. In our study, we observed that knocking 
down STAU1 in BEAS-2B cells led to a significant reduction 
in inflammation, demonstrating the relevance of target-
ing inflammation in COPD and suggesting that modulating 
STAU1 could have therapeutic benefits.

STAU1 is a multifunctional protein primarily involved in 
mRNA transport and localization.15,16 It has been implicated 
in various cellular processes, such as autophagy, stress 
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Co
ntr
ol

Cig
ara
tte

Cig
ara
tte

+s
i-N
C
Cig
ara
tte

+s
i-S
TA
U1

p-AMPK

p-mTOR

mTOR

GAPDH

AMPK

Co
ntr
ol

Cig
ara
tte

Cig
ara
tte
+s
i-N
C

Cig
ara
tte
+s
i-S
TA
U1

1.5
1.0

2.0
2.5

0.5
0.0p-

AM
PK
/A
M
PK

Co
ntr
ol

Cig
ara
tte

Cig
ara
tte
+s
i-N
C

Cig
ara
tte
+s
i-S
TA
U1

1.5

1.0

0.5

0.0p-
m
TO
R
/m
TO
R

Figure 4  STAU1 inhibits the activation of the AMPK/mTOR pathway in smoke extract-induced BEAS-2B cells. Immunoblot 
examines the expression levels of phosphorylated AMPK (p-AMPK), total AMPK, phosphorylated mTOR (p-mTOR), total mTOR, and 
GAPDH in BEAS-2B cells treated under the following conditions: control, cigarette smoke extract (CSE), CSE+si-NC, and CSE+si-
STAU1. Quantifications of p-AMPK/AMPK and p-mTOR/mTOR are displayed on the right. Data are expressed as mean ± SD. **P < 
0.01, ***P < 0.001.



Knockdown of STAU1 inhibits COPD� 151

of how STAU1 interacts with other key signaling molecules. 
Future studies should aim to validate these findings in ani-
mal models and explore the potential of STAU1 as a thera-
peutic target in clinical settings.

Conclusions

This study provides new insights into the role of STAU1 in 
COPD pathogenesis. By regulating inflammation and auto-
phagy through the AMPK/mTOR axis, STAU1 plays a criti-
cal role in the cellular processes underlying progression of 
COPD. 
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